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days before and after the eclipse and se\·eral hours before 
sunrise and after sunset. If observations show that the 
brightness of the zodiacal light is materially diminished 
during totality, in any part of the reg-ion where the moon's 
~hadow darkens the atmosphere, this will go far to show 
that the zodiacal light origin:1tes in the earth's atmo
sphere ; but if, as ~cen throt1gh the shaded air, the zmli
acal light appears brighter than e,·cr, it "·011ltl follow that 
its location is far from us, and that it is an appendage of 
the Slit'. 

(-l) The ohsen·crs of the zodiactl light should not fail 
t? record the phenomena sometimes seen on the opposite 
,;1de of the honzon , and called 1;, ::;nu,/1, i n , or the anti
zodiacal light. Similarly, ob~cn·er~ of the twilight phe
nomena should record the appear,1nccs in the horizon at 
the opposite side of the sun, ur the so called anti-t\,·ilighl 
arc, or ba11tl. 

(5) Ubsen·crs to whom the sun is bcyoncl the horizon, 
and for whom the atmosphere between them and the sun 
is not illt1mined o,,·ing to the presence of the moon's 
shadow, will ha,·c a gonll opponunit,·. for a few minute,, 
to sec anv faint comet that mav h;1,·c been hidden to 
astronome

0

rs by the glare of the' sunlight, and, if such 
should be seen, they should record the apparent altitude 
and azimuth of the nucleus. 

The diagrams I. and 111. trace the shadow-cone west
ward to South California and eastward to I nclia, but this 
should not prevent observers still further west on the 
Pacific, or east over India and Japan, from recording and 
reporting such phenomena as they mav observe. 

\Vashington, August. ci°.E\"J-:L\ND ABBE. 
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THE BRITISH ASSOC/AT/ON. 

SECTIO~ D. 

BIOLOGY. 

Orr.:-.1s,; ADDRESS BY PROF. -' · s. BUIW<l'I SA:SDERSOX, 
.\I.A., '.\I.D., LL.D., F.R.SS. L & L., l'RESlllENT OF 
THI:: SECTJ0:-1. 

IT ha., long ceased to he possible in the course of an annual · 
address in Section D to give an account even of the most im- · 
portant advances which have been made during the preceding ·1 
l welve months in the various branches of knowlcclge which are 
now mclucled under the term Biology. One reason is that each 
of the biological subjects has acquired such vast dimensions; 
th~ other, that. the two main branches-'.llorphology, which 
strives to cxplam why plants ancl animals have assumed the forms 
and structure which they possess, and Physiology, which seeks to 
understand how the living organism works-have now diverged 
from each other so widely as regards subject and method, that 
there seems to be danger of complete separation of the one from 
the other. 
. from this s_unclcring of sciences which a generation ago were 
mt_1mately umtcd, ho" ever inevitable it may be, Physiology 
ch1eAy suffers, as being even to the naturalist less attractive and 
interesting. The study of form ancl structure has the great 
advantage that it brings the obsen·er into direct relation with 
objects which excite his curiosity without m1uiring too great 
an effort to unclerstand them. This was the c.:ase e,·en when 
,\nat~my was mainly descripti,·e, ar.d Zoology and Botany 
occupied themselves chiefly with classification and with definition 
?f species. How much more is it the case now that Anatomy, 
Zo~lo~y, am! Botany have become built into one system, of 
which the Doctrine of Evolution is the corner stone! '.lforpho- I 
IOf:Y, the name now given to this system, has, if I am not 
mistaken, _tlus aclva'.1rage over all other suhjects of scientific study I 
-that wlulc attractive to the beginner, it is perfectly satisfactory ' 
to the mature student. It derives its perfectness from its subject 
-the vultr of the plant and animal world. For inasmuch as 
its funclamental . ccnception is the development of all organisms, 
hm'1ever compltcate,1, fro:n elementary forms, and as the theo· 
ret1cal_developmcnt of the plant and animal worhl (in other word, 
the sc1~nce of morphology), cl::tims to be nothing more than a 
synthesis of the o~served facts of its actual devclopm·~nt, the 

~ciencc i~ CO ·ordinate and C'1ntenninou" wi1h livin~ nature, ancl 
strives after a perfection which is that ,,r ll :llllrc itself. 

Physiology is without this source of allra cti,·enes, . Its first 
le;sons i;icscnt clifticnlties to the hec:inncr which, unless he i., 
cnntcnh:rl (:1s. indeed, onlin:i.ry students :1re ) tu accept as true 
wh:1~ he cloe:-i not understand, an•, !D s;1y the lca~t, c.li , conragin~; 
while to th e more mature s1udent, whn ha.; 111 :1:-tered more ,,r le~-; 
some p:irr. of' the s11hjcct, it fails to pn .. '"" ( ' tlt :t !--)'stem of knnw
led~e of which all the parts are inl t.: rd ~' 1wndcnt :in<l c:1n be 
r<" ferre ,1 to one fundamcnta.1 prin ciple, eo:lij >:1ra.ble to that of 
dc\'clnpm~nt or evolution. 

It i;; e:i-.y to undcr...;1:1n d th :1t thi-. nnh l lie so if we c.,n-.ider the 
prc,cnt po,ition of thc ~nhj,.!ct, :1nd th,: r.:1l1!rc o f th ·: ,n>rk which 
the phy:.. iolog:i..;,t ha..; 1 o do. Tit at w o 1 l,; i . ..; of: \ \'1> :-:.i:!d .;, I l e h:1-. 
flr:o;t lo determin~ wh ;.1l are t1w cl1emic 1l :tn<l 11h,·sk :tl t:ndnw· 
mcnl s o f livin~ 111 :ttter in general, :1nd nf each o f '. he va.r"cties ni 
livin.g matter. ~d1ic!i constitntc the anim al and p~ :u ;t nrg:ani .-; m in 
p:nt:cu!:t r. 1 lit'n, the:-c h:1.viri~ been i1n·c:--tib.1kd, he h:1-; !o 
ddcrm1nc hnw thc~e proce~sc:-. :1re lnc:i.li zed . ..: :) a " t : ) c,>n~tit11~t: 
tlie speci:11 runc·ion of each strnctnrc, and rhe re:o:iu:1 bc:iwcen 
structure :ind proces~ in each c:1sc. The order I ha·: ..; indicated 
i:-- _the lo]..!il.'.al orclt:r, hut in the net 11:11 pro!_'.'.rc -.s of phy:-,i1,lo~y 
tlns onkr ho.s n :J t been follnwed, i.,· . there h~t' not hecn a cnr· 
rclati ·>n of :-ilructure with prevhu~ly in,·c:;ti~atccl }ll'nce..;,:-;, for in 
former day~ physi,·J!ogists spoke or ;i.;, jimil:i.tinn, :-.ecrction, con
traction, an<l the like, as function, of mu, cle,, gbi1<l,, or other 
part~, ,vithout recognizing their ign1Jran ce of th ei r re:tl n:itnre-. Hut 
now,.no one who is awake to the tendencies of thm:»ht :rn,l 
work in physiology, cnn fail to have ohsen·ccl tint ~le best 
minds are directed with more concentration 1hnn ever before to 
those <1ncstions which relate to the elementary en,lowments of 
~iving matter, aml that if they are still held in the bac!,ground it 
is rather because of the extreme ,lifTiculty of approaching them 
than from any want of appreciation of their importance. 

It is to some of these ')Ue,tions that l am anxiou, to ,lraw the 
attention of the Section to-day. I feel that I have set myself a 
cliflicult task, hut think that, even should I succeed very partially, 
the attempt may he a useful one. And I am cncour:igecl by the 
consider:ition that the interest they po,sess is one which is 
common to plant :rn<l animal physiology, am! tha.t if we really 
understood them, they would furnish a key, not only to the 
phenomena of nutrition and growth, but even to those of repro
duction and development, and by the· belief that it is in the 
direction of elementary physiology, which means nothing more 
than the study of the endowments of living material, that the 
advance of the next twenty years will be made. 

Xearly fifty years ago, J. R. '.\layer's I treatise on the relation 
between organic motion and the exchange of material in living 
organisms was published in Germany. Although its value was 
more appreciated by physicists than by biologist s, it was in its 
purpose, as well as in its snbject-maltcr, physiological. In it 
:'lfayer showed for the first time that cert,,in functions of the 
animal bocly, which up to th:it time had been consi,lered rnost 
vital, are strictly within reach of measurement, i. t. referable to 
physical standards of quantity. He was even able to ,lemon· 
strate that those quantitative relations between different kin,ls 
of energy which physicists were then only beginning to recog
nize, held good as regards the processes peculiar t<) the living 
organism. 

Almost immecliately after the appearance of this now cele
brated work, a series of discoveriec. were made in physiology, 
which co.nstituted the period we are now consiclering an epoch. 
Mayer hiinself had provecl that muscles io doing work and 
producing heat do not do so at the expense of their own sub
stance. Hut this fact could not be unclersrood until Bernard 
showed that su\(ar is one of the most important constituents 
of the bloocl, and its storage "nil procluction a chief function 
of the lil·er. I Iclmholtz next succeecled in proving what J ohanncs 
:\1iiller O had declare,! to be nearly imp)ssible--namely, that the 
time occupied by the propagation of a motor impulse from the 
brain to a muscle could be mcasur~J, and showed it to be 
proportional to the distance traversed. l\ ext, du Boi,-Reymon,l 
investigated the elec:rical phenomrna of living beings, and mar
shalle,l them under a physical theory which stood its ground 
against the severest criticism for more tl1an a generation. And 
finally, the hydrndynamic principles relating to the circul::ition, 
set forth by Dr. Thon1as Young in his Croonian Lecture forty 

1 J . R . M=i-rer, '' n :e cr~an ischc Hcweg .. :i_; in ihrem Z1is:tmmenh:rn6',! mi~ 
<l~_m Stoffwcchsd" (Hdlbn nn, 1845). 

MUiier's ·• l'h}sivlugy,•· translat irm of ~.~cun<l c<lition, 1, . .:-;, 
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years bcivre, were demonstrated experimentally by Ludwi:::, at 
the very time when Helmholtz was giving definite form to the 
great natural philosopher's theory of colour perceptior.s. 

The effect of these discoveries was to produce a complete 
revolution in the ways of thinking and speaking about the 
phenomena of life. The error of the past had been to believe 
that, although the heart resembled a pump, although digestion 
could be imitated in the laboratory, and comparisons of vital 
with physical processes cou· cl be used for illustration, it was 
always wroni; to identify them. B,,t, inasmuch as it had been 
learned that sensation is propagated a long a nerve just as sound 
is propagat ed through the air, only with something like a tenth of 
the velocity , that the relations between the work clone, the h,at 
produced, and the fuel used, can be inve, tigatecl in the living body 
just as they are in the steam-engine, it now came to he felt that, in 
01her simibr cases, what had been bdore regarded as peculiarly 
vital might be understood on physical principles, and that for, 
t_he fu ture the word "vital " as distinctive of physiological pro
cesses might be abandoned altogether. In looking back, w<e 
have no difficul1y in seeing that th e lin es of investigation which 
were then initiated by such men as HelmhQltz, Ludwig, B1iicke, 
du Bois-Rtyrnond, Danders, Bernard, are those along which, 
during the succeeding generation, the science of physiology 
advanced; nor can anyone\\ k, is acquainted with the literature 
of that time doubt that these leaders of physiological thought 
knew th at they were the beginners of a new epoch. But such 
an epoch cannot occur again. vVe have adopted once for all 
the right, i.e. the sc ientific method, and there is not the least 
possibility of our recurring to the wrong. vYe have no new 
departure, no change of front in prospect; but Lten times 
"hich are not epochal have their tendencies, and I Venture to 
submit to you, that in physiology the tend ency of the present 
t ime is characterized by the concentration of the best efforts of 
the best minds on what I have already referred to as elementary 
questions. The work of investigating the special functions of 
organs, which during the last tw o decades has yielded such 
splendid results, is still proceeding. and eve ry year new ground 
is being broken anti new and fruitful lin es of experimental 
inquiry are being opened up; but the further the physio'ogist 
advances in this work of analysis and differentiation, the more 
frequ en tly does he find his attention arrested by deeper questions 
relating to the essential endowments of lidng matter, of which 
even the most highly differrntiated fun ctions of the animal or 
plant 9rganism are the outcome. In our science the order of 
progress has been hitherio and will continue to be the reverse of 
the order of Nature. Nature begins with the elementary and 
ends with the complex (brst the am<ela, then the man). Our 
mode of in vestigation has to begin at the end. And this not 
merely for the historical reason th at the first stimulus lo physio
logical inqniry was man's reasonable desire to know himself, but 
because differentiation actually involves simplification. For just 
as in manufactures it is the effect of division of labour that less 
is required of each workman, so in an organism which is made 
up of many organs, the function of each is simpler. 

Physiology, therefore, first studies man and the higher animals 
and proceeds to the higher plants, then to invertebrates and 
cryptogams, ending where development begins. From the 
beginning her aim has b en to correlate function with structure, 
at first roughly, afterwards, when, as I have explained, her 
methods of observation became scientific, more and more ac
curately-the principle being that every appreciable difference 
of structure corre,jonds to a difference ,if jimcti,n; and con
versely that each endowment of a living organ must be explained, 
ii explaine,l at all, as springing from its structure. 

It is not difficult to see whi1her this method must eventually 
lead us. For inasmuch as function is more complicated than 
structu re, the result of proceeding, as Phy,iology normally does, 
from ,tructure to function, must inevitably be to bring us face to 
face with functional differences which have no structural differ
ence to explain them. Thus, for example, if the physiologist 
undertakes to explain the function of a highly differentiated 
organ like the C) e, he finds that up to a certain point, provided 
that he has the requisite knowledge of dioptrics, the method of 
correlation guides him straight to hi s point. He can mentally 
or actually construct an eye which will perform the functions of 
the real eye, in so far as the formation of a real image of the field 
of vision on the retina is concerned, and will be able thereby to 
understand how the retinal picture is transferred to the organ 
of consciousness. Having arrived at this point he begins to 
correlate the known structun: of the retina with what is re-

quired cf it, and finds that the number of objects which be can 
discriminate in the field of vision is as numerous as, but not 
more numerous than, the parts of the retina, i. e. the cones 
which are concerned in discriminating them. So far he has no 
difficulty; but the method of correlation fails him from the 
moment that he considers that each object point in the field of 
vision is coloured, and that he is able to discriminate not merely 
the number and the relations of all the object points to each 
other, but the colour of each separately. He then sees at once 
that each cone must possess a plurality of endowments.for which 
its structme affords no explanation. In other words, in the 
minute structure of the human retina, we have a mechanism 
which would completelv explain the picture of which I am 
conscious, were the objects composing it possessed of one 
objective quality only, being colourless, but it leaves us without 
explanation of the differentiation of colour. 

Similarly, if he is called upon to explain the function of a 
secret ing gland, such, e.g., as the liver, there i., no difficulty in 
underst anding that, inasmuch as the whole gland consists of 
lobul es which resemble each other exactly, and each lobule is 
s milarly made up of cells which are all a like, each individual 
cell must be capable of performing all the functions of the whole 
organ. But when by exact experiment we learn that the liver 
possesses not one function but many-when we know that it is a 
storehouse for animal starch, that each cell possesses the power 
of separating waste colouring-matter from the blood, and of 
manufacturing several kinds of crystallizable products, some of 
which it senrls in one direction and otbers in the opposite-we 
find again that the correlation method fails us, and that all that 
our knowledge of the minute structure has done for us is to set 
before us a question which, though elementary, we are quite 
unable to answer. 

By multiplying examples of the same kind , we should in each 
case come to the same i,,sue, namely, p!itrality of fu nction with 
unity of structure, the unity being represented by a simple 
structural element-be it retinal cone or cell-possessed of 
numerous endowments. vVhenever thi s point is arrived at in 
any investigation, structure mu,t for th e moment cease to be our 
guide, and in gc:.eral two counes or alternatives are open to us. 
One is to fall back on that worn-out Deus ex macliinti, proto
plasm, as if it afforded a sufficient explanation of everything 
which cannot be explained otherwise , and accordingly to defer 
the consideration of the functions which have uo dem->nstrable 
connection with structure as for the present beyond the scope of 
investiga tion; the other is, retaining our hold of the funda
mental principle of correlation, to take the problem in reverse, 
i.e. to use analysis of function as a guide lo the ultra-microscopical 
analysis of structure. 

I n eed scarcely say that of these two courses the .first is wrong, 
the second right, for in following it we st ill hold to the fundamental 
principle that frving material acts b;, virtue of its structure, pro
vided that we allow the term structure to be used in a sense 
which carries it beyond the limits of anatomical investigation, 
i.e. beyond the knowledge which can be attained either by the 
scalpel or the microscope. We thus (as I have said) proceed 
from function to structure, instead of the other way. 

The departure from the traditions of our science which 
this change of direction seems to imply is indeed more 
apparent than real. ] n tracing the history of some of the 
greatest advances, we find that the recognition of function has 
preceded the know ledge of ,truct ure. H aller 's discovery of 
irritability was known and bore fruit, long before anything was 
known of the structure of muscle. So also, at a later period, 
Bichat was led by his recognition of the physiological differ
ences between what he termed the functions of organic and 
animal life, to those anatomical researches which were the 
basis of the modern science of Histology. Again, in much 
more recent times, the investigation of the function of gland 
cells, which has been carried on with such remarkable results 
by Prof. Heidrnhain in Germany, and with equal success by 
Mr. Langley in this country, has led to the di,covery of the 
structural changes which they undergo in passing from the 
state of repose to that of activity: nor could I mention a better 
example than that afforded (among many others relating to 
the physiology of the nervous system) by Dr. Gaskell's recent 
and very important discovery of the anatomical difference 
between cerebra-spinal nerves of different functions . We 
JJ:]ay therefo re anticipate that the future of physiology will differ 
from the past chiefly in this respect-that whereas hitherto the 
greater part of the work has consisted in the interpretation ol 
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facts arrivP<l at in the first instance hy anatomical mcthorls of 
research, Histol, •gy, once the guide of Physiolo6y, has now 
become her han~maid. 

During the last ten or fiJteen years Histolo'.::y has carried her 
methods of research to such a degree of perfection that further 
improvement scarcely seems possible. As com1nre I with thes~ 
subtle refinements, the " minute anatomy" of thirty years ag,., 
.appears coarse-the skill for which we one~ too!, credit seems 
but clumsiness. N otwithstandin;r, the prohlems of the future 
from their very nature lie as completely out of reach o f the one 
as of the other. It is by different methods of investigation that 
our better equipped successors must gain in.sight of those vital 
processes of which even the ultimate result s of microscopical 
.analysis will ever be, as they are now, only the outward and 
visible sign. 

In what has preceded, I have endeavoured to show that at 
present the fundamental questions in physiology, the pro· 
blems which most urgently demand solution, are those 
which relate to the endowments of apparently structureless 

.living matter, and that the most important part of the 
work of the immediate future will be the analysis of these 
endowments. With this view, what we have to rlo is, first, to 
select those cases in which the vital process offers itself in 
its simplest form, and is consequently best understood; and, 
secondly, to inquire how far in these particular instances we 
may, taking as our gu ide the principle I have so often mentioned 
as fundamental, viz. the correlation of structure wi th function, 
of mechanism with action, proceed in drawing inferences as to 
the mechanism hy which these vital processes are in these 
simplest cases actually carried out. 

The most distinctive peculiarity of living matter as compared 
with non-living is that it is ever chang ing while ever the same, 
i.e. that life is a state of ceaseless change. For our present pur
pose I must ask you, first, to distinguish between two kinds of 
change which are equally characteristic of living organisms
namely, those of growth and decay on the one hand, and those 
of nutrition on the other. Growth the biologist calls evolution. 
Growth means the unfolding, i.e. development, of the latent 
potentialities of form and structure which exist in the germ, and 
which it has clerived by inheritance. A growing organism is 
not the same to-clay as it was yesterday, :ind consequently not 
quite the same now as it was a minute ago, and never again 
will be. This kind of change I am going to ask you to exclude 
from consideration altogether at this moment, for in truth it 
does not belong to Physiology, but rather to Morphc logy, and 
to limit your attention to the other kind which includes all 
other vital phenomena. I designated it just now as nutrition, 
but this word expres,es my meaning very inadequately. The 
term which has been used for half a century to designate the 
sum or complex of the non-developmental activities of an 
organism i, "exchange of material," for which Prof. Foster has 
given the very acceptable substitute Metaboli-m. Metabolism 
is only another word for "change," but in ming it we under
stand it to mean that, although an organism in respect of its 
development may never be what it has been, the phases of 
alterna te activity and repose which mark the flow of its life
stream are recurrent. Life is a Cydosis in which the organism 
returns after every cycle to the same point of departure, ever 
changing yet ever the same. 

It is this antithesis which constitutes the essential d istinction 
between the two· great branches of biology, the two opposite 
aspects in which the world of life presents itself to the inquiring 
mind of man. Seen from the morphological side, the whole 
plant and animal kingdom constitutes the unfolding of a struc
tural plan which was once latent in a form of living material of 
great apparent simplicity. From the physiologica.l side this 
apparently simple material is seen to be capable of the dis
charge of functions of great complexity, and therefore mnst 
possess corresponding complexity of mechanism. It is the 
nature of this invisible mechanism that physiology thirsts to 
know. Although little progress 'has as yet been madP, and 
little may as yet be possible, in satisfying this <lesire, yet, as I 
shall endeavour to show ycu, the existing knowledge of the 
subject has so far taken consistent form in the minds of the 
leaders of physiological thought that it is now possible to 
distinguish the direction in which the soberest speculation is 
tending. 

The non-developmental vital funct ions of protoplasm are the 
absorption of oxygen, the discharge of carbon dioxide and water 

and amm onia, the doing of mechanical work, the production of 
heat, light, and tl ectricity. All these, excepting the last, are 
known to have chemical actions as their in , eparahle concomit
ants. As rega,.ds electricity, we have nr, proof of the depend
ence of the electrical properties of p lants anri animals on 
chemical action. But all the other ac :ivlt ies which have been 
me,-itioned are fundamentally chemical. 

Let us first consider the 1e'ation of oxygen to living matter 
and vital proce_ss. For three-rinarters of a century after the 
fundamental di, coveries of Lavoisier and Priestley ( 1 772-76), the 
accepted doctrine was that the effete matter of the body was brought 
to the lungs by the circulation and burnt there, of which fact the 
carbon dioxide expired seemed an obvious pro ) f. Then came 
the d iscovery that arterial blood contained more oxygen than 
venous blood, and consequently that oxygen must be conveyed 
as such by the blood-,tream to do its purifying work in all parts 
of the body, this advance in the understanding of the process 
being crowned a few years later by the di scovery of the oxygen
carrying properties of the colouring-matter of the blood, in which 
the present President of the Royal Society to ~k so prominent a 
part. Finally, between 1872 and 1876, as the result of an ela
borate series of investigations of the respiratory process, the 
proof was given by Pfliiger 1 that the function of oxygen in the 
livino- organism is not to destroy effete matter e ither here or 
ther;, but rather to serve as a food for protoplasm, which, so 
long as it lives, is c:1pahle of charging itself with !his gas, ab
sorbing it with such avidity, that , although its own snhstance 
retains its integrity, no free oxygen can ex ist in i i,; neighbour
hood. This discovery, of which the im portance is comparable 
with that of Lavoisier, can best be judged of by considering its 
influence on other fundamental conceptions of the vital process. 
The generally accepted notion of effete matter waiting to b~ 
oxidized was associated with a more general one, viz. that the 
elaborate structure of the body was not permanent, bnt con
stantly undergoing decay and renewal. What we have now 
learnt is, that the material to he oxidize,\ comes as much from 
the outside as the oxygen which burns it, though the reaction 
between them, i.e. the oxidation, is intrinsic, i. e. takes place 
within the living molecular framew ork. 

P, otoplasm, therefore, understanding by the term the visible 
and tangible presentation to our senses of living material, comes 
to consist of two things-namely, of framework and of content
of channel and of stream-of acting part which lives and is 
stable, and of acted-on part which has never lived o.nd is labile, 
that is, in a state of metabolism, or chemical transformation. 

If such be the relation between the living framework and the 
stream which bathes it, we must attribute to this living, stable, 
acting part, a property which is charact eristic o f the bod ies 
called in physiological language ferments, or enzymes, the 
property which, following Berzelius, we have for the 1:ist half
century expressed by the word catalytic ; and use, without 
thereby claiming to understand it, to indicate a mode of action 
in which the agent which produces the change does not itself 
take part in the decompositions which it produces. 

I bave brought you to this point a, the outcome of what we 
know as to the essential nature of the all-important relation 
between oxygen and life. In botanical physiology the gen~1:al 
notion of a stable catalyzing fram ework, and of an 1nterst_1t1al 
labile material , which might he called catalyte, has been arnved 
at on quite other grounds. This notion is representcl in plant 
physio logy by two words, both of which correspond in meaning 
-Micell re , the word devised by N ageli, and the better word 
T agmata, suhstituted for it by Pfeffer. N ageli's word has been 
adopted by Pro f. Sachs•as the expression of his own thought in 
relation to the u ltra-microscopical strncture of the protoplasm of 
the plant cell. His view is that certain well -known properties of 
organized bodies requ ire for their explanation the admission that 
the simplest visiNe structure is itself made up of an ·arrangement 
of units of a far inferior order of minuteness. It 1s these 
hypothetical units that Nageli has called micelLe. . . 

.\'ow, N ageli in the first instance cunfounrl ed the m1cella: with 
molecules, conceiving that the molecule of living matter must be 
of enormous size. 0 1lut, inasmuch as we have no reas~n for be
lieving that any fo rm oi living material is chemically homo
geneous, it was soon recognized, perh aps fi_rst by Pfeffe1:, but 
eventually al so by Nai;eli himself, that a mtcella , the ultunate 

1 P./lfi<re,·s ,,lrckiv, v.ol. vi., r872 1 p. 43. and v .:. I. x ., 1875. p. 251 , " Ueber 
die phy:. iologische Verbrennuog in den le bendigen Or~arnsmcn,. . . 

2 N ilgeh, 0 Theorie der Gfihnmg; Bei r ..1g zur MolecuHir Phys10log1e,'• 
p. 121 (1 879). 
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element of living material, is not equivalent to a molecule, how
ever big or complex, but must rather be an arrangement or 
phalanx of molecules of different kinds. Hence the word tagma, 
first used by Pfeffer, 1 has come to be accepted as best expressing 
the notion. And here it must be noted that each of the physio
logists to whom re 'erence has been made regards the micellre, 
not as a mere aggregate of separate particles, but as connected 
together so as to f,,rm a system, a conception which is in 
harmony with the view I gave you just now from the side of 
animal physiology, of catalyzing framework and interstitial 
catalyzable material. 

To Prof. Sachs, this porous constitution of protoplasm serves 
to explain the property of vital turgescence-that 1s, its power 
of charging itself with aqueous liqnicl--a power which Sachs 
estimates to be so enormous that living protoplasm may, he 
believes, be able to condense water which it takes into its inter
stices to less than its normal volume. For our present pur
pose it is sufficient for us to understand that to the greatest 
botanical thiukers, as well as to the greatest animal physio
logists, the ultimate mechanism by which life is carried on is not, 
as Prof. Sachs 2 puts it, "slime," but "a very distensible aud 
exceedingly fine network." 

And now let us try to get a step further by crossing back in 
thought from plants to animals. At first sight, the elementary 
vital processes of life seem more complicated in the animal than 
in the plant, but they are, on the contrary, simpler; for plant 
protoplasm, though it may be structurally homogeneous, is 
dynamically polyergic-it has many endowments-whereas in 
the animal organism there are cases in which a structure has 
only one function assigned to it. Of this the best examples are 
to be found among so-called excitable tissues, viz. those which 
are differentiated for the purpose of producing (along with heat) 
mechanical work, lig'it, or electricity. In the life of the plant 
these endowments, if enjoyed at all, are enjoyed in common 
with others. 

By the study, therefore, of muscle, of light organ, and of 
elec,rical organ, the vital mechanism is more accessible than by 
any other portal. About light organs W:! as yet know little, but 
the little we know is of value; of electrical organs rather more ; 
about muscle a great deal. 

To the case of muscle, Engelmann, one of the best observers 
and thinkers on the elementary questions which we have now 
before us, .has transferred the terminology of Nageli and Pfeffer 
as descriptive of the mechanism of its contraction. Muscular 
protoplasm differs from those kinds of living matter to which I 
have applied the term "polyergic," in possessing a molecular 
structure comparable with that of a crystal in the respect, that 
each portion of the apparently homogeneous and transpareut 
material of which it consists resembles every other. 

\Vith this ultra-microscopical structure, its structure as investi
gated by the microscope may be correlated, the central fact being 
that, just as a muscular fibre can be divided into cylinders Ly 
cross-sections, so each such cylinder is made up of an indefinite 
Lumber of inconceiva1,ly minute cylindrical parts, each of which 
is an epitome of the whole. These, Engelmann, following Pfeffer, 
calls ino-tagmata. So long as life lasts each minute phalanx has 
the power of keeping its axis parallel with those of its neighbours, 
and of so acting within its own sphere as to produce, whenever 
it is awakened from the state of rest to that of activity, a fluxion 
from poles to equator. In other words, muscle, like plant proto
plasm, consists of a stable framework of Jiving catalyzing 
substance, which governs the mechanical and chemical changes 
which occur in the interstitial catalyzable material, with this 
difference, that here the ultra-microscopical structure resembles 
that of a uniaxial crystal, 3 whereas in plant protoplasm there 
may be no evidence of such arrangement. 

According to this scheme of muscular structure, the contraction, 
i.r. the change of form which, if allowed, a muscle undergoes 
when stimulated, has its seat not in the system of tagmata but in 
the interstitial material which surrounds it, and consists in the 
migration of that labile material from pole to equator, this being 
synchronous with explosive oxidation, sudden disengagement of 
heat and change in the electrical state of the living substance. 
Let us now see how far the scheme will l,elp us to an under
standing of this marvellous concomitance of chemical, electrical, 
and mechanical change. 

It is not necessary to prove to you that the discharge of carbon 

1 I1feffor, '' Pflanzenphysiologiei" p. 12 (Le:pz:g, 18Sr). 
2 Sachs, "Exi;erimental-Phy~iol ··giF:," p. 443 (1865 '· 
3 Hriicke, •' Vorlesungo:·n," St:Cond ediLion, vo~. 1i. p. 497. 

--------------------

dioxide and 1he pr.oduction of heat which we know to be 
associated with that awakening of a muscle to activity which we 
call stimulation, are indices of oxidation. If we take this fact 
in connection with the view that has just been given of the 
mechanism of contraction, it is obvious that there must be in 
the sphere of each tagma an accumulation of oxygen and oxi
dizable material, and that concomitantly with or antecedently to 
the migration of liquid from pole to equator, these must come 
into encounter. Let us for a moment suppose that a soluble 
carbohydrate is the catalyzetble material, that this is accumulated 
equatorially, ancl oxygen at the poles, and consequently that 
between equator and poles water and carbon dioxide, the only 
products of the e,plosion, are ,et free. That the process is 
really of this nature is the conclusion to which an elaborate study 
of the electrical phenomena which accompany it has led one of 
the most eminent physiologists of the· present time, Prof. 
Bernstein. 1 To this I wish for a moment to ask your attention. 

Prof. Bernstein's view of the molecular structure of muscular 
protoplasm is in entire accordance with the theory of Pfliiger 
and with the scheme of Engelmann, with tliis addition, that 
each ino-tagma is electrically polarized when in a state of rest, 
depolarized at the moment of excitatiou or stimulation, and that 
the axes of the tagmata are so directed that they are always 
parallel to the surface of the fibre, and consequently have their 
positive sides exposed. In this amended form the theory admits 
of being harmonized with the fundamental facts of muscle· 
electricity-namely, that cut surfaces are negative to sound sur
faces, and excited parts to inactive-provided that the direction 
of the hypothetical polarization is from equator to pole, £.e. that 
in the resting state the poles of each tagma are charged with 
negative ions, the equators with positive; and consequently that 
the direction of the discharge in the catalyte at the moment that 
the polarization dis,ppears is from pole to equator. 

Time forbids me even to attempt to explain how this theory 
enables us to express more consistently the accepted explana
tions of many collateral phenomena, particularly those of electro
tonus. I am content to show you that it is not impossible to 
regard the three phenomena-viz. chemical explosion, sudden 
electrical change, and change of form- as all manifestations of 
one and the same process-as products of the same mechanism_ 

In plants, in certain organs or parts in which movemeut takes 
place, as in muscles in response to stimulation, the physiological 
conditions are the same or similar, but the structural very 
different ; for the effect is produced not by a change of form, 
but by a diminution of volume of the excited part, and this con
sists not of fibres, but of cells. The way in which the diminu
tion of volume of the whole orgau is brought about is by 
diminution of the volume of each cell, an effect which can 
obviously be produced by flow of liquid out of the cell. At 
first sight therefore the differences are much more striking than 
the resemblances. 

But it is not so in reality, for the more closely we fix om 
attention on the elementary process rather than on the 
external form, the stronger appears the analogy-the more 
complete the corresponclence. The state of turgor, as it 
has been long called by botanical JJhysiologists, by virtue 
of which the frnmework of the protoplasm of the plant 
retains its content with a tenacity to which I have already referred, 
is the analogue of the state of polarization of Bernstein. As 
regards its state of aggregation, it can scarcely be doubted 
that, inasmuch as the electrical concomitants of excitation of 
the plant cell so closely correspond with those of muscle, here 
also the tagmata are cylindrical, and have their axes parallel to 
each other. Beyond this we ought perhaps not to allow specula
tion to carry us, but it is scarcely possible to refrain from connect
ing this inference with the strea uing motion of protoplasm which 
in living plant cells is one of the indices of vitality. If, as must 
I think be supposed, this movement is interstitial, i.e. due to the 
mechanical action of the moving protoplasm on itself, we can 
most readily understand its mechanism as consisting in rhyth
mically recurring phases of close and open order in the direction 
of the tagmatic axes. 

In submitting th:s hypothesis I do not for a moment forget 
that the fac:s relating to the contractility of plant cells have as 
yet been insufficiently investigated. No one has as yet shown 
that when the leaf of the sensitive plant falls, er that of the fly
trap closes on its p1ey, heat is developed or oxidation takes 

1 Bernstein. '' Neue Theorie der Erregungsvorgange und electrischen 
Erscheinunge'n an den Nerven- und :rvluskelfa~ern,'' Untersucliungen au& 
dem Plzysio!ogisclzen fn~~titut (Halle, 1888). 
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place, but it does not seem to me very rash to anticipate that if it 
were possible to make the experiment to-morrow it would be 
found to be so. 

I have thus endeavoured (building on two principles in physio
logy, firstly that of the constant correlation of mechanism and 
action, of structure and function, and secondly the identity of 
plant and animal life both as regards mechanism and structure; 
and on two expuimentally ascertained elementary relations, 
viz. the relation of living matter or protoplasm to water on the 
one hand, and to oxygen and food on the other) to prEsent to you 
in part the outline or sketch of what might, if I had time to 
complete it, be an adequate conception of the mechanism and 
process of life as it presents itself under the simplest con
ditions. To complete this outline, so far as I can to-day, 
I have but one other consideration to bring before you, one 
which is connected with the last of my four points of departure 
-that of the relation of oxygen to protoplasm, a relation which 
springs out of the avidity with which, without being oxidized or 
evensensiblyal'.ered in chemical constitution, it seizes upon oxygen 
and stores it for its own purp~ses. The consideration which this 
suggests is that if the oxygen and oxidizable material are con
stantly stored, they must either constantly or at intervals be dis
charged, and inasmuch as we know that in every instance 
without exception in which heat is produced or work is done, 
these processes have discharge of water and of carbon dioxide 
for their concomitants, we are justified in regarding these dis
charges as the sign of expenditure, the charging with oxygen as 
the sign of restitution. In other words, a new characteristic of 
living process springs out of those we have already had before 
us-namely, that it is a constantly recurring alternation of op
posite and complementary states, that of activity or discharge, 
that of rest or restitution. 

Is it so, or is it not? In the minds of most physiologists the 
distinction between the phenomena of discharge and the pheno
mena of restitution (Erholung) is fundamental, but beyond this, 
unanimity ceases. . Two distinguished men, one in Germany and 
one in England-I refer to Prof. Hering and Dr. Gaskell-have 
taken, on independent grounds, a different view to the one above 
suggested, according to which, life consists, not of alternations 
between rest and activity, charge and discharge, loading and 
exploding, but between two kinds of activity, two kinds of 
explosion, which differ only in the direction in which they act, 
in the circ·umstance that they are antagonistic to each other. 

Now when we compare the two processe; of rest, which as 
regards living matter means restitution, and discharge, which 
means action, with each other, they may further be distinguished 
in this respect, that, whereas restitution is autonomic, i.e. goes 
on continuously like the administrative functions of a well-ordered 
community, the other is occasional, i.e. takes place only at the 
suggestion of external influences ; that, in other words, the con. 
trast between action and rest is (in relation to protoplasm) 
essentially the same as between waking and sleeping. 

It is in accordance with this analo6y between the alternation 
of waking and sleeping of the whole organism, and the corre
sponding alternation of restitution and discharge, of every kind 
of living substance, that physiologists by common consent use 
the term Stimulus (Reiz, Prikkeling), meaning thereby nothing 
more than that it is by external disturbing or interfering influence 
of some kind that energies stored in living material are (for the 
most part suddenly) discharged. Now, if I were to maintain 
that restitution is not autonomic, but determined, as waking is, 
by an external stimulus-that it differs from waking only in the 
direction in which the stimulation acts, i.e. in the tendency 
towards construction on the one hand, towards destruction on 
the other-I should fairly and as clearly as possible express the 
doctrine which, as I have said, the two distinguished teachers I 
have mentioned, viz. Dr. Gaskell 1 and Prof. Hering, have 
embodied in words which have now become familiar to every 
student. The words in question, "anabolism," which bsing 
interpreted means winding up, and" catabolism," running down, 
are the creation of Dr. Gaskell. Prof. Bering's equivalents for 
these are "assimilation,''which, of course, means storage of oxygen 
and oxidizable material, and '' disassimilation," discharge of these 
in the altered form of carbon dioxide and water. But the point 
of the theory which attaches to them lies in this, that that 
wonderful power which living material enjoys of con•.inually 
building itself up out of its environment, is, as I have already 
suggested, not autonomic, but- just as dependent on occasional 

:i: See Gaskell in Ludzuz)['s Festschrift, and Hering, '' Zur Theorie der 
Vorgange in der lebend1gen Substanz," pp. 1-22 (Prag, 1888). 

and external influences or stimuli, as we know the disintegrating 
processes to be ; and accordingly Hering finds it necessary to 
include under the term stimuli not only those which determine 
action, but to create a new class of stimuli which he calls Assimi
lations-Reize, those which, instead of waking living mechanism 
to action, provoke it to rest. 

It is unfortunately impo.ssible within the compass of an address 
like the present to place before you the wide range of experi
mental facts which have led two of the strongest intellects of our 
time to adopt a theory which, when looked at a prio,·i, seems so 
contradictory. I must content myself with mentioning that 
Hering was led to it chiefly by the study of one of the examples 
to which I referred in my introduction-namely, the colour-dis
criminating functions of the retina; Dr. Gaskell by the study of 
that very instructive class of phenomena which reveal to us that 
among the channels by which the brain maintains its sovereign 
power as supreme regulat~r of all the complicated processes 
which go on in the different parts of the animal organism, there are 
some which convey only co,nmands to action, others commands 
to rest, the former being called by Gaskell catabolic, the latter 
anabolic. To go further than this would not only wear out yom· 
patience but would carry me beyond the limits I proposed to 
myself, viz. the mechanism of life in its simplest aspects. I there
fore leave the subject here, adding one word only. The distinc· 
lion which has suggested to their authors the words on which 
I have been commenting is a real one, but it implies 
rather the interference with each other of the simultaneous 
operation of two regulating mechanisms, than an antagonism 
between two processes of opposite tendencies carried on by the 
same mechanism; or, putting it otherwise, that the observed 
antagonism is between one nervous mechanism and another, 
and not between two antagonistic functions of the same living 
material. 

Without attempting to recapitulate, I have a word to say by 
way of conclusion on a question which miy pr.>bably have 
suggested itself to some of my audience. 

I have indicated to you that although scient,fic thought does 
not, like speculative, oscillate from side to side, but marches 
forward with a continued and uninterrupted pr~gress, the stages 
of that progress may be marked by charactenst1c tendencies ; 
and I have endeavoured to show that in physiology the questions 
which concentrate to themselves the most lively interest are 
those which lie at the basis of the elementary mechanism of 

.life. 
The word Life is used in physiology in what, if you like, may 

be called a technical sense, and denotes only tha' state of change 
witi, permanence which I have endeavoured to se: forth to you. 
In this restricted sense of the word, therefore, the question 
" What is Life?" is one to which the answer i.s approachable; 
but I need not iiay that in a higher sen,e-higher because it 
appeals to higher faculties in our nature-the word suggests 
something outside of mechanism, which may perchance be its 
cause rather than its effect. 

The tendency to recognize such a relation as this is what we 
mean by vitalism. At the beginning of this discourse I referr~d 
to the anti-vitalistic tendency which accompanied the great 
advance of knowledge that took place at the middle of the 
centi:ry. But even at the height of this movement there was a 
react10n towards vitalism, of which Virchow, 1 the founder of 
modern pathology, was the greatest exponent. Now, a genera
tion later, a tendency in the same direction is manifesting itself 
in various quarters. What does this tendency mean? It has 
to my mind the same significance now that it had then. Thirty 
years ago the discovery of the cell as the basis of vital function 
was. new, and the mystery which before belonged to the organism 
was trc.nsferred to the unit, which while it served to explain 
everything was itself unexplained. The discovery of the cell 
seemed to be a very close approach to the mechanism of life, 
but now we are striving to get even closer, and with the same 
result. Our measurements are more exact, our methods finer; 
but these very methods bring us to close quarters with pheno
mena which, although withi11 reach of exact investigation, are as 
regards their essence involved in a mystery which is the more 
profound the more it is brought into contrast with the exact 
knowledge we possess of surrounding conditions. 

If what I have said is true, there is little ground for the 
apprehension that exists in the minds of some that the habit of 

1 Virchow, "Alter und Neuer Vitalisrnus," A1i:hi1J jitr pathol. Anat 
1856, vol. ix. p. r. See also Rmdtleisch, "Artzliche PhilosJphie1 " pp. 1 0 -r 
Wurzburg, 1888). 
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scrntm1zmg the mechanism of life tench to make men regard 
what can l;e so learned as 1he only kin 1 of kn ,wled~e. The 
tendency is now certainly rather in the other direction. What 
we have to guard against is the mixing of twu methods, and so 
far a, we are conc·,rned the intrnsion into our su~ject of philo_
sophical speculation. Let ns willingly and with our hearts do 
homage to" divine Philosophy," but let that homage be renderPd 
outside the limits of our science. L et those who are so inclined, 
cross the frontier and philosophize ; but to m ~ it appears to be 
more conducive to progress that we should do our best to furnish 
professed philosophers with such facts relating to structure and 
function as may serve them ns aids in the investigation of 
those deeper problems which concern man's relations to the past, 
the present, :rnd the unknown future. 

SEC TI ON H. 

A;-.;THR0l'0L0GY. 

OPEN!l\G Anr>RF.SS HY PROF. STR vVJLl!AM TURl\ER, M.B., 
LL.D., F.R.SS.L. & E., l'RESIDKNT OF THE SECTION. 

TWE:,;'TY· Six years have pass eel by sin ce the British Association 
for the Arlvanccment of Science last assembled in this city. 
Many of the incidents of that mee ting He still fresh in my 
memory, the more vividly, perhaps , because it was the fir5t 
meeting of the Association that I had att ended. The weather, 
so important a factor in most of our func tions, was dry and 
bright. The vis itor, instead of being enshrouded in that canopy 
of mist and smoke which so often meets the traveller as he 
approaches y()ur city, was greeted with light and sunshine, The 
co1dial welcome and reception so fr, ely granted by the com
nnmity, and more especially the princely yet gracious hospitality 
exercised by the President, your eminent townsman, now Lord 
Armstrong, are all deeply iJJprinted on my memory. But, 
apart from these attractions, which added so much to the 
amenities of the occasion, the meeting was one of deep interest 
to all those Members and Associates who were enga_:;ed in 
biological study. 

I.yell's famous book on the "Antiquity of Man" had been 
published sh only before. The essays c,n the "Origin of Species" 
by natural selection, by Charles Darwin and Alfred Russel 
vVallace, had appeared only five years earlier in the Journal of 
the Linnean Society, and in 1859 Darwin's treatise on the 
"Origin of Species," in which its illustrious author summarized 
the facts he had collected and the conclusions at which he had 
arrived, had been published. Although no President of the 
British Association had up to that time g iven his adhesion to 
the new theo,·y, yet it was clear that men were beginning to 
see, in many instances perhaps only dimly, how the theory of 
evolutinn by natural selection was destined to work a remark
able change, amounting almost to a revolution, in our conceptions 
of biological questions generally, and their applicability to the 
study of man. 

At that time Anthropology had not assumed so definite a 
position in the work of the Association as it now possesses. 
Neither a Department nor a Section was devoted to it, and the 
subjects which it embraces were scattered abroad, either in the 
D epartment of Anatomy and Physiology, in the Section of 
Geography and Ethnology, in that of Geology, or in that of 
Sta1is1ics. It is true that a vigorous atte mpt was made about 
that time to give it a more independent position, but it was not 
until the Association met in Nottingham, in 1866, that it was 
assign ed a definite Department, and at the Montreal meeting, in 
1884, Anthropology assumed the dignity of a Section. 

But although the yot1ngest Section of the Association, the 
Science of Man is not the youngest of the sciences. Long 
before 1he British Association came into existence, Man, in his 
physical, racial, geological, and psychological aspects, had been 
studied by hosis of able and indu-trious inquirers. All that the 
A,sociation has clone in establishing a special Secthn of Anthro
pologic:il Science has been to bring together, as it were, into a 
single focus all those workers who apply themselves to the study 
of man in his various aspects. · 

As presiding over the proceedings of the Section on this 
occasion, it is a part of my duty to open its public business with 
an addrern. For me, as doubtless for many of those who have 
preceded me in this honourable office, one's mind has been · 
somewhat exercised in the choice of a subject. In a branch of 
biological science so vast as Anthropology, in which the roo:n 

for selection is so ample, the difficulty of making a ,choice is 
perhaps still further increased. As a professional anatomist, 
whose life's work it has been to study the structure of the 
human bocly in its normal aspects, to inquire into the variations 
which it exhibits in different individuals, and to compare its 
structt:re with that of various forms of animal life, it at first 
occurred to me that an address on the physical characteristics of 
some of the races of men would be appropriate. But further 
consideration led me to think that such a suhject would be too 
technical for a general audience, and that it might perhaps be 
productive of greater interest on the part of my auditors if I 
selected a topic which, whilst strictly scientific in all its bearing•, 
yet appeals more distinctly to the p0pular mind, and is now 
attracting attention. Hence I have chosen the subject of 
Heredity, by which I mean that special property through which 
the peculiarities of an organism are transmitted to its descend
ants throughout successive generations, so that the offspring, in 
their main features, resemble their parents. 

The subject of Heredity, if t may say so, is in the air at the 
present time. The journals and magazines, hoth scientific and 
literary, a re continually 1liscussing it, and valuable treatises on the 
subject are appearing at frequent intervals. But though so 
important a topic of existing scientific th,Jught and speculation, 
it is by no means a new subject, and certain of its aspects were 
unc!er di scussion so far back as the time of Aristotle. The 
prominence which it has assumed of late years is in connection 
with its bearing on the D,trwinian Theory of Natural Selection, 
and , consequently, biologists generally have had their attention 
directed to it. But in its rel~tions to M:rn, his ~tructure, 
functions, and diseases, it has long occupied a prominent position 
in the minds of ana'. omists, physiologists, and physicians. That 
certain diseases, for example, are hereditary was recognized by 
Hippocrates, who sta ted generally that hereditary diseases are 
difficult to remove, and the influence which the hereditary 
transmission of disease exercises upon the duration of life is the 
subject of a chapter in numerous works on practical medicine, 
and forms an important element in the valuation of lives for life 
insurance. 

The first aspect of the question which has to be determined is 
whether any physical basis can be found for H eredity. Is there 
any evidence that the two parents cJntribute each a portion of 
its substance to the production of the offspring so that a physical 
continuity is established between successive generations? The 
careful study, especially during the la,t few years, of the 
development of a number of species of animals mostly but not 
exclusively among the Invertebrata, by various observers, of 
whom I may especially name Biitschli, Fol, E. Van Beneden, 
and Hertwig, has established the important fact that the young 
animal ari ses by the fusion within the egg or germ-cell of an 
extremely minute particle derived from the male parent with an 
almost equally minute particle derived from the germ-cell 
produced lly the female parent. These particles are technically 
termed in the former ca,e the male pronuc!eus, in the latter the 
female pronuc!eus, and the body formed by their fusion is called 
the segmentation nucleus. These nuclei are so small that it 
seems almost a contradiction in terms to speak of their 
magnitude; rather one might say their minimitude, for it 
requires the higher powers of the best microscopes to see them 
and follow out the process of conjugation. But notwithstanding 
their extreme minuteness, the pronuclei and the segmentation 
nucleus are complex both in chemical and molecular structure. 
From the segmentation nucleus ·prod,1ced by the fusion of the 
pronuclei with each other, and from corresponding changes 
which occur in the protoplasm of the egg which surrounds it, 
other cells arise by a process of di vision, and these in their turn 
also mult;ply by division. These cells arrange themselves in 

, course of time into layers which are termed the germinal or 

1 

embryonic layers. From these layers arise all the tissues and 
organs of the body, both in its embryonic and adult stages of life. 
The starting-point of each individual organism-i.e. of each new 
generation-is therefore the stlgmentation nucleus. Every cell in 
the adult body is derived by deseent from that nucleus through 
repeated division. As the segmentation nucleus is formed by 
the fusion of material derived from both parents, a physical 
cor:tinuity is established between parents and off,pring. But this 
physical continuity carries with it certain properties which cause 
the offspring to reproduce, not only the bodily c 1nfiguration of 
the parent, but other characters. ln the case of Man we find 
along with the family likeness in fc1 rm and features a cor
respondence in temperament and disposition, in the habits and 
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mode of life, and sometimes in the tendency to particuiar diseases. 
This transmission of characters from parent to offspring is 
summarized in the well-known expre,sion that "like begets 
like," and it rests upon a phy-ical basis. 

The size of the particles which are derived from the parents, 
called the male and female pronuclei, the potentiality of which 
is so utterly out of pr"porLion to their bulk, i, almost inconceiv
ab ly small when compared with the magnitude of the adult 
body. Further, by the continual process of division of the 
cells, the substance of the segmentation nucleus is diffnsed 
throughout the body of the new individual produced through its 
influence, so that each cell contains but an infinitesimal particle 
of it. The paren tal dilution, if I may so say, is so attenuated 
as to surpass the imagination of even the most credulous believer 
in the attenuation of drngs by diluti :m. And yet these particles 
are sufficient to stamp the characters of the parents, of the 
grandparents, and of still more remote ancestors on the offspring, 
and to preserve them throughout life, notwithstanding the 
constant changes to which the cells forming the tissues and 
organs of the body are subjected in connection with their use 
and nutrition. So marvell,,us, indeed, is the whole process, 
tha t even the exact contribution·s to recent knowledge on the 
fusion of the two pronuclei, instead of diminishing our wonder, 
bave intensified the force of the expression '' magnum hereditatis 
mysttriu,n." · 

In considering the questi ,>n of how new individuals are pro
duced, one must keep in mind that it is not every cell in the 
body which can act as a centre of reproductiou for a new 
generation, but that ·certain cells, which we name germ-cells 
and sperm-cells, are set aside for that purpose. These cells, 
destined for the production of the next generation, form but 
a small proportion of the body of the animal in which they 
are situated. They are, as a rule, marked off from the rest 
of the cells of its body at an early period of development. 
The exact stage at which they become specially differentiated 
for reproductive purposes varies, however, in different organ
isms. In some organisms, as is said by Balbiani to be the case 
i_n Cl,ironomtts, they apparently become isolated before the 
formation of the germinal layers is completed ; but, as a rule, 
their appearance is later, and in the higher organisms not until 
the development of the body is relatively much more advanced. 

The germ-cells after their isolalion take no part in the growth 
of the organism in which they arise, and their ch ief association 
with the other cells of its body is that certain of the latter are of 
service in their nutrition. The problem, therefore, for consider
ation is the mode in which these germ or reproductive cells 
become influenced, so that after bein"' isolated from the cells 
which make up the bulk of the b:dy of the parent they 
can transmit to the offspring the characters of the F arent 
organism. Various sp·eculations and theories have been acl
va,,ced . by way of explanation. The well-known theory of 
Pangenesis, which Charles Darwin with characteristic modera
tion put forward as merely a provisional hypothesis, assumes 
that gemmu!es are thrown off from each different cell or unit 
throughout the body which retain the characters of the cells from 
which they spring ; that the gemmules aggregate themselves 
either to form or to become included within the reproductive 
cells ; and that in this manner they and the characters which 
they convey are capable of being transmitted in a dormant state 
to successive generations, and to reproduce in them the likeness 
of their parents, grandparents, and sti ll older ancestors. 

In 1872, and four years afterwards, in 1876, Mr. Francis 
Galton published most sugJestive papers on Kinship and 
Heredity (Proc. Roy. Soc. L~nd., 1872, and J ourn. Anthrop. 
Inst , vol. v., 1876). In the latter of these papers he developed 
the idea that "the sum-total of the germs, gemmules, or what
ever they may be called," which are to be found in the newly 
fertilized ovum, constitute a stirp, or root ; that the germs which 
make up the stirp consist of two groups-the one which develops 
into the bodily structure of the individual, and which constitutes, 
therefore, the personal structnre; the other, which remains latent 
in the individual, and forms, as it were, an undeveloped residuum ; 
that it is from these latent or residual germs that the sexual 
elements int en(ied for producing the next generation are derived, 
and that these germs exercise a predominance in matters of 
heredity ; further, that the cells which make up the personal 
st ructure of the body of the individual exercise only in a very 
faint degree any influence on the reproductive cells, s:> that any 
modifications acquired by the individual are barely, if at all, 
inher ted by the offspring. 

Subsequent to the publication of Mr. Gallon's essays, va,,t.1.l:,Je 
contributions to tbe subject of Heredity have heen made by 
Profs. Brooks, Jaeger, Naegeli, Nussbaum. \Veismann, and 
others. Prof. Weismann's theory of H eredi ry emhodi,s the 
same fundamental idea as that propound ed by Mr. Galton; hut 
as he has employed in its elucidation a phraseology which is 
more in harmony with that generally used by biologists, it has 
had more immediate attention given to it. As \Veismann's 
essay,s have, during the present year, been translated for and 
published by the Clarendon Press (Oxford, 18S9), under tJ-.e 
editorial superintendence of Messrs. Poulton, Schonland, and 
Shipley, they are now readily accessible to D1l En~lish readers. 

\i\leismann asks the fundam ental questi , 11, " J Iow is it that 
a si ngle cell of the body can contain withi n it self all the 
heredi tary tendencies of the whole organism?" He at once 
discards the theo ry of pangencsis, and states tha t in his belief 
the germ-cell, so far as its essen tial and characteristic stthstance 
is concerned, is not derived at all from the body of the indi
vidual in which it is produced, but direct ly from the parent 
germ-cell from which the individual has also arisen. He calls 
his theory the continuity of t!ze gi!rm-p!asm, and he bases it upon 
the supposition that in each individual a portinn of the specific 
germ-pla,m derived from the germ-cell of the pctrcnt is not used 
up in the construction of the body of that individual, but is 
reserved unchanged for the formation of the germ-cells of _the 
succeeding generation. Thus, like Mr. Gallon, he recogmzes 
that in the stirp or germ there arc two classes of cells destined 
for entirely distinct purposes: the one for the development of 
tbe soma or body of the individual, which clnss he calls the 
somatic cell;, ; the other for the perpetuation of the species, i. e. 
for reproduction. 

In further exposition or his theory \Veismann g0es on to say, 
:,.s the process of fertilization is attended by a conjugation o( the 
nuclei of the reproductive cells-the pronuclei referred tom an 
earlier part of this address-that the nuclear substance must he 
the sole bearer of hereditary tendencies. The two uniting 
nuclei would contain the germ·plasms of the parents, and 
this germ-plasm also would contain that of the grandparents as 
well as that of all previous generations. 

To make these somewhat abstract propos itions a little more 
clear, I have devised the following graphic mode of repre
sentation :-

A 
Let the capital letters A, B, C, D, &c. , e;<press a series of 

successive geperations. Suppose A to be the starting-point, 
and to represent the somatic or personal structnre of an indi
vidual; then a may stand for the reproductive cells, or germ
plasm, ·from which the offspring of A, viz. ll, is produced. 
B, like A, has both a personal structure and reproductive cells 
or germ-plasm, the latter of which is r ,'present ecl by the letters 
ab, which are intended to show that whil st belonging to B they 
have a line of continuity with A. C stands for :111 individual of 
the third generation, in which the reproductive plasm is indi
cated hy abc, to express that, though within the b0dy of C, the 
germ-plasm is continuo~s with that of both b and a. p also 
contains the reproduct,ve cells, abed, which are contmuous 
with the germ-plasm of the three preceding generaticns, and 
so on. 

It follows, therefore, from this theory that the germ-plasm 
possesses throughout the same complex chemical and molecular 
s\ructure, and that it would pass through the same stages when 
the conditions of development are the same, so tl;at the same 
final product would arise. Each successive genera1ion would 
have therefore an identical starting-point, so that an ide.1tical 
product would arise from all of them. . 

W eismann does not absolutely assert that an orgamsm cannot 
exercise a modifying influence upon the germ-cells within it ; 
J et he limits this influenc_e to such slight effect_ as_ t)iat "h:ch 
would arise from the nutnt10n and growth of the rnd,vtdual, and 
the reaction of the germ-cell upon changes of nutrition caused 
by alteration in growt h at the periphery leading to so:ne change 
in the size, number, and arrangements of its molecular umts . 
.But he throws great doubt upon the existence of such a re
action, and he, more emphatically than Mr. Gallon, a~gues 
against the .idea that the cells which make up the somatic or 
personal structure of the individual exercise any influence on 
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the reproductive cells. Fro:n hi, point of view the structural or 
other properties which characterize a family, a race, or a species 
are derived solely from the reproductive cells through contmuity 
of their germ-plasm, and are not liable to modification hy the 
action on them of the organs or tissues of the body of the incli
vi<lual organism in which they are situated. To return for one 
moment to my graphic illustration in elucidation of this part of 
the theory. The cells which mctke up the persnnal structure of 
A or B would exercise no effect upon the character of the re
productive cells a or ab contained within them. These latter 
would not be modified or changed in their properties by the 
action of the individual organism A or n. The individual Il 
would be in hereditary descent, not from A + a, but only from 
a, with which its germ-plasma ab woul<l he continuous, and 
through which the properties of the famil y, race, or species 
would he transmitted to C, and so on to other successive 
generations. 

The central idea of Heredity is permanency ; that like begets 
like, or, as Mr. Gal ton more fitly puts it , that" hke tends to pro
duce like." But though the offspring conform with their parents 
in all their main characteristic,, yet, as everyone knows, the child 
is not absolutely like its parents, hut possesses its own character, 
it s own individuality. It is easy for anyone to recognize that 
differences exist amongst men when he compares one individual 
with another ; but it is equally easy for those who make a special 
study of animals to recognize individual differences in them also. 
Thus a pigeon or canary fancier distinguishes without fail the 
various birds in his flock, and a shepherd knows every sheep 
under his charge. But the anatomist tells us that these differ
ences are more than superficial-that they :1lso pervade the 
internal >tructure of the body. In a paper which I read to the 
meeting of this Association in Birmingham so long ago as 1865, 1 

after relating a series of instances of variation in strncture 
observed in the dissections of a number of human bodies, I 
summarized my conclusion as follows : " Hence, in the develop
ment of each ·individual, a morphological specialization occurs 
both in internal structure and external form by which distinctive 
characters are conferred, so that each man's structural in
dividuality is an expression of the sum of the individual 
variations of all the constituent parts of his frame." 

As in that paper I_ was discussing the subject only in its_ 
morphological relations, I limited myself to that aspect of the 
question ; but I might with equal propriety have also extended 
my conclusion to other aspects of man's nature. 

Intimately assocfated, therefore, with the c )nception of 
Heredity-that is, the transmission of characters common to 
both parent and offspring-is that of Variability-that is, the 
appearance in an organism of- certain characters which are 
unlike those possessed by its parents. Heredity, therefore, may 
be defined as the perpetuation of the like ; Variability, as the 
production of the unlike. 

Ancl now we may ask, Is it possible to offer any feasible 
explanation of the mode in which variations in organic structure 
take their rise in the course of development of an individual 
organism? Anything that one may say on this head is of course 
a matter of speculation, but certain facts may he adduced as 
offering a basis for the construction of an hypothesis, and on 
this matter Prof. \Veismann makes a number of ingenious 
rnggestions. 

Prior to the conjugation of the male and female pronuclei to 
form the segmentation nucleus a portion of the germ-plasm is 
extruded from the egg to form what are called the polar bodies. 
Various theories have been advanced to account for the signi
ficance of this curious phenomenon. Vv eismann explains it on 
the hypothesis that a reduction of the number of ancestral germ
plasms in the nucleus of the egg is a necessary preparation for 
fertilization and for the development of the young animal. He 
suppos~s that by the expulsion of the polar bodies one-half the 
number of ancestral germ-plasms is removed, arid that the 
original bulk is restored by the addition of the male pronucleus 
to that which remains. As precisely corresponding molecules of 
this plasm need not be expelled from each ovum, similar ances
tral plasms ,are not retained in each case ; so that diversities 
would arise even in the same generation and between the offspring 
of the same parents. 

Minute though the s'egmentation nucleus is, yet microscopic 
research has shown that it is not a homogeneous structureless 
body, but is built up of different parts. Most noteworthy are 

1 Transactions of Sections. p.' III, r865, and TraJl.s.. Roy Soc. Edinburgh, 
vol. xxiv.) 1865. 

the presence of extremely delicate threads or fibrils, called the 
ch1·omati 11 filaments, which are either coiled on each other, or 
intersect to form a network-like arrangement. In the meshes of 
this network a viscous-and, so far as we yet know, structureless 
-substance is situated. Before the process of division begins 
in the segmentation nucleus these filam ents swell up and then 
proceed to arrange themselves at first into one and then into two 
star-lik e figures before the actual division of the nucleus takes 
place.1 It is obvious, therefore, that the molecules which enter 
into the for mation of the segmentation nucleus can move within 
its substance, and can undergo a readjustment in size and form 
and posi tion. But this readjustment o f rnlterial is, without 
doubt, not limi ted to tho-e relatively coarse particles which can 
be seen and examined under the mi croscope, hut applies to the 
enti re molecular ~trncture of the segmentation nucleus. Now it 
must he remembered that the cells of the embryo from which all 
the tissues and organs of the adult body are deriverl are them
selves descendants of the segmentation nucleus, and they will 
doubtless inherit from it both the power of transmitting definite 
characters and a certain capacity for readjustment both of their 
constituent materials and the relative positions which they may 
assume towards e,ich other. One might conceive, therefore, 
that if in a succession of organisms derive<l from common 
ancestors the molecular particles were to be of the same com· 
position and to arrange themselves in the segmentation nucleus 
and in the cells derived from it on the same lines, these successive 
generations would be alike; but if the lines of adjustment and the 
molecular constitution were to vary in the different generations, 
then the products would not be quite the same. Variations in 
structure, and to some extent also in the construction of parts, 
would arise, and the unlike would be produced. 

In this connection it is also to be kept in mind that in the higher 
organisms, and, indeed, in multicellular organisms generally, an in
dividual is derived, not from one parent only, but from two parents. 
Weismann emphasizes this combination as the cause of the pro
duction of variations and the transmission of hereditary individual 
characters. If the proportion of the particles derived from each 
parent and the forces which they exercise were precisely the 
rnme in any individual case, then one could conceive that the 
product would he a mean of the components provided by the 
two parents. But if one parent were to contribute a larger 
proportion than the other to the formation of a particular 
organism, then the balance would be _disturbed, the offspring in 
its character would incline more to one parent than to the other, 
according to the proportion contributed hy each, anrl a greater 
scope for the production of variations would be provided. These 
differences would be increased in number in the course of 
generations, owing to new combinations of individual characters 
arising in each generation. 

As long as the variations which are produced in an organism 
are collectively withi11 a certain limitation, they are merely 
individual variations, and express the range within which such 
an organism, though exhibiting differences from its neighbours, 
may yet be classed along with them in the same species. It is in 
this sense that I have discussed the term Variability up to the 
present stage of this address. Thus all those varieties of mankind 
which, on account of differences in the colour of the skin, we 
speak of as the white, black, yellow races an<l red-skins are men, 
and they all belong to that species which the zoologists term 
Honzo.rapiens. 

But the subject of Variability cannot, in the present state of 
science, be confined in its discussion to the production of indi
vidual variations within the limitations of a common species. 
Since Charles Darwin enunciatecl the proposition that favourable 
variations would tend to be preserved, and unfavourable ones to 
be destroyed, and that the result of this double action, by the 
accumulation of minute existing differences, would be the for
mation of new species by a process of natural selection, this 
subject has attained a much wider scope, has acquired increased 
importance, and has formed the basis of many ingenious specu
lations and hypotheses. As variations, when once they have 
arisen, may be hereditarily transmitted, the Darwinian theory 
might be defined as Heredity modified and influenced by 
Variability. 

This is not the .place to enter on a general discussion of the 
Darwinian theory, and even if it were, the time at our disposal 

1 The observations more especially of Flemming, E. Van Bencden, Stras .. 
burger, and Carnoy may be referred to in connection with the changes which 
take place in nuclei prior to and in connection with their division. 
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would not admit of it. But there are some aspects of the theory 
which would need to be referred to in connection with the subject 
now before us. It may be admitted that many variations which 
may arise in the development of an individual, and which are of 
service to that individual, would tend to be preserved and 
perpetuated in its offspring by hereditary transmission. But it 
is also without question that variations which are of no service, 
and, indeed, are detrimental, to the individual in which they 
occur, are also capable of being hereditarily transmitted. This 
statement is amply borne out in the study of those important 
defects in bodily structure which pathologists group together 
under the name of Congenital Malformations, I do not require 
to go into much detail on this head, or to cite cases in which the 
congenital defect can only be exposed by dissection, but may 
refer, hy way of illustration, to one or two examples in which 
the defect is visible on the surface of the body. The commonest 
form of malformation the hereditary tr:insmission of which has 
been proved is where an increase in the number of digits on the 
hands or feet, or on both, occurs in certain families, numerous 
instances of which have now been put on record. But in other 
families there is an hereditary tendency to a diminution in the 
number ·Of digits or to a defect in the development of those 
existing. I may give an illustration which occurred in the 
family of one of my pupils, the deformity in which consisted in 
a shortening or imperfect growth of the metacarpal bone of the 
ring finger of the left hand, so that the length of that finger was 
much below the normal. This family defect was traceable 
throughout six generations, and perhaps even in a seventh, and 
was, as a rule, transmitted alternately from the males to the females 
of the family C:Journ. Anat. and Phys., vol. xviii. p. 463)-
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ln this and the following diagrams i\I sta_n9,s for male, F for female,. w:hilst 
the.bt?<=k type (M or F) marks the individual or generation in which the 
vanauon occurred. 

Another noticeable deformity which is known to be here
ditary in some families, and which may be familiar to some of 
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who has paid great attention to this subject (Liverpool Medico· 
Chinwg. Journ., July 1857; January 1859), states that the 
~robability of congenital deafness in the offspring is nearly seven 
time~ greater when both parents are deaf than when only one is · 
so ; 10 the latter case the chance of a child being born deaf is 
less than three-quarters per cent. ; in the former, the chances are 
that 5 per cent. of the children will be deaf-mutes. Mr. Buxton 

my auditors, is that of i!llperfect development of the upper lip and 
roof of the mouth, technically known as hare-lip and cleft palate. 

These examples illustrate what may be called the coarser kinds 
of hereditary deformity, where the redundancies or defects in 
parts of the body are so gross as at once to attract attention. 
But modifications or variations in structure that can be transmit
ted from parent to offspring are by no means limited to changes 
which can be detected by the naked eye. They are sometimes 
so minute as to be determined rather by the modifir.ations which 
they occasion in the function of the organ than by the ready recog
nition of structural variations. One of the most interesting of these 
is the affection known as Daltonism, or colour-blindness, which 
has distinctly been shown to be hered itary, and which is due, ap
parently in the majority of cases, to a defect in the development 
of the retina, or of the nerve of sight which ends in it, though in 
some instances they may be occasioned by defective development 
of the brain itself. Dr. H orner has related a most interesting 
family history (cited in '' Die Allgemeioe Pathologie," by Dr. 
Edwin Klebs, J ena, 1887), in which the colour-blindness was traced 
through seven generations. In this family the males were the 
persons affected, though the peculiarity was transmitted through 
the females, who themselves remained unaffected. The family 
tree showed that in the sixth generation seven mothers had 
children. Their sons, collectively nine in number, were all 
colour-blind with the exception of one son, while none of their 
nine daughters sh0wed the hereditary defect. ( See diagram 
below.) 

The eye is not the only organ of sense which exhibits a ten
dency to the production of hereditary congenital defects. The 
ear is similarly affected, and intimately associated with congeni
tal deafness is an inability to speak articulately, which occasions 
the condition termed Deaf-mutism. Statisticians Qave given 
some attention to this subject, both as regards its relative 
frequency and its hereditary character. The writerof the article 
" Vital Statistics," in the Report of the Irish Census Commis
sioners during the. decades ending 1851, 1861, 1871, has dis
c11ssed at some length the subject of congenital deaf-mutism, and 
has produced a mass of evidence which proves that it is often 
hereditarily transmitted. In the Census Report for 1871 ( vol. lxxii. 
Part II., "Report on the Status of Disease," p. 1, 1873), 3297 
persons were returned as belonging to this class, and in 393 cases 
the previous or collateral branches of the family were also mute. 
In 2II of these the condition was transmitted through the 
father; in 182 through the mother. In 2579 cases there was 
one deaf-mute in a family; in 379 instances, two; in 191 families, 
three; in 53, four; in 21, five; in 5, six; and in each of two 
familie~ no fewer than seven deaf-mutes were born of the same 
parents. In one of these two families neither hereditary predis
position nor any other probable physiological or pathological 
reason was assigned to account for the peculiarity, but in the 
other family the parents were first cousins. Mr. David Buxton, 
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refers to several families where the deaf-mutism has been trans
mitted through three successive generations, though in some 
instances the affection passes over one generation to reappear in 
the next. He also relates a case of a family of sixteen persons, 
eight of whom were born deaf and dumb, and one at least of the 
members of which transmitter! the affection to his descendants as 
far as the third generation. There can be little doubt that con-
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genital deaf- mutism, in the great rr.ajority of instances, is 
associated with a defecti,·e development, and therefo1e a 
structural variation of the organ of hearing, though in some 
cases, perhaps, the defect may be in the development of the 
brain it~el f. · 

Although a sufficitnt number of cases has now been put on 
record to pruve that in scme famili es one or other kind of con
genital deformity may be hereditarily transrr-itted, yet I do not 
wish it to Joe su1 posed that congrnital malformations may not 
arise in individuals in whom no hered itary tendency can be 
traced . It is undoubtedly true that family histories are in many 
cases very defective, and frequently cannot be followed back for 
more than cne, or, at the rrost, t" o generations; so that it is 
not unlik ely tha t an hereditary predisposition may exist in many 
instances "'here it cannot be proved. Still, a llowing even for a 
consid erable proportion of such cases, a sufficient number will 
nmain to \\arrant the statement th at malformat ions or variations 
in structu re which have not been displayed by their ancestors 
may arise in individuals belon ging to a particular generation. 

The variations which I have spoken of as congrnital malfor
mations a rise, as a rule, before the time of birth, during the early 
development of the individual ; but there is an important class of 
cases, in which the evidence for hereditary transmission is more 
or less strong, which may not exhibit their peculiarities until 
months, tr even years, after the birth of the individual. This 
class is spoken of as hereditary diseases, and the strnctu , al and 
functional changes which they produce exercise most momentous 
influences. Sometimes these di;cases may occasion changes in 
the tissues and organs of I he body of considerable magnitude, 
but at other t imes the alteration is much more subtle, is mole
cular in it s character, requires the microscope for its determina
tion, or is even incapable of being recognized by that instru
ment. 

Had one teen discussing the subject of hereditary disease 
twenty )'ears ago, the first example probably that would have 
been add uced would have been tuberculosis, but the additions to 
our knowledge of late years throw some doubt upon its here
ditary character. Thtre can, of course, be no question that 
tubercular disease propagates it self in numerous families from 
generation to gene, at ion, ar,d that such families show a special 
susceptibi lity or tendency lo this disease in one or other of its 
forms. But whilst fully admitting the pred isposition to it which 
exists in certain families, there is reason to think that the ,tn;c
tural disease itself is not hereditari ly transmitted , but that it is 

directly excited in each individual in whom it appears by a 
precess of externa l infection due to the action of the tubercle 
bacillus. Still, if the disease itself be not inherited, a particular 
temperament which renders the constitution liable to be attacked 
by it is capable of hereditary transmission. 

Sir J ames Paget, 1 when writing on the subject of cancer, gives 
statistics to show that about a quarter of the persons affected 
were aware of the existence of the same disease in other mem
bers of their family, and he cites particular imtances in which 
cancer was presen t in two and even four genera, ions . He had 
no doubt that the disease can be inherited-not, he says, 
that, st rictly speaking, cancer or cancerous material is trans
mitted, but a tendency to the production of tho, e conditions. 
which will fin ally manifest themseh·es in a cancerous growth. 
T he germ from the cancerous parent must be so far different 
from the normal as after the lapse of years to engender the 
cancerous condition. 

Heredity is a lso one of the most powerful factors in the pro
duction of those affections which we call gout and rheumatism. 
Sir Dyce Duck worth, the latest systematic writer on gout, states 
that in those families whose histories are the most complete and 
trustworthy the influence is strongly shown, and occurs in from, 
50 to 75 per cent. of the cases; fur ther, that the children of 
gouty parents show signs of articular gout at an age when they 
have not assumed those habits of life and peculiarities of diet 
which are regarded as the exciting causes of the disease. 

Some in teresting and instructiv e family histories, in which the 
hereditary transmission of a particular d isease through several 
generations has been worked out, a re recorded by Prof. Klebs 
in his "Allgemeine Pathologie." I may draw from these one· 
or two additional illustrations. Some fami lies exhibit a re
markable tendency to bleed when the surface of the body is 
injured or bruised, and the bleeding is stopped with difficulty. 
The hremorrhagic tendency is not due to the state of the blood, 
but to a softening or degeneration of the walls of I he llood
vessels, so that they are easily torn. In one fan,ily, the tree of 
which is here subjuintd, this peculiarity show(d itself in one 
generation in three out of four males ; in the next generation, in 
thirt een out of fourteen males; \\hilst in the immed iat ely succeed
ing generation only one out of nine males was affected ; so that it 
would seem as if the tendency was fading away in it. It is re
markable that throughout the series, though the lransmission of 
the affection went through the female members, they them,elves. 
remained free from it. 

The bleeding family .Afampel, recorded b;' Dr. Lossen. 
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Another illustration may be taken from the well-k nown disease I affection tha t the males were affected in_ fou_r gene rat ions, t~ougl> 
of the eyeball ca lled cataract. Dr. Appenzeller has given an the females did not entirely escape, as 1s shown lll the subJorned 
ace0unt of a fan ,ily which exhibited so strong a tendency to this family tree. 
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In neitha of these families can it be sai<l. that the structural 
lesion itself is transm itted, but that the tendency or predisposi 
tion lo produce it is inherited. The germ-plasm, therefore, in 
these individuals mus"\ have been so modified from the normal as · 
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to carry with it certain peculiarities, and to induce the particular 
form of disease which showed itself in each family. 

1 11 Lect ures on Sure;ical Pathology." third edition, revised and edit&d 
by the au(hor and W. Turner ( London, 1870). 
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In connection with the tendency to the transmissibility of 
-either congenital malformations or diseases, consanguinity in 
the parents, although by no means a constant occurrence, is a 
factor which in many cases must be taken into considerat ion. 1 

If we could conceive both parents tn be physiologically perfect, 
·then it may be presumed that the offspring w.)uld be so also; 
but if there be a departure in one parent from the plane of 
physiological perfection, then it may safely be assumed that 
either the immediate offspring or a Sl)Cceeding gen eration will 
display a cnrresponding deparcure in a gceater or less degree. 
Should both parents be physiologically i-nperfect, we m:iy expect 
the im perfections if they are of a like nature to be intensifi ed 
in the children. It is in this respect, therefore, that the risk of 
consan,uineous marri1ges arises, for no family can lay claim to 
physi,,logical perfection. 

\Vhen we speak of tendencies, susceptibilities, proclivities, or 
predisposition to the transmission of characters, whether they be 
normal or pathological, we employ terms which undoubtedly 
·have a certain vagueness. vVe are as yet quite unable to reco6-
nize, by observation alon e, in the germ-plasm any st ructural 
change which would enable us to say that a particular tendency 
or susceptibility will be manifested in an organ;sm derived from 
it. We c<1n only determine this by following out the life-history 
of the individual. Still it i , not the less true that these terms 
express a something of t'ie importance of which we are alt 
conscious. So far as M,rn is concerned, the evidence in favour 
of a· tendency to the transmission of both structural and functional 
moiifications which are either of dis-service, or positively in
jurious, or both, is quite as capable of proof as that for the 
-transmission of characters which are likely to be of service. 
Hence useless as well as useful characters may be selected and 
transmitted hereditarily. 

I have dwelt somewhat at length on the trammissihility of 
useless characters, for it is an aspect of the subject which more 
especi1.lly presents itself to the notice of the pitholo.~ist and 
physician; and l ittle, if at all , to that of those naturalists wh~se 
studies are almost exclusively directed to the examination of 
organisms in their normal conditi,m But when we look at M tn, 
his diseases form so large a factot· in his life tint they and the 
effects which they produce cannot be ignored in the study of his 
nature. 

Mnch has been said and written ,luring the last few years of 
the tra'lsmission from parents to offspring of characters wl1ic'1 
-have_ been "acquired" by the parent, so that I cannot altogether 
omit some reference to this subject. It will conduce to one's 
clearness of perception of this much-discussed que,tion if one 
defines at the ou•set in what sense the term "acqt1ired chs.rac
ters '' is employed; and it is the more advisable that this should 
be done, as the expression has not always been used with the 
same signification. This term may be used in a wide or in a 
more restricted sense. In its wider meaning it may cover all 
the characters which make their first appearance in an individual, 
and which are not found in its parents, in whatever way they 
have arisen-

( r) Whether their origin be due to such molecular changes 
-in the germ-plasm as m~y be called spontaneous, leading to such 
.a n alteration in its character as may produce a new variation ; 
or, 

(2) Whether their origin be accidental, or due to habits, or to 
the nature of the surroundings, such as climate, fooJ, &c. 

Prof. \V dsmann has pointed out with great force the necessity 
of distingu ishing between these two kinds of "acquired charac
ters," and he has suggested two terms the employment of which 
may keep before us how important it is that these different 
modes of origin should be recognized. Characters which are 
produced in the germ-plasm itself by natural selection, and all 
other characters which result from this latter cause, he names 
!Jt'astogenie. He further maintains that all hlastogenic characters 
can be trans mitted ; and in this conclusion, doubtless, most 
.persons will agree with him. Oa the other hand, he uses 
the term soma!ogenie to express those charac ter; which first 
appear in the body itself, and which follow from the reaction 
of the s,,,na under direct external influences. He includes und er 
ihis head the effects of mutilation, the changes whic'l follow from 
increased or diminished performance of function, those directly 
due to nutriti ,m, and any of the other direct external influences 

1 I may esp .. cially refer for a di,cussion of this subject to an ad,nirable 
essay; by S.r Arthur Mitchell, K.C. B , .c On Blood Relationsh1p m :Marriage 
<:on.s·ldered _in its Influence upon the Offspring." 

which act upon the body. He further maintains that the somato
genic characters are not capahle of transmission from 1nrent to 
offspring, and he suggests that in future discussions on this subject 
the term "acquiretl characters" should be restri cted to those 
whkh are sotnatogenic. 

. Thus one might say that hla,togeni,, ch wacters arising in the 
germ would be acquired in the individnal by the action of the 
germ upon the soma; S'.l that if we return again to the gr:i.ohic 
illustration previously em.ployed, the germ-plasm represented by 
the snnll italic letters abed wonld act upon the so:n1 repre
sented by the c,ipital le: te rs A, B, C, D. Somatogenic charac· 
ters, again, arising in the soma, wo uld be acq•1ired by the action 
of the soma A, B. C, D. upon the containe:.1 germ-plasm 
abed. But whether those acq,1irerl characters expressed hy the 
term son11togenic c1n or c1n not be tran;mittei has been fruitful 
of cl iscu ssion. 

That the transm ission of ch,uacters so acquirel can take 
place is the found ition of the the:>ry of Lam1.rck, w'lo im1.,inei 
that the gradual transfonm.tion of sp,cie, was due to a clnn ie 
in the structure of a part of an organism ttnder the infl .tence of 
new con:litions of life, and tbt such m~:iilie1ti,Jns cot1lJ b, 
transmitted to the off;p rit1g. It was also re;arded as of im?'.lrt
ance by Charles D .,nvin, who stated 1 that all the chan5es of 
cxporeal structure and men •al power cannot be ex~lusively 
attributed to the nJ.tural selection of such variation s as are often 
called spontaneous, b ·1t tha' great v.,lue m·1st be given to the 
inherited effects of use and disu,e, som, also to the m x l ifica
tion in the direct and prolonged action of changed C)n--!itions 
of life, also to occasional reversion, of stru:ture. H edJert 
Spencer believe ;" t hat the natural selection of favo urable 
v irieties is not in itself sufficient to account for the who1.e of 
organic evolution. He attaches a greater importance than 
D.1rwin did to t·he share of use and disuse in the transmission of 
variations. He believes tlnt the inheritance of fonct io:nlly 
produced m 1difications of structnre takes place un iversally, aml 
that as the modification of struc ture by functi0n is a v:ra eausa 
as regards the ind ividual, it is unreasonable to suppose that it 
leaves no traces in .. posterity. 

On the_ other hand, there are very eminent au thorities who 
contend that the somato6enic acquired ch1racters are not transmis
sible from parent to offspr ing. Mr. Francis Galton, for <'>xample, 
g ives a very qualifi ed assent to this proposition. Prof. His, of 
Leipzig, doubts its validity. P.-of. Weis ,nannsays that there isno 
pro ,f of it. Mr. Alfred Russel Wall ace, in his most recent work,a 
considers that the direct action of the environment, even if we 
admit that its effects on the individual are trammitted by inherit
ance, are so small in comparison with the amount of spontaneous 
variation of every part of the organism that they must be quite 
over-shadowed by the latter. vVhatever other causes, he says, 
have been at W.)rk, natural selection is suprem e to an extent 
which even D,uwin himself hesitater.! to claim for it. 

There is thu, a conllict of opinirm amongst the authorities 
who have given probably the most thotl !ht to the con,ideration 
of this question . It may appear, therefore, to be hoth rash and 
presumptuous on my p~rt to offer an opinion on this subj ect. I 
should, indeed, have been slow to do so had I not thought that 
there were some aspects of the qnestion which seemed not to 
have been sufficiently considerd in its discnssion. 

In the first place, I woald, however, express my agreement 
with much that ha, been said by Prof. Weismann on the want 
of sufficient evidence to justify the statement that a mutilation 
which has affected a parent can be transmitted to the offspring. 
I t is, I suppose, within the range of knowleige of most of us 
that children born of parents who have lost an eye, an arm, or a 
leg, come into the world with the fnll complement of eyes and 
limbs. The mutilation of the puent ha, not affected the off
spring ; and one would, indeed, scarcely expect to find that such 
gross visible losses of parts as take place when a limb is removed 
by an accident or a surg ical operation should be repeated in the 
offspring. But a similar remark is also applicable to such minor 
mutilations as scars, the transmission of which to the offspring, 
though it has been stoutly contended for by some, yet seems n ot 
to he supported by suffi ciently definite instances. 

I should search for illt1stratiom of the transmission of somato· 
genie characters in the more subtle processes which affect living 
organisms, rather than those which are poduced by violence 

T Preface to sec Jnd edition of" Descent of Min," 1885; alsJ "Origin o 
Species," first edition. 

2 '· Fact Jr.:; of Organic Evolution," Nineteenth Century, 1886. 
3 " Darwinism," p. 443 ( London, 1889). 



© 1889 Nature Publishing Group

53 2 NATURE [Sept. 26, 1889 

and accident. I shall take as my example certain facts which 
are well known to those engaged in the breeding of farm-stock or 
of other animals that are of utility to or are specially cultivated 
hy man. 

I do not refer to the influence on the offspring of impressions 
made on the senses and nervous system of the mother, the first 
statement of the effects of which we find in the book of Genesis, 
where Jacob set peeled rods before the flocks in order to influence 
the colour and markings of their young ; though I may state that I 
have heard agriculturists relate instances from their own expe· 
rience which they regarded as bearing out the view that im
pressions acting through the mother do influence her offspring. 
But I refer to what is an axiom with those who breed any 
particular kind of stock, that to keep the strain pure, there mu~t 
be no admixture with stock uf another blood. For example, 1f 
a shorthorned cow has a calf by a Highland sire, that calf, of 
course exhibits characters which are those of both its parents. 
But future calves which the same cow may have when their sires 
have been of the shorthorne<l blood, may, in addition to short
horn characters, have others which are not short horned but High
land. The most noteworthy instance of this transmission of 
characters acquired from_ one sire_thro~1gh the same mother to h~r 
offspring by other sires 1s that given m the oft~n-quoted ':xper:· 
ment by a former Lord Morton.1 An Arabian mare m his 
possession produced a hybrid the sire of which was a quagga, 
and the young one was marked by zebra-like stripes. But 
the same Arabian had subsequently two foals, · the sire of 
which was an Arab horse, and these also showed some zebra
like markings. How, then, did these markings characteristic 
of a very different animal arise in these foals, both parents 
of which were Arabians? I can imagine it being said that this 
was a case of reversion to a very remote striped ancestor, common 
alike to the horse and the quagga. But, to my mind, no such far
fetched and hypothetical explanation is necessary. Th" cause of 
the appearan.ce of the _stripes seems to me to be much_ nearer ~nd 
more obvious. I believe that the mother had acqutred, durmg 
her prolonged gestation with the _hybri?, the pow~r of transmit
ting quagga-like characters from 1t, owmg to t_he mterch_ange _of 
material which had taken place between them m connectwn with 
the nutrition of the young one. For it must be kept in mind 
that in placental mammals an interchange of material takes place 
in opposite directions, from the young to the n:other as well as 
from the mother to the young." In this way the germ-plasm 
the mother, beloncring to ova which had not yet matured, had 
become modified \;hilst still lodged in the ovary. This acquired 
modification had influenced her future offspring, derived from 
that germ-plasm, so that the}'. in their_ turn, thou~h in a m?re 
diluted form, exhibited zebra-ltke markmgs. If this explanation 
be correct then we have an illustration of the germ-plasm 
ha vino- be;n directly influenced by the soma, and of somatogenic 
acqui;ed characters having been transmitte~. . 

But there are other facts to show that the 1sola11on of the germ
cells or germ-plasm from the soma cells is not so universal as might 
at the first glance be supposed. \V~ismann himself admits_ that 
in the Hy,1roids the _ge1;m-plasm 1s _present. m a v~ry fine)y 
divided and therefore mv1s1ble, state, m certam somatic cells m 
the beginning of embryonic development, ~nd that it is then 
transmitted through innumerable cell generattons to those remote 
individuals of the colony in which sexual products are form ed. 
The eminent botanist Prof. Sachs states that in the true mosses 
almost any of the cells o~ the _roots, !~aves, and sh?o.t axes may 
form new shoots and give r1se to mdependent hvmg plants. 
Plants which produce flowers and fruit may also be raised from 
the leaves of the Begonia. I may also refer to what is more_ or 
less famili ar to everybody, that the tuber of the potato can give 
rise to a plant which bears flowers_ and fruit._ Now in all the~e cases 
the germ-plasm is not collected m a defimte receptacle isolated 
from the soma, but is diffused through the cells of the leaves of 
the Begonia or amidst those of the tuber of the potato, and the 
propagation of the pot<;to may take pla~e through_ the tuber for 
several generations without th~ necessity of havmg to recur to 
the fruit for seed. It seems difficult, therefore, to understand 
why, in such cases, the nutritil'e processes which affect and 
modify the som'.' cells shoul~ not_ also r_ea~t upon the ge_rm-plas;n, 
which, as \,Vetsmann admits, 1s so mttmately associated with 
them. 

1 Philosophical Transactions, 1881 ; also Darwin's "Animals and Plants 
under Domestication," first edition , vol. i. p. 403, 1868. 

2 See, for example, Essays by Profs. Ha~vey and Gusserow and Mr;, 
Savory ; also my "Lectures on the Comparn.uve Anatomy of the Placenta 
(Edinburg h, 1876). 

Those who uphold the view that characters acquired by the
soma cannot be transmitted from parents to offspring undoubtedly 
draw so large a cheque on the bank of hypothesis that one finds 
it difficult, if not impossible, to honour it. Let us consider for 
one moment all that is involved in the acceptance of this theory, 
and apply it in the first instance to Man. On the supposition 
that all mankind have been derived from common ancestors 
through the continuity of the germ-plasm, and that this plasm 
has undergone no modification from the persona -or soma of the 
succession of individuals through whom it has been transmitted, 
it would follqw that the primordial human germ-plasm must have 
contained within itself an edraordinary potentiality of develop
ment-a potentiality so varied that all those multiform variations 
in physical structure, tendency to disease, temperament, and 
other characters and dispositions which have been exhibited by 
all the races and varieties of men who either now inhabit or at 
any period in the world's history have inhabited the earth, must 
have been included in it. But if we are to accept the theory of 
Natural Selection, as giving a valid explanation of the origin of 
new species, then the non-transmis,ibility of somatogenic 
acquired characters has a much more far-reaching significance. 
For if all the organisms, whether vegetable, animal, or human, 
which have lived upon the earth have arisen by a more or less 
continuous process of evolution from one or even several simple 
cellular organisms, it will follow, as a logical necessity of the 
theory, that these simple organisms must have contained in their 
molecular constitution a potentiality of evolution into higher and 
more complex forms of life, through the production of variations, 
without the intermediation of any external force or influence 
acting directly upon the soma. Further, this must have endured 
throughout a succession of countless individual forms and species, 
extending over we know not how many thousands of years, and 
through the various geological and climatic changes which have 
affected the globe. 

The power of producing these variations would therefore, on 
this theory, have been from the beginning innate to the germ
plasm, and uninfluenced in any way by its surroundings. 
Variations would have arisen spontaneously in it, and, for any
thing that we know, as it were by accident, and without a 
definite purport or object. But whether such variations would 
be of service or dis-service could not be ascertained until after 
their appearance in the soma had subjected them to the test 
of the conditions of life and the environment. 

Let us now glance at the other side of the question. All 
biologists will, I suppose, accept the proposition that the 
individual soma is influenced or modified by its environment or 
surroundings. Now, if on the basis of this proposition the theory 
be grafted that modifications or variations thus produced are 
capable of so affecting the germ-plasm of the individual in 
whom the variation arises as to be transmitted to its off
spring-and I have already given ca, es in point-then such 
variations might be perpetuated. If the modification is of 
service, then presumably it will add to the vitability of the 
individual, and through the interaction between the soma and 
the germ-plasm, in connection with their respective nutritive 

' changes, will so affect the latter as to lead to its being transmitted 
to the offspring. From this point of view the environment would, 
as it were, determine and regulate the nature of those variations 
which are to become hereditary, and the possibility of variations 
arising which are likely to prove useful becomes greater than 
on the theory that the soma exercises no influence on the germ
plasm. Hence I am unable to accept the proposition that 
somatogenic characters are not transmitte<;J, and I cann?t but 
think that they form an important factor m the productwn of 
hereditary characters. 

To reject the -influence which the use and disuse of parts may 
exercise both on the individual and on his offspring is like look
ing at an object with only a single eye. The morphological 
aspect of organic structure is undoubtedly of fundamental im
portance. But it should not be forgotten that tissues and organs, 
in addition to their subjection to the principles of development 
and descent, have to discharge certain specific purposes and 

· functions, and that structural modifications arise in them in cor
relation with the uses to which they are put, so as to adapt them 
to perform modified duties. It may be difficult to assign the 
exact value which physiological adaptation can exercise in the 
perpetuation of variations. If the habit or external condition 
which has produced a variation continues to be practised, then, 
in all probability, the variation would be intensified in successiv:e
generations. But should the habit cease or the external cond1-
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tion be changed, then, although the variation might continue to 
be for a time perpetuated by descent, it would probably become 
less strongly marked and perhaps ultimately disappear. One 
could also conceive that the introduction of a new habit or ex
ternal condition the effect of which would be to produce a varia
tion in a direction different from that which had originally been 
acquired, would tend to neutralize the influence of descent in the 
transmission of the older character. 

By accepting the theory that somatogenic character, are trans
mitted we obtain a more ready explanation how men belonging 
to a race living in one climate or part of the globe can adapt 
themselves to a climate of a different kind. On the theory of 
the .non-transmissibility of these acquired characters, long 
periocls of years would have to elapse before the process of 
adaptation could be effected. The weaker examples, on this 
theory, would have had to have died out, and the racial variety 
would require to have been produced by the selection of 
variations arising slowly, and requiring one knows not how 
many hundreds or thousands of years to produce a race which 
could adapt itself to its new environment. vVe know, however, 
that this process of the dying out of the weakest and the 
selection of the strongest is not necessary to produce a race 
which possesses well-recognizable physical .characters. For 
most of ns can, I think, distinguish the nationality of a citizen 
of the United States by his personal appearance, without being 
under the necessity of waiting to hear his speech and intonation 

It may perhaps be thought that, in selecting the subject of 
Heredity for my address, and in treating it, as I have to a 
large e)!:tent done, in its general biological aspects, I have 
infringed upon the province of Section D. But l am not pre
pared to admit that any such encroachment has been made. 
Man is a living organism, with a physical structure which dis
charges a variety of functions, and both structure and functions 
correspond in many respects, though with characteristic differ
ences, with those which are found in animals. The study of his 
physical frame cannot therefore be separated from that of other 
living organisms, and the processes which take place in the one 
must also be investigated in the other. Hence we require, in the 
special consideration of the physical framework of Man, to give 
due weight to those gPneral features of structure and functions 
which he shares in common with other living organisms. But 
whatever may have been the origin of his frame, whether by 
evolution from some animal form or otherwise, we can scarcely 
expect it ever to attain any greater perfection than it at p,esent 
possesses. 

The physical aspect of the question, although of vast import
ance and interest, yet by no means covers the whole ground of 
Man's nature, for in him we recognize the presence of an element 
beyond ancl above his animal framework. 

Man is also endowed with a spiritual nature. He possesses a 
conscious responsibility which enables him to control his animal 
nature, to exercise a discriminating power over his actions, and 
which places him on a far higher and 2Itogether different plat
form than that occupied by the beasts which perish. The kind 
of evolution which we are to hope and strive for in him is the 
perfecting of this spiritual nature, so that the standard of the 
whole human race may he elevated and brought into more 
harmonious relation with that which is holy and divine. 

REPORTS. 

Report (Second) ef the Committee appointed for the purpose of 
Collecting Information as to tiz'e Disappearance of Native Plants 
from their Local Habitats. Prof. Hilll,ouse, Secretary. 

As intimated at the close of the Report for 1887, 1 the Com
mittee has given its attention in the first instance to Scotland, 
a?d appends hereto such portion of the materials placed at its 
disposal as, for any reason, it considers desirable to publish. It 
has exclu~ed a considerable number of plants of little interest, 
and especially such as the records show to be recent introduc
tions, casuals, escapes, &c., the loss of which is only a return, 
therefore, to an earlier, but still recent, state. There is little 
doubt that the list, even thus restricted, will be considerably 
amplified hereafter. 

The plants recorded are numbered in accordance with the 
"London Catalogue," eighth edition, in which the distribution 
census of each plant will be found. Nearly all of the records 

.1 Tt:e Committee was unable to report in 1388, hav:ng lapsed by accident. 

are on the authority of some competent botanist resident in the 
locality, and whose initials, or some distinguishing initials, are 
appended. As has been pointed out by more than one correspond
ent, scarce plants occasionally well-nigh disappear in particular 
seasons, and hence the records of other than frequent visitors are 
not fully reliable. 

The attention of botanists is particularly drawn to the records 
under the numbers 52, 264, 374, 406, 570, 575, 687, 910, 932, 
993, 1018, 1020, 1478, 1695, and 1772, as giving examples of 
divers ways, often very curious ·and interesting, in which plants 
can become extinct. 

The attention of the Committee's correspondents has been, in 
the main, confined to complete or threatened extinction ; but in 
addition to this there is a general consensus of opinion that the 
rarer and more conspicuous Alpine plants are less abundant than 
they used to be. Amongst the localities specially mentioned 
are C!ova and Ben Lawers ; such plants /in addition to those 
given in the list) as Saxifraga cernua, Alsine rufJella, Centiana 
nivalis, &c., are notably less frequent than twenty years ago. 
Strange rumours have been communicated to the Committee as 
to the disappearance of plants from accessible habitats within 
the range of some of the deer "forests," but it is unable to 
verify these statements. Most of the correspondents agree, 
however, that the injudicious action of botanists themselves, and 
of botanical exchange clubs, has been a potent factor in the 
changes which have taken place. It is too often forgotten that 
the very rarity of a plant is the sign, and in great degree al o 
the measure, of the acuteness of its struggle for existence, and 
that when a plant is in a state of unstable equilibrium with its 
environment, a small disturbance ma·y have disproportionately 
great effects. 

It will be observed that the "dealer" and "collector" figure 
largely, especially in connection with the disappearance of ferns. 
Thus one of the correspondents indicates (and offers to name) a 
dealer who has extirpated, or well-nigh extirpated, a consider
able number of species in the district of Dumfries, and whose 
conduct he had brought under the notice of the local Natural 
History Society, of which the correspondent is Secretary. "He 
had also removed and mid almost all of the plants of Nymph,m 
alba from the lochs of this district before discovery; but now, I 
am happy to say, he is forbidden access to any estate in this 
district under penalty of prosecution for trespass." The atten
tion of Natural History Societies may well be drawn to this 
case, as it happily illustrates at the same time one phase of the 
disease and a cure. 

" Summer visitors" do not appear to be directly responsible 
for much damage, as their wanderings are probably over too re
stricted an area to produce much effect. There is no doubt, 

· however, that foey provide the larger portion of the customers 
of the "collector," and so are indirectly answerable for his 
ravages. The temptation to bring home some rare and beautiful 
fern, like Aspidium (Pol_ysticlm111) Lonchitis, as a. relic of a 
northern trip, is too great to be resisted, though something may 
possibly be done by persuading tourists that equally good plants, 
taken up with all proper care, and at a season when transplant
ing is not dangerous, can be obtained from any great fern 
nursery, for a price which is practically lower, often much lower,. 
than that charged upon some H,ghland railway platform or 
roadside. 

The Committee feds, however, that neither local dealers nor 
their customers are as a rule amenable to any ordinary appeal or 
to sentimental considerations, and would suggest therefore that 
the local Natural History Societies or Fidd Clubs should keep 
careful guard over any rare plnnts to be found within their re
spective spheres of action, :rnd by appeal to the owner, or in 
other preferable way, should endeavour to effect their preserva
tion. At the same time, many correspondents draw attention 
to the insertion by gardening periodicals of the advertisements 
of collecting dealers, and express the hope that the amount of 
revenue derived from these advertisements is not so great as to 
negative the possibility that the gardening journals may be in
duced, by discontinuing their insertion, to strike a heavy blow 
at a process which is depriving many districts of our land of one 
of their chief natural beauties. 

39 Trollius europceus, L. Extinct in Mid-Aberdeen, &c. 
(W. W. and J.M.). 

52. Ny111p!1cea alba, L. Almost extirpated from lochs in the 
district round Dumfries by a dealer (J. W.). Has disappeared 
from the district of Birnie, near Elgin, by drainage (G. and 
T. A.). 
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