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PRFNATAL GROWTH OF THF PIG.

Introductory.

Numerous observations on various phases of growth
are to be found in the biological 1literature. Most of
those concerning prehatal growth are uvpon the human embryo;
although scattered observations are also recorded on other
mammals, and a few on the lower vertebrates. The work
presented in this paper was done in the attempt to trace,
in the pig, the course of the prenatal growth of the body
and of the various organs. The results are also compared
with the cocurse of growth in the human species and in the
lower mammals, so far as data are available, The work was
done in the Anatomical Laboratory of the University of
Missouri, under the direction of Dr.C. M. Jackson, to whom
I am deeply indebted for his interest, aid and valuable
suggzestions.

II.

MATFRIAL AND MFTHODS.

A. MATWVRIAL.

The material used for this vpaper consists of 19 litters
of pig embryos, comprising about 124 individuals, of which
number 8¢ were used, In some cases all the pigs in the

litter were used, in others, three or four of the specimens



about the average of the litter were studied. (Teble I.).

These litters of embryos were secured from the Packing
Houses in Chicago (Aug.31, 190¢), Kansas City (Dec.27,1909),

and Columbia (at various times, Spring, 1910). Wherever
possible, the litters were worked up in a fresh condition.
In the other cases, they were preserved in a 54 aqueous so-
lution of formalin for varying lengths of time. In Table

I will be found a summary of the material used, and the con-
dition at the time used.

For the ovum, some fifty adult ovaries were examined
fresh. The method used was to open up the large follicles
under a dissecting microscope, and measure the ovum ( includ-
ing zona pellucida) %ith an eye-riece micrometer, whose
divisions have a known value, The largest ovum found is
considered nearly, if not aguite, the size of the mature ovum,
No data were found in the literature as to the size of the
mature ovum of the »nig.

For the data on the adult, a trip was made to the local
racking house, and four hogs, about 10 or 12 months old,
were examined and weighed. The individual measurements
thus secured were averaged, and the aversges used in the
various curves, The individual data are given in Table XX.

0f the fetal material secured, the litter at 18 mm.
was the smallest which could be conveniently dissected and
weighed. This leaves quite a gap between this stage and

the mature ovum, which I hope to fill at a later time,
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The largest litter examined averaged 262 mm. in crown-rump
length, and is not quite full-term. However, the changes
between this stage and birth are probably slight, excent
in the matter of absolute weight. That is, the relative
size of the various organs would probably not change much,
since the changes are relatively slight during the latter
part of the fetal period.

B. MRTHODS.

The method used for the fetal and adult material
was that of weighing. This is obviously simpler than any
other method which could be used, gives a better idea of
the relationship of the organs to the whole, and also gives
a convenient basis for comparison with other épecies.

The crown-rump length was &lso taken in all cases, as
it forms another basis of comparison for the individuals
and the different stages. It may, to a certain small
extent, take the place of the age, which cannot be determined
(except for the smallest and largest), in the comparison of
one litter with the others, The fetal age, however, is by
no means proportional to the increase in erown-rump length.

Fach litter is considered as a unit, That is, the
individuals in each litter, or three or four average pigs
therefrom, are weighed, and individual calculations are made
for the rercentage of each organ. The aver;ge of the per-

centages for any organ is then taken for the litter, and

.



this average is used in constrveting the tables and curves
expressing the growth.

The following measurements were made on each pig:
weight and crown-rump length were observed for the whole
body; the head, eyeballs, brain, spinal cord, thyroid,
thymus, right lung, left lung, heart, liver, stomach and
intestines (with mesentery and contents, also without con-
tents where possible), spleen, pancreas, suprarenals, sex
glands, kidneys and Wolffian body; were esch weighed sep-
arately. |

The weights were taken carefully, the organs being
rlaced in a closed glass vessel of known weight. For the
larger animals, the organs were weighed to .001 g.(1l mg.),
the body and head being weighed to .1 g. For the smaller
embryos (18 mm,, 25 mm., 37 mm., 41 mm,), the body and head
are weighed to .00l g., and the organs (except those weigh-
ing more than 10 mg. in the 27 mm. and 41 mm. embryos)
weighed to .0002 g. (.2 mg.).

The head was divided from the neck on a plane passing
just behind the angle of the mandible and the cranium.
Variations in this plane (which to a certain extent are
unavoidable) lead to variations in the weight,.and therefore,
in the relative size of the head.

The brain and cord were weighed without the dura mater,

but with the pia.



In most cases, the stomach and intestines, after
weighing with contents,were emptied of their contents and
again weighed. Ail figures for the stomach and intestines
include the mesentery.

The testis was weighed with the epididymis,

The organs were weighed with éontained blood; except
the heart, which was‘opened and cleaned of the blood in the
cavities.

Since the aggg of nearly all the specimens observed
is unknown, it is impossible to construct accurate curves
of growth either for the body as a whole, or for the various
organs, However, by arranging the figures representing
the relative size (per cent of the total body weight) accord-
ing to the crown-rump length, curves can be drawn which give
an approximate idea of the relative growth of the various
organs during prenatal life. However, no definite conclu-

sions can be drawn from these curves as to the rapidity with

which the changes in relative size take rplace. The only
exception to this is in the case of the body as a whole,
where some data by Keibel on the age of young pig embryos
make it possible to compare the growth in the early part
with that in the remeinder of the prenatal and with the post-
natal period.

A possible source of error lies in the fact that some
of the litters were fixed in formalin, while others were

studied fresh. It is well known that specimens preserved
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in formalin show an incresse in total weight, amounting
sometimes to 10-15% of the total., It is,however, improba—

ble that this increase will materially affect the relative

s8ize of the various organs.



III.
OBSERVATIONS.

The observations have been oondensed into twenty tables,
from which five plates, containing the curves expressing the
growth, have been made. In the following pages will be found
a short discussion of, and explanations for, the tables and
curves,

A.. TABLES.

Table I gives a summary of all the different litters used.

In 1t will be found the number of pigs in each litter and the
number used; the averags, maximum and minimum weights and crown-
rump lengths observed in those individuals studied; and the pre-
servation, whether fresh or in formalin.

Fach of tables II-XIX gives the observations for one litter
of fetuses. Individual observations are given for each specimen
examined, and all the observations on each measurement taken are
averaged and inoluded in the tablIs. The average relative weight
of all the viscera is also given for each litter.

The sex, where detesrminable, is given for each individual, the
the abbreviation M. being used for the males, ¥. for the females.
The orown-rump length is given in millimeters: the weight in grams:
and all other measurements in per cent of the total weight.

Table XX gives the same things for the 4 adults, with the ex-
ception of the crown-rump length, whioh was estimated by a rough
measurement of one hog.

A blank is left wherever, for any reason, any measurement was
not secured. However, if a column is not given especially for
the empty stomach and intestines, the figures given are for the
tract with ocontents.

Wherever only one pig of a sex was examined in a litter, the
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average for the sex glands is given only for the observations

on the specimens of the opposite sex.

B. PLATES.

Plate I shows the curve of absolute growth of the whole body,
the average weights for the different litters being arranged ac-
cording to the corresponding average orown-rump lengths. This,
of course, gives no idea of the rapidity of the growth changes.
Owingto the large value each division must have in order to get
the whole ourve on one page, the lower end of the curve will be
found magnified in the upper left hand corner. The adult weight
ie not represented.

In the remaining plates, containing the curves expressing the
relative prenatal growth for the various organs and the viscera
as a whole, the size is given in per cent of the total body
weight, and represente the average of the individual observations
- of each litter and of the adults. The average orown-rump length
for the corresponding litter is used for the abscissa. The
dotted portion te the right indicates the trend of postnatal
growth to the adult relations. These ocurves give no idea of the
rapidity of the changes.

Plate ITI oontains six curves: one each for the head, brain, sall
the viscera, the liver, stomach and intestines with contents, and
the last empty.

Plate III contains five curves:-one each for the heart ,lungs,
kidneys, spinal cord , and Weolffian bodies.

Plate IV contains three ourvesdi-one each for the eyeballs, pan-

creas and thymus.

Plate V is divided into two parts to avoid confusion, the value

.



of the divisions being the same in both cases. On it will
be found the curves for the spleen, thyroid gland, suprarsnal
glands, and the male and female sex glands. As indicated by

the curves for the last two, the sex was not determined at 25
mm.



TABLE I.
SUMMARY OF MATERIAL USED FOR OBSERVATIONS.

LOT NO.  NO.USED. CROWN-RUMP LENGTH. TOTAL WEIGHT.

NO. PIGS. SEX.  AV. MAX. MIN. AV. MAX. MIN. PRESERVATION.
13. 8. B.em- 13.6 15 13 .35 -= --  Form.3Mo.

14. 13, B.—-- 18 19 17 .70  .813 .836 Form.6Mo.
24. 10. 6B.--- 35,4 26 25 1.70 1.838 1.572 Fresh.

17. 8. 3F. 3M. 37 39 36 3.26 3.47 2.935 Presh.

21. 2. 23M. 41.56 43 41 4.96 5.17 4.66 Fresh.

8. 6. b6M.1F. 5% 60 57 10.66 10.88 9.53 Form.4Mo.

2. 2 3M.2F. 83 8 80 28.17 29.3 236.89 Form.3Mo.

5. 10. 7M. 3F. 86 101 70 36.5 46.4 233.2 Form.4Mo.

4, 1  1M. 3F. 108 110 105 o7. 116.5 83.  PForm.4Mo.
16. 6. 1M. 3F. 10%.3 110 105 74.85 83.3 69.6 Fresh.
33, 8. 2M. 1F. 113 115 110 113.3 118. 110.4 Form.3No.
18. 12. 3M. 1F. 136 134 131 145.6 157.56 136.3 Fresh.

3, 7 1M, 3F. 131 1356 137 116.3 124.7 107.9 Form3do.

1. ?  2M. 1F., 139 141 136 152.  162.5 141.9 Form.2Mo.
11, 5. 3M., 3P, 166 160 145 288.6 309.6 266.1 Form.lWk.
10. 5. 3M. 3F. 191 303 178 395.  443. 335.3 Fresh.
19. 6. 2M. 1F. 216 230 2305 466.  533.5 348.1 Fresh.

9. 5. 23M. 3P, 242 23556 234 730.8 783.5 661. Fresh.
30, ? -- 3F, 2363 265 2360 745.1 836. 693.7 Fresh.
ADULTS.  2M. 3F.  1050. 104538. 133614. 91018. Fresh.

Form. Refers to a 5% solution of Formalin in watsr.

The total number ¢f pigs in a litter not known for certain

wherever a question mark appears.



TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

TABLE II.

LITTER 14.
NO. 1. 2. 3. 4, 5. AVERAGE.
CROWN-RUMP 18mm. 17mm. 18mm.  18mm. 19mm. 18mm.
LENGTH.
TOTAL WEIGHT. .636g. .66Bg. .687g. .700g.  .813g. .700g.
HEAD. 33.49% 29.34% 30.00% 238.14% 37.36% 29.87%
BRAIN. 7.42 8.60  9.78 — 10.33 9.01
EYEBALLS. .094 .15 .30 L .17 .16
SPINAL CORD. -— - - 1.43 2.31 1.87
LUNGS. 094 - - - .81 .35
HEART. 3.73  3.33 2.85 5.71 3.03 3.51
LIVER. 12.78 13.90 13.59 9.23 9.41 11.58
STOMACH AND .18 - .17 - .46 .27
INTESTINES.
WOLFFIAN 6.60 7.84 8.16 7.60 7.07 7.49
ALL VISCERA AVERAGE———-—m—o S —— 34,234

Sex not dtermined for these specimens.
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TABLE III.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

Sex not determined in these

individuals.

~{f=

LITTER 24.
NO. 1. 2. 3. 4, 5. 6. AVERAGE.
CROWN-RUMP  26mm. 26mm. 25mm. 26mm.  ~— 26mm. 26.4mm.
LENGTH.
TOTAL WEIGHT. 1.572g. 1.623g. 1.637g. 1.760g. 1.791g. 1.828g. 1.70g.
HEAD. 37.98b 29.83% 29.56% 28.41% 28.25% 29.65% 28.95%
BRAIN. 4,83 7.58 6.94 6.87 6.81 5.68  6.63
EYEBALLS. .41 .43 .33 .42 .31 41 .37
SPINAL CORD. 1.71 1.23 1.73 1.19 .98  1.04  1.31
~ LUNGS. .48 .56 .83 43 .49 .42 .53
HEART. 3.49 3.39 3.35 3.07 3.33  3.11  3.26
LIVER. 17.2%  16.39  13.53 14.83 16.91 17.66 16.50
STOMACH AND  1.52 1.61 .95 1.08 1.24  1.20  1.27
INTESTINES.
SEX GLANDS. .13 .13 .11 .13 .13 .16 .13
XIDNEYS. .35 .29 .24 .18 .20 .36 .24
WOLFFIAN 5.03 4.37 4,97 4.03  5.41  4.54  4.73
KggngiBCERA 42 e AU —— 36.06



TABLE IV.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.
LITTER 17.

No @ AND SEX . l-F . B-F @ 5-F ) 4"“ ° E-M ° AVERAGE ®
LENGTH.
TOTAL WEIGHT. 8.93@53 5.2875, 5.5055. 3.28bg. 3.47g. 3.254g.
HEAD. 37.11%  265.86% —e—ee- 23.81% 24.98% 235.44%
BRAIN., 5.16 5.41 6.71 6.09 6.00 5.88
EYEBALLS. .58 79 - .61 .66 .66
SPINAL CORD. 1.53 .88 1.16 . 45 1.12 1.03
RIGHT LUNG. - .72 .73 Bl 43 .62
LEFT LUNG. — .36 39 « 45 .28 37
HEART. 2.25 2.85 3.39 2.03 2.33 2.23
LIVER. 13.87 156.54 15.43 14.85 16.88 15.37
STOMACH AND 1.77 1.46 1.36 « 97 1.06 1.32
INTESTINES.
; M) .235
SEX GLANDS. — 061 091 .24 .25 (F) .078
KIDNEYS. .58 .70 .96 39 .81 «69
WOLFFIAN 2.59 2.03 2.02 2.49 3.03 2.43
BODY.
ALL VISCERA AVERAGE = e e e e e e e e e e e e e e e e 31.66

—~| &~



TABLE V.
TOTAL WEIGHT IN GRAM8, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 2I.

NO. AND SEX. 1-M. 3-M, AVERAGE.
CROWN-RUMP 41mm, 42mm. 41.5mm..

LENGTH.
TOTAL WEIGHT. 4.66g. 5.17g. 4.97g.
HEAD. 37.89%  26.33%  26.81%
BRAIN. 7.10 6.66 6.88
EYEBALLS. .64 .59 .62
SPINAL CORD. 1.48 1.41 1.46
RIGHT LUNG. 77 73 .75
LEFT LUNG. .63 .50 .56
HEART. 3.46 2.16 3.31
LIVER., 13.32 14.68 14.00
STOMACH AND 1.48 1.76 1.62
INTESTINES.
SPLEEN. .012 .019 .016
PANCREAS. 034 .050 .042
SUPRARENALS. 11 .11 .11
SEX GLANDS. .24 .26 .36
XKIDNEYS. .50 .66 .63
WOLFFIAN 3.86 3.86 3.86

BODY.

ALL VISCERA AVERAGE-=-e=-cee————ee 32.09



TABLE VI.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.
LITTER 8.

No. AND SEX . I—F. Z-M. S-Mo 4‘-Ho 5—1‘. s-uo MRKGEQ

CROWN-RUMP 58mm. 59mm, 58mm. 60mm., 6O0mm., 57mm. 5%mm.
TOTAL WEIGHT. 9.53g. 10.1g. 10.36g. 10.36g. 10.88g. 10.88g. 10.66g.
HEAD. az.az% 24.68% 23.34% 24.73% 24.41% 22.61% 23.45%
BRAIN. _— 7.73 6.56 7.73  T.60 6.49  7.33
TYEBALLS. 1.02  1.03 .82  1.02 .93 .86 .95
SPINAL CORD. .83 87 .99 .91 .79 .78 .86
THYROID. .062 069  .038 043 033 - 046
THYMUS. .12 079  .097 - — - .097
RIGHT LUNG. 1.41 1.64 1.87 1.63  3.05 1.60  1.69
LEFT LUNG. 1.00 1.06 1.6 1.26 T.42 1,12 1.18
HEART. . 2.10 3.06 1.87 1.90 2.07 1.61 1.95%
LIVER. . 16.64 15.39 15,19 14.76 16.86 14.93 15.63
STOMACH AND 3.11 3.41 2,91 3.70 2.81 346 3.73
INTESTINES.
SPLEEN. 042 039  .038 048 .028 041 +039
PANCREAS. . 094 .18 .13 .086 .083 091 " i
SUPRARENALS. .13 13 .13 .13 .091 .16 .12
SEX GLANDS. .094 .16 .17 .16 .15 17 (M).15
XIDNEYS. 3.39 23,66 2.33 3.8 3,86 3,56 3.57
WOLFFI AN 1.46 1.29 1.38 1.24 1.29 1.78 1.41
ADL, VISOERK AVERAGE—ommmmmmmmmm e e e e 36.73

~ 1y~



TABLE VII.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 2.
NO.. AND SEX. 1-F. 3-F.. 3-M. 4-M, AVERAGE.
CROWN-RUMP 80mm.. 85mm. 80mm, 82mm. 82mm.
LENGTH.
TOTAL WEIGHT. 26.8g. 29.3g.  37.6g.  29.1g. 28..18g.
HEAD. 23.54% 21.47% 21.63% 21.78% 32.11%
BRAIN. 4.96 4.71 4.86 4.91 4.86
EYEBALLS. .90 .83 - .88 .86
SPINAL CORD. A2 .41 .43 .49 Al
THYROID. 032 .033 .018 .041 .026
THYMUS. 044 075 - 044 054
RIGHT LUNG. 1.78 1.66 1.88 3.00 1.83
LEFT LUNG, 1.30 I.10 1.33 1.45 1,237
HEART. 1.46 1.60 1.56 1.46 1.53
LIVER. 10.57 11.37 10.80 9.39 10.51
STOMACH AND 3.43 3.66 2.54 3.40 2.51
INTESTINES.
SPLFEN. 033 .044 . 039 .031 037
PANCREAS. .078 - .086 079 .081
SUPRARENALS. - 071 .069 .048 .063
SEX GLANDS. .044 .11 .097 .10 {M°-'099
F.-.077
XIDNEYS. 3.86 2.30 2.23 3,91 3.562
WOLFFIAN BODY.. 35 .38 38 .39 .38
ALL VISCERA AVBRAGE - —— e e v mvemns 27 .06
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TABLE VIII.

TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 5.
NO. AND SEX. 1-M.  3-M. 3-M, 4-M. 5-M.  6-M.
CROWN-RUMP  70mm. 84mm.  85mm.  93mm.  10lmm. SOmm.

LENGTH.
TOTAL WEIGHT. 23.3g. 34.6g.  35.7g. 39.55g. 43. g. 45.25g.
HEAD. 29.95% 23.94% 26.48% 28.39% 25.38% 23.48%
BRAIN. 5,38  5.18 3,33 5.73 6.29  b5.24
EYEBALLS. 1,19 1.21 . - 1.07 =
SPINAL CORD. .49 .41 .52 .45 .37 .37
THYROID. -— . 040 . 047 .045 .046  .031
THYMUS . - .13 12 s .18 -
RIGHT LUNG.  2.00  1.78 2.46 3,67 3.29  3.41
LEFT LUNG. 1.33  1.48 1.82 1.91 1.50 1.66
HEART. 1,83  1.85 1.31 1.27 1,39  1.31
LIVER. 14.756 11.97 7.91 10,12  10.07  7.03
STOMACH AND  3.86  3.35 3.11 3,31 3,34  2.46
INTESTINES.
SPLEEN. L063 061 .075 .037 .083  .040
PANCREAS. 085 .11 .058 .13 .15 .13
SUPRARENALS., .13 .12 .061 . 059 .063  .073
SFX GLANDS. .094 095 .073 . 060 .048  .0O71
XIDNEYS. 3.33  3.45 2.33 2,23 3,09  1.74
WOLFFI AN .49 41 .13 .15 091  .077
BODY.

ALL VISCERA AVERAGF == — oo e e e e e e —————————
NOTE. All the pigs of this litter, excepting numbers 1, 2,

and 9, were somewhat distorted, so that the crown-rump length

could not be accurately determined.
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TABLE VIII.

(CONTINUED).
NO. AND SEX.  7-M. 8-F. 9-F. 10-F.  AVERAGE.
CROWN-RUMP 96mm.  80mm.  78mm.  87mm.  85mm..
LENGTH.

TOTAL WEIGHT. 46.4g.  28.8g. 3l.4g.  38.5g.  36.54a.
HEAD. 24.81% 26.07% 2323.39% | 27.11% 25.18%
BRAIN. 5.47  3.13  5.08  5.38  5.02
EYEBALLS. 1.18  1.30 .88 — 1.14
SPINAL CORD. .25 .59 .45 .33 A2
THYROID. .033 .045 .038 . 059 .038
THYMUS . .18 .13 .10 . 067 .13
RIGHT LUNG. 3.17  2.39  3.09  32.26  3.24
LEFT LUNG. 1.35  1.74  1.41 1.57 1.66
HEART. 1.25  1.42  1.62 1.24 1.46
LIVER. 6.78  8.61  13.16 8.41 9,88
STOMACH AND 3,19  3.06  3.38 ' 2.83 3.87
INTESTINES.
SPLEEN. .064 . 066 .060 .14 .069
PANCREAS. .14 .15 .12 .064 .11
SUPRARENALS. .075 .047 .083 .085 .077
SEX GLANDS. . 064 . 045 . 060 ozs (078
RIDNEYS. 179 1.88  3.68  3.36  3.38
YOLFFIAN BODY.  —- .22 47 .13 .24

ALL VISCERA AVERAGE-———- S S 27.59
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TABLE IX.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 16.
NO. AND SEX. 1-M.. 3-F. 3-F. 4-F. AVERAGE.
CROWN-RUMP 105mm. 106mm.  110mm. 110mm, 107 .5mm.
LENGTH.

TOTAL WEIGHT. 75.5g. 69.6g. 171l.1g. 83.2¢. 74.9g.
HEAD. 17.91% 30.95%  ——- 19.61% 19.49%
BRAIN. 3.86 3.91 — 3.28 3.28
EYEBALLS. .53 .75 -— .73 .73
SPINAL CORD. .31 «29 46 .31 37
THYROID. -— .018 .028 .034 .026
THYMUS. .19 .10 .10 +17 .14
RIGHT LUNG. 1.43 1.71 1.31 1.63 1.53
LEFT LUNG. .96 1,19 .90 1.19 1.06
HEART. .84 .85 .74 .84 .83
LIVER. 8.76 8.15 8.22 797 8.28
STOMACH AND 3.83 2.76 2.45 3.91 2.73
INTESTINES.
8 AME-EMPTY. 2.03 1.83 1.70# 3.04# 1.90
SPLEEN. . 064 .070 0563 .072 .062
PANCREAS. .11 .11 .11 .090 .11
SUPRARENALS. .039 027 - . 037 .034
SEX GLANDS. .083 034 .022 .045 (F).034
KIDNEYS. Y71 1.64 1.78 1.85 1.75
WOLFFIAN BODY. . 066 .10 . 063 +074 078

ALL VISCERA AVERAGE === oo 31.01

# Weight of the stomach and intestines estimated from the

others for these two cases (empty, lose about 30%).

—] 8-



TABLE X.

TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

~ LITTER 4.

NO. AND SEX. 1-M. 2-F. 3-F. AVERAGE.
CROWN-RUMP 105mm. 110mm. 110mm. 108mm.

LENGTH.
TOTAL WEIGHT. 83. g. 93.5g. 115.62. 7. Ko
HEAD. - 24.54% 30.77% 33.86%
BRAIN. 4.21% 4.43 3.22 3. 94
EYFBALLS. .78 .86 .63 .76
SPINAL CORD. .25 - — 25
THYROID. -— 033 .029 031
THYMUS. 031 .086 054 .053
RIGHT LUNG. 2.01 .27 1.97 3.08
LEFT LUNG. 1.38 1.49 1.35 1.41
HEART. .85 1.023 74 .87
LIVER. 3.85 Be44 5.61 4,95
STOMACH AND 3.48 3.06 3.88 3.78
INTESTINES.
SPLEEN. 071 . 049 061 . 060
PANCREAS, . 088 .093 .082 .081
SUPRARENALS. .028 .026 037 .030
SEX GLANDS. .033 .033 033  (F) .033
KIDNEYS. 1.65 1.95 1.78 1.79

ALL VISCERA AVERAGF——— e e 18.10
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TKBIJE no
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 23.

NO. AND SEX. 1-F. 3-M. 3-M. AVERAGE.
CROWN-RUMP 114mm. 110mm. 115mm. 113mm.

LENGTH.
TOTAL WEIGHT. 110.4g. 113.6g. 116. g. 113.3g.
HEAD. 20.38% 18..83% 21.03% 20.08%
BRAIN. 3.62 3.16 3.10 3.26
EYEBALLS. .73 .67 -— .70
SPINAL CORD. .30 .37 w17 .36
THYROID. 027 .028 .017 .024
THYMUS. .19 .19 .18 .19
RIGHT LUNG. 1.48 1.40 1.15 1.34
LEFT LUNG. 1.05 .95 1.02 1.01
HEART. 1.02 .87 .88 .92
LIVER. 5.10 5.83 5.23 5.39
STOMACH AND 3.31 3.35 3.38 2.31
INTESTINES.
SPLEEN. D42 . 043 .050 .045
PANCREAS. .13 .14 .13 .13
SUPRARENALS. . 041 .081 .057 .053
SEX GLANDS. 023 .081 .049 (M).065
XKIDNEYS. 1.36 1.33 1.39 1.36
WOLFFIAN BODY. . 031 — .053 . 042

ALL VIBOKBA AVERAGE o cmmmmsmimsos oo e oo = 17.03
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TABLF XII.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THF
VARIOUS ORGANE IN PER CENT OF THE TOTAL WEIGHT.

LITTER 18.
NO. AND SEX. 1-PF. 2-M. 3-M. 4-M, AVERAGE.
CROWN-RUMP 121mm.. 125mm. 125mm. 134mn. 126mn.
LENGTH.
TOTAL WEIGHT. 137.5g.  136.3g. 1651. g. 157.6g.  145.8g.
HEAD. = e 33.04%  23.36%  21.05%  23.11%
BRAIN. 3.41 3.63 3.10 3.31 3.36
RYRBALLS. .69 .67 .72 .63 .68
SPINAL CORD. .16 .17 .13 .16 .16
THYROID. .033 .039 044 .041 .039
THYMUS. «17 o 17 .25 .29 .21
RIGHT LUNG. 1.51 1.43 1.01 1.47 1.36
LEFT LUNG. .95 1.03 R 1 1.10 .95
HEART. .75 .68 L .69 «T1
LIVER. 6.43 5.52 5.86 6.79 6.16
STOMACH AND 3.13 2.89 3.31 4.19 3.38
INTESTINES.
S AME-EMPTY. 1.74 - 1.87 3.43 3.01
SPLEEN. .094 .085 .14 .10 .11
PANCREAS. .095 .11 11 .13 .11
SUPRARENALS. .035 .036 .053 .033 .039
SEX GLANDS.. .034 041 .N64 .053 (M) .053
KIDNEYS. 1.17 1.23 1.49 1.43 1.35
ALL VIBOERA AVERAQE o oo oo cmm e ot o o e i e 18.66

There were two pathological pigs in this litter (not used).
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TABLE XIII.
TOTAL WEIGHT INTGRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 3.
NO. AND SEX. 1-F. 3-F. 3-F. 4-M. AVERAGE.
CROWN-RUMP 130mm. 130mm. 127mm. 135mm. 131mm.
LENGTH.
TOTAL WEIGHT. 107.9g. 124.7g. 117.5g. 114.8g. 116.26g.
HEAD, 36.74% 22.67% 34.24% 26.63% 24.51%
BRAIN. 4.82 4.51 4.41 4.39 4.51
EYEBALLS. - .84 .93 .93 .89
SPINAL CORD. «30 .34 .27 .16 37
THYROID. .031 035 . 025 .034 .038
THYMUS. .16 .15 .20 .18 .16
RIGHT LUNG. 1.91 2.11 1.87 3.04 1.98
LEFT LUNG. 1.33 1.65 1.37 1.43 1.42
HEART. .91 .91 .85 .82 .87
LIVER. 4.39 4.81 4.89 5.65 4.91
STOMACH AND 3.06 2.74 2.97 2.94 2,93
INTESTINES.
SPLEEN. .078 .086 .088 .071 .078
PANCREAS. «11 .10 .13 .092 11
SUPRARENALS. 037 .031 <033 039 033
SEX GLANDS.. 041 .031 044 .046 (F).039
KIDNEYS. «90 1,00 1.08 .89 .97
ALL VISCERA AVERAQE-—== oo oo 19.21
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TABLE XIV.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 1.
NO. AND SEX. 1-F. 2-M, 3-M. AVERAGE.
CROWN-RUMP 141mm. I35mm. 140mm, 139mm.
LENGTH.
TOTAL WEIGHT. 164.5g. 143, g. 153.6g. 153. g.
HEAD. 33.16% 33.686% 21.7% 22.63%
BRAIN. 3.87 4.63 3.31 3.93
EYEBALLS. .78 .80 .73 .77
SPINAL CORD. 31 .33 .28 24
THYROID. 030 033 .031 031
THYMUS. .33 .17 .30 .20
RIGHT LUNG. 1.76 3.05 1.96 1.92
LEFT LUNG. 1.28 1.49 1.43 1.40
HEART. .87 .91 .86 .88
LIVER. 4.45 4.3% 4.75 4.48
STOMACH AND 3.98 3.58 3.63 3.68
INTESTINES.
SPLEEN. 093 073 .092 .086
PANCREAS. . 097 .16 .12 .13
SUPRARENALS. 032 .036 .020 M- .0%3
SEX GLANDS. - .038 .040 .039
KIDNEYS. 1.63 1.66 1.52 1.57
RLL VIBORRR AVER AR i i s ommsscsiics i 19.48

—-2.3-



TABLE XV.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.
LITTER 11.

NO. AND SEX. 1-F. 2-F. 3-M. 4-M, 5-M. AVERAGE.
CROWN-RUMP 160mm. 160mm. 146mm.  155mm. 162mm. 156mm.
TOTAL WEIGHT. 366.1g. 293.9g. 380,1g. 396.1g.  309.6g. _ 288.6g.
HEAD. 23.29% 231.27% 34.91% 33.46% 32.77% 22.73%%
BRAIN. 3.63 3.63 3.65 3.38 3.48 3.53
EYEBALLS. .54 .49 .60 .52 .62 .53
SPINAL CORD. - .24 w1t 20 .19 .30
THYROID. 0321 . 033 .034 .026 .022 .033
THYMUS. <32 .19 .31 .23 .31 .21
RIGHT LUNG. 1.61 1.43 1.33 1.33 1.23 1.38
LEFT LUNG. 1.06 .92 1.03 .92 .99 .98
HEART. 071 .83 .65 .71 .67 .71
LIVER. 3,69  3.61 3,45 3.55 2.87 3.40
STOMACH AND 3.82 4.15 3.34 3.17 3.03 3.50
INTESTINES.
S AME-EMPTY. 3.6 # 2.78 2.2 # 2.1 # 2.0 # 2.33
SPLEEN. .092 .092 096 .093 .083 091
PANCREAS. .17 .13 .11 .094 11 .12
SUPRARENALS. .018 031 .018 .020 .021 .018
SEX GLANDS. .031 ..036 037 - - (P).033
XKIDNEYS. 1.09 1.10 1.13 99 .99 1.08
ALL VISCERA AVERAGE = oo e oo e 15.81

# The relative weight of the empty stomach and intestines

estimated from the observation on NO. 3.

—~2 Y-



TABLE XVI.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 10.
NO. AND SEX. 1-F. 2-F. M. 4-M. 5=M. AVERAGE.
CROWN-RUMP 190mm. 197mm. 188mm. 178mm. 303mm.  191lmm.
TOTAL WETGHT. 364.9g. 435.6g. 336.2g. 397.5g. 443. g. 395. g.
HEAD. 21.706 21.76% 36.14% 32.70% 20.56% 22.37%
BRAIN. 3.77 3.19 3.64 3.44 3.16 3.44
EYEBALLS. .56 44 .61 .56 .47 .53
SPINAL CORD. 27 .30 -— .34 .30 .33
THYROID. . 027 .014 .019 .034 .018 .030
THYMUS. 24 .27 .18 .36 .21 .23
RIGHT LUNG. 1.61 1.51 1.57 1.73 1.56 1.59
LEFT LUNG. 1.12 1.07 1.13 1.17 1.11 1.12
HEART. .68 .61 .63 .73 .84 .68
LIVER. 3.36 3.12 3.29 3.36 3.30 3.29
S8TOMACH AND 3.94 3.59 4.16 4.01 3.59 3.86
INTRSTINES.
SAME-EMPTY. 3.79 2.6 # 2.8 # 2.7 # 2.0 # 3.66
SPLEEN. .16 13 .15 .14 .12 .14
PANCREAS. .18 .14 .23 .16 .13 .17
SUPRARENALS. .014 .016 020 017 014 () -018
SEX GLANDS. .031 .012 .026 .035 .osz{m.,ol7
KIDNEYS. .96 .92 .96 .76 .93 .90
ALL VISCERA AVERAGE- ——— e e -16.233




TABLE XVII.

TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS8 ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 19.

NO.. AND BEX. 1-F. 3-M. 3-M, AVERAGE.
CROWN-RUMP 306mm. 230mm. 220mm. 215mm..

LENGTH.
TOTAL WEIGHT. 348.1g. 514.4g. 533.58, 466. g.
HEAD. 23.566% 19.30% 20.47% 31.11%
BRAIN. 4,92 3.69 3.39 3.99
EYEBALLS. .53 43 .41 .46
SPINAL CORD. .31 .26 .19 .25
THYROID. .038 .037 027 .034
THYMUS. .50 33 .30 .37
RIGHT LUNG.

- 3.43 2.75 2.73 3.96

LEFT LUNG.
HEART. 1.123 .92 .85 .96
LIVER. 3.93 3.66 3.64 3.74
STOMACH AND 4,92 4.87 4.83 4.87
INTESTINES.
SPLEEN. .18 .16 .15 .16
PANCREAS. .19 .19 .16 .18
SUPRARENALS. 026 .019 .032 .022
SEX GLANDS. .021 -— -— (P) .021
XIDNEYS. 1.48 1.04 1.11 1.21

ALL VISCERA AVERAGR = mmmmmmm o c e cmacea o m mm 19.33
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TABLE XVIII.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

LITTER 9.
NOo- AND SEXQ- 1"“. z-u. 3"?0 4"‘?. 5‘-?0 AVEMGE.
CROWN-RUMP 242mm. 255mm. 233%4mm., 235mm. 253mm. 242mm.
LENGTH.
TOTAL WEIGHT. 705.4g. 774. g. 661. g. 73l.lg. 783.5g. 730.8g.
HEAD. 20.98% 22.84% 22.29% 21.13% 23.35% 231.90%
BRAIN. 3.37 3.24 3.83 3.49 3.34 3.39
EYEBALLS. .32 «32 .38 .36 .30 .34
SPINAL CORD. .32 .34 .31 .30 .22 .28
THYROIDQ . 024 W st . 027 ® 028 * 019 ° 022
THYMUS. 35 27 .46 .35 .36 .34
RIGHT LUNG. 1.04 1.13 1.453 1.58 1.13 1.26
LEFT LUNG. .74 .76 1.19 1.17 .79 .92
HEART. 73 .76 .91 .91 77 .81
LIVER.. 2. A5 2.77 3.80 3.67 2.43 2.63
STOMACH AND %.89 5.04 5.01 5.17 3.91 4.61
INTESTINES.
S AME-EMPTY. 2.5 # 3.34 3.68 3.45 2.65 3.93
SPLEEN. .16 .15 .13 .18 « 10 14
PANCREAS. .13 .16 .16 o128 .15 .15
(M) .037
SEX GLANDS. . 042 .032 .013 .012 .016{
(F) .014
KIDNEYS. .99 1.03 1.10 .98 .93 1.00
ALL VISCERA AVERAGE.——--meemmemee - e ————————— 16.92

~21-




TABLE XIX.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF TH¥ TOTAL WEIGHT.
LITTER 19.

NO. AND SFX. 1-F. 2-F. 3-F. AVERACE.
CROWN-RUMP 260mm. 260mm. 265mn. 262mm.
LENGTH.
TOTAL WEIGHT. 692.7¢g. 717.5¢g. 826. gz. 745.1g.
HEAD. 22.59% 21.89% 20.68% 21.72%
BRAIN. 3.91 3.99 3.71 3.87
EYEBALLS. .45 47 .34 .40
SPINAL CORD. .30 .36 .31 .32
THYROID. .025 .024 .029 . 026
THYMUS. .29 .31 .51 .37
LUNGS. 2.04 1.79 2.18 2.00
HEART. 1.00 .97 1.04 1.00
LIVER. 2.89 2.90 3.19 3.00
STOMACH AND 5.62 5,90 6.02 5,85
INTESTINES.
SPLEEN. .13 .22 .15 .17
PANCREAS. .14 .13 .21 .16
SUPRARENALS. .021 .021 .013 .018
SEX GLANWDS. .024 - .045 .035
KIDNEYS. 1.04 .90 1.02 1.00
ALL VISCERA AVERAGE=~——— = cmmom oo mme e e o= =18,80
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TABLE XX.
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE
VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT.

ADULTS .
NO. AND SEX. 1-F. 2-F. 3-M. 4-M. AVERAGE.
CROWN-RUMP  -—- - —— 1050mm. 1060mm?
- LENGTH.
TOTAL WEIGHT. ©1,018g. 103,119g. 101,401g. 133,615g. 104,538g.
HEAD. 6.97% 6.22% 6.27% 4.80% 6.07%
BRAIN. —-— - - . 085 .085
EYEBALLS. - —— - .011 .011
SPINAL CORD.  .037 .039 .033 .038 037
THYROID. - - - . 004 .004
RIGHT LUNG. .51 .38 .35 .42 .39
LEFT LUNG. .38 .39 .17 .40 .29
HEART. .31 30 .34 .28 .31
LIVER. 1.33 1.61 1.36 1.23 1.35
STOMACH AND 5.83 7.06 6.35 7.46 6.67
INTESTINES.
SAME-EMPTY. 4.194 5.032 4.57¢# 5.37# 4.79
SPLEEN, .092 .15 .11 .14 .13
PANCREAS. .13 - .15 -— 14
SUPRARENALS.  .007 = s . 003 ..005
SEX GLANDS. .013 .017 - - .016
KIDNEYS. .23 .29 .36 .32 .35
ALL VISCERA AVERAGE=—— oo oo oo et 9.68

#- Relative weight of the stomach and intestines empty es-

timated from the one observation on NO. 2.

The length is an estimate from the length in inches.

~24-



% Wi

P lats L.

Covwn o»é Weslite Yeorstic ttwwubm.zr

~

*OW ‘VIBIWNT10D ‘IHOLS 3AILVHIJO-0D ALISHIAINN 3HL 48 31vS ¥O4 — 8 31vid JHNOSSIW 40 ALISHIAINN ‘ONIY3ISNIONT 40 LN3WLHVJ3G
- -

e 6o /80 206 1o 20 26a 280

l2e

1 1 } 1| L] i1l 1 ® @ & 11 IS IR EE y 1 | B8 EE DE B B R E T 1l m s i 11l )
1 1 | 1T ] 1 11 1 I W BEERE R T 1T B m & 51 § 1005 B0 5B A k L2 /
) 1 T T T INSS B8 198 B B ] JEEE ERRR] I T 85 T T
It D 4 L& 1 ! BT 0 L [ @) 1 T T |
s 1 0| 1 ] !
1 T 1 i iy ! T 1
1 1T ¢ 1 1 B 5 |
: 1 12T I 1 ! 1 S 6 3 A & T1
I 1 8 1 17T 1 ! 1 ! i 11T T T
1 B8 O T t T T 7 T
™™ T | T T T n
i5 1 I g} 17 Y 5 T 1 T
) 117 1 1 T 11 ) R 600 . 0 O R T
8 B T SRR SRS il B i TT T T
B 1 Y X ) Al o T it i 1 T
n , . ] aRASAES: T
1 T T
T il 1t T -
T S 1 T
L ! 8é
T - T T
INREE S
B I S PuEERES!
e REEE I
T 1 1 |L~ 1 !
+ + L] 4 ]
USENERES 11T I
RSN BN T
I B H INE NN RS
T ™ ™ e 1L
TT + r
— @} 8
- Sl Y8 B
m )| Ty
BRe. % & Ht T T
il TLTT T
T B § 1 5.8 11
BEREES 5] IBSEE S ESE! T
e 2 RS i T { 1+
/B B i & 11 i T T
1 1717 HITIThT I
! y 1 B8 1 T
T t b1 - ——
T 1711 T T T TT -
. +1T I mEs 5|
I I ! N )
= T T
1 ER TT T
1 : - -
1
"
T 1
BREN B
i
1 t
1 . T
3 T
. : I
= ! T
1 I 1 n
T T T
+ 1+ .
[ 3 IS SASRE R =
new ' I T H T
BES
1 H+ .4_» 1
T 1T T T4
6B : HE SR I
I 8 5 T +
i 2 T
1T ! T
n== T T T
! IR ] 1 T
A T
T T
i T
i
T LI L
[ il T
} I
T T +
A.H Tt ¢
i ..N. i
1
aeee T H H
t 1T I TEY 1
t ™ R =& g 1
It -+ ’ -
- s | T 1 a3 af
T T T BB BRERT ) T
I A T ) T1
et T TTT Y T T
1 - | PR | ~a T4
= fi beol. ) ()
t RERRS S -WE EY - RSS!
z : e
T = *
T EaEr Rl g e
T I
- s B rfx. + N “M w M“ :
T T : . NEIDE 8 TS 11 T r
i 1 S T B EE B Y ™1
T T S E T T : - !
: Ia R 7 84 i TN
T —-r = 1
.y 1 D e
Ty B L
—- 1 .
T i -~ S W T
1 ™ ] f
T T v T
T + - L1
1 8 I L
! i
T I - T
+ i 1
T1 ,h, ,. . T T A B4
T T T :
! =
INE 8BS
] IR L
¥ ==
13
-
H e -
7 t
T it + 11
T1 1 -
T
) 14 11 .
i i & ) 1T L
T T T t o
T T T
I8
T
10 2 u i 1
25 T 7 T
8 B I B E
ik B i 8

4o bo §o too
Crown - Runnp L«o{d., e

1o

110
Mo00
630
6o
490
420
350
2 6o
To0
3



1S SAILLYHIH0-00 ALISHIAINN IHL AT 37VS HO4 — 19 31v1d

NN ‘ONIHIZNIONT 3

@)

INIANLEVISa
7 y

*OW ‘VIAWNI0D IO
y T

T

TT

T

315 =

T T Il

NOSSIW 3G ALISY3AI

2.8

)
n

21298

L]
T
it T T 3
T T T T
: S T
§ 1 H=HH t + ? HH
H— T BN e 8 SE NS BB BB
! t ™ IT T 0 I8
T ! 8 052 B ) G T T
SERE R T d - -t +—
T t 44 4 I
u O o T 51 ISENE RN —
° - - 1 Ty T | )4 ) !
) [ = T T ; 1
(i SEEE BRESE N T T t
1 ESES 8 E8 T 1
1 1 TTTIT T 1
TI1T T Im]
I 1 INES I
=FECT t T T
T IRES]
T T t 1T
- 1 T TT
11 T
P : pE
im T
— —rt
: }
T TTH
FLr] T
25 ans :
i - ?
T T
bt T
1 v
¢ RS
1
1 T
8 W) =
1
T
. N 4
t
T
1
N
-
+ T
M aaE
T
T
1 T T
. 3 )
19. :
T ) T
1 T
t T
- e
+ 7
T A
~ + f f
T
o T
t t
T 2 € 1
- -+ +
H ~
/0.
— ¥ D
T+ L
1 I
IR O 11T 17T
n T P T R R} i1
o D B BEER B8R
1 S5 B SRS RSR]
HoiA it
=0 m) T 7+
5 = @ =]
0
T
— =
T o
1 Tl |
g : T
U e t TTTT i
- L 1 % 3 1
AS 1 8
QU = o
; + Tt }
11T i
Ty ot 17 -
t I 3
B SEwas_ = eRangE, r
Y T Al 1 TT
o ma! T T1 T LTT SR 1
t 11
- SR Saammasiame s | iesssus:
1 * 1 Y T 1T 1) el
T 7 T 1T T T T
EEBREBES | TIT T \BES B
" S or aman mE T e e .
BASF GUSEY Y81 EBEE DY IRiRE NERGY YSANY B S| 1 mm I jaas oS! O*M.ﬁ
. J W TOALAAS L

-



(9]

EDOww_s_ 40 ALISH3AINN ‘ONIH3INIONT 40 PZNEFG(&ND

=

_*OW ‘VIBWN109 ‘IHOLS IAILVH3JO-00 ALISHIAINA FHL A8 31vS HO3 — 8 31vid
13 : Sgasss sgaan
e !

1
1

1
-
1
)
1
+

——
)} T
T
{:
1§
T
A W1
l N
¥
\
: ™~
X m
n
X - -
I 1 ¥
sum h | ¥
| T ! T
g ]
X : i
= T1
: 8 - = ¥ 8 =
X sas T —
1 ¥

-

-4

1
™

-+
v

as

11
1
1

:

$-44
.
| X
»en
|

-4 4
.
L ¥

7
i
T8a8
o
- :
HH
N
[
o

1

It
1

. .
- — = H 1‘.‘0\&.
i ) ,,
= 11 n T -ﬂc .{.
T w\ I T
Y- v
1T T L .._li_llﬁ .ﬁ Hu . 7
. T 3
T IBEN] 1§ 1 + T 5 B E B ) IBEE BUNNSSuE} m N |
1 T I 1 P BSRES 5 IREE ™ | T 1T ERSEESS U RAN N1 = .O.UA w
> 0] ” ¢ 1
o « -
-

]
j 5o
I
:
%
i
!



Curvis o4 1_%””%

‘ﬁ_..Fﬂsirt aud Farensay.

184No

40 ALiSH3AINN ‘ONIY33NIONT 40

AN3W18VYd3d

*OW ‘VIBANTOD ‘3HOLS FAILYHILO-00 ALISHIAINA IHL A8 31VS ¥O4 — @ 31V1id
1 L4

SSIW

s

T INE B ER ISESEBSEE! T T T TT IEREEBE IRESESNRSE B IS E ERE) IARS ISEEE SR TTT
3 3 ,.A_.: <,..0‘]_I«.+ ,,4_ “t% _. _* T Jvﬁ “MA T ! .,H: T "a« “ o T ..IT
. - T Tt T t t R N e 58 He
. L " T ! I IRENE NS R ! s 1 | u - T _.w
2 T 1 T 1 T T
5 SER ! T B 1 7T T T [ T
m I BES 5 AR 1 T T 1 1 TT I . T T T
H- i - ! R ! I R
H 1 1 y - - . A} - w I} T
T TT1 T 1 1 I ! T -
1 T SEBEESE ;
T 1 I8 ) t
T
1 1 1
+ Lk
T I 1 T
I mEE 1
1 1
S I 1!
} 2§ U B -
08 - T + 1T 1 T T
! T 1 IR i ! 1
I 18 10 N i 9 I T 1 ] T 1
1 t aEamamE u T 1 t T ! T
T BN SEE 1
T s Tt 1 i) T = i B 1 T
1 T 13 T = T 1 ) TI7T 1
B S Siiaassaseaan _ _
IBEEE R T T T T T 1 !
(EEEEaR) T Tt 1 NS SN ImER T
! 1 i 1 T LT 1 W PR 1 T
1 1 0! 11 In qL (O 1 11
11 T T 1 1 R T T
T Q / T1T Ty J
L_ T L ) i |
! . : HHH +
L LIl Ll - )
T : T = T
412580 61 PO 5 B ! 1 1
5 £ 0 B O O 1
T S W 1
H 1|
11 I 1
1 T T 1
T 11111 t
T
T H 1 .
T T T
nm - 1 T 1
T T 1 Il
T Tt T T et . T
I 1 I i
1 T N e
1 1 T 1 T 1
T ! 1
1 1 i t T 1
L 0 T
)] { Tl T
1 +
I N T 2 T 1
18 3 0 /() T T
N R e 1
T T T
1 T T i
1 1 1 :
! T I
! 1 1 1
T 85 1 T 1 T
T T 1 1
2 ) T 1 n
T 1 i B 1
. T : T : anass :
Pl 1 jum 1 0 0 5 13 + T t «
i1 T I I 1 ! 1 Ims
[ IRRE 6 I ! T I
! T I 1 I T IR e
: aanas : : : H \
: | W) n ! ] T T " 13
" J ! () 1
= rHT e i ans ] T - ”
T I 1 1
18 ) ] T ] 1 i 1 1 2 3
IR T t T
'om | B |5 N (HE B 1 .
0 5156 R R 00 06 T LD W : —
+ : i T T
T -+ i 1 : 7
e - :
e TR T :
+ m.» 1 n.._rr. In T « 4 7+
. 113 1 1
i ) 1 1§ r% %) n 1T T tt 1
T TT Y T 1 1T T 1 1111 1 ) 8
Y u: 1 < + - i i T i T [ ) T T
1 1 ! 3 ! IS &) TIT T :
: = , : T Esanaanmal SEEEEEER =
- 3 1SS H T 11T 88 UNESE B A +
. I} 1yt R R 1 1LY s LEET T
- B 4 at 11 T ! 1 o T -
4 bt i § 1 T 1
\ SN T T+ -1 .
1 ) 4 +
@ T T T
1 1 1 IT
i T -
T : ]
: s s 1
|
: t H — ! T
4o 1
t I an + : !
— L 1 i 1
—+ - + 1 ) e 1 0 @ T
! 1 1 1 T 1
faaseesen 2 o2 : ! : T .
: : 18] i . - - ! T
: - I8! - 1 T T T T
1 1 1
L 1 19 T — i I N i -
T T T
P -u\ ) - - 5 3 ' "~
—
T+ v i +r + I ! 1 T
-1 - 11 ++ ! 7 ! T — <
T I IREES 81 ! 1 -
I it 1 ~ 18 i — — = — ===
- - 1 17 - - =
3 - - 1T ! T > g T
: - = T [ T 1
- ~ — T i ) s 5 & "
T+ 1 ——— Tt - — 1 w
T It 1 4 B U 5 2 N 0 03 T !
L LN 1T - ‘u
1l Ll 4 1 ! -
! A | 1 HHH - + 3 n~= ?’QE-
1 1 - . ; T T i
+ I - - t r Tl T T 1T T
T g i SesuEN) T 1 ISR T T 17 T
Iy IR Tl 1 IS U &g I 1 i ) I .:
= e < o
" *

) 5o
1S
200

22 5 HE

2 5o

2%



ant

. —u_o.wod.
§ %ﬁk\? g .l.. .Q;r\ . gia Jg‘ﬁb\g\a\ E\h\t‘k\-\;

‘ y
on ‘vIBWN109 ‘3HOLS IAILVHIS0-00 ALISHIAINA 3HL A8 3TVS HO4 — 8 3LV1d . I5NOSSIW 40 ALISHIAINN "ONIY33NIONTI 40 ANISWLHVLI30
1 ] 11 8 11 IEERSE SEN %38 5 1 i) T iy 11
HHH 1 issua mansa: ! RESSNRERA BRSRE HE! Tt 1 Ean=ams
Sestes : P : == Saaaasassssas : e
T 1 . $ | -
T ! TTT T ! . T 1 I 1 .
{ 1 “ : i SEERSEsEREEENESu: TS : ! -+
T 1 T ] t $ -
- T L 12 I ! 65
T t T T 1 + +
1 1 y i
: -
+ +
T t i
T 1
T T
T "
- T
1 1
- t
| )
1 1 i
- +
T 11
99 0 p~
_« T
. -
" 1
+ - +a
T T L+
1 L I
T
1
T
1
1
&
&
T 1
. .
1 1
i 1
+ T t 1 1
= 1 4
T i
e 1
90 ¢
I
ol
! i
T T T
8 1 S l
I G M M ld
1 1 L 1 4
-
- - e
11T I 1 T 1T 3
1 T 1 8 @ ! !
11 1 J, -
1 1 i 1 E ‘
1 = § 4 -+
T T a - T
T T 12 1 T
~ T 1
' = nm 0
+ 1 | ‘et
1 1 5 - 1
] 1 ri 18] !
T T T 7 5 - » T
) L T 1 b ) 1 - - 2 ey ERE w
1 1 t
; o . ] 3 4 005 E
- - ™ - - Tt P
] 1 I -°°~N q{.
T T ) 1 11l
H i J. 1
1 Il B I
3 ity ) Il i
1 1l 1 2 § It
1 LI 1 ! 4
+ iR 1) @ 1 0 1 1
e " I 1 s i i I
s . - . ] = b T - : +
: i
. i T jma , T T 1 T
L H-H T | 1 m G Bl il 1
h L2 1 1 e B E @8 3 I
TT T T 1 T o T 1T T IT LIy T
T 1 1 1 U BONRE B T T I
TYT §) T T 1 e S s I
£ T 111 T T T 1 11
T o ! i T I3 8 B 11
1 4 N1l it ] H 111 mai ¥ - )| ]
1 1 LLINTT V1T o 11 L 1 d
1 ! A W T i1y 1K i i T :
T T T TITTIT T T -
: ! T 1 BB 8 51 T 1
' 15 - -
It T 1 — :
1 v } 1 T T T
1 L 1 L 1 1 1 ) | T
i 3  § "3 I 14 o :
b | 1§ 3. 1 i
N 5 T 1 i A 1 + 4
1 TN T T T 1 1 - 1 1
=) T -
= ! T T o 1 1 i T v I w
+ T
I 1 i 1 Y § B . J% >
8! I + -
11 | | Y
1 T
IS B < )/ L 11
s wa! T - ) T n
Hll z ma. RS + & .
- - pah 4 v RSB I o &
H . o b UM b6 S RN u |
] T Mh ; I LT -I. T i wa ot 1 B
1 = 1T 14
T 1 T S SRR 1 ] Ty 1 51
1 I RN T Ll Il 1 I ! 11 LI |
i il IR} i 1 1 I ) T T 19 1 01 D T T
1 1 H 11 Y i & 1) 7 1 111 1
1 <
SEiaan : : e
1 1 T ril]
1 T $ - < ot
7 HHHH : . = szamss ots s
1 TIill 111 1 1 1 1l 1 il I ¥ | 11
11l 1T YL JuN SuNl TIT 1 : 1 2 @ o2 4 i | 4 6 Y ® 3 JIR LI T B EERRN) 4l t1il 1] +11 1
RS P B ¢ rel 2 LIl L] i I all A 1 L1 SLLESLELY BN 89| )" IEECENANSURED AR INGERAASENN! D N1 N I ;i 2 el i

Sy e dar

! 1.5:
26. HtHH

S0.
60

§
150
iy
p LY )
a2s
250

262.5 K
adu It B



IV,

DISCUSSION OF THE DATA, AND COMPARISON

WITH GROWTH IN OTHFR SPFCIFS.

In the following pages, the body a&s a whole will first
be considered, followed by the discussion of the viscera
as a whole, end finally of each individual organ. compar-
isons are made principally with the human srecies, for
which the data are fairly complete. The figures for the
human embryo are quoted chief;y from Jackson (4), unless
otherwise specified. Relatively few observations are

available for other animals.

1. THF BODY AS A WHCOLF.
(Tables I-XX: Plate I.)
I. The Pig.

Teble I gives the average weights ob-
served for the various litters examined. The corresponding
curve (Plate I), with the body weights arranged according
to the body lengths, shows, of course, that the actual in-
crease in weight is more rapid in the later stages. This
cannot be taken as the actual growth curve, however, since
the body length does not increase in proprortion to the age.

There are, however, two litters for which the age can
be zpproximately estimated. From these may be roughly es-
timated the growth rate for the earlier and later stages.

The largest ovum found in those pig ovaries examined,

measured .177 mm, in dismeter. This includes the zona
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vrellucida, which measures about .020 mm. in thickness (.010
mm. counted twice in measuring the diameter). From this,
the diameter of the mature ovum (including zona pellucida)

is estimated to be about .18 mm, The corresponding volume

would be sbout .000003 cec., and (assuming the specific grav-
ity as 1) the weight about .000003 g.

Kelbel (9) cites 3 pigs, aged 22 dzys, which varied
from 12 to 14 mm., in length. In the smallest littér ob-
served by me, the average crown-rump length was 13,6 mm.,
and the average weight..zsg. (8 specimens). These embryos
would not more than 23 days o0ld according to Keibel's figures.

The duration of pregnancy in the pig is given by Coburn
(13) as 112 days, by Long (1l4) as usually 112, varying from
110 to 116 days according to age of the mother, and by
Spencer (15) as 16 weeks. This would place the usual time
at 16 weeks or 112 days.

Long (14) gives some figures for the weight of litters
from 1 year old sows, The litters average 7.8 pigs to the
litter, the total average weight being 14.2 1lbs., or 6,442
gms. This 1s an average weight of 826 gms. per pig. For
sows 2-3 years old, the pigs average about 1,190 g. For
thosé about 5§ years old, the pigs are still larger, weighing
about 1300 gms., on the average (individual data not given).

As the hogs which go to market are usunally about 10-12
months 0ld, the average weight of the full term fetus would

therefore be approximately 826¢g. The oldest litter exam-
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ined in my observations averaged 745 g. These pigs are
therefore probably well along in the last month of fetal
life.

During the 23 deys immediately succeeding fertilization,
the weight increases to about.25 gram, an actual increase
of about 83000 times the weight of the ovum. Fven this
is too small, as a part of the ovum goes to form the mem-
branes, etc. But this gives en idea of the enormously
rapid growth rate in the early stages. For the whole en-
suing fetal period of 9¢ days, the fetus increases actually
in weight from .25 g. to 826 g., an increase of about 3200
times the weight at 23 days. That is, in a period about
four times as long, the increase is only about 1/25 as great.
If the early rate of increase were maintained throughout
the fetal period, the new born animal would weigh about 2
million billion grams.

The weight at birth, 826 g., represents an increase of
over 275 million times the weight of the ovum.

The four 2dult hogs examined (age about 12 months)
averaged about 104.5 Kg. in weight. ¥e may safely estimste
the average adult weight to be about 100 Kg. The increase
from a weight at birth of 826 g. to an adult weight of 100
Kg. represeﬁts an increase of only 121 times. Certainly
an enormous decrease in the relative growth rate, even when
compared with the last 99 days of prenatal life. The total

increase from the weight of the ovum to the weight of the
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1 year adult.(ls months total prenatal and postnatal time)
amounts to about 33 billion times the weight of the ovum.
Although these data are limited in extent they show
such startlingly enormous differences that we may safely
assume the conclusions of Muehlmann (10), strongiy empha-
sized by Minot (6) and Jackson (4), to be true also for the
pig; that 1s, the relative growth takes place most rapidly
in the earliest stages, the rate decreasing, at first rapid-

ly, then more slowly, throughout prenatal and postnatal

life.
TABLF XXI.

TABLFE OF COMPARATIVE GROWTH.

Ovum . Three weeks . .
Animal Ovum - absol.wt,: absol g. :no.of times :
: Jincrease :
Pig :  .000003 . ,025 : 83,000 @
Human . .000004 :  .016 : 4,000
Rabbit  :  .000003 © 11.7  :3,900,000
white Rat :  .000003 (%) : 6.0  :1,670,000
Chick ;2 '9E210%8%) : z0.0 i (%) :
: 112 days :16 months(pre+postnatal)
Animal absol g.:no.of times : absol.g. : no.of times
. wt of ovum @ . wt.of ovum
Pig : 826 .275,000,000 :100,000  :33,000,000,000
Human : 120  : 30,000,000 : 8,000 : 2,000,000,000

Rabbit  :1000 (?):333,000,0007: 2,000(?): 667,000,000(%)

White Rat : 140  : 47,000,000 :  275(?):  92,000,000(?)
Chick 11000 (2): (%) : 2,000(?): (?)
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II. Comparison of Human Growth.

The human ovum ( plus zona pellucida) has a diam-
eter of about .2 mm,, and a correepdnding weight of about
. 000004 g. At 22 days the embryo weighs about .016 g.
This is an increase of abdut 4 thousand times the weight
of the ovum,

At the end of 112 days (full term for the pig), the
human fetus weighs about 120 g., an inerease of about 7500
times the weight at 22 days, and about 30 million times the
veight of the ovum.

At 7 months of age, the human child averages about
8 Kg. in total weight (Vierordt). This age corresponds
to an age of 1 year for the pig, being 16 months prenatal
rlus postnatal. This weight represents an increase of
about 2 billion times the weight of the ovum,

At birth, however, the humen averages 3200 g. in weight.
This is an increase of about 800 million times the weight
of the ovum, At 20 years of age, the average weight is
60 Kg. (Vierordt), which is an increase of about 19 times
the weight at birth, or about 15 billion times the weight
of the ovum,

If we compare these figures with those for the pig
(ef.Table XXI) we find that in the earlier embryonie period

(about three weeks) the relative growth rate in the pig is
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over 20 times as rapid; for the 4 months period, about 9
times as rapid; and for the 16 months, over 16 times as
rapid.

From this, we may conclude that during the first 16
months the relative growth rate is from 9 to 20 times as
rapid in the pig as in the human. Although the rate 1s
more rapid in the pig, the human finally reaches a larger
relative size at birth, on account of the longer gestation
period. That is, it is relatively nearer its adult size
when born. In spite of its lower growth rate, however,
the human adult approaches the pig in weight, on account of
the longer period through which growth extends.

I1I. Comparison of Relative Growth in the Rabbit.

The mature ovum of the rabbit has 2 diameter of
.18 mm,, according to Waldeyer (16), which, like that of
the pig, corresponds to a weight of about .000003 g. At
the end of 21 days of prenatal growth, the embryo weighs
11.73 g. (the average of two-sbec1mens of Fehling (12)).
This represents an increase of about 3,910,000 times the
weight of the ovum, as compared with about 83,000 times for
the pig at about the same age.

At birth (the period i1s 30 days), the animal weighs
28.25 g. according to Fehling.

The adult rabbit weighs 1500 to 3000 g. From this
we mey safely assume (since the rabbit grows veryv rapidly)

that, at 112 days (3 months vostnatal), the rabbit would
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weigh about 1000 g. This is about 333 million times the
weight of the ovum, as compared with 275 million for the
rig in the same time.

From these figures, we conclude that,in the earlier
stages ,the growth rate is far more rapid in the rabbit fetus
than in the pig fetus of the same age (cf.Table XXI).

After birth, however, the growth rate of the rabbit decreases
greatly, so that at the end of 112 days (birth of the pig),
the nig has almost overtaken the rabbit, and soon exceeds

it. Minot (6), indeed, concludes that at birth the rabbit
has lost over 984 of its power to grow,

IV. Comparison of Growth in White Rat.

The ovum of the white rat may be assumed to have the
same size as that of the pig, with a weight of .000003 g.
At 21 days (birth) the rat has an average weight of about
5 gm. (Donaldson (2), average for 57 individusls of both
séxes as 5.2 g.; Jackson for 24 individuals of both sexes
as 4.58 grams). The increase therefore amounts to about
1,870,000 times the weight of the ovum.

At 92 days postnatsl age (113 days prenatal plus post-
natal), the average of 11 individuals taken from Donaldson
(2), is 139.58 g. This is an increase from the weight of
the ovum of about 47 million times,

At 15 months vostnatal, corresponding to 1 year post-
natal of pig, the'weight of the white rat is about 275 g.

on the average, estimated from data by Donaldson (2). This
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is an increase of about 92 million times the weight of the
ovum.

It 18 therefore evident upon comparison (cf.Table XXI)
that during the prenatal period of the rat (3 weeks) the
growth rate is much greater then for the pig; but, owing
to the longer course of prenatal life the pig finally reaches
a greater relative weight at birth than does the rat.

V. Comparison of Growth in the Chick.

The egg of the chicken has a weight of about
3E-40 g. Its protoplasm (which would corresypond to the
mammalian ovum),cannot be measured. The egg is, of course,
chiefly made up of food material for the chick embryo, and
it is provbably due to this that the chick has such a rapid
early growth rate.

According to Welcker and Brandt (8), the new-born chick
weighs about 30 g. This represents an enormous increase
in the living protoplasm, but the growth rate cannot be
calculated. But, starting from some very small weight,
the chicken fetus increases to a weight of 30 grams in 21
deys, which is a larger total weight than that reached at
the same time by any of the animals yet considered. From
incomplete data by Welcker (8) and Davenport (1l),the great-
est relative growth comes in the earlier fetal stages, grad-
ually decreasing after about the 9th day of incubation.

At 112 days (the end of the prenatal period for the

rig), 92 days of postnatal life, the weight of the chick may
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be safely assumed as about 1000 g., an increase of about
25 times the weight at birth.

VI. General Conclusions on Comparative Growth.

From the foregoing account of the development of
these various animals (cf.Table XXI) it will be seen that
the general course of relative growth of the pig agrees with
that of all the others, in that the rate is very rapid in
the early embryonic stages, decreasing at first raridly,
then more slowly, throughout prenatal and postnatal 1life,
until the adult size is reached.

The repidity of growth, however, is quite different in
the various animals at corresponding periods. Thus, at the
end of 3 weeks of prenatal life the pig has increased about
20 times as rapidly as has the human embryo, but only about
1/20 as rapidly as the white rat and 1/50 as rapidly as the
rabbit. After birth of the rat and rabbit, however, their
growth rate is greatly decreased; so0o that at 112 days the
pig (new born) has far outstripped the rat (275 million to
47 million), and is approaching the revit, which has reached
a weight of about 3323 million times the ovum. The humnan
embryo still lags behind (30 million) but is avvproaching
the rat. At one year postnatal (16 months total) the pig
has reached 33 billion times the weight of the ovum. Next
in order is the human (7 months o0ld) with an increase of
2 billion times, while the rabbit and white rat have been

dropped far behind. Thus the animals with a short gesta-
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tion period (rabbit, rat) have a more repid relative growth
rate during that period, but are thereafter overtaken and
outstripped by those with a longer gestation period (rig,
human).

At the time of birth, the growth rate always undergoes
a rapid decreese, the prenatal rate always being far more
rarid than the pnostnatal. There seems to be no definite
relation, however, between the length of the gestation
veriod and the ratio of new born to adult weight. Of the
five species considered, the human is relatively nesrer
the adult weight at birth, the ratio being about 1:19.
The pig is farthest from the adult, the ratio being about
1:120. The rabbit, rat and chick take an intermediate

vosition, their ratio bveing about 1:60 (cf.Table XXII).

TABLF XXII.

RATIO OF ADULT TO NFWBORN WFIGHT

: Weight of : Weight of ! Weight Adult
. Newborn E Adult . Weight Newborn
Pig . 828 g. g 100,000 g. g | 121
Human g 3200 g. } 60,000 g. g 19
Rabbit  :  38.35 g.§ 2,500 g.? } 66
White rat :  5.00 g.: 300 g. % 60
Chick g 30.00 g.% 2,000 g(?)% 66
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2. RFELATIVFE GROWTH OF THF VISCFRA.

(Tables II-XX; Plate II.)

Under this heading will be considered the relative
growth of all the viscera,together, (including the brain
and spinal cord) which were measured. In a negative way,
this gives also the relative growth of the other structures
of the body—chiefly skin, skeleton and musculature.

A reference to Plate II will show the general trend
of the curve. The maximum relative size occurs in the 59
mm. litter, where the organs form 36.72% of the total.

At 18 mm, they form 34,247, and in the late fetus, 18.20%
of the total. In the adult, they form only 9.68% of the
total weight.

From this it 1s evident that the skeleton and muscula-
ture are relatively small at first, increassing, at first
rapidly, then more gradually, until, in the adult, they
form nearly 1/2 more relatively than they did at the fetal
maximum for the organs.

Figures for the viscera (including brain and spinal
cord) of the human fetus are as follows:

Second month--35,98% of the total body.

Fifth "W --27,804 * » " "

Fighth * +-26.95¢ » » " "
(Still-born) Tenth " --26,337 * * w »

From data by Welcker (8) (5 males, av.weight 58.2 Kg.)
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the average total of the viscera is 13.07% for the adult.
This is siiggiiy.fgggithan that found in the pig for the
adult. The total relative weight of the viscera is appar-
ently about the same for the pig and human in early fetal
life; but at birth that for the pig is much below the
human, The decrease for the viscera and the increase in
relative size for the remalning structures are very marked
between birth and the adult, both in the pig snd the human.
According to Jackson, the brain and spinal cord in the
human embryo,at the beginning of the second month, have
nearly 3 times the volume of the organs lying ventral to
the body axis: at birth they are about equal; while in
the adult, the ventral organs are 6 times as large as the
brain and cord. In the pig, the nervous system is relative-
ly much smaller, In the 18 mm, pig embryos, the ventral
organs are nmore than twice as large as the brain and spinal

cord: at birth they are more than three times as large;

while in the adult, they are about 100 times as large.

2. THFE RFLATIVF CROWTH OF THE VARIOQUS ORGANS.

The relative growth of the organs considered together
having been shown, 1t is now necessary to take up the growth
of each individual organ separately, as their growth is by

no means uniform.
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THF HFAD.

(Tables II-XX:; Plate II)

Table II and the head-curve in Plate II, show that the
head was found relatively largest in the earliest stage
examined (18 mm,), forming, oﬁ the average, 29.67% of the
total, Throughout the earlier fetal stages it forms from
20-25¢ of the total, and in the later, averages about 21
to 224. Its minirum relative size is 19.49% at 107 mm,

In the nearly full term fetus it averages 21.7% of the total.
In the adult it forms 6.07% of the total body weight. The
decrease in the relative size of the brain is much larger
than that of the head, so that the facial structures form

an increasingly larger portion of the head in the later
fetuses and in the adult.

In the human, the head reaches a maximum relative size
of 45% during'the second month, It then decreases gradually
in relative size, forming about 26-274 of the total at birtn.
The adult human head forms 6-9% of the total body weight.

The head of the pig at no stage observed reaches as
large a relative size as does the human at a corresponding
stage, having, for the mést part, a relative size about 2/3
that of the human, In the adult, the relative size is more
nearly equal in the two species,

In all vertebrates, from the fishes upward, the embry-

onic head is relatively large, especially in the early stages.
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The extent to which this is true varies in the different
forms, the head being in general best developed in the
amniota. It is perhaps largest in bird embryos, where it
may form more than half of the entirq body (chick). There
is also variation in different species of mammals, as shown
by the difference between plg and humén.
BRAIN.

(Tables II-XX- Plate II)

The maximum relative size of the brain (Table Ii) was
found at the earliest stage examined (18 mm., accompanying
the maximum relative size of the head). It then forms, on
the average, 9% of the total body weight. The relative
size then decreases, rapidly in the earlier stages,Athen
more slowly until, at 113 mm., it has a minimum prenatal
relative size of 3.264 of the total. 1In the fetus nearly
full term, it forms 3.87¢ of the total, and in the adult,

. 0854,

A comparison of the relative size of the head and brain
shows that, in the first stage examined, the brain forms
about one-third of the head; at 82 mm. about one-fifth,
and throughout the later part of fetal 1life and at birth,
about one-sixth. In the adult it forms only abcocut one-
seventieth qf the head,

This is a very small relative size when compared with

the human, both in prenatal and postnatal stages.
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The maximum relative size for the humaen occurs during
the second month (at the same time as for the head), when
the brain forms about 204 of the entire body. This is
about one-half the entire head. At birth, the brain forms
about 12.8% (still-born), or 14.6¢% (1live born), which is
about one-half the entire head. Vierordt (7) estimates
the adult human brain at 2,164 of the total body, forming
about one-third to one-fourth of the head.

The human brain, therefore, is relatively much larger
than that of the pig, in percentage both of the head and
of the entire hody.

Donaldson (3) gives some figures for new born rats,
showing that the brain forms sbout 5.187 of the total
reight (both sexes). Figures for adult rats, over 10 months
0ld, from the same source, show that the brain forms .714%
of the total (a2n average of eight large male and female
rats being taken). This is almost nine times the relative
8ize of the adult pig brain.

In the dog-fish, data compiled by Kellicott (5), show
that at birth the brain forms 1.11% of the total, while in
the large adult it forms only .0854, or about the same
relativg size as the pig.

Some observations on the chick, recorded by Welcker
and Brandt (11), indicate that, at the ninth day of incu-

bation, the brain forms 28.27¢ of the body; newly hatched,
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3%; adult, less than .54. Other abservations from the same
source indicate that the brain is relatively larger in the
embryo or new born than in the adult, for the dog, shrew,
salamander and stickleback.

These observations show that the brain is relatively
large in the vertebrate embryo, usually at a stage conpara-
tively early in prenatal 1ist, diminishing atterward through-
out pre-and post-natal life. The brain also forms a larger
provortion of the head_in prenatal than in postnatal life.

SPINAL CORD.
(Table II-XX; Plate I1I)

The spinal cord in the pig embryo has its maxinmum
relative weight (of the stages observed) at 18 mm., where
it forms 1.874 of the total. Decreasing, at first rapidly,
then more slowly, at 126 mm. it reaches its minimum relative
size, about .167 of the total. Throughout the remainder
of the stages examined, it averages about .25%. 1In the
‘late fetus, however, it forms .324; while in the adult it
forms .037% of the total.

In the first stage, its weight is about one-fifth that
of the brain, later in the fetal period about one-twelfth
to one-fifteenth, in the late fetus reaching one-tenth,

In the adult the weight of the cord is between one-half and
one-third that of the brain. Its relative growth rate
must be much greater in postnatal 1life than is that of the

brain; or, otherwise expressed, the decrease in relative

-50-



size of the brain is much greater than that of the cord.
On the other hand the prenatal growth rate of th: brain is
much larger than that of the cord.

The cord is relatively larger in the human fetus than
in the pig in the earlier stages, but smaller in the later
stages. Its maximum in the human embryo is 4.85% in the
fifth week, and 3.43% at 17 mm., in comparison with 1.87%
at 18 nm, in thé pig. At birth, the human cord forms sbout
.15% of the total weight, which 1s only one-half the rela-
tive size of the pig's cord. In the human adult, the cord
forms .067 of the total (Vierordt), which is almost twice
that of the pig. The conditions regarding comparative
prenatal and postnatal growth of brain and cord are similar
in both human and pig; that is, the brain has the more rapid
relative growth rate in prenatal 1ife. In postnatal life
the relative growth rate of the cord is the more rapid, as
Donaldson has pointed out for the human.

Figures from Donaldson (3) show that at birth the
spinal cord in the white rat forms, on the average, .73%
of the totel, while in the adult (10-12 months), it forms
.209%. The decrease is therefore similar to that in the

rig and human, Data by Welcker (8) indicate a similar

decrease in the chick, but not in the dog.



TABLFT XXIII.
Showing the apvroximate relations of weights of the
Brain and Spinal cord at different times in the Pig, Human

and White Rat.

Plg X Human : White Rat
Fetal:birth:adult: Fetal:birth:adult:birth:adult
Brain weight : max. : : . T max, : : 2

Spinal cord wt.: . : . : : : .
. 5 : 12 : 2 : . 4 :90 : %6 : 7 : 3.5

Brain 4 Birth : 45 : 6 : 7
Bra{n7%TA&u1t : :

Sp. Cord 4 Birth: 9 : 2.5 : 4
Sp.cord & Ajult: ;

THF FYFBALLS.
(Tables II-XX; Plate IV)

The eyeballs (Tables II and VIII and curve on Plate 1IV),
starting with an average relative size of .lé% of the total
at 18 mm., increase rapidly to a maximum of 1.14¢ at 86 mm.
From this stage, they decrease slowly until, at birth, they
form .407 of the total. In the adult they form only .011%
of the total weight.

From a few scattering observations on the human eyeballs,
it seems that they are relatively smzller than those of the
rig in the early stages; about the same relative size in
the later stages of prenatal life; relatively smaller at

birth, and about twice as large relatively in the adult.
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wWelcker and Brandt (8) record some observations on the
chick embryo. At the 11lth day of incubation, the eyeballs
form nearly 26% of the total body. At birth they form about
3%, and in the adult about .3# Other data indicate that
the eyeballs are smaller in the adult shrew, salamander,

stickleback and dog than they are in the embryo or new born.

THYROID GLAND,
(Tables VI-XX; Plate V)

The thyroid makes its first appearance (being too
small for accurate dissecting earlier) in the 59mm. litter,
when it has its maximum observed relative size of .0454 of
the entire body weight. From then until the end of the
prenatal period, it averages from .02 to .03%, forming .026%
at birth. In the adult it forms only .004% of the total.

The individusl measurements are rather variable for
this gland, but it avérages very regularly throughout.

It more rearly keeps vace with the body growth than any other
organ observed.

The human thyroid, forming .035% of the total at 2
months, increases to .111% (still born) or .125% (1live born).
In the adult it forms .05% of the totel, according to
Vierordt. It is therefore, at all stages, a larger and

probably more important organ in the human than in the pig.
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THYMUS GLAND.
(Tables VI-XX; Plate V)

The thymus is liable to 2 considerable amount of
individual variation, and shows a gradual increase in
relative size throughout prenatal life. Where first meas-
ured, at 59mm., it forms almost .1% of the total weight.
Near full term, it forms .377 of the total. It was not
found in the adult, though it may possibly have been over-
looked,

In the human, the thymus forms .008% of the entire bedy
at the end of the second month; and about .3% at birth,.
vierordt gives the adult size as .04¢ of the total weight.

In general, the relative size and course of growth of

the thymus aprears similar in the pig and in the human.

THF. LUNGS.
(Tables II-XX; Plate III)

The lungs are considered together because, while there
is a difference in size, their ratio to each other tf\fairly
constant, the right lung bveing to the left approximately as
7:5. The curve for both lungs together is given in Plate
III. Forming .53% of the total weight at 25 mm., the lungs
increase rapidly in relative size until, at 86 mm., they
form 3.79% of the total body weight. PFrom here the decrease
in relative size is somewhat irregular to the late fetus,
where they form 24 of the total body weight. 1In the adult

they form only about .687. In the smallest litters examined,
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there is apparently no appreciable difference between the
two lungs. The difference between the two lungs in the
larger stages, while holding fairly well to the ratio of
7:5, is liable to considerable individual variation, as is
the relative size of the two lungs.

Aprroximately the same course of growth occurs in the
human, There is an initial rise, the maxlmum occuring in
the fourth fetal month, when the lungs average 3.29% of the
total weight. 1In the still~born they average 1.7%, in
live born, 2.18%. In the adult, they form 1.5% of the
total (Vierordt). In relative size, therefore, the human
lungs are aprroximately equal to those of the pig during
prenatal life, but are about twice as great in the adult.
In both the maximum relative size occurs in early fetal life.

The right lung in the human is also larger than the
left, averaging about 204 larger. In the adult, the right
lung is usually stated to be only 107 larger than the left.
In the pig, however, the right lung averages about‘40%

greater than the left, both in the fetus and in the adult.

THF HFART.
Tables TI-XX; Plate III)

The heart has its greatest observed relative size in
the earliest stage examined (18 mm), forming 3.514 of the
total weight. An examination of earlier stages would prob-
ably show a still larger maximum, It decreases rapidly at
first, then more slowly, until, at 119 mm., it forms only

.659. of the total body weight. 1In the later fetuses, there
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is a gradual rise, the heart forming 1.004 of the total
weight in the 26mm. fetus (nearly full term). In the adult
it forms .31%#, about one~-third that of the late fetus.

In the human, the heart also has its maximum early,
being estimated at more than 54 in a four week embryo; 3.64%
in the fifth week (1llmwm.) and .85% in the third month. At
birth it forms .79 to .77¢ (still- and live-born). Vierordt
estimates the adult human heart to form .467 of the total
weight.

The heart is, therefore, similar in relative size in
rig and humean during fetal 1life,. It appears, however, to
be relatively smaller at birth, and larger in the adult in
the human.

STOMACH AND INTFSTINFS.
(Tables II-XX: Plate II)

The stomach and intestines (including mesentery) dif-
fer from all other organs observed, in that they increase
greatly in relative size in the adult. This is the case,
whether they are considered with, or without, contents.

At 18 mm., they form .27¢ of the total body weight,
after which they incresse, at first very rapidly, then more
slowly (and with considerable individual variation) to a
maximum ( for prenatal life) of 5.87 in the late fetus. 1In
the adult they form 6.67% of the total weight. These fig-
ures are for stomach and intestines plus contents, which,
especially in the later stages, present a great deal of

variation.
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A better index of the growth is shown by the figures
for the stomach and intestines without contents. In the
sfages to and including the 41 mm. stage, there would seem
to be no appreciable contents, and here the stomach and in-
testines amount to 1.67 of the total body weight. They
gradually increase throughout fetal 1life, forming, at 241 mm,
2.85¢ of the total, being about 404 less than the same with
contents (4.754). In the adult they form (empty) about
4.79% of tiie total weight, about 287 less than the tract
with contents (6.67%),

The range of variation is large, due to the extreme
variations in contents, but the tract empty is, in later
prenatal life, about 35-404 less than the tract with contents.

In the human the intestinal tract is small in the early

stages, increasing rapidly to full term, when the tract

(empty) forms 1.034 of the total weight. The contents
here are about twice as great as the empty intestinal tract.
Vierordt estimates 2,064 of the total body weight for the
adult tract (empty).

The empty intestinal tract of the pig is therefore
relatively much larger thar that of the human, both in
later fetal stages, and in the adult, while the contents
are smaller.

THF LIVFR,
(Tables II-XX; Plate II1)
In the earliest stage examined (18 mm.), the liver

forms 11.58¢ of the total weight. 1In the next succeeding
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stages, it forms the most prominent organ. It has an early
maximum, reaching 16.6% of the total body in the 25 mm.
stage. From here, it decreases sharply and somewhat irreg-
ularly, forming 4.95% at 108 mm. The smallest relative

sizé obgserved was not in the largest fetus examined, however,
but in the 241 mm., litter, where it forms only 2.627 of the
total weight. 1In the late fetus it forms 3% of the total
weight. In the adult it forms only about 1.354 of the
total body weight. The maximum relative weight may be some-
what more than 16.6% and come somewhere about the 30 mm.
stage.

| In the human fetus, the liver never reaches more than
7.5-10% of the total body, and this maximum size occurs
during the second and third months. During the fourth
month, the liver drops to an average of about 5%, which 1t
maintains throughout fetal life, averaging 5.23% in live-
born infants. This is almost twice as much as the average
relative size in the pig at the same stage. Vierordt
gives the average for the adult humen at 2.75¢. Therefore,
in the earlier fetal stages, the liver has a much greater
relative size in the pig than in the human, but in the later
fetal stages and in the adult, it is relatively much smaller..

As in the case in the pig and human, the liver is smaller

in the adult than in the embryo or new born in the chiek,
dog, stickleback and shrew (Welcker). But it is relatively

larger in the adult for the salamander and dog-fish (Kellicott).



THF SPLFFN.
(Tables V-XX: Plate V)

The spleen is liable to very great individual varia-
tion in relative size, First observed in the 41 mm,
litter, it there has a relative size of .0154 of the total
body weight., It gradually increases in relative size, until
in the 260 mm. fetuses, it forms on the average .17% of the
total weight. In the adult it forms about .124.

Practically the same course of growth is found in the
human, although here the spleen is relatively larger than
in the pig. The maximum is over .4% in the 8th and 9th
fetal months; .43% in live-born infants, and .25¢ for the
adult (Vierordt). The individual variations would seem

to be greater in the human than in the pig.

THF PANCRFAS.
(Tables V=-XX: Plate IV.)

starting with a relative size of .0424 of the total
body weight at 41 mm., where it was first observed, the
pancreas increases, at first rapidly, then more slowly to a
maximum of ,18% at the 215 mm, stage. At 260 mm., it forms
.16%4 of the total weight; 1in the adult, .14¢. 1In the pig,
the variations in individual size are very great, due per-
haps in part to difficulty in dissecting it out perfectly.
During the greater part of fetal 1ife, the pancreas averages
about .1-.13% of the total weight,

Judging from the data available for comparison, the
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rancreas is slightly heavier in the pig than in the human
throughout the greater portion of fetal ;1fe, and has about

the same relative size in the adult.

SUPRARFNAL GLANDS.
(Tables V-XX: Plate V.)

At 25 mm., the suprarenal glands can be readily detected
with the dissecting lens, but, owing to their position and
attachments, cannot be readily dissected out and weighed.

At 41 mm., the suprarenal glands form about .114 of
the total weight. At 59 mm., they form .12¢ of the total,
which is the maximum observed relative size. Throughout
the latter part of fetal life, they average about .015-.025%
of the total, forming .0184 in the largest stage examined,
In the adult they are very small organs, forming about
.005% of the total. There is no marked difference between
right and left in size.

In the human fetus, the left suprarenal is usually
the larger of the two. During the second month, the supra-
renals form about .3% of the total body volume, increasing
to a maximum of .46%4 in the third month. At full term
they form about .24%. 1In the adult they form .014 (Vierordt).

The suprarenals, therefore, have a much larger relative
size in the human than in the pig, both in prenatal and post-
natal life.
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STX GLANDS.
(Tables TTII-XX: Plate V,)

The sex glands were first accessible by dissection at
25 mm., when they average .13% of the total weight. From
this point there is considerable difference in the two sexes,
the male sex glands averaging much heavier relatively than
the female. Rising rapidly to a maxirum, they form ,25%
at 41 mm, At 59 mm. the female sex glands have thelr max-
imum size of .094% of the total. At 260 mm. (average of
three females), the sex glands forrm .026% of the total weight,
and in the adult (2 f.) .015% of the total weight. (Data
for males incomplete).

Thig is also the cese in the human--the sex glands being
relatively larger in the earlier part of prenatal growth, the
nale glands being relatively heavier than the female, In an
embryo of the fifth week (11 mm,),the anlages for the glands
form ,085% of the total volume. In the later fetal stages,
the human testes are about t wice as large as the ovaries, a

relation similar to that in the pig,.

THT KIDNFYS AND WOLFFIAN BODIFS.

The kidneys (Tebles III-XX: Plate IIY) were first measured
at the 25mm. stage, when they average .24% of the total body
weight. They increase rapidly to a2 maximum relative size of
2.577 of the total weight at 59mm. At 19lmm. they form .90%,

which is the minimum of later fetal 1ife. Near full term they
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form .98% of the total, and in the adult, .25%¢. There is
apparently no constant difference in size between right and
left.

In the human, the kidneys form about 1% in the later
fetal stages. Vierordt gives .46% as the size in the adult.
The kidneys first appear in the second month, and, from that
time onward, the left kidney 1s quite usually larger than
the right.

It would appear from'this that the kidneys, throughout |
the later part of fetal 1ife, have about the same relative

size in ;he pig and human, but are larger relatively in the
human adult.

Agreeing with the pig and human, the kidneys appear
relatively smaller in the adult than in the embryo shrew,
dog and chick; but they are relatively larger in the stickle-
back and salamander (Velcker and Brandt).

The Wolffian bodies (Tables IT - XI, Plate III) of the
pig have their maximgm very early in fetal life, rrobably
at an earlier stage than ?an be readily dissected. At 18
mm. they have by far the largest relative size observed--
7.5% gf'the total weight. Pror this stage the decrease is
rapid. In the 25 mm. pigs, they form only 4.73%; 37 umm.,
2.43%; 59 mm., 1.48%; 82 mm., .38%; disappearing at about
115 mm.

"The Wolffian body presents .a very interesting case,

as it 1s the only structure observed (except postnatal thymus?)

in which a decrease in absolute weight takes place.
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The folldwing table expresses the relations for this
organ.:-
TABLE XXIII.
SHOWING THF ABSOLUTF WWIGHT, AND PFR CFENT
OF TOTAL OF THF WOLFFIAN BODY IN

SOM® OF THF¥ OBSFRVFD CASES,.

Litter ;Weight Wolffian Body:Per Cent of Total

14. (18mm, ) : .0522 g. E 7.49%
8. (s8mm.)  : .148 g. ; 1.429
2. (82mm. ) g .107 g. % . 38%

16, (107mm, ) é .052 g. g . 076%

: E .028%

2%. (113mm, ) . . 047 g,

coincident with the decrease in relative size of the
Wolffian body, one might expect an increase of the Kidneys
in about the same proportion. This is partly true., The
first record of the Xidney (.24%) corresponds to 2 relative
size of 4.73% for the Wolffian Body. The maximum relative
size of the kidney (2.57%) corresponds to 2 size of 1.48%
for the Wolffian Body,. At the time of disappearance of the
Wolffian Bodies, the kidneys form 1.35% of the total weight.
shortly after this, the kidneys increase to 1.574. (See Plate
11X ).

In the human, the Wolffian bodies form .67 of the total

volume in an embryo of the fifth week (11 mm.), in which the
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renal anlages are just aprearing. From this time onward,
they become both absolutely and relatively smaller, just as

in the pig.
The Wolffian bodies in the pig, therefore are relative-
ly very much larger than in the human embryo, and persist

for a longer time,

4, DIFPFFRFNCFS ACCORDING TO SFEX.

The data from the various litters were sorted out and
grouped sccording to sex, the averages being calculated for
each sex in each litter. The results were of little value,
however, on account of the small number of specimens; only
five litters having two or more of each sex. Although,
therefore, 1t was not thought necessary to reproduce this
table, certain indications which it showed are worthy of
mention.

In the first place,‘the total weight almost constantly
averages higher in males than in females of the same litter.
This was true in four of the five litters mentioned. It
is known that the human males average heavier than the fe-
males of the same age in prenatal 1ife, and at birth.

The liver in the rig fetuses was found relatively heavier
in the female in most cases where a comparison was vpossible.
This is also almost constantly true in the human species.

The sex glands, beginring with the time when the sexes
are first distinguishable are found relatively heavier in
the male than in the female rig, as already mentioned. This

also is in agreement with the human species,
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For other organe, no definite conclusions concerning
gsexual differences could be drawn, and even those mentioned
rest upon a very uncertain basis. Many more observations
are neceséary, in order to distinguish variations due to

sex from accidental variations.

V. SUMMARY.

The general conclusions concerning the growth of the
rig may be summarized as follows:

1., The weight of the ovum is about .,000003 g. The
increase in weight is at least 83,000 times during the first
23 days. At the end of 112 days (full term) the increase
is 275 million, The weight of the adult hog 1s about 333

billion times that of the ovum. comparative figures are
also given for the human, rabbit, rat and chick. All these
forms agree mith the general law that the rate of growth is
by far most rapid at the beginning of prenatal life.

2. The viscera of the pig embryo (including brain and
spinal cord) have their maximum relative size, about 364 of
the whole body, at an early stage (52mm, ), decreasing to about
18% at the end of the fetal period. In the adult, they form
about 9.68% of the whole body.

2. The head attains its maximum observed relative size
at 18mm., (earlier stage not examined) forming 29.664 of the
total, decreasing to 21.7% before birth, and to 6.074 in the
adult, It is always relatively smaller than the human head
at corresponding stages.
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4, The brain also attains its maximum observed relative
size at the ssme time as the head, forming about 94 of the
total body and about one-third of the head. In later
stages it decreases until, near full term,it forms 3.86% of
the totel, and about one-sixth of the head. In the adult
it forms about .085% of the total. The brain of the pig
is at all stages relatively much smaller than the human,

5. The spinal cord has its maximum relative weight at
18mm., 1.877, decreasing at first rapidly, then more slowly,
and forming .329 of the total before birth. 1In the adult,
the cord forms about .037% of the total.

6. The eyeballs attain their maximum relative observed
size at 86mm., forming 1.149 of the total, decreasing to
.409 of the total before birth, In the adult, they form
only .011% of the toteal,

7. The heart forms 3.54% of the total weight at 18mm.,
decreasing to a size of about 1.004 before birth, and aver-
aging about .704 during the greater number of stages exam-
ined. In the adult hog, the heart averages .31% of the
total weight.

8. The lungs incresse to a maximum of 3.87 at 86mm.,
decreasing irregularly thereafter to about 24 before birth.
The right lung is larger than the left in the approximate
rrorortion of 7-5. The lungs in the adult form only about

.68% of total,
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9. The liver increases to a maximum relative size of
16.6% of the total body at 25mm., decreasing to 2.9% before
birtnh. Tts maximum relative size s ovér twice as large as
that of the human. In the 2adult the liver of the plg aver-
ages 1.35%, being only about half that of the human,

10. The kidneys increase rapidly to a maximum relative
size of 2.577 of the total body at 59mm., decreasing there-
after to an average of .98% before birth; and forming
about .25% in the adult.

11, The spleen, pancreas and thymus increase gradually
from the beginning, averaging about .17%, .16%4 and .37%,
respectively, near the end of fetal life. In the adult, the
figures are .12¢, and .14% for svleen and pancreas respectively.

12, The thyroid decreases slightly throughout prenatal
growth, averaging about .026% of the total at the close of
the fetal period, and .004% in the adult. It more nearly
keeps pace with the growth of the body than any other organ.

13. The suprarenals form about .127 of the total at
59mm. , decreasing thereafter to about .0187 before birth,
and about .005% in the adult.

14, The stomach and intestines increase gradually through-
out the period, forming about 4.6%# at 241 mm. (with contents),
ér 2.94 (without). Near full term (261 mm.) they form 5.85%
of the total (with contents), In the adult, they increase
to 4.7¢9 without contents or 6.67% with contents.

15, The total weight of the body 2nd the relative weight
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of the sex glands are greater in the male, while the rela-

tive weight of the liver is usually greater in the female.
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