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DErl T H  13 N D  IINDIVIDUALI TY.  

THEe ~ ~ r r e n teon~eptioils of death as a bio- 
logical phenorncaoil are very confi~secl aiid 
unscientific. In  this essay 1 shall endea\ror 
to analyze the problcill, sad, lq placing the 
factors concernecl in ,z clearer light, to dimin- 
ish the obscaiity in which the snbject is still 
involvccl. This appears to me tile Inore de- 
sirable, because the recent pul~lications of 
TTeismaan and Goette upon tliis ge~ieial topic 
hare increaser1 rather than lesseiletl tlie exist- 
ing confusion. I11 fact, these authors fail to 
niake the necessary distillctio~is between the 
different liillcls of denth, the different orders of 
iacli\iduality, and the different forms of repro- 
duction. 'Chis assertion is, 1believe, justified 
by the follon,iilg paragraphs : -

First, as regards i n d i ~  irlnnlity. Individnal-
ity, as it is gcnerall,~ 1111derstood (i.e., as 
soincthing always eqnivalent to itself), does 
not exist in nature, except subjectively as a 
rather failtastic 11otion of tlie hun~aii minil. 
The term iildividual' is applied to things uttcr- 
ly illcomnlcnsurate one another. An in- 
d i ~idual protozoon, an individual polyp, aiid 
an indiuiclual insect, ale 11ot homologous and 
comparable bodies. I t  is mere s lx~ery  to a 
false form of spcecli to imagine that their 
' inclivicluality ' is a co~lltlloll qilillitjy ; for, 011 

the contrary, the same n-ord indicates here 
three distinct phases. 1 know iiot horn to 
acco~lnt for the iilnnense significaiice attrib-
uted to the mystical iden of individunlit>, 
n-hich ill reality corresponds olilj to a physio-
logical capacitj for a separate e\ristence, but 
in usage is tacitly ass~inic-.tl to be the name of 
sollie vagne fundamentnl property of life, 
which, hen-ever. the mind caliiiot al)prehe~lil. 
N o r ,  we I l a ~ e  reilouncetl co~isidering a ning 
in a bee, a bird, or n hat, as itlentical or ho- 
mologous ~ ~ i t h  el-e1-y wing, either on accouilt 
of its llame or its i~~nc t ioa .  But. although 
1,he differelit liiucls of indi\idaals of aniinals 
:~ncl plants are mucli more ~ l ~ l i l i e  ailotherone 
!ha11 are the manifold Q l ~ e s  of rings, yet in- 
cli\icluality is generally talien to mca~i n uni-
formly identical soniethiiig ; anil that i i  untrue. 
Of course, the matter is really cry silnple, aiid 
incleecl self-evident, as to its tlue nature ; and 
the singular obscurity pre\ ailing is probably 
clue only to tlie ploblem iiot li:~\ iilg been clear- 
ly thought orel. At p r e s e ~ ~ t  tlie co~lditioil of 
opinion up011 the subject iemincls one of the 
ailcient notions of beauty, accordi~~g to which, 
beauty. was ail inherent quality of objects, iiot 
a11 impression of the mind, a psj chological 
htate. Despite custom, it is plain that . inclivid-

ual' has illally ineaniiigs ; yet it is usual to com- 
pare ' indiricluals ' with one another throngh- 
out the allinla1 lringdom. Tliis error has heen 
repeatcd by \Veismann and Goette, I)ccausc 
they both assume that the death of a s i ~ ~ g l e  
protozoon is ecjnivaleat to the death of one 
of the higher animals. Goette, honrerer, has 
partially emaiieiljated liimsclf from tliis idea, 
whicli I believe to be erroneous. The death 
of a unicellular, is entirely ditrerent from the 
death of a multiccllular, indiuiclnal. 

T o  Husleyl -re owe the first scientific deter- 
millatioil of iudi~icl~xality. His essay on the 
subject ollght to be thoronghly studied by every 
biologist. Life occr1rs ill cycles of cells ; each 
cycle conzprises all tlte cells sp~ingi lzg  fro?n u 
single inzp~ecqvcrted o v u m ;  the mhole of every 
cjcle is Ilo~ziologous with euery other whole 
cjcle, no iilatter nliether e leq-  cell is a so-
called incliridnal, or whether they constitute 
several iiidividnals (e.g., polyps) or a single 
oiic (vcrtehrates) . All cells tri.e honzologous, 
c ~ i lcycles ewe hon~ologo7c,r;but i7~clividrtals aye 
not ~ I L ~ ~ C C ~ S  since ail incli~iduall ~ o m o l o ~ ~ o ~ i s ,  
maj. bc either the n hole or 1~117. fractionnl pait 
of n cycle. This cluestion I hare discussed a 
little more fully on 1113. 191 ,  1'32, of n1y article 
cited in the footnote.' llanifestly the death 
of the single cell is iiot necessalil> iclciltical 
~ ~ i t l l  a Now, when tlie te~.mination of cycle. 
a nlan, lie being a cycle of cells, has lost the 
ability to continue the c j  cle, lie (or it) dies. 
Furtlier, it is inherent in liis constitntion to 
lose that abilify gradually Iience, n-lien it 
is completely lost froin internal cnnses, he 
dies, as nre say, from old age. I t  is to this 
ending-ofr of the cycle, fro111 causes resident 
in itself, 1 \ ~ i s hto restrict the term ' iintural 
cleath.' 

We have ilow two qnc~tions to pose: lo. 
Do :all oigaiiisrns irelong to cell-cycles? 2'. 
I f  so. are all c j  cles self-limiteii ? I n  coininoil 
language, the seconcl ~ ~ o ~ i l c lqoestioii he, I s  
cleat11 aln:qs tile 11:lturnl and inelitable ac-
comp:~nin~eutof life ? -ail inquir~ which inay 
appeRr siugalar, hrlt is ilone the less perfectly 
sensible ancl lcgitinmte. Tlieismann has an-
swered it vi th a liegatire. 

lo.  I ~naintain tlie 11yl)otliesis that all or-
gni~isnls do de~e lop  in cycles, ni~cl only in 
cyclcs ; nrhich i n r o l ~es tile assuml)tion that 
all liviilg sl)ccios I~egiii their life-his tor^ wit11 
an iinpregilated ovum or its equivalent. llTe 
come, thrrefoie, at  ouce to the question of 

I T. 11. IIuxlcy (1852) upor1 animal individu;?!jty, IZo!jnl
inst. proc., i. 184-189; Edinb. new p i ~ i l .jou~n.,1111. 172-177; 
A?L?L.mag. rial. hibt., IS&%. 

2 C. 8.Minot (187!1), Growth ar a function of cells, Proc. 
Bosto?~roc. ?bat. hiat., xs.190-201. 
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how far sexual reproduction extends down
ward in the scale of life. I deem it very 
probable that it extends to the lowest animat
ed being, even though it be quite differently 
manifested in the lower forms from what we 
observe in ordinary bi-sexual reproduction. 
This view is opposed to the opinions generally 
held : for botanists trace the evolution of sex 
within the vegetable kingdom ; and zoologists 
trace it, though less definitely, within the ani
mal kingdom. We are thus forced to assume 
that sex, one of the most fundamental and 
characteristic phenomena of life, has arisen 
twice. This is to the last degree improbable. 
Such a coincidence would be the most extraor-
dinarj7 result of chance within human experi
ence. I t is more reasonable to suppose, that, 
though we do not yet recognize it, the sexual 
function exists in the protobionts, which are 
neither animal nor vegetable, and that they 
also produce a body homologous with an im
pregnated ovum ; and to suppose, further, that, 
out of this common commencement, both ani
mal and vegetable sex have been evolved. The 
essential property of the sexually produced 
ovum is its power of repeated division, pro
ducing a succession of cell-generations, which, 
together with the original body (ovum), con
stitute the cycle. There is much evidence of 
a positive character to confirm the belief of 
the cyclical course of life, even among the pro
tozoa and protophytes, in which there occurs 
what is known as rejuvenation (verjilngung). 

2°. I maintain that it is probable that all 
cycles of cells are self-limited. Let us first 
ascertain the nature of the limitation. Our 
knowledge of the manner in which the cycles 
are limited (i.e., of the causes of natural 
death) is very restricted, and derived solely 
from the higher animals. My own special in
vestigations have been in this field, and have 
led me to the opinions and problems we are 
discussing. 

My experiments demonstrate, that, when 
properly analyzed, the growth of at least the 
higher animals gradually diminishes from birth 
onwards, almost without interruption. This 
is an irrefutable mathematical verification of 
the views which I advanced in my article on 
4 Growth as a function of cells,' published in 
1879, the essence of which, as far as we are 
now concerned, is, that the cells of a cycle 
continuously lose their power of division, so 
that the interval between two successive divis
ions gradually increases. This involves the 
ultimate termination of the cycle, because the 
losses go on, not only until the cells can no 
longer divide, but until they exhaust them

selves. This whole series of changes is prop
erly senescence, or growing old. Senescence is 
a continuous process, covering the whole period 
of a cycle of cells; and we must assume it is 
the positive loss of power in the single cells, 
such that the last-produced cells cannot con
tinue, and natural death ensues. Of course, in 
the cases of a multicellular animal, death of 
the whole follows secondarily upon exhaustion 
of any essential par t ; as in the case of insects, 
which die upon laying their eggs. In the 
higher animals, then, the cycle is limited by 
senescence, and senescence is a decay which 
probably begins when the cycle begins. The 
next point to decide is, whether the same phe
nomenon occurs with the unicellular organisms. 
If it is found that the divisions of a Parame
cium,1 for instance, after a conjugation, are at 
first rapid, and then follow at increasing inter
vals, it would prove (provided, always, the ex
ternal conditions remained constant) that we 
here had true senescence, with its sequel, natu
ral death, or the end of the cycle. Until this 
point is settled, we cannot know whether there 
is, among unicellular animals, a form of death 
homologous with the natural death from senes
cence in the higher animals and plants. 

I t is to be regretted that both Weismann 
and Goette appear not to know the article to 
which reference has just been made : otherwise 
they would have recognized that the problem 
of death is, first, whether growing old (veral-
tung, involution) is a universal phenomenon of 
life. Weismann's first article was an address 
delivered before the German naturforscherver-
sammlung, September, 1881, and subsequently 
republished at Jena.2 Pie advanced then the 
view, that, for unicellular organisms, there is no 
death except through accident; that, the propa
gation being by simple division, we must as
sume that the process of division may go on 
forever. He does not even consider whether 
the cells form cycles, and whether these cycles 
need to be renewed ; so that he misses the real 
problem. On the contrar}7, he is enchained a 
prisoner to the mystical idea of individuality, 
and reasons as if individuality rendered direct 
comparisons legitimate between things essen
tially different. All his reasoning is based 
upon the idea that an individual protozoan is 
comparable to an individual clog, and so on. 
The argument just made against him was to 
show that the basis of his whole fabric is illu
sory. Biitschli, in his short article,1 called forth 

1 Paramecium is a common unicellular animal. 
2 Weismann, Ueber die dauer des lebens (Jena, 1882, 8°), 

94 p. Cf. also Weismann's comments on Biitschli, Zool. anzei-
ger, v. 377-380, and his reply to Goette, — Ueber leben und 
tod (Jena, 1884, 8°). 



by TYeismann's, partiallj- libelates lii~nself 
fro111 tile confusioii as  to  indi\iclnality, and 
p r o p o ~ ~ i i d sthe hypothesis of a lebenqfe~ment, 
vhich lie supposes to  11e contiiinally renen etl 
in  protozoa. wliicli he tlins assnmes to be po- 
tentially ini~riortal. I I c  also fails to  recognize 
tha t  the true cl~restion is, not mhether singlc 
l~rotozoa clie, hilt ~ ~ l i e t h e r  they forin scnesce~lt  
c j  cles. 111 tliis error he is  fo1lo11-ecl b j  Cholo- 
dowsli-y.' 1~110 also admits that  ca tmal  cleath 
is  restricted to the  mnlticellnlar aninials. but 
overlooks wlint mo~ild be its oiily possible 1101no- 
logne ntnong yroto,:oa. 

Goette ieems to ]lie t o  h:ive lnncle a clistinct 
aclvance beyoiid his precleccssors, Sor 11c has 
attempted to show tliat thcre is a death com- 
mon to :dl organisms. Es1)ecially is  his co~lcalrr- 
sion that  cleat11 and repiodnction are  intiinately 
connectecl t o  be noted as  iinportnnt ; ba t  his 
thought appeals t o  inc often vague and ob- 
scnrc, and t o  many of his T iems I can h j  no 
means assent. I 11a~e just asserted that cleatli 
aiitl reproclr~ction arc intimately connectccl. 
NOTI?, if my theory i i  correct, i t  is el ident 
that each cycle. l~lforc, it is  coi~ipletelj  ex- 
haustecl, must 1)rotlucc the initials of nen 
cycles : hence the coi~ilection in time between 
maturitx, or tlie npproach of deatli, arxl scxu:il 
reprodnction. By spec~ilation upon the few 
available facts,  I Iia\e reached the following 
hgpotllesis. Originally each cell of a c j  clc 
was a clistiilct iiiclividual ; the exhaustion of t l ~ c  
last  cells of the  c j  cle cctusecl them t o  1)ecoinc 
sexual bodies and to coiljugate ; conjugation 
renews tlie power of d i ~  ision in tlle co~ijngatecl 
indivicluals. and tllerenith a nen. c! clc is  be- 
gun.  Subsecjnently ~inxlticcllulm ai~iulals 11ere 
evolretl, aacl 111 tliesc the same phenomena 
rectu : bnt some of tlie cells ha1 e heco~ne spe- 
ciallj organized, mid thereby incapable of as-
srmrilig the sesnal  state : hcnce, n-llen tlie encl 
of the cycle approaclics, only a fen cells be- 
coine hcsnal, and tile a n i n ~ a l  (or  p1,znt) is ma- 
ture. Tlie Iiiglicr organisins 1)econle s c s n a l l ~  
a c t i ~c ing grown for :ionly after l l : ~ ~  consicler-
able period, I~c~c:ir~schtile\- still pieseivc the 
primitive l(~1:~tioil. Senility is tlie cc~islrise?~tle 
relz of' scsrial rcp~otliiction. I 1iol)e to dis- 
cuss the innttcr fullj in a ~~leiiioii- n liicli 1am 
now preparing for tlie 1)ress. 

I t  is e~ ic len t ,  that.  aceorcling t o  this liypotlie- 
sis, sexual reproduction tlcpends on the  ex-
haustion of the cells. Tliere are  manj- f~xcts 
Ii-nown to confirm this view. Tlias aillong men 

1 ?. 13iitschli (1S8?), t;eii;rnlii:n uvbcr lcben nnd tod, Zool. 
rlnzetgrv, v. 61-(ji.
' X. Cholodon.sky ( I S % ) ,  Toil I I I I ~n~~st('rbli(.illieiti i ~dcr 

tl:iermclt, Zool. rriizrtgr?,,v. 204, 26:.
,' A. (+oettr (1883), l i c l~erdell ul 'rl)vong ~1r.stodcs ( i lnnl l i i l rq  

and I.(,ij~zi!!, 1883, So), 11. 81. 

[VOI.. IV., So.  90. 

tlic reproclnctivc period begins sooiler nrl.lrn 
they are  ill fecl. Among many of the lower 
p la~ i t s ,  rcl)i.ocluction is  iiicluced by defective 
nutrition. I believe that  nutrition and repro- 
clnct~on arc, indeed, opl>osecl t o  one another, 
hilt by no mcani in the sense taken ky Carpen-
ter  anc! Spencer.' While I consicler that  the 
impairer1 nutrition causes the effort t o  repro- 
d r~ce ,  they belie^ e that  reprodnction is  opposecl 
to  nutrition, constituting a t ax  which with-
drams just so liluch from the parent. Un-
donhtedly, in those cases n here the parent,  in 
consequence of a, secondary adclitio~i t o  the 
oflicc of genesis, lias t o  supply foot1 t o  its j oung, 
reprocluction may cletrnot from growth, but ,  
el ell in  such cases, only sometimes. Carpenter 
ant1 Sl)c>ncer's vl-hole arguinent rests upon tlie 
:issuinl)tion that  the  power of assimilation is  
only j r ~ s t  equal, or :ibont eqnal, to the demnilcls 
of  tile parent. I t  is, however, perfectly well 
l<1101~11that  the reverse is  true, ancl that tllcre 
is  in  most organisms n large sarplrls of assimi- 
lation possible, which is used wliene~-er tlie 
fiui~ctions clemancl i t  : llence in  most cases the 
ieconclary taxes of rcprocluctioii can be wliolly 
or niainly paid without calling on the gion,th 
chal)ital of' the parent. Spencer's a prior i  ar- 
gumentation I collsidcr superfici:d : i t  has  led 
hiin t o  an esaggeratetl idea of a n  opl~osition 
which esis ts  in nature. hnt  is  not general. 
AIoreorer, Spencer has mistaliell tile cart for 
the horse : anixnals clo not stop gron ing he-
cause they begin t o  reproduce, I ~ n t  they bc~gin 
to reproclnce because they stop growing ; or, 
more strictly spealiing. both events are doe to  
one cause. -senescence. 

I t  ~vi l l  be seen, npon reviewil~g tlie pieceding 
paragraphs, that tlic \ i e ~ v s  I ad\-ocatc a i c  op- 
posetl to all tlie otlirr opinionr upon tlie nature 
of death mliicli hake been iloticecl above. 111 
a memoir I am nom a t  work L I ~ O I I ,1 hope to 
array st large number of observ:itions to  clerend 
tlie tlieoly or~tlined in this essay. 

C. 8. h l r i o r .  

A~~~E;JI?ICAI\~  FORA P P L ~ ~ ~ I \ ~ C E S  DEE1'-
SEA I N Y E S  TTGd T I O N  

The wire dredge-rope. 

ZT mas a revolution in  deep-sea clreclging 
metliocls, when tlle cun~hcrsorne hempen rope 
was discarcled for one of' wire, measuring 
scarcely Inore than one-tllircl the same diame- 
ter, stronger, Inore dnrable, and less expensive. 
The  introduction of wire-rope mill not a f e c t  

' T17ilii.?nl R .  Calpcllter, F ~ i ~ l c i p l r sof physiology, senera1 
airil conlpal.;ltivc (3d cd., I S S l ) ,  p. 5'12. 

11. S~X'IICW, of biology, vol. i i .  pi. v i .Tile l~r inci l i l r~i i  


