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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.
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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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10 AUTHOR'S PREFACE

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.

B. P.
BALTIMORE,

April 19, 1022.



C O N T E N T S

CHAPTBB PAQB
I. THE PBOBLEM 17

II. CONDITIONS OP CELLULAR IMMORTALITY 51

III. THE CHANCES OP DEATH 79

IV. THE CAUSES OP DEATH 102

V. EMBRYOLOGY AND HUMAN MORTALITY 138

VI. THE INHERITANCE OP DURATION OP LIPE IN MAN 150

VII. EXPERIMENTAL STUDIES ON THE DURATION OP LIPE 186

VIII. NATURAL DEATH, PUBLIC HEALTH, AND THE POPULATION PROBLEM 223

BIBLIOGRAPHY 259

INDEX 269



I L L U S T R A T I O N S
FIG. PAGE

1. Photograph of John Shell, claimed to be 131 years old, but actually
about 100, with his wife and putative son (From Nascher) 26

2. Showing the changes in nerve cells due to age (From Donaldson
after Hodge) 29

3. Paramecium, viewed from the oral surface (From Jennings) 31
4. Diagram showing the process of reproduction by fission in the uni-

cellular organism Paramecium 32
5. Conjugation in Paramecium 32
6. Planaria dorotocephala (From Child) 34
7. Beginning of process of agamic reproduction by fission in Planaria

(From Child) 35
8. Progress of agamic reproduction in Stenostomum (From Child) 36
9. Section across the posterior part of an embryo dog-fish (Acanthias)

of 3.5 mm. (From Minot after Woods) 38
10. First and second division in egg of Cyclops (From Child) 39
11. Diagram to show mode of descent (Modified from Jennings) 41
12. Artificially parthenogenetic frogs (Loeb) 52
13. Piece of tissue from frog embryo cultivated in lymph (From Harrison) 58
14. Group of nerve fibers which have grown from an isolated piece of

neural tube of a chick embryo (From Harrison after Burrows) 59
15. Human connective tissue cells fixed and stained with Giemsa stain

(After Losee and Ebeling) 60
16. Pennaria (From Wilson) 62
17. Culture of old strain of connective tissue (Ebeling) 63
18. Life table diagram 81
19. Comparing the expectation of life in the 17th century with that of

the present time 84
20. Comparing the expectation of life in the 18th century with that of

the present time 86
21. Comparing the expectation of life of ancient Egyptians with that of

present day Americans 88
22. Comparing the expectation of life of ancient Romans with that of

present day Americans 90
13



14 I L L U S T E A T I O N S

FIG.
23. Comparing the expectation of life of the population of the &

provinces Hispania and Lusitania with that of preset
Americans * *

24. Comparing the expectation of life of the population of the P*
provinces in Africa with that of present day Americans • *

25. Showing Pearson's results in fitting the dx line of the life tab*1*
5 skew frequency curves • *

26. Showing the relative importance of the different organ syst1***
human mortality

27. Diagram showing the specific death rate at each age for death1*
all causes taken together • -

28. The specific death rate at each age from breakdown of the circ**^
system, blood and blood forming organs • *

29. The specific death rate at each age from breakdown of the
tory system

30. Specific death rates at each age from breakdown of
secondary sex organs * *

31. Specific death rates at each age from breakdown of the kidney**
related excretory organs * -

32. Specific death rates at each age from breakdown of the skeleton-1
muscular systems *

33. Specific rates of death at each age from breakdown of the alimt* *
tract and associated organs of metabolism

34. Specific death rates at each age from breakdown of the nervotiJ
tern and sense organs »

35. Specific death rates at each age chargeable against the skin., ,
36. Specific death rates at each age from breakdown of the endrm

system , ,
37. Specific death rates from all othsr causes of death not covered •

preceding categories , ,
38. Percentages of biologically classifiable human mortality resulting

breakdown of organs developing from the different germ lay**
39. Specific death rates in males according to the germ layer from m

the organs developed „
40. Specific death rates for females...V „ ,
41. Survival curves of members of the Hyde family (Plotted from ]

data) „



ILLUSTRATIONS 15

FIC. *AGE
42. Influence of father's age at death upon longevity of offspring (After

Bell) 156
43. Influence of mother's age at death upon longevity of offspring (After

Bell) 157
44. Influence of age at death of parents upon the percentage of offspring

dying under 5 years (After Ploetz) 178
45. Snow's results on selective death rate in man 182
46. Male and female fruit fly (Drosophila melanogaster) (From Morgan). 187
47. Life lines for Drosophila melanogaster 188
48. life lines for different inbred lines of descent in Drosophila 192
49. Life lines showing the result of Mendelian experiments on the dura-

tion of lif e in Drosophila 195
50. Distribution of poverty in Paris U911-13). (After Hersch) 202
51. Death rates in Paris (1911-13) from all causes. (After Hersch) 203
52. Trend of death rates for four causes of death against which public

health activities have been particularly directed 230
53. Trend of death rates from four causes of death upon which no direct

attempt at control has been made 232
54. Trend of combined death rate from the four causes shown in figure

52 as compared with the four causes shown in figure 53 233
55. Course of the weighted average death rate for the countries in the A

and B groups, from typhoid fever 236
56. Like figure 55, but for diphtheria and croup 237
57. Record of. malaria control by antimosquito measures, Crossett, Ark.,

1916-1918. (From Rose) 241
58. Disappearance of yellow fever from Guayaquil, Ecuador, as a result of

control measures. (By permission of International Health Board) 242
59. Showing the change in percentage which deaths were of births in

each of the years 1912 to 1919 246
60. Theoretical curve of population growth 249
61. Curve of growth of the population of the United States 250
62. Curve of growth of the population of France 251
63. Curve of growth of the population of Serbia 253
64. Growth of a Drosophila population kept under controlled experi-

mental conditions 254


