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E D I T O R ' S A N N O U N C E M E N T

T H E rapidly increasing specialization mak<!« it im-

possible for one author to cover sat isfactori ly thci whola

field of modern Biology. This situation, which exist* in

all the sciences, has induced Englieh authors to itiBUc*

series of monographs in Biochemistry, Phys io logy , and

Physics . A number of American biologists have decided

to provide the same opportunity for the s tudy of

Experimental Biology.

Biology, which not long ago w a s purely dencriptivo

and speculative, has begun to adopt the method** of the

exact sciences, recognizing that for permanent program

not only experiments are required but that the* experi-

ments should be of a quantitative character. It will \w

the purpose of t ins series of monographs to vrnphnniw

and further as much as possible this development of

Biology.

Experimental Biology and General Phys io logy a m one

and the same science, by method it« wall an by contents ,

since both aim at explaining life from the phyntco-ehomtcftl

constitution of l iving matter. The aerie* of monographs

on Experimental Biology will therefore include the fluid

of traditional General Physiology.

JACSQUKII Lot» f

T» 1L MOMUUI,

W, J . V. OUTKIIIIOUT.



A U T H O R ' S P R E F A C E

I N preparing the material of a series of lectures, given
at the Lowell Institute in Boston in December 1920, for
book publication, I have deemed it on the whole best to
adhere rather closely to the original lecture mode of pre-
sentation with all its informality. Except for the fact
that the matter is here set forth in somewhat greater
detail than was possible under the rigid time limitations
of the Lowell Institute, and that the breaking into chap-
ters is slightly different, the whole is substantially as it
was presented in Boston.

What I tried to do in these lectures was to bring
together under a unified viewpoint some of the more im-
portant contributions which have been made to our know-
ledge of natural death, from three widely scattered
sources: namely general biology, experimental biology,
and statistical and actuarial science. I t will be obvious
to anyone who knows the literature from these fields
regarding natural death and the duration of life that in
such an amount of space as is here used, no one could
hope to cover a field so wide with anything approaching
completeness. To do so would require a series of volumes
in place of one small one. But this has in no wise been
my object; I have instead hoped that the very incomplete-
ness itself of this work, necessitated by my limitations
of space and knowledge, might stimulate the reader to
penetrate for himself further into the literature of this
fascinating and important field of biology. To help him
to start upon this excursion a brief bibliography is
appended. I t by no means completely covers the field,
but may perhaps serve as an introduction.
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I am indebted to a number of authors and publishers
for permission to use illustrations and wish here to ex-
press my great appreciation of this courtesy. The indi-
vidual sources for these borrowed figures are in every
case indicated in the legends. To Dr. J. McKeen Cattail
I am especially grateful for allowing me the* une of the
blocks from the magazine publication of thin material in
the Scientific Monthly; to Dr. Alexis Carrel for permis-
sion to use unpublished photographs of his tiAHUO culture*;
and, finally, to Professor T. H. Morgan for critically
reading the manuscript and making many helpful
suggestions.
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T H E B I O L O G Y O F

D E A T H

CHAPTER I

T H E P R O B L E M

PROBABLY no subject so deeply in te res t s h u m a n beings
as tha t of t h e du ra t ion of h u m a n life. P r e s u m a b l y ju s t
because t h e business of l iving was such a wonderful ly
in teres t ing and impo.rtant one f rom the viewpoint of the
individual, m a n has endeavored, i n every way he could
think of, to p ro long i t a s much as possible. H e has had
recourse to both n a t u r a l and s u p e r n a t u r a l schemes for
a t ta in ing th i s objective. On the m u n d a n e p lane he has
developed t h e sciences and a r t s of biology, medicine and
hygiene, wi th the fundamenta l pu rpose of l ea rn ing the
under ly ing pr inciples of v i ta l processes , so t h a t i t might
ult imately be possible to s t re tch the length of each indivi-
dua l ' s life on e a r t h t o t he g rea tes t a t t a inab le degree .
Recognizing pragmat ica l ly , however, t h a t a t bes t t he limi-
tat ions in t h i s direct ion we re dist inct ly n a r r o w , when
conceived i n any his tor ical sense, h e has wi th s ingular ly
wide-spread unanimi ty , deemed i t wise to seek another
means of sa t i s fy ing his desires . M a n ' s body pla in ly and
palpably r e t u r n s to dust , a f te r the br iefes t of in te rva ls ,
measured i n t e r m s of cosmic evolution. Bu t , p a t e n t as
this fact is i t h a s no t precluded the pos tu la t ion of an infin-
i te cont inuat ion of t h a t impalpable p o r t i o n of m a n ' s be-
ing whieh i s called t h e soul. W i t h the field t h u s open we

2 17



18 T H E BIOLOGY OF D E A T H

see some so r t of notion of immor ta l i ty incorpora ted in
an integral p a r t of almost all folk philosophies of which
any record exists.

Now, p e r h a p s unfortunately, p e r h a p s for tunate ly , it
has up to the p resen t t ime proved impossible absolutely
to demonstrate , for reasons which will p resen t ly appear ,
by any scientifically valid method of exper imenta t ion or
reasoning, t h a t any real por t ion of t h a t to ta l i ty of being
which is an individual living m a n pe r s i s t s af ter he dies.
Equally, for t he same reasons, science cannot absolutely
demonstrate t h a t such persis tence does no t occur. The
la t ter fact has had two impor tan t consequences. I n the first
place, i t has pe rmi t t ed many millions of people to derive
a real comfort of soul in sorrow, and a fa i r ly abiding t ran-
quility of mind in general f rom the belief t h a t immor ta l i ty
is a reality. E v e n the most cynical of scoffers can find lit-
tle fault with such a result , the wor ld and h u m a n na tu r e
being const i tuted as they a r e . T h e other consequence of
science's p r e s e n t inabili ty to lay ba re , in final and i r re -
fragable te rms , the t ru th about the course, if any, of
events subsequent to death is more ser ious. I t opens the
way for r ecu r r ing menta l epidemics of t h a t i n t ima te mix-
tu re of hyper-credul i ty , hyper -knavery , and mysticism,
which used to be called spir i tual ism, bu t now usual ly p re -
fers more seductive titles. W e a r e a t t he moment in the
midst of p e r h a p s the most violent and dest ruct ive epi-
demic of this s o r t which has ever occurred. I t s evil lies in
the fact t ha t in exact p ropor t ion t o i t s virulence i t des-
t roys the confidence of the collective mind of humani ty
in the endur ing efficacy of the only th ing which the h i s to ry
of mankind has demonstrated to cont r ibute to the rea l
advancement of his intellectual, physical , sp i r i tua l and
mora l well being, namely t h a t o rde r ly progress ion of
ascertained knowledge which we now call science.
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The reason why science finds itself helpless to p r e -
vent sp i r i tua l i sm 's insidious sapp ing of the intel lectual
fiber of the race is because i t is asked to p rove a negat ive,
upon the bas is of un rea l da ta . H o w difficult such a t a sk
is is obvious as i t is proverbia l . Unt i l science has demon-
s t ra ted t h a t there is not a cont inuat ion of individual
superna tu ra l existence a f te r n a t u r a l death , the spi r i tua l -
is t can, and will, come fo rward wi th supposed demons t ra -
tions t h a t the re is such a continuation. B u t the most
character is t ic fea ture of science is i ts actual i ty , i t s real i ty ,
i ts na tura l i ty . P e a r s o n has pointed out, i n charac te r i s t i -
cally clear and v igorous language, the r eason why, in the
minds of uninformed persons , science a p p e a r s helpless in
this si tuation. H e s a y s :

Scientific ignorance may either arise from an insufficient classification
of facts, or be due to the unreality of the facts with which science has been
called upon to deal. Let us take, for example, fields of thought which
were very prominent in medieval times, such as alchemy, astrology, witch-
craft. In the fifteenth century nobody doubted the "facts" of astrology
and witchcraft. Men were ignorant as to how the stars exerted their
influence for good or ill; they did not know the exact mechanical process
by which all the milk in a village was turned blue by a witch. But for
them it was nevertheless a fact that the stars did influence human lives,
and a fact that the witch had the power of turning the milk blue. Have
we solved the problems of astrology and witchcraft today?

Do we now know how the stars influence human lives, or how witches
turn milk blue? Not in the least. We have learnt to look upon the facts
themselves as unreal, as vain imaginings of the untrained human mind;
we have learnt that they could not be described scientifically because they
involved notions which were in themselves contradictory and absurd. With
alchemy the case was somewhat different. Here a false classification of
real facts was combined with inconsistent sequences—that is, sequences
not deduced by a rational method. So soon as science entered the field
of alchemy with a true classification and a true method, alchemy was con-
verted into chemistry and became an important branch of human knowl-
edge. Now it will, I think, be found that the fields of inquiry, where
science has not yet penetrated and where the scientist still confesses
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ignorance, are very like alchemy, astrology, and wJt̂ herafl nt fh# Middle
Ages Either they involve fact* which are in thwnaetiM* tmrrml-~*on.
ceptions which are self-contradictory and ahMird. ami thfrHorit in^puhlt
of analysis by the scientific or any other m«i*><xi or, m th* <*!hi*r hum!,
our ignorance arises from an inadequate eJafiaiftcat itm tnd * nt*!*?! nf
scientific method.

This is the actual state of the «atm with than® m*nt*t «imf npiriitmf
phenomena which are said to lifc outnide the proper m**p* of trtvnrt}, or
which appear to be disregarded by •etontlfit; »*«*». No 1*1 !*r #iamj>l#
can be taken than the range of phenomena which mm en lit to! Hpfoitimttnm,
Here science is asked to analyse a mrim of !*<*» whfch tir* i** n gr*>*i piii*nt
unreal, which arise from the vain imagining* vi tiufrainwt mindu Afwl
from atavistic tendencies to superstition. Bo far *# th*» f«pt# »r# of this
character, no account can be givtn of them, tarfttiw, Uk® thw wHeh'§
supernatural capacity, their unreality will tm iaund »t Imttom t» mak#
them self-contradictory. Combined, howtv̂ r, with th* \wtm\ mrlm »f
facts are probably others, conntct«d with hypnotic n»tl ofhrr ^nditiniii,
which are real and only incompr«li«nsibl« WTJIWIM? thur̂  U »n y l̂ wrmrmty
any intelligent classification or truo AppiieHtlinn u\ mhnUftp mttJiudL Th#
former class of facts will, Uk© antrology, »«¥i?r tm r«dur«4 to tiiw, fe«t will
one day be recognised as abnurd; thu tithtr, liki mkhmny, mnf %rtm iltp
by step into an important branch of wlem*, Whi»iŵ i>r4 tbî rtfor*, w«
are tempted to desert the scientific rotthud ®f m§kln% it nth, wkmm^r llitt
silence of science suggests that «om« ui\mr pH#wny m«i»t lit »Q«|fht to
knowledge, let us inquire first whithtr f h« #l«t*»#»l# nf fhn prubli*m, #f
whose solution we are ignorant, nmy not nfttr nit! Uk® flit f»€i« #1 wit<?fe
craft, arise from a superstition, and to mUmnUmAMmf §fi4 iM m̂pr«<
hensible because they are unreal.

Let us recapitulate briefly our diteusnion tci thin pmut
Mankind has endeavored to prolong thu individual lif© by
natural and by supernatural means. Thia latter plan
falls outside the present purview of th# acientifio mtthoci
The former is , in last analysis, roapoiuribla for a eonttd-
erable part^ at l ewt , of the development of the sekitCMi
of biology, pure and applied, and tk i artii wbieh foiled
their operations upon i t Biology can and haa eontrilmted
much to our knowledge of natural death and the eatifee
which determine the duration of life* I t ie the pwrpoit
of this book to review some of th© more important aaptcHte
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of this phaHc of biological science, a n d tmdcuivor to
forth in an o rde r ly and conniHUmt m a n n e r the pn*m*nt
s ta te of knowledge of t he mih jee t

The p rob lem of n a t u r a l d e a t h han two mtpftttn, one
general , the o t h e r t*peeial. Thcne m a y be HUIUHI in
this w a y :

1. W h y do l iv ing thingn dioT W h a t i s tho m e a n i n g
of death in tho genera l pltilonophy of biology I

2. W h y do l iv ing thing*? die when t hey ilof W h u t
factors de te rmine tho d u r a t i o n of life* in g e n e r a ! a n d in
par t icular , and w h a t m the r e l a t i ve inflwmm of each of
these fac tors in p r o d u c i n g the obse rved renu l t f

Both of these p rob lems h a v e been the sub jec t of mtieh
speculation and discuss ion. T h e r e him mummuhtiml,
especially in recen t yearn , a considerable* a m o u n t of new
experimental a n d atatiHtieal d a t a bi^aritig upon t h e m . I
hope to be ab le in w h a t follown to nhow t h a t thi« w*\v
material^ t oge the r wi th tha t which ha« for a Jong t ime
l>een a p a r t of t h e common Ktoro of biologtenl knowleiigr%
makes possible a c l e a r e r nml m o r e logiciilly eoimt«tr*r$t
picture than we have hail of the m e a n i n g of d e a t h a n d
the de te rmina t ion of longevi ty . Le t UH flmt ei tamiite tfi
brief review the b r o a d generaltftaitonit nlmxt de i i th wlttf h
have grown u p in the* eour«e of the deve lopmen t of b io logy,
and which m a y now be r e g a r d e d an a g r e e d fr? by p r a c t i -
cally all biologists .

BIOLOCIICAX* aunmiAUZArmsH Aiiotit n^nntAh tmiru

The significant genera l (net® which art* known nlnmi
na tu ra l dea th a r e t h a n e :

( A ) . There i$ an enormowt variation in thr, duration
of Ufe, both intra and inter-racially. T a b l e I , wh ich Is
adapted f rom v a r i o u s a u t h o r i t i e s , is t o bu read w i t h t h e
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unders tanding tha t the figures a re estimates, f requent ly
based upon somewhat general and inexact evidence, and
record extreme, though i t is believed authentic instances.
While t he figures, on the accounts which have been men-
tioned, a re subject to l a rge probable e r ro r s , the table does
give a sufficiently reliable genera l picture of the t r u t h
to indicate the enormous differences which exist among
different forms of animal life in respect of longevity.

TABLE 1
Longevity of Animals

Animal

Lower invertebrates
Insects
Fish
Amphibia
Reptiles
Birds
Mammals

Approximate limits of maximum duration
of life in different species

Under 100 hours to ?
Under 100 hours to 17 years
? to 267 years
? to 36 years
? to 175 years
9 years to 118 years
1J^ years to over 100 years

W e see from this table tha t life may endure in differ-
ent forms from only the briefest period, measured in
hours as in the case of Ephemeridae, to somewhere in
the hundreds of years . The extremely long dura t ions
are of course to be looked upon wi th caution and rese rva-
tion, but if we accept only extreme cases of known dura -
tion of life in man, the r ange of var ia t ion in th is
characterist ic of living things is sufficiently wide.

I t is probable tha t man, in exceptional instances, is
nearly the longest l ived of all mammals . The common
idea tha t whales and elephants a t t a in grea t longevity
appears to be not well founded. The absolutely authent ic
instances of human survival beyond a century are , con-
t r a r y to the prevalent v^ew and customary s tat is t ics ,
extremely r a r e . The mos t pa ins tak ing and accurate
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inves t iga t ion of the f requency of occurrence* of cen ten-
a r i a n s which has eve r boon m a d e in t ha t of T . R Young .
Because of the cons iderab le intr innic in te ren t of (lie
ma t t e r , and the p o p u l a r misconcept ions which g e n e r a l l y
preva i l a b o u t it, i t will !>o w o r t h whi te to t a k e n l i t t le
t ime to examine YoungVi metlKKlK and r e su l t s . He p o i n t s
out in the beg inn ing t h a t <h<* evidence of g r e a t a g e which
is u sua l ly accepted by census officials, by r eg iHt r a r s of
dea th , by n e w s p a p e r reporter**, and by the* gene ra l publ ic ,
is, genera l ly speak ing , of no val id i ty o r trustworthincHM
whatever . S t a t e m e n t s of the* pe r son coneeriKnl, o r of t h a t
p e r s o n ' s r e l a t ives o r f r i ends , an to extreme* lottgevity f

can a lmos t i nva r i ab ly be nhown by even a l i t t le invest ign*
tion to be ex t remely unreliable*. T o be accep tab le a s
scientific evidence any s t a t e m e n t of g r ea t a g e m u s t be
s u p p o r t e d by un impeachab le documintary p roof of a t
leas t the following p o i n t s :

a. Th« data of birth, ur «f huptkm.
b. This datf* of death,
e. Th# identity of the ponton <lyitt|( Jtfc a iutf»fHHti«l v#*ry »4f«f»i"wl agi*

with the* permm fur whom th« Wrth tif Imjitisntitftl rî f*ni«
which thff rhutw at pjmit itgtt In \mbt*il, wan wm\*< unt

d. In th«* imne |iartirui«rJy t>f tmrrknl wtiiftifit th«
t\w pprmm U> whom m&.rrM> tmtl «ity tilh^r d*f* whh'H wlli
hi*lf» to cMtAhliffh firimf *tt

In p r e s u m p t i v e VUHVH of K^**nt longevi ty , which on
o the r g roundn a r e w o r t h y of Hericitm conHiderii t ion, it in
usual ly in renpect of i tem c - the proof of identity—»tlmt
the evidence in weaken*. Mvery nt i ident of Kt*neii!ii)Lcictiil
d a t a known how cany i t in for tin* fol lowing nor t of t h i n g
to happen . Jo lu i Bmith \vm born in tlio h i t t e r Imtf of
the e igh teen th c e n t u r y . Ilin biiptinm wn» d u l y a n d p r o -
per ly regis tered* H e un fo r tuna t e ly dim! n t tln» u p * of
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say 15. By an oversight his death was not registered.
In the same year that he died another male child was
born to the same parents, and given the name of John
Smith, in commemoration perhaps of his deceased brother.
This second John Smith was never baptized. He at-
tained the age of 85 years, and then because of the appear-
ance of extreme senility which he presented, his stated age
increased by leaps and bounds. A study of the baptiBmal
records of the town disclosed the apparent fact that he
was just 100 years old. The case goes out to th« public
as an unusually well authenticated case of contenarianinmv

when of course it is nothing of the s o r t

Young applies vigorously the criteria above enumer-
ated first, to the historically recorded cases of great long-
evity such as Thomas Parr, et id genus omne, and rajeets
them all; and second to the total mortality e^perknee
of all the Life Assurance and Annuity Societies of Oreat
Britain and the annuity experience of the National Debt
Office. The number of persons included in the experience
was close upon a million. He found in thin material, and
from other outside evidence, exactly 30 persons who lived
100 or more years. In Table 2 the detailed results of
his inquiry are shown in condensed form.

It will be noted from this table that the most extreme
case of longevity which Young was able to authenticate
was about a month and a half short of 111 y u a n . Of
the 30 centenarians recorded 21 war© women and 9 wart
men. The superiority of women in expectation of life is
strikingly apparent at the very high age of 100 yearn W e
shall later see that this is merely a particularly noteworthy
instance of a phenomenon which i s common to a great
portion of the life span.
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The contrast between these proved findinffH of Young,
exceedingly modest both in r e a p e d of numbcrx, and ex-
tremity of longevity, and the Iooaedala. on c u n t r i w i

TABLK2
Authentic Imtantm of Crntrnnrinnutm (frum Ytmng)

9
9
9
9
9
9
9

9
9
Q

9
9 *

<?t
9
of*

9
9

9
d1

9
9
9
o*
9
cP

BrMUftt nt&ttii
(«ingJr* or
jartarriml)

M
M
M
8
M
?
M

8
8
8
8
?
8
8
?
?
8
8
?
8
t
8
8
M
M
8
?

Ytitm

HO
IDH
105
104
103
103

102
102
uri
102
102
102
102
20!
101
101
101
101
101
101
101
im
100
IOCJ
100
100
100
100

• living 30 September, 1005.
t Living 31 July, imn,

U*t J.vujtff

Mtmtto

H
II
11

.1
1
11

2
1

ioK
"4
1
1

*!»
7
II

'2
1

.Til
111
« . ,
in
2H

7
H
%

21H
HI
H

* l
W

*ti
4

2ft
2t»

' in4
82

%
4
H
ii

21
10

which one can find in any yniirf« mortality *teUntiea, i t
striking. In an examination of thtt matter rtwmtly , for
example, it was found that in tho registration nnm of tho
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United States there were recorder! in the yoar 1916, out

of a total of 1,001,921 deaths at all a g w tho following as

of ages 100 or over:

White males »*T
Colored males • IW
White females , . , . , . t«0
Colored female , . . . , . . . « SW

Total . . . , . . , . . . . . > . «lft

In this large total 4 pernon* wc*ri! rcjconlocl itt* having
died at the age of 120, and one, a c o l o m l fsmalts itt the*
preposterous age of 134!

B. There is no generally valid, orderly relationship
between the average duration of life of thr individuals
composing a species and any other broad fart now known
in their life history, or their structure, of thrJr physiology*
Many attempts have been made to not tip K<*n<»rali2atioiw
establishing connect ion of thia nort Wdumamt particu-
larly, has endeavored to ent&blt&h »uch rclationn only to
have them overthrown, somotimcii by fuotn wliich hn him-
self presents. It has, for example, bet*tt mmUmdml that tht
larger ML animal the longer ita Ufa. Thin in obviounly
no general law* Again it hai* been held that no animal
lives after reproducing, except itiah an care for their
young, but almost numberle** initancen mn be adduced
where no such relationship hoick. I t will not pay to ex-
amine ail the hypotheses of this general type whiph have*
at one time or another, been put forward- With ona exetp»
tion, to which we shall advert inunediately f they all suffer
from too many important exceptions to b» considered
valid geueralizationfi.

0* Natural death as distinguished from aeddemtd
death is preceded by definite iimdwrd and fumtwnal
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in the body. These changes in the s t ruc tu re of
o rgans and p a r t s of the body, and in thei r man-

funct ioning const i tute the ma te r i a l basis of w h a t is
senescence or growing old. Some of the morpho-

l o g i c a l and physiological changes which character ize ex-
t senescence a r e a p p a r e n t and known to all. Such

i n case of m a n the bent pos tu re which means an a l tered
p o s i t i o n and fusion of the elements of the ve r t eb ra l
c o l u m n , the wrinkled visage, which denotes a p rofound al-
" t o r - a t i o n of t i s sue elements, and the shuffling and uncer-
t a i n gai t , which bespeaks a fail ing m o t o r coordination.

I n I F i g u r e 1 these senescent changes a r e all well indicated
i * x t h e case of an old m a n who has received much news-
J > a / p e r notice, " U n c l e " J o h n Shell of Kentucky, who is
l x e x ~ e shown wi th his l as t wife and supposed son. This
p o o r old m a n h a s been exhibited about t h a t p a r t of the

a s " t h e oldest l iving human b e i n g , " a t a claimed
of 131 y e a r s . A s a m a t t e r of fact, Nascher , who has

a careful invest igat ion of the case, finds h im to be
** c a b o u t one hund red y e a r s old, possibly a y e a r younger
o r o l d e r . " T h e pa t e rn i t y of the 4^/2 y ea r old boy, though
o l a i x n e d by Shell, is in considerable doubt.

ZBesid-e these obvious senescent changes t he re a r e
g ^ o l x x g on even m o r e significant changes in the cellular ele-
j a c x o x x t s which compose the body. Cer ta in of these cellular

of age were described in a series of Lowell lec-
given a l i t t le more t h a n a decade ago by the la te

J O or . C h a r l e s Sedgwick Minot. Over a q u a r t e r of a cen-
a g o Hodge made a careful s tudy of senile changes in

cells. I n a m a n dy ing na tu ra l ly a t 92 y e a r s of age
f o x i n d m a r k e d changes in the cells of the spinal gangKa
o o m p a r e d w i t h those of a new bo rn babe. T h e chief

iCJLidQ:orences a r e exhibited in Table 3.
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TABLE 3
Shomng the Principal Differences Observed on Comparing thr Sfhtmt Cfanyltim

Cells (First Cervical Ganglion) from a Child at Birth With THQM?
from a Man Dying of Old Age at Ninety-two Year®.

(From I lodge's data)

Volume of nucleus
Nucleoli visible
Deep pigmentation
Slight pigmentation

Baby at birth. Mate

100 per cent.
53 per cent.
0 per cent.
0 per cent.

IH.'i j**r writ.
ft j*?r «vnt.

1)7 |*
|»«r wnt.

Hodge found still more marked changes in the an ten-
na ry lobe of the nervous system of the honey bet*. T h e
na ture of the changes is shown in F i g u r e 2.

In the ganglion cells of both man and the honey bi*c»t

the volume of the nucleus in p ropor t ion to t h a t of the
res t of the cell body becomes reduced with advanc ing age .
Minot showed tha t this was a very general phenomenon
in senescence, and was a eontitnioim proeeiu* front b i r th to
death. H e gave to i t and re la ted and associated cel lular
changes the name "eytomorphos iH," and a t t r i bu t ed to it
the greates t significance in br inging about utmcmcemu! a n d
death. As we shall present ly see, cytomorphoHttt m a y
perhaps more jus t ly be r ega rded an one of the morpho-
logical resul ts of senescence r a t h e r t han i t s o u t s e .

Eecently Mrs . Pixell-Goodrich, an Knglish worke r , lia»
re-studied the senescent changes in the cells of th«§ honey
bee. Her work shows in a s t r ik ing way the Ions of proto»
plasm in the aged ce l l In the young bm immedia te ly
after hatching, the cells a re large and p lump t only sepa r -
ated from each other by n a r r o w s t r a n d s of connect ive
tissue. I n the same region of the s ame ganglion in an old
bee which came f rom a hive on a fins day in March , b u t
was too weak to effect a cleansing flight and soon bueam*
moribund, the nerve cells were qui te worn o u t T h e r e
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w a s left only a f ramework of connecting t issue, wi th an
occasional nucleus of a ne rve cell in a m o r e o r less
necrot ic condition, wi th only a l i t t le cy toplasm a round it.

FIG. 2.—Showing the changes in nerve cells due to age. 1, spinal ganglion cells of a still-
t>orn male child; 2, spinal ganglion cells of a man dying at ninety-two years; N. nuclei.
I n the old man the cytoplasm IB pigmented, the nucleus is small, and the nucleolus much
edburunken or absent. Both sections taken from the first cervical ganglion, X 250
cliameters; 3, nerve cells from the antennary ganglion of a honey-bee, just emerged in the
p>erfect form; 4, cells from the same locality of an aged honey-bee. In 3, the large
xxuoleus (black) is surrounded by a thin layer of cytoplasm. In 4, the nucleus is stellate,
m d the oell substance contains large vacuoles with shreds of cytoplasm. (From Donaldson

sdfter Hodge).

There a r e o ther and p e r h a p s even m o r e genera l and
s t r i k i n g morphological changes in senescence t h a n the
o l a a n g e d re la t ion between cytoplasm and nucleus .
O o n f c l i n s a y s :

By all odds the most important structural peculiarity of senescence is
•fclxe increase of metaplasm or differentiation products at the expense of
-fclxe general protoplasm. This change of general protoplasm into products
o f differentiation and of metabolism is an essential feature of embryonic
differentiation and it continues in many types of cells until the entire

is almost filled with such products. Since nuclei depend upon the
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general protoplasm for their growth, they also become small in
cells. If this process of the transformation of protoplasm into differedlft>1"
tion products continues long enough it necessarily leads to the deatk^ °*
the cell, since the continued life of the cell depends upon the interact*011

between the general protoplasm and the nucleus. In cells laden witfr ^li**
products of differentiation, the power of regulation is first lost, then tilt*
power of division, and finally the power of assimilation; and this *«
normally followed by the senescence and death of the cells.

D. Natural death (as distinguished from accident^0
occurs normally and necessarily only in animals coW1-
posed of many cells. Unicellular organisms are finally
known, to a considerable extent as the resul t of the l
l iant and pa ins taking researches of Woodruff and
students, to be immor ta l in esse a s well a s in posse.
the discovery by Woodruff and E r d m a n of the p r o c e s n
of nuclear reorganizat ion, which they call endomixis, thi-B
conclusion is as solidly grounded if we r e g a r d a cycle o f
protozoan divisions as the homologue of the me tazoax i
body, as i t is if we consider each individual protozoan a n
such homologue. Woodruff has been cul t ivat ing the c o m -
mon unicellular fo rm Paramecium, shown in F i g u r e 3 ,
for over 13 years .

Dur ing all this t ime no conjugation or pa i r ing of i n -
dividuals has occurred. I n a recent le t te r Dr. W o o d r u f f
says : "After we h a d discovered and worked out e n d o -
mixis there seemed no pa r t i cu la r u se of carefully r e c o r d -
ing the number of generat ions each day. B u t the c u l t u r e
is still going on as well as ever and i s a t a p p r o x i m a t e l y
the 8500th generat ion—13y2 y e a r s old! On M a y 1 ,
1915, (just 8 years old) i t was a t the 5071st genera t ion . 9 *
If in 8500 generat ions—a dura t ion of heal thy r e p r o d u c -
tive existence which, if the generat ion were of the s a m e
length as in m a n would represen t roughly a qua r t e r of a,
million yea r s in absolute t ime—natura l death, ha s n o t
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occurred, we may with reasonable UHHUranee cumeindu
that this animal is immortal.

Of even more probative value, in the opinion of
some workers, than the reaultn on Paramvcium are

the recent experimental of Hartmann, who mil twitted
Eudorina elegant* for over (MM) %mprtitimw without con-
jugation or any ntiekmr rt*wifnnhntUm mmmpmuttng to
endomixis, and no ctoprwwion in tin* miltttr^ ormirrec).

The distinction between Protozoa unil Motuxoa in


