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FRIDAY. AUGUST 6, 18A6. 

THE' PIIYASICAL BASIS OF HERED12'17. 

PROFESSOR in his well-known essay, HUXLEY, 
has described protoplasm as the inaterial sub-
stratum of 811 vital phenomena, ancl established 
the term ' physical basis of life.' Recent investi- 
gations lead to the llypotllesis that there is a 
specla1 and visible substance, which is the rna-
terial substraturn of hereditary transmission from 
parent to offspring, and may be called, if we 
choose to imitate EIuxley, the physical basis of 
heredity. The name of the substance is chroma- 
tine, in reference to the ~pecial affinity for color- 
ing-matters, w11icl1 is the most striking character- 
istic of the substance. 

Chromatine, also called nucleine by some 
writers, is found in the nuclei of cells of all liinds. 
I t  is only recently that it has been clearly recog- 
nized, and a great deal of additional investigation 
mu& be accomplished before we can hope to know 
much about it. It was impossible to ascertain 
much concerning it hitherto, because the methods 
of preserving tissues for n~icroscopical exarnina- 
tion have become perfected only within the last 
few years, so far that the minute details of cell 
organization could be studied. Nor was it  until 
the recent jntroduction of oil immersion objec- 
tives by Dr. Zeiss, that we had conlmand of lenses 
sufficiently perfect for the investigation of chro-
matine. For those ~ 1 1 owish to inform them- 
selves more fully concerning the occurrence and 
peculiaritirs of chronratine, I refer to Carnoy's 
'Biologie cellnlaire,' which I venture to think the 
best general work yet published on the structure 
of cells. 

For our present discussion a very brief stale- 
ment will suffice. When cells, properly preserved, 
are stained wit11 almost any of the dyes cornmon- 
ly used by histologists for the coloration of cell 
nuclei, the higher powers of the microscope reveal 
the fact that the nucleus contains three visibly 
different matters, --lo, slightlythe networl~ of 
colored threads ; 2", some dots or threads very 
deeply stained ; 3", the hyaline, or granular sub- 
stance, in which the other parts are embedded. 
This basal substance, enchylema, is probably more 
or lees nearly fluid during life, and is equivalent 
to the kemzsuft of those German writers, who ap- 
ply that term in its proper and restricted sense : 

unfortunately it is en~ployed with a kariety of 
meanings. The network I esembles the protoplasm 
network of the body of the cells, and is probably 
the intra-nuclear extension of the protoplasm. 
The deeply dyed parts are the chronlatine ; and 
the presence thereof appears, so far as our present 
knowledge goes, the essential and distinctive 
characteristic of a nacleus. 

During the division of cells, in the great ma-
jority of cases, very remarkable changes occur in 
the arrangement of the chromatine. leading to 
the development of those striking appearances 
known as iraryokinetic figures, or, as Flernnling 
would like t'o have then1 called, mitoses. It is 
difficult to refrain frorn styling the latter term 
new-fangled : for the systematic duplication of 
terms with which Professor Flemming has unneces- 
sarily burdened science of late can only be con- 
demned. I t  is curious to encounter such pedantry 
in so industrious and sensible a hist,ologipt, be- 
cause to orervalue terminology is the mark of 
mental poverty. As the figures in question are 
described in the more recent text-books of anato-
my and histology very fully, we need allude only 
to the conclusion that the nucleus appears to lead 
the process of division, and the chromatine to lead 
the division of the nucleus. f.Nussbauin (ATc~L.  
nzik~os.ci?znt.,xxvi. 504) points out, however, that 
in some cases the protoplasm apparently leads, 
alterations in it preceding nuclear changes. He 
refers especially to observations on Infusoria by 
Everts (Zeitschr. wiss, zool., xxiii. 601) and Jiokeli 
(2001. nnz., 1884, p. 491). But to interpret such 
observations, we must not forget that the nucleus 
and protoplasm arc interdependent, neither being 
able to maintain its existence without the other, 
a t  least in any instance where they are normally 
united. The fact that the visible alteration of tlie 
protoplasm in a certain rare case comes before 
that of the nucleus shows that the protoplasm 
probably has an active rdlc in cell-division ; but 
since even then its arrangement depends on the 
position of the nucleus, the evidence of the 
superiority of nuclear control is, I think, not 
affected. 

On the other hand, there are many observations 
which lnay be interpreted as proofs that the 
nuclei have a regulating power over the cells, 
especially as regards their division ancl organiza- 
tion. A few of these may be instanced. 1". After 
a cell is formed, its nucleus enlarges first, and the 
cell body follows i t  in growth. 2". Kolliker, in 
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his paper ' on heredity (p. 29 ff .), cliscusses the rela- 
tion of nrlclei to growth very fully and ably. The 
great extent of his learniag has enabled him to 
present the manifold aspects of the question more 
thoroughly than any other writer. IIis argumen- 
tation seems to ine so satisfactory that it does not 
require the weight of his great authority to estab- 
lish the conclusion that without nuclei there is no 
growth. Of this, the most faith-cornpelling evi-
dence is offered by t'he important experiments of 
Nussbaum and G r ~ b e r , ~  foundwho that when 
unicellular animals are artificially divided, the 
fragments containing nuclei cont,iiiue to grow, 
while pieces without nuclei die off. 3". The large 
unicellular Thallophytes, such as Caulerpa and 
Codium, become multinuclear before they attain 
their adult size. Farther illustrations are given 
by Kiillilter (1. c., pp. 19-20). 4". Perhaps the 
most striking demonstration of the inlportance of 
the nucleus is afforded by the experimental aitera- 
tion of the plane of division of the ovum. PAuger 
showed that the plane of the first division of the 
ovum is altered by tilting the ovum before the 
division begins, and keeping it in the same positicn 
during division ;noru~ally the plane passes through 
the white pole, bul; when the ovum is fastened in 
an oblique position, the plane is not in the axis of 
the ovum but in the line of gravity. Born4 has 
continued these remarkable experiments, and dis- 
covered that the nucleus changes its position 
when the ovum is kept lilted, and that the site of 
the nucleus determines the plane of division of the 
ovum. 

Still more pertinent to the theme of this article 
are the phenomena of the i~npregnation of the 
ovum.' In  1873 Butschli discovered that two 
nuclei are present in the fertilized ovum of 
Rha.bditis dolichura, a nernatod worm, and 
that the two nuclei unite, becoming tile first 
nucleus of the embryo. Oscar Hertwig proved 

1 die hedeutung der  zellenkerne fiir die vorgLngs der  
vererhung,' in Zeitschr. f ,  wiss. zool., xlii. pp. 1-46. 

Science, vol. p. 4. See also Nnssbaom's later paper 
in the  A~chiz;fiir m ik~oskop .  allat., xxvi. p.  4%. N~issbaum 
also cites F r .  Schmi t a '~  experi~nents on the artificial di- 
vision of plants. Sohmitz's paper I have not  seeu : i t  was 

three years later that the two nuclei, or as they 
are better calieci, prcn~xclri, are deri\~ed, one fro111 
the nucleus of the o7.um, the other probably from 
tlre fertilizing male elenlent, the sper~natozoon. 
His observations, which were made at  that time on 
echinoderu~s, led him lo the theory that "impreg- 
nation depends upon the fusion of two sexually 
differentiated ntrclei." Both Hertwig hicnself 
and many others, notably Fol Selenka, F'lemnling, 
Platner, ancl Strassburger, have confirmetl this 
conclusion, so that there is a very strong presump- 
tion in favor of Hertm~g's theory being a true law 
for all cases of fertilization. Strassburger was 
for some t,ime @an opponent ' of the exclusive 
significance of the nuclei, holding tlie opiniorl that 
'(there also occurs a copulation b e t ~ ~ ~ e e u  tho otlwr 
equivalent parts of the epermatozoon and ovun~," 
thus making the participation of cell protoplasrm 
essential. But lately !' he has acceded to IIert\\-ig'o 
opinion, and 11as expressecl himself in a rcce~it 
publication '' wit11 great distinctness in favor of 
the nuclei alone being essential to impregnation. 
Strassburger observed in some cryptogams the 
protoplas~n of the male element to be so rnucb 
reduced that hardly more than the nucleus re- 
mained, and found that in certain phanerogams 
only the nucleus of tlie pollen grain reaches the 
ovum. 

The next point to be brought forward is that  
the spermatozoon, ~vhich forms one of the pro- 
nuclei, is in rr~any auimals developed exclusirely 
from the nucleus. The formation of the sperma- 
tozoon has been much investigated, and yet very 
little thoroughly satisfactory work has been pub- 
lished in result. Although the great majority of 
the articles report more or less that is valuable, 
yet they also contain, too often, much that is 
crude, inaccurate, or eren out and out false; so 
that it is a diffi~ult task to unsnarl the truth from 
the mesh of error in .shich it  is ravelled. IKolli-
ker," as long ago as 1811,advanced the hypothesis 
that the spermatozoa of all animals have tlie 
significance of nuclei. This is not y~iite correct), 
since the seminal corpuscles of nematods have the 
value of cells, as c]o also tilose of the 

published in 1879,in the  Fesfschriff der na t~~r for sckenden  higher crustacea, and possibly of other 
gesellscl~uft zu  Halle. 

3 Pfliiger's Archiv fiir die gesammte ~h?/s io l . ,  xxxii. 
pp. 1-80, 

4 Breslccz~er urztlich. zeitschr., 22 r718rz. 1881. I have not 
seen the  original. There is a n  abstract in Ilofmann und 
Sohwalbe's Juhresbe~ichtfor 1884, p.  441. 

5 For  a synopsis of recent invastigations, the  reader is 
referred to  the article ' Impreguatir~n'  hy the autilor in 
Wood's 'Handbook.' 

' Beitriige zur kenntniss der  freilehenden nernatoden,' 
in Nova acta, xxxvi. 1773. 

7 ' Beitriige zur  kenutniss der  bildung, befruohtung und 
tlleilung des thierisohen eies,' in M o ~ ~ h n l .jcthrbuch, i. 

I t  still remains true that in the majority of cases 
the spermatozoa are modified nuclei, and nuclei 
only. As regards the higher animals, the obser- 

Y uel~er befrucht~cng u ? ~ d  zelltheil~cng,1878, pp. 75-77. 

GTeeber clen bau und  Jas wachsthu7ic der zellhtiute, 18S2, 
pp. 291'-252. 

1 0  lYe7ce t~~~te~stach?cnge, t  iiber. den Dlif t~uc.l~tu?~~~s-lioryung 
71eiden phaizer.oga?)aen als grzcndlage f i i ~  cine (heorie dey 
zeugtcr~g.Jena, 1884 (see p. 7i). 

1 1  Heiflaye z7cr ke?~ntniss  der geschlechtsverhiiltllisse 
,und der sanze~zfliissigkeit ?oirbelloser thiere, nebst einelrc 
ve~sucla,eta., Berlin, 1811. 



 ati ions of Flemming la  and of several other recent 
authors seem to me conclusive.13 The footnote 
communicates more fully the further significant 
fact, that the male element is developed chiefly 
from the chroinatine of the nucleus. The facts 
stated prove that a body consisting mainly of 
chromatine from the nucleus of a sperm cell can 
impregnate an ovum. 

Oskar Hertwig was the first l 4  to point out the 
bearing of this inducCion upon the problem of 
heredity. I t  is obvious, since qualities *nay 
be inherited from the father, that the nucleus 
alone can furnish the ~neans of trans~nission from 
parent to okfspring. And, since it  can accomplish 
.this on the paternal side, it is probable that it can 
do as much on the mother's side, an assumption 
against which no evidence has been brought for- 
ward : hence the hypothesis that the nucleus is 
the orgun qf 1,ereditur.g trunsmission. Further, 
since the chromatine is the charact'eristic of the 
nucleus, and since spermatozoa in some caves con- 
sist almost exclusirely of ohromatine, it is proba- 
ble that ch.romutine is  tlze essent.iulfuctor in th.e 
ftw~ctio?~of heredity. The leading defenders of 
this double hypothesis are Hertsvig, Strassburger, 
and Kolliker, all biologists as able as they are 
distinguished. Careful study of their writings 
must, I thinlr, lead a candid mind to accept their 
argumentation ; though of course one does not 
forget that l~ypotheses are not demonstrations. 

Hert~rig's paper is to be recomnlendecl as the 
best s~ngle essay, the one to be read by those who 
desire to grasp the essential points of the discus- 
sion of heredity, and yet have not the leisure to 
go through all that has been published. Hertrvig 
writes admirably : his matter is well arranged, his 
language direct, and his thinlring clear and forci- 
ble. In brief, his papers have many of the quali- 
t,ies which me expect in a model of scientific 

1' Archiv f i i ~  ~nikrosk. allat., xviii. p,  249. 

1 3  The following authorities covering the  period of the 
last eighteen lnorlths have dealt with the developn~ent of 
the  spermatozoon in mammaiia: BPOWN, @(art. journ. 
n ~ i c ~ u s .  sxv. 313; f. ntikros:~.sc.. WIEDIRSPERG, Arch. 
uvtaf .,xxv. 118 ; PLATNER, 564 ; BIOSDI. lbid., Ibid ., XXV. 

Xxv. 594 ; PLATNIR,Ibid., Xxvi. 348 ; LA VALLETTh: ST. 
G ~ o r l ~ e ,  Others might be cited. Ibid., xxvi. and xxv. 581. 
I have given a synopsis of these researches in the Kostuiz. 
,meiliCnl a?td surgical jounml, cxiv. 4fi0. Nosshaum, even 
in his latest paper, adheres t o  his belief tlmt t,lle sporma- 
tozoa are always cellulrr. and not exclusively nuclear. 
Unfortunately he does no6 xtate upon what grounds the 
results of so many investigators are t o  be set a s~de .  Tile 
autliors cited show that  the chromstine gathers toget,hor 
within the  nucleus, xnd that  i t  forms the head of the sper- 
matozoon, while a large part of the nucleus breaks down : 
lleuoe tlie spermatozoon arises chifly from the cl~roinatine 
of the  nucleus of the cell (sperrnatoblast). 

1' ' Das problem der befruohtuug und der isotropie cles 
eies, eine theorle der vererbung,' in +Jm?.c~zeitschr. ?zufu~-- 
u>issensck.. xsiii. 

writing. Some of his later ones exhibit less care- 
ful preparation. 

Johannes Frenzel" has published what may be 
characterized as a lengthy. and on the whole half- 
hearted, criticism of the hypothesis of Hertwig. 
The objections he brings forward are in  large 
part those which necessarily occur of themselves 
to every competent judge of the problem. An 
older investigator ~vould have perceived this, and 
accordingly dealt with the discussion with much 
greater brevity. Frenzel's first objection is, that 
i t  is not certain that the nuclei of the male ele- 
ments are not still accompanied by some proto-
plasm when they fuse with the orum. Unfortu-
nately our author has overloolred that the best 
investigations show the mammalian spermatozoon 
to he derived solely from the nucleus. Frenzel's 
second objection is that there are cells without 
nuclei. Careless ancl incomplete observations have 
frequently led to the assertion that there are such 
cells, but the error has been again and again re- 
futed. On pp. tt'i-98 Frenzel cites Bobretzky ancl 
Korotneff as authorities. but these authors hare 
not made sure of the absence of the nuclei. On 
the contrary, their investigations on the insect 
eggs, in  which cells without nuclei are supposed 
to occur, are so obviously insufficient that it  is 
astonishing to find stress laid upon them. For 
Iny own part, I feel little hesitation in asserting 
that except, perhaps, among the very lowest or-
ganisms, there ure no cells without nuclei. As 
regards the lowest organisms, there is uneer-
tainty. Nothing to be called a nt~cleus is known 
in bacteria, for instance. We cannot;, indeed, 
state at  present that the continuance of life is im- 
possible without a nuclew. On the other hand, our 
knowledge of the minute fungi and supposed mone- 
ra is so imperfect, thal it would be foolish to accept 
the dogrna that these organisms have no nuclei. 
I t  is conce~vable that in the lowest forms of life 
the material basls of heredity is a diffused sub- 
stance, which in the progress of evolution has 
gathered together to result in the genesis of nuclei. 
Therefore, whether the lorrest bionls are nucleate 
or not, they do not offer, so far as a t  present 
known, any valid objection to Hertwig's theory 
that the nucleus is the organ of heredity. There 
is nothing else in  Frenzel's article requiring notice 
in this brief review. I t  will not, I thinlr, repay 
those not engaged in the special study of the sub- 
ject to familiarize themselves with the essay in 
question, for I am able to commcnd it only with 
reserve. 

The last few years have not only brought us 
15 ' Das idioplaurna uud die kernsuhstanz.' in A ~ c h i v  fiLr 

mikros. ana t . ,  xxvii. 18F6, pp. 73-128. Frenzel's position is 
best shown by a paragraph on p. 58 which summarizes his 
view. 



fresh insight into the morphological basis, but also 
into the physiological function of heredity. 

A few words are necessary about pangenesis. 
The hypothesis, as originally advanced by Darwin. 
was the suggestion of a irlasterly mind, and as a 
s~~cc inc tand comprehensive expression of the facts 
of heredity, commands admiration. But the real 
worth and real significance of the hypothesis have 
not been grasped by those who have tried to bet-
ter it  : its value was not in explaining, but in 
expressing, heredity in hypothetical terms, which 
were at  once suggestive and comprehensible. 
Haeckel, whose judgment has too often to be de- 
plored, accepted pangenesis in the n~istaken way, 
and made an attempt to improre upon it as an 
explanation, in a patnphlet IF ~vhich no competent 
critic any longer assigns serious value to. Indeed, 
were some one to assert that the alliterative 
euphony of its title, 'Die perigenesis dsr plasti- 
dule,' \\*as its cleverest part, a pllysiologist might 
feel unable to prove the assertion erroneous. Ac-
cording to Darwin's hypothesis, every part of the 
body throws off particles, or gen~niules, anti some 
of these from each portion of the body enter the 
sexual elements, each of which, therefore, con-
tains contributions from every part of the parent. 
The gernmules, by their nlultiplication in the 
embryo, reproduce their own lcind, and so rebuild 
on the former pattern. Haeclrel's perigenesis is, 
when separated from his rhetoric, the substitution 
of rhythinical ribrations for the different kinds 
of gemmules. I t  need hardly be said that not a 
tittle of evidence for this notion is shown, and 
that, as elaborated by its author, it ciolates the 
elementary laws alike of biology and physics. In  
these respects it recalls the delightful theory of 
Dr. Cohe11,'~ who, havilig noticed a certzili re-
semtblance of the ovum to a gangl~on cell of the 
spinal cord, and of the s;rernlatozoon to the 
unipolar cells of the sympathetic ganglia, gravely 
concludes, "The influence of the spermatozoon, 
the male hereditary influence, extends above all to 
the cerebro-splnai bystem, ovh~le the action of the 
ovulum, Goethe's ' ewig weibliches,' shows itself 
above all upon the organs subordinate to tlle sym- 
pathetic nervous system" (pp. 30-31). In  physics, 
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l ~ h e p a m p h l e t m a spublished a t  Berlin in 1876. For  some, 
its character, very see zap 

Lankester in Nature ,  July 13, 1Fi l i .  xiv. 23R-233. Elsberg has 
also mritten ou the subject in the Proo. Arner. assoc. adv. sc., 
xxv. l i8,  and cites there earlier writiugs of his own. The
perusal of his has not to  ally 

thing novel except the  substitution of the  term 'plastidule,' 
for 'gemmule'  used b.v Darmin, and soeculations as  t o  corn- 
position of plastidules, as  if Lie was groping a f t e r  the  con- 
oeption of the micella of NLgeli, with which he  was ap-  
parently unacquainted. 

l7 Das gesetz der b e f ~ t ~ c l ~ t u n g  vel*erbung, etc.,und 
Niirdlingen, 1875. 

[VOL. VIII , NO. 183 

also, Cohen even surpasses Haeckel : he attributes 
(p. 19) the entrance of the spermatozoon into the 
ovum to reaction between tlhe positive electricity 
of the one and the negative of the other. 

Broolis's IS nlodification of the theory o f  pzlngen-
esis well deserves consideration, although the suh- 
sequent progress of biology does not lead rne to 
think it  felicitous ; but we can now recogniz? it  as 
a step towards Xnssbaum's valuable theory, and 
also towards Weismaun's conception that sexual 
reprod~iction has for its object the maintenance of 
variability. Brooks's theory is advocatetl in his 
book on ' Heredity ' (Baltilnorr, 18'79) : he states 
it succinctly '%as follows :-
"This paper proposes a modification of Darwin's 

hypothesis of the same name (pangenesis), remor- 
ing most of its difficulties, but relaining all ttiat is 
valuable. According to the hypothesis in its rnotl- 
ified form, characteristics v.~hicll are constitutional 
and already hereditary are transmitted by the 
female organism by means of the orurn ; ~vhilc 
new variations are transmitted by gernmules, 
which are thrown off by the varying p!iysiological 
units of the body, gathered up by the testicle, and 
transmitted to the next geneletion by impregna- 
tion." 

If this theory was tenable, there should be- to 
mention a s~ngle objection-l~ttle variatioil in 
individuals produced by pnrthenogenes~s ; and they 
ought always to be females, whereas they ale 
sonletiines males. There remains, not a now 
theory of pangenesis, but the valuable suggeslion 
that the maternal influence causes less variability 
than the paternal. I am, however, strongly dis- 
inclined to anticipate the confirnlation of this 
suggestion, especially because the males are not 
more variable than the females, as we should 
expect. I have some extensive statistics, which 
show that in mammals, a t  least, there are no 
essential clifferences between the sexes in rariabil- 
ity. Even if Broolis's thesis should be estahlisl~ed, 
it would prove only that tlle inheritance from the 
n~other  is stronger than from the father, anrl there 
would lack reasons for his abstruse hypothesis. 

The first important step towards the s~thstitution 
of a new theory, vice pangenesis, was taEreii by Dr. 
Moritz Nusshaum, wllose nlemoirs '"11 the tGi~er- 
entiation of sex deserve great attention. Erery 
one who feels interest ill the general probleins of 
biology, is to follow a tecllnical p,al,er, 
will find Nnssbaunl's memoirs profitable reading. 

'"roc. Amer. nssoc, sc., Bofhlo. 18i'li. D .  177. abstract 
of a paper read before the section of natura i  history. 

l v Z u r  differeuziruug des gescllechtes im th~errc ich . , '  
iu A T C ~ L ,fur v~ikrosk .n?znt., xviii. (1880) pp. 1-113; and 
'Ueher die verinderung der  geschlechtsprodukte bis znr 
eiturcbung, i n  Ibid.,xxiii. 185. 



Professor Weismann " h a s  adopted Nussbauin's 
conception, and defended it with consiclerable 
energy, adding also several important modifica- 
tions. Nussbaunl pointed onh that there is note- 
worthy evidence in the de~~elopment of varions 
animals, tending to sliow that the ger~ninal cells 
from which the sexual products are derivecl are 
separated off from the other cells of the embryo 
very early, and undergo little alteration. Hence 
he concluded that some of the original germ snb- 
stance is directly abstracted froin the ovum, and 
preserved without essential alteration to become, 
by giving rise to the sexual elements, the germ 
s ~ibstance of another generation. Weis nl ann in- 
sists upon the corollary, that the wllole nature of 
the animal or plant depends upon its germinal snh- 
stance, ancl that the reason why the oifspring is like 
the parent is that in each biont some of the gertninal 
matter is preserved uncllanged. He calls tliis view 
the theory of the continuity of gorm plasma. He 
follows Nusshaunl also in cinphasizing the fact 
that this theory is inconsistent with tlie theory 
of pangenesis and with the theory of the trans-
mission of parental characteristics bvhiclr are 
acquired through external causes. 011 these 
two points Weismann's socond and third papers 
nlcmtioned in the footnote are tlie most iinpor-
tant. I fully coincide \rith him as regards pau- 
genesis, I ~ n t  am lejs inclined to do the sarne as re- 
gards acqui~,ecl cllnracteristics. I t  is upon the lat- 
ter theine that Virclrow Elas opposed llirn. I am 
compelled to say, however, tlrat the distinguished 
pathologist Elas failed to irnclerstarld L\7eismann's 
positior~ correctly, and that most ~f his criticisms 
I cannot cleern valid. 

According to the theory of Nussbaun~ and Weis- 
mann, the cells in tile embryo separate into two 
lzintls, -lo,the germ cells, which are converted 
into the sexual elen~ents ; and, %", the soniatic 
cells, wliicll constitute the body of the organism. 
The gernl cells descend directly from the impreg- 
nated ovum, and undergo little alleration, so that 

20 Weismann's first papor was read before the University 
oE Freiburg as  a Prorectorats ReAe, aud was published in 
pamphlet form a t  .lens in 1%3, wit11 the ti t le ' Ueher die 
vererbung.' A second paper was read before the German 
Naturiorsoherv~rsarn1ri11ingin 1886, and appeared in the 
'I'ageblatt of that association : i t  was suhseque~itly ampli- 
fied and republished with the  tltle, 'Die continu~tii t  des 
keimplasmas,' etc. (Jena, 1885). A third paper, ' Urber die 
bedzatung der gesoiileolitlioher~ l'ortpflanzung fiir die selec- 
t ions~heorie. '  was Ilkervisc uddressed to  the Naturfor-
scherversammluog, and i~ublislieri a t  Jena  (1886). A notice 
of this last by I i o l ima~~n  was gtoen in the Biolog. cantl.albl., 
v. pp. 673 and 708. At the same meeting of the Nstor-
forsotier, Virohow also deiivrred an address (since puh. 
lished in V I ~ . C ~ I O L L . ' S ~ T C ~ ~ ~ V ,  ciii. pp. 1, 205, 413, and in shorter 
form in the Biolog. cent.raliil., vi. pp. F7, 110, and I(il), in 
which he attacked Weismann's thesis. To Iiollmann and 
Vircho~v, Weismann has replied (Biolog. cerat~nlbl., r i .  
p 33). 

they have (in suspension) the power to produce a 
whole organism. I t  is difficult to agree to this 
ren~arlzable speculation : on the contrary, we must 
side with Kiillilcer ( I .  c . ,  pp. 44-46), who says that 
a sharp division between germ cells and somatic 
cells cannot be maintained. Tlie feeling that there 
is a flaw in Weismaim's argurrientation cannot be 
escaped. While we recognize the a.hility, the great 
ahility, of his essajs, and cannot read them with- 
out our minds appropriating much from them, we 
remain sensible of the mysticism which zigzags 
across his pages, now and then blurring his expres- 
sions, and maliing liis thought indefinite. After 
readin;; his article on the ' Continuity of the germ 
plasma,' there lingers an uncomfortable sense of 
inental haze. I have already indicated elsewliere " 
a more con~prel~ensivetheory, which is irrecon- 
cilable, so far as I can perceive, with the coatinu- 
ity theory. i l ly views 1hope to defend on another 
and more appropriate occasion. Nor is a discus- 
sion of Nussbaum's theory essential in this article. 
We turn, therefore, to the next point demanding 
attention. 

Ktigeli, the celetlrated botanist, published in 1884 
a large \vorlc containing a series of views reaclied 
at  the culmination of a remarkable career of scien-
tific research. The volume 2 2  has been l'ess studied 
than one would wish : it comprises over eight 
hundred pages, and is decidedly abstruse, N8geli 
is led to the tlieorj that t,here are in every living 
cell two substances, -one, wlliclr he calls ,id.io-
plusnzn, in distinction to tlle other, which he 
names the nutritive plasnla. I t  is the idioplasma 
alone which carries on t h e  function of hereditary 
transn~ission. We have liere C E I ~  definite concep- 
tion. that the character of a special constituent of 
living matter regulates the organization of it. In 
other words, Fiigeli assulnes the formitire force 
to reside in a specific material substratum, ~vhicli 
reproduces and perpetuates itself, occurs through- 
out t h ~o~ganism, and supplies fragments of itself 
to the genital products. Tlie argument in support 
of this theory is very able, and one can but join in 
the praise which IColliker and ottiers have bestowed 
upon it  so cordially. The theory itself supplies us 
for the first time with a tangible notion froin 
which to xvorB ahead. h clew is g i ~ e n  as to the 
physiological process of heredity. 

Putting together all tlrat has heen said, the con-
clusion is evident. NBgeli's hypothetical idio-
plasma is probably identical ~v i th  the nuclear 
chromatine of morphologists. 

21 MINOT,- ' Orgauization and death,' in Proc. Amer. 
assoo. adv. so., Ann Arbor, 1885. 

2 2  ~Ie0LLani~~h-pliy~iologisc11etheorie der  abstammungs- 
lehre, Xunioh, 1884 (available abstracts are given in tlle 
Biolog. cenlmlbl., iv. pp. 488 and 51'i). 
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I t  is my conviction that the liypot~resis ot pan-
genesis, both in its original form and in all its 
sul?sequent modifications, has been definitely set 
aslde. In  its place \ve liace the theory that the 
nature of the germ, l.e., of the impregnated obunl 
of each specieq, 1s the sarne o ~ e rand over, not 
becanie tliere is in each case a srnrilar collocat~on 
of gem~nulesor plastidules, but brcauae the chro- 
matine perpetuates itself, s3 that the sarne 1;irid of 
chronlatine is found in the one generation as in 
the generations preceding it an6 following it. 
The cL7uild i s  like the parents, btcnzise its orgu~ziza- 
t i m  is  reguluterl liy not mer~ly  si?~zilctr.,hut by some 
of tlie suixe, c7~r.on~ccti?ze as  tlint of the pcirents. 
Perhaps, instead of cllromatine we ought to say, 
in order to avoid an unjustifiable explicitness, 
nuclear substance. 

When it is recalled that heredity is one of the 
fundamental phenomena of life, and that hitherto 
we have seen no hopeful way leading to its coln- 
prellensiou, we can under~tand the tlelight with 
wllicll biologists welcome the new theory and its 
rich promises. (31-IAP,I,KS A ~ I N O T .SEDC\\~ICI< 

TITIS is the sixth volutne of the txanslation 
which Rosmini's English disciples have under-
tal~cn to nlalie of his principal writing~, -a 1:tllor 
of devotiori surely, nos only by reason of the rrtere 
pains involved, but in view of tlle probable thanlr- 
lessness of the lznglish-reading public for whose 
satre they are a11 talcen. \Vl:he:i one thinks of the 
mere quantity of labor which Rosmilii accorn-
plislied in his not long life, one callnot refuse to 
him the title of boing one of the very small nnm- 
ber of intellectual giants of the worid. He is of 
tlle race the ~Lri~lot~les, of the St,. Thomases, the 
Leibnitzes, the liants, and t!~e IIegels. The more 
cogitative energy of hini, too, is fully equal t,o 
theirs. Every page he ~vrihes is filler1 xvitli thinlr- 
ing as hard, sul~t~le, and original as tlleirs ; and his 
style is as clear and flowing as theirs is usually 
the reverse. Elis learning is prodigious too. In 
short, lle is a niiracle of intellectual forcet coin- 
pa red with whom a niere reviewer's riiind is as a 
midge against an elephant. 13~1t Kosinini is a 
tletrcl giant,, and t,he revic.wer can have it  Ilia own 
may with him, lteaanse he is alive, and writes for 
reatlers taught by all their 1,ockian and Protestant 
etiucation to treat tile kitid of thing lllat Rosmiili 
represents -tlioro11ghgoing. concatenatecl, and 
sgstclnatic ontologieing antl theologizing by the 
conceptions of principle arltl tern1, suk~stnnce and 
essence and act --as ' scholastic jargon,' antl so to 

Ps!jcl~olog?/. B y  AXTORIOR ~ S X I N I  Vo1. ii. 1~011-SICRBATI. 
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clo.;e their ears. Scllolastic jargon, too, it seems 
to this reviewer; only he has a bad conscience 
about saying it  ~o shortly, and therewith t u r n ~ n g  
Rosrnnli over to the disdain of many of our native 
pl~illstines who at  bottorn are sp~ritn,llly nnfit 
to loosen h ~ s  slrce. The last word has not je t  
been said about scholasticirm. We are all scbo- 
lasticr witl~out kinon-ing ~ t ,  so suie as we talk of 
things arid acts and essence and force. But we don't 
elaborate our scl~olasticisnl. because Locke tauglit 
us that to do so led to no practical use. The 
only practical gain \vhicll accrues to a scholast,ic 
frotn Ilis elaboration of what we all believe, is 
\vhat Ros~nini calls "the experience in himself of 
a lrind of jubilntion an6 felicity, which is so pe- 
c~lliar ns to be unlike any other feeling and to 
belr testimony to its infinite soturce." This is the 
rapture of all i~ltellectual order and llar~nony ; but 
our race mould xvillingly part with it, if only 
thereby it could ltuy a new way of peeling pota- 
toes, or of teaching children Elow to read. SVe 
renounce one thing, scl~olasticis~n anotlier. It is 
not that the distinctions nlade by Xosn~ini and 
ot>her scholastics are false. 011 the contrary, they 
seem for the niost part true. They are one way 
of seeing and naming the facts of life. But they 
are sterile : we can deduce from thern no immcdi- 
ate practical rceipts. To peel potatoes, we t~lust 
loolr at other adpeets of tlle world than snhstan- 
tiality and accidentality and tile distinction be- 
tween imniarient and transient acts. Many are 
the aspects of erery hit of realit:;, and all are 
equally true. Rut  each carries us a different; may. 
By a succession of accidents modern critics and 
men of science have sturnbled on the aspects 
ml.,ich lead to tile ways of foreseeing and hanilling 
yarticnlar 111atcria1 events. Together, these as-
pects forrn the armament of tlie scientific and 
positivistic view of life, :L hodge-podge of which 
we moderns are \.cry proud, but of which, great 
as tlre l)ract,ical fruits are, tlle speculative dignity 
leaves: nrucll to be desired. Mayhe sonie disciple 
of Bosmini ma)- show n path down froin liis 
categories to the practical details of life. It were 
sad that sac11 streilnons and in lnany ways sllclr 
exq1lisii.e tl~iniiing as his sEioulcl he among the 
mere superfluities of human history. IV. J'. 

T r r ~ iis in sorrre respect.; a remnr1r:tble booli, and 
takes its place at once in importance b~s lde  
Grant's ' IIistory of physical astrotlo~ny,' mhich i t  
in a measure snpplenlents. No clearer indication 

A populr~r7~istoi.gof ust~ononay d u ~ i n q  the ni,ietce,~th 
centcsiyl. Uy BGNKShi. CLERK.. Edinburgh. Black, 1885* 
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