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I . 

Introductory. 

Numerous observations on various phases of growth 

are to be found in th~ biological literature. Most of 

those concerning prenatal growth are upon the human embryo; 

although scattered observations are also recorded on other 

mammals, and a few on the lo~er vertebrates. The work. 

presented in this paper was done in t.he 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 course of gro~th in the human species and in the 

lower mammals, 80 far as data are available. The work wae 

done 1n the Anatomical Laboratory of the University of 

Missouri, under the direction of Dr.C. M. Jaokson, to whom 

I am deeply indebted for his interest, aid and valuable 

sug~e8tion3. 

II. 

MATF,RIAL AND MFTHODS. 

A. MATFRIAL. 

The material used for this paper consists of 19 litters 

of pig embryos, comprising about 124 individuals, of which 

number 89 were used. In some cases all the pigs in the 

litter were used, in othere, three or four of t.he specimens 



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

These litters of embryos were secured from the packing 

Houses in Chicago (Aug.3l, 1909), Kansas City (Dec.27,l909), 

and Columbia (at various times, Spring, 1910). Wherever 

possible, the litters were worked up in a fresh condition. 

In the other 088es, they were preserved in a 5~ aqueous 80-

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 microsoope, and. measure the ovum (includ­
-t 

ing zona pelluoida) with an eye-piece miorometer, whose 

d1v1Rions have a known value. The largest ovum found is 

considered nearly, if not quite, the size of the mature ovum. 

No data were found in the literature as to the size of the 

mature ovum of the pig. 

For the data on the adult, a trip was made to the local 

packing house, and four hogs, abou.t 10 or 12 months old, 

were examined and weighed. The individual measurements 

thus seoured were averaged, and the averages used in the 

various ourves. The individual data are given in Table XX. 

Of the fetal material Recured, the litter at 18 mm. 

was the smallest which could be conveniently dissected and 

weighed. Th1a leaves Quite a gap between this stage and 

the mature ovum, which I hope to fill at a later time. 



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, exce~t 

in the matter of absolute weight. That 1s, -the relative 

size of the various organs would probably not chan~e much, 

since the ohanges are relat1vel~ slight during the latter 

part of the fetal period. 

B. I4F.THODS. 
i 

The method used for the fetal and adult material 

was that of' weighing. This is obviously sim~ler 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 oonvenient basis ~or comparison with other species. 

The crown-rump length was also taken in all oas8s, 8e 

it forms another basie of oomparison for the individuals 

and the different stages. It may, to 8 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 orown-rump length. 

Each litter is considered 88 a unit. That is, the 

individuals in eaoh litter, or three or four average pigs 

therefrom, are weighed, and individual caloulations are made 

for the peroentage of' eaoh organ. The average of the per-

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



t.his average is used in constructjng 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, t.hyroid, 

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 Wolff1an body ,u were e~ch weighed sep­

arately. 

The weights were taken carefully, the organs being 

placed in a closed glass ~essel of known weight. For the 

larger animals, the organs were weighed to .001 g.(l .mg.), 

the body and head being weighed to .1 g. For the smaller 

embryos (18 mm., 25 mm., 37 rom., 41 rom.), the body and head 

are weighed to .001 g., and the organs (except. those weigh­

ing more than 10 mg. in the 37 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 t.he dura mater, 

but with the pia. 
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In most cases, the stomach and intestines, after 

weighing with contents, were emptied of their contents and 

again weighed. All figures for the stomach and intestines 

include the' mesentery. 

The testis was weighed with the epididymis. 

The organs were weighed with contained blood; except 

the heart, which was opened and cleaned of the blood in the 

cavities. 
, 

Since the ag~~ of nearly all the specimens observed 

is unknown, it is imposs1ble 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 tne crown-rump length, curves can be drawn which give 

an a~~roximate idea of the relative growth of the various 

organs during prenatal life. However, no de~~n1te conclu-

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

which the changes in relative size talce place. 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 remainder of the prenatal and with the post­

natal period. 

A possible souree o~ 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 increase in total weight, amounting 

somet1me~ to lO-l5~ of the total. It iS,however, impToba­

ble that this increase will materially affect the relative 

size of the various organs. 

-6-



III. 

OBSERVATIONS. 

The observations have been oondensed into twenty tables, 

from whioh five plates, oontaining the ourves- expressing the 

growth, have been mad&. In the following pages will be found 

a short disoussion of, and explanations for, the tables and 

ourves. 

~ •. T~LE8. 

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

In it will be found the number of pigs in eaoh litter and the 

number used; the average, maximum and minimum weights and orown­

rump lengths observed in those individuals studied;- and the pre­

servation, whether fresh or in formalin. 

Eaoh of tables II-XIX gives the observations for one litter 

of fetuses. Individual observations are given for eaoh speoimen 

examined, and all the observations on eaoh measurement taken are 

averaged and inoluded in the tab~e. The average relative weight 

of all the visoera is also given for eaoh litter. -
The sex, where determinable, is give'n for eaoh 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 oent of the total weight. 

Table XX gives the same things for the 4 adults, with the ex­

oeption of the orown-rump length, whioh was estimated by a rough 

measurement of one hog. 

i b~ank is 1eft- wherever, for any reason" any measuremmt was 

not seoured. However, if a oolumn 1s not given espeoially for 

the empty stomaoh and intestines, the f1gu~e8 given are for the 

traot with oontents. 

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 speoimens of the opposite sex. 

B. PLATES. 

Plate I shows the ourve of absolute grow~~ of the whole body, 

the average weights for the different litters being arranged ao­

oording to the oorresponding average orown-rump lengths. This, 

of oourse, gives no idea ot the rapidity ot the growth ohanges. 

Owingto the large value eaoh division must have 1n order to get 

the whole ourve on one page, the lower end of the ourve will be 

found magnified in the upper left hand oorner. The adult weight 

is not represented. 

In the remaining plates, oont~ining the ourves expressing the 

relative prenatal growth for the various organs and the visoera 

as a whole, the size is given in per oent of the total body 

weight, and represents the average of the individual observations 

of each litter and of the adults. The average orown-rump length 

for the oorresponding litter is used for the absoissa. The 

dotted portion to the right indioates the trend of postnatal 

growth to the adult relations. 

rapidity of the ohanges. 

These ourves give no idea of the 

Plate II oontains six ourves:' one each for the head, brain, all 

the visoera, the liver, stomaoh and intestines with oontents, and 

the last .empty. 

Plate III oontains five ourves:-one eaoh for the heart ,lungs, 

kidneys, spinal oord , and Wolffian bodies. 

Plate IV oontain. thr •• our. I-one eaoh for the eyeballs, pan­

oreae . a~d thymus. 

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

-~-



of the divisions being the same in both oases. On it will 

be found the ourves for the spleen, thyroid gland, suprarenal 

glands, and the male and female sex glands. As indioated by 

the ourves' for the last two, the sex was not deter.mined at 25 

mm. 



TABLE I. 
SUMMARY OF MATERIAL USED' FOR OBSERVATIONS. 

LOT NO. NO.USED. CROWN-RUMP LENGTH. TOTAL WEIGHT. 
NO. PIGS. SEX. AV. ya. llIN. A'V • MAX. MIN'. PRESERV AT,rON. 

lIM. w. w. ~. a. ~. 

13. 8. 8 ... -- 13.6 15 13 • 25 -- Form.aYo • 

14. l~. si> .--- 18 19 17 .70 • 813 •. 636 Form.SMo • 

~. 10. S.---- 25.4 26 25 1.70 1.828 1.572 Fresh. 

17. 8. 3F. 2M. 37 39 36 3.25 3.47 2-.92 j Fresh. 

21. 2. 2M. 41.5 42 41 4.96 5.17 4.66 Fresh. 

8. 6. 51l. 1F. 598 60 57 10.66 10.88 9.52 Form.4Jlo. 

2. l, all. 2F. 82 85 80 28.17 29.2 26.8'1 Form.allo. 

5. 10. 7M. 3". 86 101 70 36.5 4S.4 22.2 Form •. 411o. 

4. 1 lY. 2F. 108 110 105 97. 116.5 
/ ,'/ 

82. Form.411o. 

lS. s. 111 •. 3F. 10'./5 110 105 74.85 83.2 69.6 Fresh. 

23. 8. 2ll. 1F. 113 115 110 '113.3 116. 110.4 Form.3l4o. 

18. 12. 3M. ).F. 126 134 121 145.6 157.6 136.3 Fresh. 

3. 1 1ll. 3r. 131 135 127 116.2 124.7 107.9 Form3Mo. 

1. 1 211. 1F. 139 141 135 152. 162.5 141.9 Porm.aMo. 

11. S. 311. 2F. 156 160 145 288-.6 309.6 266.1 Form. 11k. 

10. s. 311. 2F. 191 a02 178 396. 442. 335.2 Fresh. 

19. 6. 2ll. IF. 216 220 205 466. 532.5 348.1 Fresh. 
I 

9'. 5. 2ll. 3? 242 255 224 730.8 782.5 661. Fresh. 

gO. 1 -- 31'. a6a 265 200 745.1 825. 692.7 Fresh. . 
ADULTS. 2H. aF. 1050. 104538. 123614. 91018. Fresh. 

Form. Refers to a 5~ solution of Formalin in ~ater. 

The total number 0/ pigs in a litter not known tor oertain 

wherever a question mark appears. 



TABL'E II. 
TOTAL WEIGHT" IN GRAllS, AND RELATIVE WEIGHT OF THE 

VARIOUS ORGA'NS IN PER CENT OF THE TOTAL WEIGHT. 
LIT1'ER 14. 

NO. 1. 2. 5. 4. 6. 

CROWB-RUMP 18mm. 17mm. 18mm. 18mm. 19mm. 
LENGTH. 

TOT At WEI GH'r'. .636g. • 6Bag. .687 g-• • 70ng eo ~1.3.&! . 
HEAD. 33.49% 29.54% 5O.·00f0 a8.14~ 27.36% 

BRAIN. 7.42 8.50 9.78 --- 10.32 

EYEBALLS. .094 •. 15 .so .17 .17 

SPINAL CORD. -- -- -- 1 •. 43 2.31 

LUNGS". .094 -- -- -- .61 

HEART. 3.73 3.23 2.85 6.71 3.05 

LIVER. 12.78 12.90 13.59 9.23 9.41 

STOYACH AND .18 -- .17 -- .46 
INTESTINES. 

WOLFFIAN 6.60 7.84 8.16 7.60 7.07 
BODY. 

AVERAGE. 

18mm. 

.700g • 

29.67% 

9.01 

.16 

1.87 

.36 

3.51 

11.58 

.27 

7.49 

ALL VISCERA AVERAGE-------------------------------------34.24 
Sex not dtermined for these speoimens. 
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TABLE III. 
TOTAL WEIGHT IN GRAYS, AND RELATIVE WEIGHT OF THE 

VARIOUS· ORGANS IN PER OENT OF THE TOTAL WEIGHT. 
LITTER 24. 

NO. 1. 2. 3. 4. 5. 6. AVERAGE. 

CR-OWN-RUMP 26mm. 25mm. 25mm. 26mm. -- 26mm . 25.4m.'ll. 
LENGTH. 

TOTAL WEIGHT'. 1.572g. 1.622g. ~.627g. 1.,760g. 1.791g. 1.828g. 1.70g. 

HEAn. 27.9a{o 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 6.62 

EYEBALLS. .41 .43 .32 .42 .31 .41 .37 

SPINAL CORD. 1.71 1.22 1.72 1.19 .98 1.04 1.31 

LUNGS. .48 .56 .82 . ,45 .49 .42 • .53 

HEART,'. 3.49 3.39 3.25 3.07 3.23 3.11 3-•. 26 

LIVER. 17.23 16.39 12.63 14.83 16.91 17.66 16 •. 60 

STOYACH AND 1.52 1.61 .95 1.08 1.24 1.20 1.-27 
INTEBTINEIr. 

SEX GLANDS. .1:3 .13 .11 .13 .13 .15 .13 

KIDNEYS. .25 .29 .24 .18 .20 .26 .2-4 

WOLFFIAN 6.03 4.37 4.97 4.03 5.41 4.54 4.73 
BODY. 

JLL VISOERA AVERAGE--------------------------------------------35 .. 06 

Sex not determined in these individuals. 

--'f ,-



TABLE IV. 
TOTAL WEIGHT IN aRAlIS , AND RELATIVE WEI GHT OF THE 

VARIOUS ORGANS IN PER CENT OJ' THE TOTAL WEIGHT. 
LITTER 17 . 

NO . AND SEX . 1-F. 2-F . 3-1' . 4-Y. 5-M. A:1lERAGE. 

CROllN-RUYP' 36mm. 37mm. 38mm. 39mm. 35mm. 37mm. 
LENGTH. 

TOTAL WEIGHT. 2.926g. 3 .a-87g . 3 . 305g. 3.286g. 5.47g . 3.254g. 

HEAD. 37 . 11% 26 . 85% ---- --- 23.81% 24.98% 25.44% 

BRAIN. 6.1S 5.41 6 . 71 6.09 6. 05 5.88 

EYEBALLS. .68 . 79 -- .61 .66 .66 

SPINAL CORD'. 1 • .53 .88 1.15 . • 45 1.12 1.03 

RIGHT LWG. -- .72 .73 • .61 •. 45 .62 

tEFT:' LUNG. -- .36 .39 .45 .28 .37 

HEART'. 3.26 2.25 2.39 2 •. 03 2.53 2.a3 

LIVER. 13.67 15.54 15.43 14.85 16.88 15.27 

S.TOMAOH A'ND 1 . 77 1 .• 46 1.36 .97 1.06 1.32 
INTES.TINESI. 

. ~),{r .235 
SEX GLANDS.!. -- • 061 .091 .24 .23 I,Y .076 

KIDNEYS. .58 .70 .96 •. 39 .81 .69 

WOLFFII:N 2.59 2'.03 2.02 2.49 3.03 2.43 
BODY. 

ALL VISCERA AVERAGE----------------------- ------ ---- --------31.66 
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TABLE V. 

TOTAr; WEIGHT IN GRAKS, AND RELA'l'IVE WEIGHT OF THE 

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT. 

LITTER Bll. 

NO. ANn SEX. 1-M. ~-)(. AVERAGE. 

CROWN-RtnlP 41mm. 42mm. 41.5mm •. 
LENGTH. 

TOTAL WEIGHT. 4.66g. 5.17g. 4.97g. 

HEA1J. 27 •. 89% 25.33% 26.61% 

BRAIN. 7.10 6.66 6.88 

EYEBALLS. •. 64 .59 •. 62 

SPINAL CORD. 1.48 1.41 1.45 

RIGHT LUNG. •. 77 ..73 .75 

:tEn LUNG. .S3 .50 .56 

HEART'. 3.46 2 •. 16 3.31 

tIVER. 13.32 14.68 14.00 

STOllACH AND 1.48 1.76 1.62 
INTESTINES· •. 

SPLEEN. .012 .019 .016 

PANCREA'S. .034 .050 .042 

SUPRAREN ALS. ..11 ..11 .11 

SEX GtA'NDS. .24 .26 .26 

KIDNEYS. • .60 ~S5 .63 

WOLP'FIAN 2'.86 2 •. 86 2.86 
BODY. 

ALL VISCERA AVERAGE---------------32.09 



TABLE VI. 
TOT At WEIGHT IN GRAl4S, AND RELATIVE WEIGHT OF THJ: 

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT. 
LITTER 8. 

NO. A'ND SEX . 1-Y. 2-M. 3-M. 4-U. 5-li. 6-M. ItVER~A:GE- • 

CROWlI-RUMP 58mm. 59mm •. 58mm. 6Omm. SOmm. 57mm. ~9mm. 
LENGTH . 

TOTAL WEIGHT . 9.52g. IO.~g. 10.26g. ~O • .36g. IO.88g. 10 • .88g. 10.66g. -
HEAD . 22.22% 24:.6ai aa.34% 2~ •. 73% ~ • .4~ 22 •. 61% 23 •. 46~ 

BRAIN . -- 7.73 6 •. 5t); 7.75 7'.,60 5 •. 49' 7 ' • .32'. 

EYEB ALLS. 1.02 1.03 .82 1.02 .93 •. 86 .96 

SPINAL CORD. .83 •. 87 . ,99 ..91 .79 •. 78 • .86 

THYROID'. .062 ..069 •. 03'S •. 043 .052 .046 

THY!lUS'. .12' .079 .,097 -- - -- .097 

RIGHT LUNG. 1.41 1 • .64 1.87 1.03 2' •. 05 1 • .6tl 1 •. 69 

LEFT' LUNG. 1.01 1.06 1.26 1.25 lJ.42 1.12 1.18 

HEAR"!'.' . 2.10 2.05 1.87 1 •. 9'0 2' •. 07 1 • .61. 1 •. 93 

LIVER • . . 16.64 15.39 I6 •. l9 14.7'5 16' •. 86 14 •. 92 16 • .62 

STOYACH AND 3.11 2.41 2 •. 91 2' •. 70 Z' •. 81 3'~~ 2.73 
INTESTINES. 

SPLEEN. .043 •. 039 . ,038 •. 048 •. 028 •. 041 ..039 

PANCREAS. .094 .18 .13 . ,086 •. 082 ..091 .~I 

SUPRAREN ALS • •. 13 .. 12 .13 • .13 •. 091 ..16 •. 12 

SEX GLANDS. •. 094 •. 16 .17 •. 16 •. 16 •. 17' (ll)' • .16 

KIDNEYS. 2.39 2.66 2.33 3'.89 3' • .66 a'. 55 3 •. 57 

WOLFFIKN 1.46 1.2'9 1.38 1 •. 24 1 • .2'9 1 •. 78 1.41 
BODY. 
ALL VISCERA AVERA~E-------------------------------------- 36.,72 
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~LE VII. 
TOTAL WElaH'r IN GRAKS, AltD RELATIVE WEIGHT OF THE 

VA1l!OUS ORGANS IN PER CENT OF THE TOTAL WEIGHT. 
tI'rflR 2. 

NO •. AND SEX. l-F. 2-1' •. 3-!1. 4-M. AVERA:GE. 

OROWN-RUUP' BOmm, •. , 85mm. 8Omm. a"2mm. 82mm. 
LENGTH. 

TOTAL WEI GH'f • 20-•. 86. 29.2g. 27.66. 29.1g. 2S •. 18S· -
HgAn. 23.54~ 21 • .47% 2"1.63% 21.78% 22.11% 

mrA~N. 4: •. 96 4.71 4.86 4.91 4.86 

EYIBALL8!t1 .90 .S2 -- •. 88 •. 86 

SPINAL CORD. .42 .41 .43 .49 ..44 

THYROI1J. •. 022 .023 .018 .041 •. 026 

THYllUS·. •. 044 .075 -- •. 044 •. 054 

RIGHT LUNG., 1 •. 78 1 •. 66 1.88 2' •. 00 1.83 

LEFT LUNG. 11 • .30 r . .lO 1.23 1.45 1.2'7 

HEART'. 1.46 1.60 1.65 1.46 1 • .52 

LIVER. 10 •. 517 11.37 10.80 9.39 10 •. 61 

S T OllA'OH AND 2'.42 ~.66 2.54 2 •. 40 2.51 
I NTES'llINES • 

SPLEEN. •. 033 .044. .039 ..031 .057 

pA:NCREm. .078 -- .086 .079 .081 

SUPRARENALS. -- .071 .069 .048 .063 

SEX GLANDS. .044 .11 .097 .10 
t14. - •. 099 

F •. - •. 077 
KIDNEYS:. 2' • .66 2.30 3'.23 2.91 2.62 

WOLFF! Dt BODY •. •. 35 .38 .38 .39 .38 

&Iit VISCERA AVERAXlE:...----------------------------------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. 

NO. AND SEX. I-M. a-ll. 

CROWN-RUMP 7Omm. 84mm. 
LENGTH .• 

TOTAL WEIGHT. 22.~S. 34.66. 

HEAn. 29.96% 22.94% 

BRAIN. 

EYEB"ALLa. 

SPIN I.L OORD'. 

THYROID. 

THnfUS. 

RIGHT LUNG. 

LEFT Lmla. 

HEART. 

LIVER. 

STOMA'CH WD 
INTESTINES. 

SPLEEN. 

'PA'NCREAS. 

BUPRIRENALS. 

SEX GLANDS. 

l{IDNEYS. 

5.38 

1.19 

.49 

--
--

2.00 

1.33 

1 •. 83 

14.75 

2.85 

.063 

.085 

.12 

.094 

2.33 

5.18 

1.21 

.41 

.040 

.13 

1.78 

1.48 

1.65 

11.97 

2.35 

.061 

• .11 

.12 

.095 

2.45 

LITTER 5. 

3-M. 

85mm. 

36.,?g. 

26 •. 48% 

3.33 

--
.52 

.047 

.12 

2.46 

1.82 

1.31 

7.91 

3.11 

.075 

.058 

.061 

.072 

2 •. 32 

4-M. 5-11. 6-li. 

9amIn. 101mm. 9Omm. 

39.55S. 43. g. 45.268. 

23 • .39% ' 25.3810 23.48% 

6.73 

--
•. 46 

•. 045 

--
2.67 

1.91 

1.27 

10.12 

3~a.l 

•. 037 

•. 13 

.05"9 

.060 

2.22 

6.a9 

1.07 

.37 

.046 

.18 

2.29 

1.50 

1.39 

10.07 

3'.34 

.083 

•. 15 

.053 

.048 

2'.09 

6.24 

--
.37 

.031 

--
2.41 

1.66 

1.31 

7.02 

2.46 

• 
.040 

• .13 

.,072' 

.071 

1.74 

WOLFFIAN .49 .41 .13 .15 .091 .077 
BODY. 

ttL VISCERA AVERAGE------------ --------------------------------
NOTE. All the pigs of this litter, exoepting numbers 1, 2, 

and 9,. we~e somewhat distorted, so that the orown-rump length 

oou1d not be aoourately dete~1ned. 

-Ib-



NO. AND BEX. 7-1!. 

CROWN-RtnlP 95mm. 
LENGTH. 

TOTAL WEIGH'r'. 46 •. 4g. 

HEAn. 24.81% 

BRAIN. 5.47 

EYEBALLS .• 1.lS 

SPINAL CORD. .25 

THYROID. .032 

THYWS. .18 

RIGHT LUNG. 2.17 

LEFT LUW. 1.25 

HEART. 1.25 

LIVER. S.78 

STOMACH A'ND 3 •. 19 
INTES'rlNES. 

SPLEEN. .064 

PANOREAS. .14 

SUPRARENAliS. . ,075 

BEX GLANDS. .064 

KIDNEYS. 1 •. 79 

WOLPFI AN BODY. --

TmLE VIII. 
(CONTINUED) • 

8-r. 9-1'. 

8Omm. 78mm. 

28 • .8g. 31.4g. 

26.07% 22.29% 

3.12 5 •. 08 

1.20 .98-

.59 .45 

.045 .O5~ 

.13 .10 

2.29 2'.09 

1.74 1.41 

1.42 1.62 

S.61 13.16 

3.05 2 • .38 

•. 065 .060 

.15 .12 

•. 047 .082 

•. 045 .060 

1.88 2> •. 68 

.,22 .47 

10-F. AVERAGE. 

87mm. 86mm •. 

38.5g. 36.64g. 

27.11% 25 •. 19% 

5.38 5.02 

-- 1.14-

•. 32 •. 42' 

.069 .038 

•. 067 • .13 

2' • .26 2 • .24 

1.57 1 •. 66 

1 • .24 1 •. 45 

S.41 9.88 

2.83 2 •. 87 

.14 .069 

.064 ..11 

•. 085 •. 077 

.035 
t"",072 

F-•. 04-7 
2 •. 26 2 •. 18 

•. 12 • .24 

ALL VISCERA:· AVERAGE-----------------------------27 • .59 

-11-



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-. I-M •. 2-F. 3-F. 4-F. AVERAGE. 

CROWN-RUMP 105mm. 105mm-. 11Omm. 11Omm. 107.5mm. 
LENGTH. 

TOTAL WEIGHT. 75-•. 5g. 69.6g. 71.-1g. 83.2g. 74.9g. 

HEAD. 17 •. 91% a-O •. 95%, --- 19.61% 19.49% 

BRAIN. 2" • .85 3 •. 91 --- 3.28 3.28 

EYEBALLS. .52 •. 76 -~.~ .73 .72 

SPINAL CORD. .31 .29 .46 .31 .37 

THYROID. - .018 .026 .034 .026 

THYMUS. .19 •. 10 .10 •. 17 .14 

RIGHT LUNG. 1.43 1.71 1.31 1.62 1.52 

LEFT LUNG. .96 1 •. 19 .90 1.19 1.06 

HEART. .84 .85 .74 .84 .82 

LIVER. 8.76 8.15 8.22 7.97 8.28 

STOMACH AND 2.82 2.76 2.45 2.91 2.73 
INTESTINES. 
SAME-EMPTY. 2.03 1.83 1.70# 2.04# 1.90 

SPLEEN. .064 .070 .-053 .072 . .062 

PANCREAS. .11 .11 .11 .090 .11 

SUPRARENALS. •. 039 .027 -- .057 .034 

SEX GLANDS. .083 .034 .022 .045 (F).034 

l{IDNEY.8. 1: •. 71 1.64 1.78 1 •. 86 1.75 

WOLFFIAN BODY. .066 • .10 .063 •. 074 .076 

.~L VISCER& AVERAGE------------------------------ - 21 .. 01 

f ' Weight of the stomaoh and intestines estimated from the 

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

-I co-



TABLE X. 
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE 

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGH'F. 

NO. AllD SEX. 

CROWN-RUKP 
LENGTH. 

TOT AL WEI GHT • 

HEJU). 

BRAIN. 

EYEll~LLS. 

SPINA!; crORD'. 

THYROID. 

THYMUS. 

RIGHT' LUNG. 

LEFT LUNG. 

HEART. 

LIVER. 

STOMACH AND 
INT~STlNES. 

SPLEEN. 

PANCREAS. 

SUPRARENALS. 

SEX GLANDS. 

KIDNEYS. 

1-11. 

l05mm. 

S2. g. 

---
4.21% 

.76 

.25 

.021 

a •. 01 

1 • .38 

•. 85 

3.85 

2.48 

•. 071 

.068 

.028 

.023 

1.65 

LITTER 4. 

2-F. 

11Omm. 

93.5g. 

24.54% 

4.43 

.86 

•. 033 

•. 086 

2:.27 

1.49 

1.02 

6.44 

3.06 

.049 

.093 

.026 

.033 

1 •. 95 

3-1'. 

llOmm. 

ll6.Sg. 

20.77% 

3.22 

•. 63 

--

k'VERAGE. 

10Smm. 

97. g. 

aa •. 65% 

&.94 

.76 

..25 

. ,029 •. 031 

..054 •. 063 

1.97 2 •. 08 

1.35 1 •. 41 

•. 74 •. 87 

5.61 4 •. 95 

2 • .88 2.78 

•. 061 .060 

. .082 .OSI 

.037 .030 

. .033 ('Y) •. 033 

1 •. 78 1.79 

ALL VIBCER~ AVERAGE----- ---------- ------------ --~10 



T~TJE XI. 
TOTAL WEIGHT IN GRIJIS, AND RELATIVE" RIGHT OF THE 

V mI QUS ORGANS IN PER OEN'! OF THE TOT AL WEI GHT • 
LITTER 23. 

NO. IND SEX. l-F. 

OROWN-RUYP 1 14mm. 
LENGTH. 

_T_OT_Ji._'L_"_I_G._H_T_. ____ 110 •. 46. 

HE~. 20.38% 

BRAIN. 3.52 

EYEB-ALLS. 

SPINAL aORD. 

THYROID. 

THYUUS. 

RIGHT LUNG. 

LEFT LUNG. 

HEA"RT. 

LIVER. 

STOllA'CH AND 
Il~TESTlNES • 

SPLEEN. 

PANCREAS. 

SUPRARENALS. 

s~x GLANDS. 

KIDNEYS. 

WOLFF! AN BODY. 

•. 72 

.30 

•. 027 

.19 

1.48 

1.05 

1.02 

5.10 

2.31 

. .042 

.041 

.022 

1 •. 36 

.031 

2-M. 

11Omm. 

113.6S· 

18 •. 83% 

3.16 

.67 

.37 

.028 

•. 19 

1 •. 4:0 

•. 95 

.87 

5.83 

2.35 

.043 

..14 

.061 

.081 

1.33 

--

3-11". 

115mm. 

116. g. 

21.03% 

3.10 

-
.17 

.017 

•. 18 

1.15 

1.02 

.88 

6 • .23 

2.38 

.050 

.13 

.057 

.049 

1.39 

.052 

AVERAGE. 

113mm. 

113.3g. 

20.08% 

3.26 

.70 

• .2-6 

.024 

.19 

1.34 

1 •. 01 

.92 

5.39 

2.31 

.045 

.13 

.053 

ell) .065 

1.36 

.042 

KLL VISCERA AVERAGE----~----------- --------------17 •. 03 



tABLE XII. 
TOTIa, WEIGHT IN GRAUS, AND RELATIVE WEIGHT OF THE 

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT. 
LITTER 18 • 

. '>.. 

NO. ANn SEX. l~F. 2-)(. 3-H. 4-H. AVERAGE. 

OR OWN-RUMP 121mm., 125mm. 125mm. lS4mm. 13Smm. 
!lENGTH. 

TOTAL WEIGHT'. 157.5g. 136.3S. 161. g. 157.6g. 145.6g. 

HEAD. -~- .... -... 23.04% 23.26% 21.06% 22.11% 

BRAIN. 3'.41 3.63 3.10 3'.31 3 ... "50 

l'rYEBALLS. .69 .67 .72 .62 .68 

8.PINAL CORD. • .16 .17 .13 .16 .16 

THYROID. .033 .039 .044 .041 .039 

THYllUS.:. .17 .17 .25 .29 .21 

RIGHT LUNG. 1.51 1.43 1.01 1.47 1.36 

LEPT LUNG. .95 1 •. 02 .71 1.10 .96 

HEmT. .75 •. 68 .,71 .69 .71 

LIVER. 6.43 6.52 5.86 6.79 6 •. 16 

S TOM A'OH A'ND 3.13 2.89 3.31 4.19 3.38 
INTESTINES. 
SAME-EMPTY. 1.74 -~--,.. 1.87 2.43 a • .o1 

SPLEEN. .094 . 085 .14 .10 .11 

PANCREAS. .095 .11 .11 .12 .11 

SUPRAREN~LS. .035 .036 .053 .032 .039 

SEX GLANns •. •. 024 .041 .064 .053 ('11) .053 

KIDNEYS. 1.17 1.23 1 •. 49 1.43 1.35 

ALL VISCERA AVERAGE------------ .... -----------------------18 •. 66 

There were two pathologioal pigs in this litter (not used')'. 

-2'-



TABLE XIII. 
TOTAL WEIGHT IN'lGRAlLS 1 AND RELArIVE WEIGHT OF THE 

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT. 
LITTER 5. 

NO. !NT) SEX. l-F. 2-1'. 3-F. 4-)4. A--VERmE'. 

CROWN-RUMP 13Omm. 13Omm. 127mm. 155mm. 131mm. 
IiENGTH. 

TOT~ WEIGHT. 107.9g. . ;24.:~~. 117.58. 114.8g • 116 •. 26g. - .. 
HEAn. a5.74~ 22.67% 24.24% 25.62~ 34.51% 

BRA:IN. 4.83 4.51 4.41 4.39 4.51 

EYEBALLS. -- .84 .92 .92 .89 

SPINAL OORD. .30 .34 .27 •. 16 .27. 

THYR'OID. .031 •. 035 .025 •. 034 .038 

THYWS. •. 10 .15 .20 ..18 •. 16 

R'rOOT' LUNG. 1.91 2.11 1.87 2 •. 04 1.98 

LEFT' LUNG. 1.~a 1.65 1.27 1 •. 43 1.42 

HEART'. .91 .91 .85 •. 82 .87 

nrVER. 4.39 4.81 4.89 5.65 4.91 

STOllACJI. JJm 3.06 2.74 2.97 2.94 2 •. 93 
INTESTINES'. 

SPtEEN. .078 .066 .088 .071 .076 

P-ANOREAS. .11 .10 .~3 .092 •. 11 

8UPRmENXLS. .037 .031 ..033 .030 •. 053 

SBX GLANDS, •. •. 041 .031 .044 .046 fF) .039 

KIDNEYS. •. 90 1.00 1.08 .89 •. 97 

ALL VISOER~ AVERAGE------------------ -----------------19.21 



TABLE XIV. 
TOTAL WEIGHT IN (]RA1fS, AND RELATIVE WEIGHT OF THE 

V!HIOUS ORGANS IN PER CENT OF 'rHE TOTAL WEI GHT • 
LITTER 1. 

NO. AND SEX. 

CROWN-RUllP 
LENGTH. 

'roT All WEI GHT • -
HElD. 

BRAIN. 

EYEBALLS. 

SPINn CORD. 

THYROID. 

THYllUS. 

RIGHT LUNG. 

LEFT LUNG. 

RE'A'RT-. 

LIVER. 

S'r OllACH AND' 
INTESTINES. 

SPLEEN. 

P'ANCREAS. 

SUPRARENALS. 

SEX GLANDS. 

KIDNEYS. 

1-F. 

141mm. 

.1:..54 •58. 

a2.16~ 

3.87 

.78 

• .21 

.030 

.a3 
1.76 

1.28 

.87 

4.45 

3.98 

..093 

.097 

.032 

--
1.63 

a-Ii. 3-laf • 

135mm. 14Omm. 

&VERmE. 

159mm. 

142. g. _ 162..:.6&_. ___ 1_5_3_ ....... g ...... _ 

23.S5% ~1.79% 22.63% 

4.62 3.31 3.93 

.80 .73 .77 

.a3 .as .24 

.032 .031 .031 

.17 .30 .20 

2.05 1.96 1.92 

1 •. 49 1.43 1.40 

.91 .BB .88 

4.23 4.75 4.48 

3.68 3.53 3.68 

.073 .092 

.16 .12 

.026 •. 020 

.038 •. 040 

1.68 1.52 

.086 

. ,15 

M.- .028 

•. 039 

1.57 

ALL VISCERA AVERAGE--------------------------------19.48 



TABLE xv. 
TOTAL WEIGHT IN aRAlfS, AND RELATIVE WEIGHT OF THE 

VARIOUS ORGAl~S IN PER OENT OJ' THE TOTAL WEIGHT. 
LITTER 11. 

NO. AND SEX. l-F. 2-1'. 3-H. 4-H. 5-K. &VERAGE. 

OROWN-RtnlP 16Omm. 16Omm. 145mm. 155mm. 162mm. 156mm. 
LlCNGTH. 

TOT AL WEI GHT'. 265.1g. 292.9_S. 280 • .1g. 296.1g. 309.6g. 288.?_~. 

HEAD. 22.29% 21.27% 34.91% 22.45% 22.77<{o 22.73% 

BRAIN. 3.63 3.62 3.55 3.38 3.48 3.53 

EYEBALLS .. .54 .49 .60 .S2 .62 .53 

SPINAL CORIT. -- .34 •. 17 .20 • .19 .20 

THYROID. .021 .023 .024 .026 .022 .025 

THYWS. •. 22 .19 .21 .23 .31 ..21 

RIGHT LUNG. 1.61. 1.43 1.33 1.32 1.23 1.38 

LEFT LUNG. 1.06 .92 1.02 .92 •. 99 .98 

HEIJlT. .71 .8a ..65 .71 .67 .71 

LIVER. 3.59 3.61 3 •. 45 3.55 2.87 3.40 

STOllA:CH AND 3.82 4.15 3.34 3.17 3.03 3.50 
INTESTINES. 
SA1IE-EUPTY. 2.5 =I 2.78 2.2 f 2.1 * 2.0 l 2.33 

SPLEEN. .092 .092 .096 .092 .083 •. 091 

PANCREAS. •. 17 • .13 .11 .094 •. 11 .12 

SUPRARENAL8. .018 •. 021 .018 .020 .021 .018 

SEX GLANDS .• .021 •. 026 •. 037 -- -- ('1').023 

KIDNEYS. 1.09 1 • .10 1.12 .99 .99 1.06 
~LL VISCERA AVERAGE--------------------------------------- 15.81 f The relative weight of the empty stomaoh and intestines 

estimated from the observation on NO.2. 



TABLE XVI. 
T.OTAL WEIGHT II~ GRAYS, ANn RELATIVE RIGHT OF TltE 

VARIOUS ORGANS IN PER CENT 0' THE TOTAL WEIGHT. 

NO. AND SEX. 1-F. 

CROWN-RIDlP 19Omm. 
LENGTH. 

TOTAL WEIGHT. 364.915. 

HEAD. 21.70% 

BRAIN. 

EYEBRLLS;' 

SPINAl, CORD. 

THYROID. 

'l'HYWS. 

RIGHT LUNG. 

LEFT LUNG. 

HEA:RT. 

LIVER. 

IlTOllAmr &ND 
INTESTlNEB~. 
SAllE-EMPTY. 

SPLEEN. 

PA~CREAS. 

SUPRARENAL8. 

SEX GLANDS. 

KIDNEYS. 

3.77 

.56 

.27 

.027 

• .24 

1.61 

1.12 

•. 68 

3.36 

3.94 

2.79 

•. 15 

•. 18 

.014 

• 031 

.96 

LITTER 10. 

2~. 5-K. 

197mm. 189mm. 178mm. a·02mm. 

A-VBRAGK. 

19lmm. 

39~. g. 435.6g. 336.3g. 397.68. 443 . a. -
3.19 

.44 

.30 

.014 

.27 

1.S1 

1.07 

.61 

3.12 

3.59 

2.6 f 

•. 13 

.14 

.016 

.012 

.92 

3.64 

.61 

--
•. 019 

.18 

1.57 

1.12 

..63 

3.29 

4.16 

2.8 # 

.15 

.23 

.020 

.026 

.96 

3.44 

.56 

.24 

..024 

.a6 

1.7a 

1.17 

.72 

3.36 

4.01 

2.7 f 

.14 

.15 

.017 

.025 

.76 

S.16 

.47 

.20 

.018 

• .21 

1.56 

1.11 

. "64 

3.30 

3.59 

2.0 I 

.12 

.13 

22.37% 

3 • .44 

.53 

.a3 

.020 

.23 

1.59 

1.12 

•. 66 

3.29 

3.86 

2.56 

.14 

.17 

.014 ( ) .016 

{

}J •• 028 
.032 . 

('F}.017 
.93 .90 

ALL VISCERA AVERAGE-------- -··----------------------- ----- -16.2a 



TABLE XVII. 
TOTAL WEIGHT' IN GRAMS, AND RELATIVE WEIGHT OF THE 

VARIOUS ORGANS IN PER aENT OF THE TOTAL WEIGHT. 

NO •. JND SEX. 

OROWN-RmIP 
LENGTK. 

TO'rAL WEI cmr-. 

HEAD. 

BRAIN. 

EYIBA'LLS. 

SPINAL CORD. 

THYROln'. 

THYllUS. 

RIGHT LUNG. ~_ 

LElI'T LUNG. ~ 
HlCART. 

LIVER. 

STOllACH AND 
INTESTINES. 

SPLEEN. 

PANCREAS. 

SUPRARENALS. 

SEX GLANDS. 

KIDNEYS. 

I-F. 

206mm. 

348.1g. 

23.66% 

4.92 

.53 

.31 

.038 

. .50 

3 • .43 

1 '~ 12 

3 •. 93 

~92 

.18 

.19 

.025 

.021 

1.48 

LITTER 19. 

2-M. 

23Omm. 

514.4g. 

19.3~ 

3.69 

.43 

.26 

.037 

.32 

2.75 

.92 

3.66 

4.87 

.15 

.19 

.019 

..-' 
1.04 

3-Y. 

22Omm. 

533.5$. 

20.47% 

3.39 

.41 

.19 

.027 

.30 

2.73 

.85 

3.64 

4.83 

.15 

.16 

.022 

.--
1.11 

AVERAGE. 

215mm •. 

465. g. 

.46 

.25 

.034 

.37 

2.96 

•. 96 

3.74 

4.87 

. .16 

.18 

.022 

(F) .021 

l.al 

Al,t VISCERA AVl!RAGF.----------------------- - -.. -- -- - ---- --19.22 



TABLE XVIII. 
TOTAL WEIGHT IN GRANS, AND RELATIVE WEIGHT OF THE 

VARIOUS, ORGANS IN PER CENT OF THE TOTAL WEIGHT. 
LITTER 9. 

NO., AND SEX •. 1-Jl. a-u. 3-Y. 4-'. 5-Y. A'VERlGE. 

CROWN-RUMP 242mm. 255mm. aS4mm. 235mm. 253mm. 242mm. 
LENGTH. 

TOT AL WEI GHT • 705.4g. 774. g. 661. g. 731.!.lg. 782.5g. 730.8g. 

HEAD. 20.98% 22.84% 22.29% 21.13% 22.25% 21..9a{o 

BRAIN. 3.37 3 • .24 3-,.63 3.49 3.24 3.39 

EYEBALLS. .32 .3'2 • .38 .36 .30 .34 

SPINAL CORIT. .32 .24 .31 .30 .22' .28 

THYROID. .024 -- .Oa7 .022 .019 .022 

THYllUB. ..35 .37 .46 .35 .36 .34 

RIGHT LUNG. 1.04 1 •. 13 1.43 1.58 1.13 1.26 

LEFT LUNG. .74 .76 1.19 1.17 .79 .92 

HEA'RT. .72 .76 .91 .91 .77 .81 

LIVER •. 2 •. 45 2 •. 77 2.80 2.67 2.43 2 •. 63 

STOMACH AlTD 3 •. 89 5.04 5.01 5.17 3 •. 91 4.61 
INTESTINES,. 
S IME-EJlP1l'Y • 2 •. 5 # 5.34 2.68 3 •. 45 2 .65 2.92 

SPLEEN. .16 .15 .13 .18 . • 10 .14 

PANCREAS. .13 .16 .16 .12 .16 .15 

STJPRARENAJj8. .013 .014 •. 011 .014 .015 
(M) .037 

SEX GLANTlS. .042 .032 .013 .012 .016 { 
(F) .014 

KIDNEYS. .99 1.02 1.10 •. 96 .93 1 •. 00 

~L VISCERA AVERAGE.--- ------- - - --------- - - - - --- -----------16.92 



TABLE XIX. 
TOTAL WEIGHT IN GRAMS, AND RELATIVE WEIGHT OF THE 

VARIOUS ORGANS IN P~R CENT OF THF TOTAL WEIGHT. 

NO. ANn SEX. 

CROWN-RlThrp 
LENGTH. 

TOTAL WEIGHT. 

HEAD. 

BRAIN. 

EYEBALLS. 

SPINAL CORD. 

THYROID. 

THYMUS. 

LUNGS. 

HEART. 

LIVER. 

STOMACH AND 
INTESTINES. 

SPLEEN. 

PANCREA:S. 

SUPRARENALS. 

SEX GLANDS. 

KID}TEYS. 

I-F. 

26Omm. 

692.7g. 

22.59% 

3.91 

.45 

.30 

.025 

.29 

2.04 

1.00 

2.89 

5.62 

.13 

.14 

.021 

.024 

1.04 

LITTER 19. 

2-F. 

26Omm. 

717.5g. 

21.89% 

3.99 

.42 

.36 

.024 

.31 

1.79 

.97 

3'.90 

5.90 

.22 

.13 

.021 

--
.90 

3-F. 

265mm. 

826. g. 

20.68% 

3.71 

.34 

.31 

.029 

.51 

2.18 

1.04 

3.19 

6.02 

.16 

.21 

.013 

.045 

1.02 

AVERAGE. 

262mm. 

745.1g. 

21.72% 

3.87 

.40 

.52 

.026 

.37 

2 •. 00 

1.00 

3.00 

5.85 

.17 

.16 

.018 

.055 

1.00 

ALL VISCERA A VERAGE--~ . -,.---- -- ---- ------- - --- - - ----18.20 



'fABLE XX. 
TOTAL WEIGHT IN <lRA1{S, A'ND RELATIVE WEIGH! OP THE 

VARIOUS ORGANS IN PER CENT OF THE TOTAL WEIGHT. 

NO. XND SEX. 1-'. 

CROWN-RUllP 
LENGTH. 

---
TOTAL WEIGHT". 91,018g. 

BRA:IN. 

EYEBALLS'. 

SPINAL CORD'. 

THYROID. 

RIGHT LUNG. 

LEJ'T LUNG. 

HEART~. 

LIVER. 

S'fOllA:CH IND 
INTESTINES. 
SAl(E~EKPTY • 

8PLEElf. 

PANCREm3. 

BUPRmEN ALS • 

SEX GLANDS. 

nDNEY8~. 

--
--
.037 

--
.51 

.26 

.31 

1.23 

5.82 

4.19# 

.092 

.13 

.007 

.013 

.23 

ADULTS. 

2-F. 

---
102,119g. 

--
--
.039 

--
.38 

.29 

1.61 

7.06 

5.02 

.15 

--
--
.017 

.29 

3-14. 

---
101,4016. 

--
--
.032 

-
• .a5 

.17 

.34 

1.36 

6.55 

4.57# 

.11 

.15 

--
---
• .26 

4-14. 

105Omm. 

123,6156. 

4. aC1{o 

.085 

.011 

.038 

.004 

.42 

.40 

.28 

1.22 

7.46 

5.37# 

.14 

--
.003 

--
.22 

AVlRmE. 

106Omm? 

104,638g. 

6.0710 

.086 

.011 

•. 037 

.004 

.39 

.29 

.31 

1.35 

6.67 

4.79 

.12 

.14t 

•. 005 

.015 

.25 

ALL VISCERA AVER'GE--------------------------~------------9.68 

#- Relative weight ot the stomaoh and intestines empty es-

timated from the one observation on NO.2. 

The length is an estimate from the length in inohes. 
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IV. 

DISCUSSION OF THE DATA, AND COMPARISON 

WITH GROWTH IN OTH'F.R SPF.CIFS. 

In the following pages, the body as a whole will first 

be considered, followed by the discussion of the viscera 

as a whole, and finally of each individual organ. compar-

iaons are made princ1~ally with the human species, for 

which the d.ata are fairly complete. The figures for the 

human embryo are qu.oted chie-fly from Jackson (4), unless 
\ 

otherwise specified. Relatively few observations are 

available for other animals. 

1. THF BODY AS A WHOLF • 
. 

(Tables I-XX: Plate I.) 

I. The Pig. 

Table 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 1s more rapid in the later stages. This 

cannot be taken as the actual growth curve, however, since 
, 

the body length does not increase in pro~ortion to the age. 

There are, however, two litters for which the age can 

be approximately estimated. F'rom 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 .l?? rom. in diameter. Thi~ includes the zona 



pellucida, whioh measures about .020 mm. in thickness (pOlO 

mm. counted twice in measuring the diameter). From this, 

the diameter of the mature ovum (includ.ing zona pelluo1da) 

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

would be abou.t .000003 cc., and (assuming the specific grav­

ity as 1) the weight about .000003 g. 

Keibel (9) cites 3 pigs, aged 22 days, which varied 

from 12 to 14 Mm. in length. In the smallest litter ob-

served by me, the average crown-rump length was 13.6 mm., 

and ·the average weight .25g. (8 specimens). 
• 

These embryos 

would not more than 23 days old according to Ke·1be1's -figures. 

The duration of pregnancy in the pig is given by Coburn 

(13) as 112 days, by Long (14) as usually 112, varying from 

110 to 116 days according to age of the mother, and by 

Spencer (15) ae 16 weeks. 

at 16 weeks or 112 days. 

This would place the usual time 

IJong (14) gives some figures for the weight of 1i tters 

from 1 year old BOWS. The litters average 1.8 pigs to the 

litter, the total average weight being 14.2 Ibs., or 6,442 

gms. This is an average weight of 826 gruB. per pig. For 

sows 2-3 years old, the pigs average about 1,190 g. For 

those 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 · tna~ket ·· are Usually about 10-12 

months old, the average weight of the full term fetUB would 

therefore be approximately 826g. The oldest litter exa~ 
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ined in my observations averaged ~45 g. These pigs are 

therefore probably well along in the last month of fetal 

lif'e. 

~lring the 23 days immediately suoceeding fertilization, 

the weight increases to about.25 gram, an actual increase 

of' about 83000 times the ~e1ght of the ovum. F.Ven this 

is too small, as a part of the ovum goes to form the me~ 

br~ne8, eto. But this gives an idea of the enormously 

rapid growth rate in the early stages. For the whole en­

suing ~etal period of 99 days, the fetus increases aotually 

in weight from .25 g. to 826 g., an increase of about 3300 

times the weight at 23 days. That is, in a period about 

~our times 8S long, the increase is only about 1/25 ae great. 

If the early rate of inorease 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 2?5 million times the weight of the ovum. 

The four adult hogs examined (age about 12 months) 

averaged about 104.5 Kg. in weight. We may safely estimate 

the average adult weight to be about 100 Kg. The increase 

from a weight at birth of 826 g. to an ad.ult weight 01' 100 

Kg. represents an increase of only 121 times. certainly 

an enormous decrease in the relative growth rate, even when 

compared wit.h t.he last 99 daye of prenatal life. The total 

increase -from' t.he ~e1ght of the ovum to the weight of the 
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1 year adult (18 months total prenatal and postnatal time) 

amounts to about 33 billion times the weight o~ the ovum. 

Although these data are I1mi ted in extent t11ey show 

such startlingly enormous differences that we may sa~ely 

assume the conclusions of Muehlmann (lO), strongly empha­

sized by Minot (6) and Jackson (4), ' to be true also for the 

pig; that 18, the relat.ive growth takes place most. rapidly 

in the earliest stages, the rate decreasing, at first rapid­

ly, then more slowly, throughout prenatal and postnatal' 

111'e. 
TABLE XXI. 

TABIJE OF COMPARATIVE GROWTH. -
• Ovum • Three weeks • • • • 

Animal :ovum - absol. wt. : abso1. g. :no.of times • • 
• • • ·inorease • • • • • 
• • • • • • • • 

Pig • .000003 • • 83,000 • • • • • 
• • .A • • • • • • 

Human • .000004 • .016 • 4,000 • • • • • 
• • • • • • • • 

Rabb1.t • .000003 • 11.'7 :3,900,000 • • • • 
• • • • • • • • 

Whit.e Rat. • .000003 ( 1 ) • 5.0 :1,8'70,000 • • • • 
• • • • • 

?(t~;!:loe~g) 
• • • 

Ohiok • • 30.0 • ( ? ) • • • • • 
• • • • • • • • 

: 112 days :16 months(pre+postnatal) 
Animal :abeol.g.:no.ot times: absol.g. : no.of times 

: :wt. of ovum: : wt.of ovum 
• • • • • • • • 

Pig • 826 :2?5,000,000 :100,000 :33,000,000,000 • 
• • • • • • • • 

Human • 120 • 30,000,000 • 8,000 • 2,000,000,000 • • • • 
• • • • • • • • 

Rabbit :1000 (1):333,000,0001: 2,000(1): 86'7,000,000(1) 
• • • • • • • • 

Whi te Rat • 140 • 4'1,000,000 • 2'75( ? ) : 92,000,000(1) • • • 
• • • • • • • • 

Chiok :1000 ( 1 ) : ( 1 ) • 2,000(1): ( ? ) • 
• • • • • • • • 
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II. Oomparison of Human Growth. 

The human ovum (plus zona pe11ucida) has a diam­

eter o't about .2 mm., and a corresponding weight of about 

~ .000004 g. At 22 days the embryo weighs about .016 g. 

This 18 an increase of about 4 thousand times the weight 

o't the ovum~ 

At the end o~ 112 days (~ll term for the pig), the 

human fetus weighs about 120 g •• an increase o't about '1500 

times the weight at 22 days, and about 30 million times the 

weight of the ovum. 

At '1 months of age, the h~n child averages about 

a Kg. in total weight (Vierordt). This age corresponds 

to an age o~ 1 year for the pig, being 16 months prenatal 
, 

plus postnatal. .This weight represents an increase o't 

about 2 billion times the weight of the ovum. 

At birth, however, the human averages 3200 g. in weight. 

This is an increase of about 800 million times the weight 

o'f the ovum. At 20 years of age, the average weight is 

eo Kg. (V1erordt), 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 ~or the pig 

(cf.Table XXI) we find that in the earlier embryonio 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 pertod, about 9 

times as rapid; and :for the 16 monthR, over 16 t.imes ae 

rapid. 

From this, we may conclude that during the first 16 

months the relative growt.h rate is from 9 to 20 times as 

rapid in the pig as in the human. Although the rate is 

more ra~id 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. 

III. comparison of Relative Growth in the Rabbit. 

The IlB ture ovum of t.he rabbit has a diameter of 

.1A rom., 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 · 8TJecimens of" Fehling (12). 

ThiR repreBents an 1ncre8se of about 3,910,000 times the 

weight of t.he ovum, as compared. with about 83,000 times for 

the pig at about the same age. 

At birth (the period is 30 days), the animal weighs 

3R.35 g. according to Fehling. 

The adult rabbit weighs 1500 to 3000 g. From this 

we may safely assume (since the rabbit grows ve ry rapidly) 

that, at 112 days (3 months postnatal)1 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 

pig in the same time. 

From these figures, we conclude that,in the earli~r 

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 pig has almost overt.aken the rabbit, and soon exceeds 

it. Ilinot (6), indeed., concludes that at birth the rabbit 

haa lost over 98f, 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 haR an average weight of about 

5 gm. (Donaldson (2), average "for 57 ind1 viduals of both 

sexes as 5.3 g.; Jackson for 24 individuals of both sexes 

as 4.58 grams). The increase therefore amounts to about 

1,670,000 times the weight of the ovum. 

At 92 days postnatal age (113 days prenatal plus post­

natal), the average of 11 individuals taken from Donaldson 

(2), is 139.6 g. This 18 an increase from the weight of 

the ovum of about 47 million times. 

At l~ monthR postnatal, corresponding to 1 year post­

natal of pig, the weight of the white rat is about 275 g. 

on t.he average, est.imated from data by Donaldson (2). This 
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is an inorease of about 92 million times the weight of the 

ovum. 

It i8 therefore evident upon comparison (cf.Table XXI) 

that during the prenatal period of the rat (3 weeks) the 

growth rate 1.9 muoh greater t.han for the pig; but, owing 

to the longer couree of prenatal li~e the pig finally reaches 

a greater relative weight at birth than does the rat. 

v. Comparison of Growth in the Chick. 

The egg o~ the chicken has a weight of about 

g5-40 g. Its protoplasm (which would correspond to the 

mammalian ovum),cannot be measured. The egg ie, of course, 

chie~ly made up of food material for the chick embryo, and 

it is probably . due to this that. the chick has such a rapid 

early growth rate. 

According to We10ker and Brandt (8), the new-born chick 

weighs about gO g. This represent~ an enormous increase 

in the living protoplasm, but. the growth rate cannot be 

calculated. But, starting from Bome very small weight, 

the chicken fetus increases to a weight of gO grams in 21 

days, which is a larger total weight than that reached at 

the same time by any c~ the animals yet considered. From 

incomplete data by Welcker (8) and Davenport (ll),the great­

est relative growth comes in the earlier -retal Rtages, grad­

ually decreasing after about the 9th day of incubation. 

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

pig), 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 

35 times the weight at birth. 

VI. General Conclusions on Conrparat1ve Growth. 

From the foregoing account of the develoJ>ment 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 tnat the rate is very rapid in 

the early embryonic stages, decreasing at first ra~idly, 

then more slowly, throughout prenatal and pos~rlatal . life, 

until the adult size is reached. 

The rapidity 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 hae increased about 

20 times as rapidly as has the human embryo, but only about 

1/20 as rapidly a~ the white rat and 1/50 as rapidly as the 

rabbit. After birth of the rat and rabbit, however, their 

growth rate is greatly deoreased; 80 that at 112 days the 

pig (new born) has far outstripped the rat (275 million to 

47 million), and is approaching the rabi t, which has reached 

a weight of about. 333 million times the ovum. The human 

embryo still lags behind (30 million) but is approaching 

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 old) with an increase of 

2 billion times, while t.he rabbit. and wh1te rat have been 

d.ropped far behind. Thus the animals with a short gesta-
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tion period (rabbit, rat) have a more rapid relative growth 

rate during that period, but are thereafter overtaken and 

outstripped by those with a longer gestation period (pig~ 

human) • 

At the time 01' birth, the gro,wth rate always undergoes 

a ra~id decrease, the prenatal rate always being far more 

ra~id than the postnatal. There seems to be no definite 

relation, however, between the length of the gestation 

period and the ratio of new born to adult weight. Of the 

five speoies considered, the human is relatively nearer 

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 

pOSition, their ratio being about l:SO (of.Table XXII). 

T ABJJ:r. XXI I • 
. 

RATIO OF ADULT TO NFrWBORN WFIGHT 

• Weight. of • Weight of • Weight Adult • • • 
• Newborn • Adult · Weight. Newborn • • · • • • • • • 

Pig • 8'26 g. • 100,000 g. • 121 • • • 
• • • 
• • • 

Human • 3200 g. • 60,000 g. • 19 • • • 
• • • • • • 

Rabbit • 3R.35 g. : 2,500 , g '.? · 66 • · • • • · White rat • 5.00 g. : 300 g. • 60 • • 
• • • 
• • · Chick • 30.00 g. : 2,'000 gC') :' Sf' • 
• • • 
• • • 
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2. RFoLATIVF. GROWTH OF .-,T....,H .... F VIS'CF.RA. 

(Tables II-XX; Plate II.) 

Under this heading will be eonsidered the relative 

growt.h of . all the viscera, together
J 

(including the brain 

and spinal cord) which were measured. In a negative way, 

this gives a1ao the relative growth of the other structures 

of the body--chiefly skin, skeleton and museulature. 

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 36.12% of the total. 

At. 18 rom. they form 34.24%, and in the late retu8, 18.20% 

of the total. 

total weight. 

In the adult, they form only 9.68% of the 

From this it 18 evident that the skeleton and muscula-

ture are relatively small at first, increasing, at first 

rapidly, then more gradually, until, in the adult, they 

form nearly 1/2 more relatively t.han they did at. the tetal 

maximum for the organs. 

Figures for the viscera (including brain and spinal 

cord) of the human fetus are a8 follows: 

Second month--35.98~ of the total body. 

Fifth 

F.ight.h 

(st.ill-born) Tenth 

If 

" 
" 

--2?89% 

+-26.95% 

--26.33% 

" 
.. 
.. 

It .. .. 
It " " 

From data by Welcker (8) (5 males, av.weight 58.2 Kg.) 

-45-



the average total of the viscera 1s l3.0?~ for the adult. 
y v\,"_.A .. -e..t , : ~-v1-' 

This is ~ht:-ly~l-ess than 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 

11~e; 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 remaining structures are very marked 

bet.ween birth and t he adult, both i. n the pig and t.he human. 

According to Jackson, the brain and spinal cord in the 

human embryoJat 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 1s relative­

ly much smaller. In the lA mm. pig embryos, the ventral 

organs are more than twice as large as the brain and spinal 

cord: at birth t.hey are more than three times 8S large; 

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

3. THE RFLATIV~ GROWTH OF THE VARIOUS ORGANS. - -
The relat.ive growth of the organs eonsidered together 

having been shown, it is now necessary to take up the growth 

of each 1ndivtdual organ separately, as their growth is by 

no means uniform. 
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THJr. HEAD. 

(Tables II-XX; Plate II) 

Table II and the head-ourve in Plate II, show that the 

head was found relatively largest in the . earliest stage 
I 

examined (18 mm.), forming, on the average, 29.6~% of the 

total. Throughout the earlier fetal siages it forms from 

20-25~ of the total, and in the later, averages about 21 

to 22%. Its minimum ·relative size is 19.49% at 10'7 mIn. 

In the nearly full term fetus it averages 21.'7% of the total. 

In the adult it forms 6.0'710 of the total body weight. The 

decrease in the relative size of the brain is much larger 

than that ·of the head, 80 that the facial structures form 

an inoreasingly 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 deoreases gradually 

in relative size, forming about 26-2'7% of the total at birth. 

The adult human head forms 6-9% of the total body weight. 

The head of the ~ig at no stage observed reaohes as 

large a relat ve size as does the human at a corresponding 

stage, havins, 'for the most 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

onio head is rela t vely large, espeoially in the early stages. 
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The extent to which this is true varies in the different 

forma, 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 entire body (chick). There 

is also variation in different speoies of mammals, as shown 

by the d1~ferenoe between pig and human. 

BRAIN. 

(Tables II-XX- Plate II) 

The maximum relative 8ize of the brain (Table II) was 

~ound at the earliest stage examined (18 mm., accompanying 

the maximum relative size of the head). It then forme, on 

the average, 9~ of the total body weight. The relative 

size then deoreases, rapidly in the earlier stages, then 

mO're slowly until, at. 113 nnn., it has a minimum prenstal 

relative size of 3.26~ of the total. In the fetus nearly 

full term, it forms 3.8?% of the total, and in the adult, 

.085%. 

A oomparison of the relative size of the head and brain 

shows that, in the first stage examined, the brain for.ms 

about one-third of the head; at 82 mm. about one-fifth, 

and throughout the later part of ~etal life and at birth, 

about one-sixth. In the adult it ~orms only about one-

seventieth of the head. 

This is a very small relative size "hen compared with 

the human, both in prenatal and postnatal stages. 
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The maximum relative size for the human occurs during 

the second month (at the same time as for the head). when 

t.he brain forms about 20<% 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~ (live born), which is 

about one-half the ent.ire head. Vierordt (?) estimates 

the adult human brain at 2.16% 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 body. 

Donaldson (3) gives some figures for new born rats, 

showing that. the brain forms about 5.18~ of the total 

~eight (both sexes). Figures for adult rats, over 10 months 

old. from the same source, show that the brain forms .?14% 

of the total (an aver~ge of eight large male and female 

rats being taken). This is almost nine times the relative 

size 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 .OR~%, or about the same 

relative size as the pig. 

Some observat. oj on~ on t.he chick, recorded by Welcker 

and Brandt (11), indicate that, at the ninth day of incu­

bation, the brain forms 28.~ of the body; newly hatched, 
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3%; adult, less than .5%. other observations from the same 

source indicate that the brain is relatively larger in the 

embryo or new born than in the adult, for t.he dog, shrew, 

salamander and stickleback. 

These observat.ions show t.hat t.he brain is relatively 

large in the vert.ebrate embryo, usually at a stage corrpara­

t,tvely early in prenatal list, diminishing afterward through­

out pre-and post-nat.al life. The brain also forms a larger 

proportion of the head in ~renatal than in postnatal life. 

SPINAL CORD. 

(Table II-XX; Plate III) 

The spinal cord in the pig embryo has its maximum 

relative weight (of the stages obsel~ed) at lA mm., where 

it. f'orme 1.8'1,r of the total. Decreasing, at first rapidly, 

then more alc~ly, at 126 rom. it reaches its m1niffillm relative 

size, about .16% of the total. Throughout the remainder 

of the stages examined, it averages about .25%. In the 

late fetus, however, it. forms .3~; whtle in the adult it 

forms .037~ of the total. 

In the "f1rRt stage, its "eight is about one-fi"fth that 

of the brain, lat.er in t.he fetal period about one-twelf't.h 

to one-1'1f't.eent.h, in t.he late fetus reaching one-tenth. 

In the adult the weight of the cord is between one-half and 

one-third that of the brain. Ita relative growth -rate 

must be much greater in postnatal life than is that of the 

brain; or, otherwise expressed, the decrease in relative 
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size o~ the brain is much greater than that of the cord. 

On the other hand the prenat!3.1 growth rate of th,; brain is 

much larger than that of the cord. 

The cord is relattvely larger in the human "fetu8 than 

in the pig in t.he 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 l.8?~ 

at. IA mm. in the pig. At birth, the human cord -rorms about 

.15% of the total weight, which is only one-half the rela­

tive size of the pig's cord. In the human adult., the cord 

forms .06~ of the total (Vierordt), which is almost twice 

that of t he pig. The condi t,jons regarding comparative 

prenatal and ~ostnatal growth of brain and cord are similar 

in both human and pig; that ie, the brain ha~ the more rapid 

relative growth rate in prenatal life. In postnatal life 

the relat1ve growth rate of the cord is the more rapid, as 

nonaldson has pointed out ~or the human. 

Figures from Donaldson (3) show that at birth the 

spinal cord in the white rat forms, on the average, .?3% 
of the total, while in the adult (10-12 months), it forms 

• 2~. 'rhe decrease is therefore similar to that tn the 

pig and human. Data by Welcker (8) indicate a similar 

decrease in the chick, but not in the dog. 
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TABLF. XXIII. 

showing the ap~roximate relations of weights of the 

Brain and Spinal cord at diff'erent times in the pig, Human 

and -White Rat. 

• pIS • Human • White Rat • • • 
: . Fetal:birth:adult: , Petal:birth:adult:b1rth:adult 

Brain weight • • 
Spinal Cord wt. : 

• • 
• • 
• 

Brain ~ 
• 

Birth • 

·B-ra-in-~ · Adult, • 
I • 

• • 
• • 

Sp. Cord ~ Birth: 
A :iul t : SP. cord: 

• • 

max. • • • max. • · · ; . ' . • 
• · • • • • • • 

5 • 12 • 2 • 4 • • • • • 
• • • • 
• • • • 

• • 
45 • • 

• • 
• • 
• • 

9 • · • • 
• • 

THE FYF.BAIJLS. 

(Tables II-XX; Plate IV) 

• • • • • • 
• • • • • • 

90 • 36 • • 3.5 • • • 
• • • • · • 

• · . 
6 • ? • 

• • 
• • 
• • 

2.5 • 4 • 
• • 
• • 

The eyeballs (Tables II and VIII and curve on Plate IV), 

starting with an average relative size of .16% o~ the total 

at 18 mm., increase rapidly to a maximum o~ 1.14% at 86 mm. 

From this stage, they decrease slowly until, at birth, they 

form .40% of the total. 

of the total ~e1ght. 

In the adult they form only .011% 

From a few scattering observat.ions on the human eyeballs, 

it seems that they are re~at1vely smaller than those of the 

pig j .n the early stage~; 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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Weleker and Brandt. (8) reeord some observations on the 

chick embryo. At the 11th day of incubation, the eyeballs 

~orm nearly 25% o~ 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 ne~ born. 

THYROID GLAND. 

(Tables VI-XX; Plate V) 

The thyroid makes its first appe8ranee (being too 

small for aecurate dissecting earlier) in the 59mm. litter, 

when it has its maximum observed relative size of .045~ of 

the entire body weight. From then until the end of the 

prenatal period, it averages 'from .02 t.o .03~, forming .026~ 

at birth. In the adult it forms only .004~ of the total. 

The inct t,'1dua 1 measurement.s are rather variable for 

this gland, but it averages very regularly throughout. 

It more nearly keeps pace with the body growth than any other 

organ observed. 

The human thyroid, forming .035% o~ the t.otal at 2 

months, increases to .lll~ (Rtill born) or .l25~ (live born). 

In the adult it forms .05% of t.he total, aceordjng to 

Vierordt. It is therefore, at all stages, a larger and 

probably more important. organ in the human than in t.he J)ig. 
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THYMUS GJJAND. 

(Tables VI-XX; Plate V) 

The thymus is liable to a considerable amount of 

individual variation, and shows a gradual increase in 

relative size throughout ~renatal life. Where first maas-

urad, at 59mm., it forma almost .1% of the total weight. 

Near full term, it forms .37% of the total. It was not 

found in the adult, though it may possibly have been over­

looked. 

In the human, the thymus ~orm8 .008~ of the entire body 

at the end of the second month; and about ~~~ at birth. 

Vierordt gtves the adult size as .04~ of the total weight. 

In general, the relative size and courAe of growth of 

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

THF. LUNGS. 

(Tables II-XX; Plate III) 

The lungs are considered together because, while there 
. c · 

is a di f'f'erence in size, their ratio to each other 1(~/ 'fairly 

constant, the right lung be i ng to the left a~~roximately 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 ~~., they 

form 3.79% of the total body weight. From here the decrease 

in relative size is somewhat irregular to the late fetus, 

where they form 2% of the total body ~e1ght. In the adult 

they ~orm only about .6R~ . In the smallest litterA 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, i8 liable to considerable individual variation, as is 

the relative size of the two lungs. 

Approximately the same course o~ growth occurs in ,the 

human. There is an initial rise, the maximum occuring in 

the ~burth fetal month, when the lungs average 3.29% of the 

total weight. In the 8t111~born they average 1.1%, in 

live born, 2.lA%. In the adult, they ~orm 1.5% o~ the 

total (Vierordt). In relat1ve size, therefore, the human 

lungs are ap~rox1matelY equal to those of the pig during 

prenatal life, but a~e about twice ag 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 20% larger. In the adult, the right 

lung is usually stated to be only 1~ larger than the left. 

In the pig, however, the right lung averages about 40% 

greater than the lert, both in the ~etus and in the adult. 

THE HEAR!. 

Tables II-XX; Plate III) 

The heart has its greatest observed relative size in 

the earliest stage examined (18 mm), forming 3.51% of the 

total weight. An examination of earlier stages would prob­

ably show a still larger max1rnum~ It deoreases rapidly at 

~ir8t, then more slowly, until, at 119mm., it forms only 

.65~ of the total body weight. In the later fetuses, there 

. 
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is 8 gradual rise, the heart forming 1.0~ o~ the total 

weight in the 26lY'.m. fetus (nearly full term). In the adult 

it ~orms .3l~, about one-third that of the late ~etus. 

In the human, the heart also has its maximum early, 

being estimated at more than 5~ in a four week embryo; 3.64% 

in the ~1f.th week (llmm.) and .85% in the third month. At 

birth it forms .?~ to .?7~ (still- and live-born). Vierordt 

estimates the adult human heart to form .461: o~ t.he t.otal 

weight. 

The heart is, therefore, similar in relative size in 

pig a·nd human during retal l1.f'e. It ap1>ear~, however, to 

be relatively smaller at birth, and larger in the adult in 

the human. 

STOMACH AND INTFSTINFoS. 

(Tables II-XX; Plate II) 

The stomach and intestines (including mesentery) dif­

fer trom all ot.her organs observed, in that. they increase 

greatly in relative size in t.he adult. This is the cas., 

whether they are considered with, or without, oontents. 

At lA mm., they ~orm .27~ of the total body weight, 

after which they increase ', at first very rapidly I t.hen more 

slowly (and with oonsiderable individual variation) to n 

maximum (for J)renat.al life) of 5.~ in t.he late fetus. In 

the adult they form 6.67,% of the tot.al weight. These 'fig­

ures are for stomach and intestines plus contents, which, 

e~peo1ally in the lat.er stages, present n great deal ot 

variation. 
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A bet.ter index of' the growth is shown by the :figures 

for t.he stomach and intestines wit.hout cont.ents. In the 

stages to and including the 41 rom. stage, there would seem 

to be no appreciable cont.ents, and here the st.omach and in-

t,estines amount t.o 1.6% of the total body weight. They 

gradually increase throughout f'etal life, forming, at 241 mm. 

2.A5~ ·of the tot.al, being about 40% less than the same with 

contents (4.?5%). In the adult they :ro~. (empty) about 

4.?9~ of the total weight, about 28~ less than the tract 

with contents (6.6?f~ 

The range of variat.ion is large, due to the extreme 

variations in contents, but t.he tract empty iA, in later 

prenatal life, about 35-40% less than the tract with contents. 

In the human t.he intestinal traot is small in the early 

stages, increasing rapidly to full term, when the tract 

( em-pty) forms 1.031 of t.he t·otal weight. The cont.ents 

here are about twice as great 8S the empty intestinal tract. 

Vierordt est.imates 2.06~ of the total body weight for the 

adult tract (empty). 

The empty intestinal traot of the pig is therefore 

relatively much larger tha~ that of the human, both in 

later fetal stageR, and in the adult, while the contents 

are smaller. 

THF. IJ I VF.R • 

(Tables II-XX; Plate II) 

In the earliest. st.age examined (18 mm.), the liver 

~orms 11.58% of the total weight. In 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 

size observed was not in the largest fetus examined, however, 

but in the 241 mm. litter, where it ~orms only 2.62% o~ the 

total weight. In the late fetus it forms 3~ of the total 

weight. In the adult it forme only about 1.35% of the 

total body weight. The maximum relative weight may be some­

what more than l6(. ·6~ and oome somewhere about the 30 mm. 

stage. 

In the human fetus, the liver never reaohes more than 

?5-1~ 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 it 

maintain~ throughout fetal life, averaging 5.23~ in live­

born infants. This is almost twioe as much as the average 

relative size in the pig at the same stage. Vierordt 

gives the average for t.he adult human at 2.~5%. Therefore, 

in the earlier fetal stages, the liver haa 8 much greater 

relative size in the pig than in the human, but. in the later 

fetal stages and in the adult, it i8 relatively much sma11er~. 

As in the oase in the pig and hUman, the liver is smaller 

in the adult than in the embryo or new born in the chick, 

dog, stickleback and shrew (We1oker). But it is relatively 

larger in the adult for the salamander and dog-f'1sh (Kellioott). 
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THE SPLF.F.N. 

(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 .015% of the total 

body weight. It gradually increases in relative ~ize, until 

in the 260 mm. fetuses, it forms on the average .l?~ of the 

total weight. In the adult it forme about .12%. 

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 

~etal 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 PANCRF.AS. 

(Tables v~xx: Plate IV. ) 

starting ~ith a relative size of .042% o~ the total 

body weight at 41 mm., where it was first ob8erve~, the 

pancreas increases, at first rap1dly, then more slowly to a 

maximum of .18~ at the 215 mm. stage. At 260 rem., it ~orms 

.16~ of the total weight; in the adult, .14%. In the pig, 

the variations in individual size are very great, due per­

haps in part to difficulty in dissecting it out perfectly. 

Dllr1ng the greater part of fetal life, the pancreas averages 

about .1-.13% of the total weight. 

Judging from the data available for comparison, the 
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pancreas is slightly heavier in the pig than in the human 

throughout the greater portion of fetal life, and has about 

the same relative size in "tbe adult. 

SUPRARF.NAL GLANDS. 

(Tables V-XX: Plate V.) 

At 25 mm. the suprarenal glands can be readily deteoted 

with the disseoting lens, but, owing to their position and 

attachments, cannot be readily disseoted out and weighed. 

At 41 mm., the suprarenal glands form about .11% of 

the total weight. At 59 mm., they form .12% of the total, 

whioh is the maximum observed relative size. Throughout 

the latter part of fetal" 11:te, they average about • 015-. 025~ 

of the total, forming .018~ in the largest stage examined. 

In the adult they are very small organs, forming about 

.005% o~ the total. There is no marked difference between 

right and left in size. 

In the human fetus, the left suprarenal is u sually 

the larger of the two. During the second month, the 8upra­

renals form about .3~ of the total body volume, increasing 

to a maximum of .48~ in the third" month. At full term 

they form about .24%. In the adult they form .01% (Vierordt). 

The euprarenale, there:tore, have a muoh larger relative 

size in the human than in the pig, bot.h in prenatal and post­

natal 1i1'6. 
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Sli'X GJJANDS. 

(TableA III-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 ~emale. Rising rapidly to a maximum, they form .25~ 

at 41 mm. At 59 mm. the female sex glands have their max­

imum size of .094~ of the total. At 260 mm. (average of 

three females), the sex glands forn: • 026~ of the total weight, 

and in the adult (2 f.) .015~ of the total weight. (Data 

for males incomplete). 

This is also the case in the human--the sex glands being 

relatively larger in the earlier part of prenatal growth, the 

n.ale glands being relatively heavier than the female. In an 

embryo of the ~ifth week (11 mm.l,the anlages for the glands 

form .OAf.i% of the total volume. In the later -retal stages, 

t he human. testes are about t w10e as large as the ovaries, a 

relat:1.on s:1m~lar to that in the pig. 

TH~ KIDNF,YS AND WOLFFIAN BODIES. 

The kidneys (Tables III-XX: Plate III) were first. measured 

at . the 25mm. stage, when they average .24% of the total body 

weight. They increase rapidly to a maximum relative size of 

2.57% of the total weight at 59mm. At lSlmm. they form .90%, 

which is the minimum of later 'fetal life. Near full term t.hey 
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form .98~ o~ the total, and in the adult, .25%. There is 

apparently no oonstant 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 le'ft kidney is quite usually larger than 

the right. 

It would appear ~rom this that the kidneys, throughout 
the later part of fetal life, have about the same relative 

size in the pig and human, but are larger relattvely in the 

human adult. 

Agreeing with the pig and human, the kidneys al>l>eaT 

relatively smaller in the adult than in the embryo shrew, 

dog and chick; but they are relatively larger :'-n the stickle­

back and salamander (Weloker and. Brandt.). 

The Wolt"fian bodies (Tables II - XI ., Plate Ill) of' the 

pig have their maximum very early . in ~etal li~e, probably 

at an earlier stage than can be readily dissected. , At 18 

mm. they have by far the largest relative size observed--
, 

?5~ of the total weight. Fro~ this stage the decrease 18 

rapid. In the 25 mm. pigs, they form only 4.?3%; 3? mm., 

2.43~; 59 mm., 1.48%; 82 nun., .38~; disappearing at about 

115 nun • 

. The Wolf'fian body presents .a very interesting case, 

as it is t,he only st.ructure observed (exoept postnatal thymus?) 

in whioh a decrease in ab~olute weight takes place. 
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The ~ollowing table expresses the relations for this 

organ:-

TABLE XXIII. 

SHOWING TH~ ABSOLtT~ W~IGHT, AN P~R C~NT 

OF TOTAL OF THE WOLFFIAN BODY IN 

SOM~ OF THF OBSFRVFD CASF.S • 

• • • • · IJitter :Weight Wolffian Body:Per cent of Total 
• • • • 
• • • • 

14. ( 18mm. ) • .0522 g. • 7.4~ • • 
• • • • 

8. (58mm.) • .148 g. • 1.4270 • • 
• • 
• • 

2. (82mm. ) • .107 g. • .38% • • 
· • · • 

16. ( l07mm. ) • .052 g. • .076% • • 
• • • • 

23. ( 1l3mn1. ") • .047 g. • .028% · • 
• • · • 

Coincident with the decrease in relative size o~ the 

Wolffian body, one might expect an increase o~ the ki dneys 

in about t.he same proJ)ortion. This is partly true. The 

first record of' the Ri dney (".24%) corresponds to a relative 

size of 4.73% for the Wolffian Body. The maximum relative 

size of the "ltidney (2.~7% ) corresponds to a size of 1.48% 

for the Wolff ian Body. At the time of disappe"arance of the 

Wolffian Bodies, the ]1dneys form 1.3 5~ of the total weight. 

Shortly after this, the kidneys increase to 1.57%. (See Plate 

III ). 

In the human, the Wolffian bodies form .6% of the total 

volume in an embryo of the fi~th week (11 mIn.), in which the 
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renal anlages are just appearing. From this time onward, 
they become both absolutely a!1d_ relatively Rmaller, just as 

in the pig. 

The Wolffian bodieR in the pig, therefore are relative­

ly very much larger than in the human embryo, and persist 

for a longer time. 

4. DIFFFRF.NC~S ACCORDING 1Q~S~F,~X. 

The data from the various litters were sorted out and 

grouped according to sex, the averages being calculated for 

eaoh sex in each litter. The results were 0"( little value, 

however, on account of the small number of specimens; only 

~ive litters having two or more of eaoh sex. Although, 

there~ore,1t was not thought neoessary to reproduce this 

t 'able, certain indicat.ions whioh it showed are worthy of 

mention. 
~ 

In the first plaoe, the total weight almost constantly 

averages higher in males than in females of the same litter. 

This was true in four of the five litterR mentioned. It 

is k.nown that t.he human ma.les average heavier than the fe­

males of the same age in prenatal life, and at birth. 

The liver in the pig fetuses was found relatively heavier 

in the female in most cases where a comparison was ~ossible. 

This is also almost oonstantly true in t.he human species. 

The sex glands, beg1nring with the time when the sexes 

are first distinguishable are found relat.t,'ely heavier in 

t.he male t.han in the female pig, as already mentioned. This 

also is in agreement with the human s'Pecies. 
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For other organs, no de'tin1te oonolusions oonoerning 

sexual di~~erenoes could be drawn, and even those mentioned 

reat upon a very unoertain basis. Many more observations 
. 

are neoessary, in order to distinguish variations due to 

sex ~r0m accidental variations. 

L. S tn.!M A RY • 

The general conclusions concerning the growth of the 

pig may be summarized as follows: 

1. The weight of the ovum iA about .000003 g. The 

increase in weight 18 at least R3,OOO times during the first 

23 days. At the end of 112 days (full term) the increase 

is 2?5 million. The weight of the adult hog is about 333 

billion times that of t.he ovum. comparative ~igures are 

also given ~or the human, rabbit, rat and chick. All these 

~orms agTee ~ith the general law that the rate of growth is 

by far most rapid at the beginning of prenatal life. 

2. The visoera of the pig embryo (including brain and 

spinal cord) have their maximum relative size, about 36~ of 

the whole body, at an early stage (59mm.), decreasing to about 

18~ at the end of the fetal period. In the adult, they form 

about 9.6~ of the whole body. 

3. Tlle bead attains its maximum observed ralat1ve size 

at 18nun. (earlier stage not examined) forming 29.66% of the 

total, deoreasing to 2l.?~ before birth, and to 6.0?% in the 

adult. It 18 always relatively smaller than the human head 

at oorresponding stages. 
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4. The brain also attains its maximum observed relative 

size at the same time 8S the head, forming about 9% of the 

total body and about one-third of the head. In later 

stages it decreases until, near ~ll term,it fonns 3.86% of 

the total, and about one-sixth of the head. In the adult 

it forms about .085% of the total. The brain of' t he pig 

is at all st.ages relatively much smaller than the human. 

5. The spinal cord has its maximum relat1,'e weight at 

lRmm., 1.8'7%, decreasing'at. firat rapidly, then more slowly, 

and "forming .32~ of' the t.otal before birth. In the adult, 
,. 

the cord forms about .03'7% of t.he total. 

6. The eyeballs attain t.heir max1.rmun relative observed 

81~e at 86mm., forming 1.14% of the total, decreasing to 

.40~ of the total beroTe birth. 

only .011% of the tot.al. 

In the adult, . they form 

'7. The heart forms 3.5% of' the total we1ght at lAmm., 

decrea~1ng to a size of about 1.00% before birth, and aver­

aging about .'70% during the greater number of stages exam-

1ned. In the adult hog, the heart averages .31% of the 

total weight. 

8. The lungs increase to a maximum of 3.8% at 86mm., 

decreasing irregularly thereafter to about 2% before birth. 

The rtght lung iA larger than the left in the approximate 

vroport1on of ?-5. 

.68~ of total. 

The lungs in the adult form only about. 
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9. The liver increases to a maximum relative size of 

16.6% of the total body at 25n~., decreasing to 2.9% before 

birth. Its maximum relative size "9 over tw-lce 8S large as 

that of' t.he human. In the adult the liver of the pig aver-
, dl ages, 1.35/ " being only about. half that of the human. 

10. The kidneys increase rapidly to a maximum relative 

size o'f 2.571. of t.he total body at 59mm., decreasing there­

a~ter to an average of .98% before birth; and forming 

about .25% in the adult. 

11. The spleen, pancreas and thymus increase gradually 

from the beginn1ng, averaging about .17%, .l6~ and .37%, 

respectively, near the end of fetal life. In the adult, the 

fi~ures are .12%, and .l4%,~or snleen and pancreas respectively. 

12. 'I'lle 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. .12% of t.he total at 

59mm., decreasing therea"fter to about .018% before birth, 

and about .005% tn ~he adult. 

14. The stomach and intest.ines increase gradually through­

out t.he period, forming about 4.6% at 241 mm. (with contents), 

or 2.9~ (without). Near full term (261 rom.) they form 5.85% 

of the total (wjth contents). In the adult, they increase 

to 4.?2% without contents or 6.67% with contents. 

15. The total weight of the body and the relative weight 
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of the sex glands are greater in the male, while the rela­

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