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FACTCRS AFFECTILG TF~ GROWTE COF DAIRY ANIILALS.

INTRODUCTION

—

Since preristoric times, domestic animals
have been closely associated with tre develoraernt of
the human race. In ecrly times tkhe growth of ani-
mels wes taken as & wmatter of course and its observa-
tion attracted little attention. As time advanced
it becare noticeable trat ernvironuertal conditions
seemed to have an effect upon arinal developuent,
and men with scientific winds besan to theorize con-
cerning the phenomena ard underlying causes of growth,
o trat tlLe consideration has become ore of the
greatest problexs of science.

A consideration of the dairy industry alone
in tre lnited States, irdicates that, assuming the
averege period of production for 2 dairy cow to be
five years, 4,000,000 cows cust coze to caturity each

year in order to waintain the total number whick is



given by census figures es 2t least 20,C00,000.
£8 cows do not ordinarily begin to return ar irn-
come tefore trey are two jyears of age, tre neces-
gary number of immature and urproductive dairy
reifere on rand amust be at least §,000,000. The
feed-cost for raisirg a dairy nheifer to the tiuwe
of first calvirg Las been esticmated at from 40
to J£0. Tre problem, then, of raising a suffic-
ient nurber of hreifers to maeinteir tre supply of
dairy cows, is one of great iuportence.

A1l successful breeders are continually
striving to iamprove trhe quality of their herds.
The value of any dairy herd is determined to a
creat extent L the way in vwhich the keifers with-
in trat rLerd have been raised and develored, and
for this reason thre rroblem of deteruining the
gerowth-regulating factors is one of great import-

ance from a yractical standpoirt.



GROWTH

What is growth? That is one of the
questions which scientists the world over are try-
ing to answer at the present tiue. L;endel53 cone
siders growth as "the resultant of an inherent
growth impulse - an internal factor - and a suit-
able environzent; the latter including the food
supply - an external factor”. Attempts to define
the term have in almost every case been unsatis-
factory so that today, with scientists spending
their lives in the attempt to solve the mysteries
of growth, hardly an adequate definition exists.
dendel realized this fact when he said, "There is
no satisfactory definition of growth™ and "It is
probably impossible to define 1t".53 Even tho
a satisfactory definition is lacking, the word is
usually understood as indicative of that series of
physiological changes by which an individual of
any species develops from the fertilized egg to
maturity.

Although the knowledge of these

phenomena is meagre, the most common thing in the
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world is growth. ot only does it confront us
at every turn but it is the agency by which we
are given the possibility of developing from
mere masses of protoplasm into tke highly com-

plicated human animal - man.

Growth and life can hardly be sep-
arated - the two go rand in hand. Growth for
an individual begins simultaneously with the
life of that individual at the moment the egg of
the mother unites with the sperm of the father.
With this union is imparted a stimulus which,to-
gether with inheritance, forms a foundation upon
which is based not only uany of the problems of
agriculture, but the maintenance of the kuman race.

The "inherent tendency" is fundament-
al. Tre part which nutrition plays is secondary.
"Tre rhythm of cell division called 'Wachstua-
potential' by Escherich, is liamited for every
class of animals ard for every individual, there-
fore, even with the greatest intake of food,growth
will never exceed a certain li;nit".3 ‘Hutrition,
which is often looked upon as a controlling factor,

can do no more than give free scope to the inherent
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tendency to grow".53 This cannot be altered.
Lot only do these two factors exist, but growth
is further comrlicated by a large number of
other factors which will be considered later.
Liendel53 has inferred that all

growth, whether it be of the cells, tissues or
organs must be due to:-

1. ultiplication or division of cells.

2. Enlargement of cells.

3. Deposition of intercellular wmaterial.

According to Donaldson7, "The con-

stituent cells of the body enlarge, divide, and
in turn enlarge, at the same time that some of
them cease to divide further. The number of
these latter cells increases rapidly, while the
relative number of the dividing cells diminishes”.
Thus "growth like reproduction involves cell-
division. As a mass of living substance increases,
the cells must multiply, for every cell has as-
signed to it a limit beyond which it cannot pass.
Cell-division goes on, though with gradually de-
creasing frequency throughout practically the

whole of life; tissue-formation continues but from
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en early period of develop:iient onward, trere is
a progreesive diminution in tre power of growth.
Increace in the rumbcer of cells is, however,
srecially characteristic of the ewbryonic period.
In tre latter stages of developuent growth occurs
largely trrough cell-enlergement and the deposi-
tion of irtercellular substance".588 |

In reference to .linot's comparison to
"wall-tuiléing" Boverizsa has enunciated the gen-
eral law that cell-division is regulated by the
proportion of chromatin to cytorlasm and that it
ceases vwren the ratio of the mass of chromosomes
to trat of the cells in any tissue Or organ
reaches a certain definite point, and tret the
size of tre cells of any given tissue after active

celi multiplication has ceased, bears a definite

ratio to the original mass of chromatin in the

fertilized egg.

NORMAL GROWTE.

The "irherent tendency' for growth
in individuals has been emphasized. Variations
occur in all characteristics with every class of

arimals ard the growth characteristic is no ex-



ception. A normal value for & given species
can be derived then, only from taking averages
0f larye numbers of apparently normal animals
within that species. In this way wide varia-
tions will be smoothed out by the balancing
effect which one variation will have on another
variation in the opposite direction.

At present noranal values are avail-
able for many species of anizals. Tre masf
satisfactory values for dairy aniazals are those
calculated by Burlingham and Gillette.7

"The growth of the cow in weight
continues for at least two years after the skele-

ton stops growing. A Jersey cow, well-fed when

young, is practically mature in frame at three
years but increases in weigﬁt up to the age of
five or six years. Holsteins on the average grow
a little in skeleton between the ages of four and
five years vut increase in weight regularly up

to six or even seven jears".

lormals have been calculated for

huwmens and many of the lower anizals and C. .1,

lzd

Jackson

as wuch as possible of the phenomena of growth,

experinented with white rats to learn



and to determine the limits of normal variation.

POST NATAL LOSS IN WEIGET

A subject which deserves consider-
ation at this point is the loss which is experienc-
ed in all animals immediately after birth. Dr.
Minot56 mentions it in his study of guinea pigs
and T, Brailsford Robertson84 writes that the
majority of infants lose weight for a few days
after birth. This, he says, is true of other

animals and is soxetimes attributed to lack of

nutrition with children.

Robertson concludes essentially that:-
1. It is a tendency for infants of long
gestations to lose most heavily.

2. The size at birth is closely related

to the subsequent loss.

3., The retardation is suffered by both

males and females.

4. There is more variation in male than

in female retardation.

5. The subsequent compensatory accelera-

tion is more pronounced in the female than in

the male.
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To quote Ainotée "{dale guinea pigs
lose weight as do newborn children for a variable
period of a few days after birth". In both
sexes, the weight is retarded at birth but much
more in the cale than in the female, so much in

fact, that there is an actual loss.

VARIATION AND INDIVIDUALITY.

Individuality is the one word which
may be used in summarizing the results obtained
on an experiment at the Georgia Agricultural Ex-
veriment Station%4 and individuality at once sug-
gests variation. The coefficient of variation
i8 used to represent variability in animals. It
is one-hundred times the ratio which the standard

variation bears to the mean.

o = Vea? and c= .iar._./oo
n

The coefficient for British-American humans at
birth has been given as 15.7 for the male and
14.2 for the female. rorter,zsfrom thousands of
observations on weights‘of school children in
St. Louis has determined the relative coefficients

for males and females at the different ages. Eis
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figures compare favorably with those given by
rearson35 and Schuster35 who worked in England.
Figures on white rats show the greatest coeffic-
ient at twenty days. ~ On the grounds of the work
performed Porter, Thoma and Boas35 kave all con-
cluded that variation is correlated with rapid-
ity of growth except in the case of soxze newbornms,
when the growth is more rapid. It is noticed
that in humans the greatest variability occurs

at the time of puberty when abnormal gains occur.

Figures for rats show results similar to those

for the higher animals.

FRATERNAL VARIATION.

In 1894 Galton35 fourd the average
stature of man to be 68.2 inches with a probavle
deviation of 1.7 inches. Ee found that with
brothers the deviation was only 1.06 inches or
62 percent of the racial variation. Later cal-
culations set the figure at 87 percent. Intre-
litter rats varied in body weight less than half
as nuch as the general population. Of course
intra-litter and fraternal variations are not ex-

actly comparable. At any rate, all things



emphasize the importance of individuvality

and of inreritance in growth.

THE MEASUREMENTS OF GROWTH.

It will be noted that while some
stature measurements have been used in showing
human growth, the majority of conclusions have
~been based upon weights. This is unfortunate
' because weight alone cannot satisfactorily re-
present growth. Weight and skeletal growth
seem to a great degree independent of each other.
iWendel has emprasized the need of some means of
ascertaining and measuring growth but shows its
difficulty on account of uncorrelated increments,
such as depositions of material in humans in
middle 1life. It has been written of Hans Aron%
"From his experiments the author concludes that
the force which he calls "growth tendency" is
more noticeable in the skeleton than in other
parts of the body. If an animal fasts the skele-
ton grows at the expense of the rest of the body;
the fatty tissues being used first, and the other
organs later, since the more important organs are

also the more resistant. In his opinion the
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force that induces growth is resident in the
skeletal frame-work, the muscular tissue possess-
ing apparently no specific ‘“growth tendency'";
but, perkaps owing to mechanical forces,following
the skeleton in its growth, provided the nutrition
is8 sufficient to permit it.” It is possible for
an animal to grow in height and remain at constant
weight, or in more severe cases even to lose in
weight. '

liearly forty years ago an attempt was
made to reasure growth by metabolism,and Carl
Voit52 in 1881 published a monograph in which he
gave expression to the prevailing belief of tkre
time which was that the growth period was character-
ized by a reletively lerge food requirement and
"intensity of metabolism."52 He writes, "It is
generally believed thet the youthful orgernism is
the seat of & particularly active metabolism."53
At that time little was known of energy features
but tre metatolism idea centered in the metabolic
charges in nitrogenous compounds. Voit realized
anrd noted that flesh-deposition is possible in
the adult but that the tissue increcment phenomenon

in the animal during the growing period is much

more noticeable.
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Commonly it is supposed that an animal grows
slowly at an early age, but increases more rapidly as
age advances. At present, figures are available
which prove trat this conception is erroneous. There
are different ways of exyressing growtk. Growth
itself way be represented by the amount of the incre-
ments within certain periods of time,but whether or
not tre rate of growth can be shown in this way de-
pends upon the point of view. It may or may not be
more satisfactory to show the rate by the percentage
increment of each period over the preceding weight or
measurement. By tris method of representation an
animal weighing 1000 pounds and gaining 4 pounds a
day is not growing at such a rapid rate as one weigh-
ing 200 pounds and gairing one pound a day. The
method of representation should vary according to
circumstances and should not be limited to one basis.

For satisfactory measurements of growth,
at least two things must be considered - weight and
skeletal measureament. Lethods of taking the skele-

tal measurements of cattle will be considered.

TEE LIMITS OF GROWTH.

The cause of the cessation of growth is
58¢
not known. llorgan believes that it is duve to an

inhibitory factor which limits growth. In confirma-
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tion of this idea Le considers the regeneration of
the tail of a salamander. when a salamender's tail
is cut off near the tip it grows much more slowly
than wken cut nearer trLe bese. negeneration seems
to follow normal growth and an inkibition seenms to
take place when & certain size is reached. The
saze is true of an earthworm to a more pronounced
degree. “hen an earthworm's tail is removed near
tte tip, regeneration is slow, while if cut near
tke middle it is rapid.

Insufficiency of food will result in
checking or stopping growth but thie is an abnormsl

condition.

linotzsc believes trhat senescence, which
is tre passage from youth to old age,is due to "an
increase in the differentiation of the protoplasm”.
e states that 'during the early periods of life the
young material is produced and tke rrotoplasm is un-
differentiated. During the later stages of exist-

ence all tre differentiation goes on, and the organ-

ism gradually becomes old. WWhen the cells acquire

the faculty of passing beyornd the simple stage to
the more complete organism they lose something of
their vitality, of their power of growth, and of

their poscivilities of perretuation”.

It is not known whether an animal ceases to
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grow becauce a natural irhibitory factor develops or
becaucse the animal loses its stimulus for growth.
mendel53 stowe thet trhe power of regeneration dimin-
ishes as the vertetrate scale is ascended and attrib-
utes the fact chiefly to tre lack of ocoBrdinate re-
gereration in the higlrer vertebrates. The power
seems to Le present in &1l human tissues but in dif-
ferert degreces so trat co8rdination cannot exist.
iay not tre one furdamental cause be differentiation
of thre cells of the various tissues,ard may not this
one word - differentiation - rerresent the cessation
of growth?

According to ..Iinot57a the icpulse to grow
is imgparted with the union of the generative cells
and uterire life is characterized by rapid growth.
Fe estimates that in the early embryonic stages,
rabbits can grow as much as 1000 percent in a day,
and that over 98 percent of the loss in growth-rate
is reached before birth. An anival, trten, begins
ex-uterine life with less than 2 percent of the orig-
inal growth power with which it was endowed. For
the human embryo it is estimated that from impreg-

nation to the end of the first month an ircrease of

over one rillion percent has taken place. Winot
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compares growth with a can building a wall. The

wall goes ur raridly at first tut &s the wall becomes
kigler the work progresses more slowly till finally
the rar becomes tired and stops - the limit is reached.

A similer idea is expressed by Marshallzaa
who believes that growth and tissue formstion con-
tinue througk life,but at a constantly diminishing
rate.

It has been suggested that "the reason why
the animal ceases at length to grow, is not because
there is a necessary limit to growth-force at a cer-
tain distance from impregnation, but tecause it is
in the nature of the species %hat the individual
should cease to grow at this point"”.

Ferry7 finds in working with rats that it
is size rather than age which determines the rate of
growth,

The conclusions of Minot57 are that "though
protorlasm is the physiological basis of life, though
it is the actual living substance of the bLody, its
undue increase beyond the growth of the nuclevs changes
the proportions of the two and that change in propor-
tion seems to cause an alteration in the condition of

the 1iving cell itself, and that alteration I inter-
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pret is the cause of serescence as the fundamental
cause of old ace".

In summarizing the work it would seem that
Kellicott36 is nearer the solution of the problem
tlan any otlLer when he writes, "It seems quite likely
---that in organisams ir general the norusal growth of
each tissue or of eackh organ is controlled separately
by a specific internal secretion. These substances
may regulete growth either through inhibition or ac-
celeration and the effect rroduced may be due either

to the rresence or the withdrawal of the srecific

substance".

EORICNES AND TEE DUCTLESS GLAIIDS.

Hormones or "chemical messengers" are res-
ponsible for large numbers of the involuntary physio-
logical functions. It has been assumed that such
may be the cause of gfowth-stimulation as has been
80 nicely stated by Kellicott in the preceding para-
graph.

The fact is proven that the removal of cer-
tain glands prroduces a poor physiological condition,

cessation of growth and even death, and that feeding
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the extract of the corresponding glard of another
animel causee rapid recovery, and a resugption of
growth. Such facts indicate the probability that
those glands secrete a "something” whick is respon-
sible, either directly or indirectly, for the phe-

nocwena of growth.

Of thre ductlese glands the thyroid has
becn called the 'dean”. Goitre in humans is a con-
ditiorn in which the thyroid is enlearged. In severe
cases the development of those affected persons known
as cretins, is completely arrested and they become
idiotic dwarfs.

Tre enlargement of the pituitary body, a
small glend in the center of the base of tke. skull,
causes an enlergement of the osseous extremities and
makes a "caricatvre of the human shape". When the
glard enlargement occurs in childhood a uniform over-
growth takes place resulting in a giant. It has
been shown that dwarfs have an abnormally small
pituitary. In some caces the feeding of animal
pituitary has caused a decided improvement and the
author34 states ----"the glard appears to be a sort

of growth - or - stature - regulsator for the skeleton

of the body."
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The pireal body lies almost in the center
of the brain and is found to kave a considerable in-
fluence vpon the development of the body; its re-
moval being followed by an entire arrest of growth.
Young animsls fed upon pineal extract grow more rapid-
ly and ettain maturity earlier tran those not receiv-
ing the extract.

According to Hutchinson"54 the thymué seeas
to be associated with growth in young animels. After
growth is well under way, however, its removal will
have no 111 effects. Pator and Goodall?O on the
contrary, find "tkat the removal of the thymus,even

on the day of birtk, has no effect on the rate of

growth of guinea pigs”.

ANI.ALS USED FOR EXPERIMENTAL WORK.

Experiments have beer carried on chiefly
with laboratory animals such as albino réts and
guinea pigs. The reasons for trheir use are:-

1. Trey are easily reared and cared for.

2. Tne food requirement is smsll.

2., The 1ife of the rat is 3 years - consequently
one year represents a long period of the life of the

higher animals.
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4, Other investigations have been with these
animals and norzal standards are available.

Laboratory animals are adapted to use in
& preliominary study of growth, but the results ob-
tained with them cannot be considered as applicable
to all species unless similar results are obtained
with the higher aninals. A disadvantage in their
use ie the fact that their skeletal growth cannot
be satisfactorily measuvred, and body weight must be
used as an index.

Aron experimented with dogs, and others
have gone a step farther and have taken data on hunmens.
Luch work has been done witk humans ir France, rear-
Bon35 took data on newborns and on Cambridge Univer-
8ity students to determineanormals and coefficients
of variation, and Schusterv5 took similar data on
Oxford students. In this country Beyer4 took meas-
urements on over 4000 navel cadets and l’ort:er";‘!5 com-
piled a table of figures from thre school children of
St. Louis. Similar ones are available from children
in Boston.

Data on domestic animals have beer collected

only in recent times. Laws have been formulated

which hold withirn a species, but probably the laws



of any one cannot be said to hold for all species.
¥hile data are avilable on the growth of man, the
cow, horse, sheep, dog, rat and guinea pig7 it is
interesting to note that man stands alone in regard
to trLe percent of energy required for growth, while
all other anicals are elike in this respect. In
man only 5 percent of the calories are used for

growth,while in lower animals an average of 34 per-

cent is used.
In order that tre theories which have been

§erived from the work with laboratory animals might
be rade of more practical valué, H. J. Waters, at
that time Director of the Agricultural Exceriment
Station at the University of iiissouri, began a series

of systemetic exreriments with domestic animals.

His exreriments have been continued and similar work
has been taken up at otker Agricultural Bxperiment
Stations,.and valuable data are available. The
results which have been obtained with domestic ani-

mals compare, on the whole, very favorably with those

of the laboratory an;mals.

GROWTH UNDER ADVERSE CONDITIONS.

The "growth tendency" undoubtedly lies
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within the skeleton more than within the tissues .
“The upper limit of the size of an animal is deter-
mined by heredity. The stature to which an animal
may actually attain, within this definitely fixed
limit is directly related to the way in which it is
nourished during its growing period"gl. Vaters
takes a strong stand agaeinst some theories concern-
ing tre rate and uniformity of growth and says, "Some
of our approved theories have been so extreme as to
hold, in effect, trat the animal nust grow at its
maximum rate practically every day from birth to coo-
plete maturity in order to reach its norcal size or
the full stature fixed by heredity ----. This as-
sumes that the organism is utterly incapable of com-
pensating for any retarded developrient at any time
in i1ts growth period, eitker by a subsequently in-
creased rate of growth, or by extending, even in the
slightest degree, the growth-cycle, much less by
growing for a time at least when soO sparsely fed
that no gain in weight occurs.”

"an animal does not seem to grow regularly

but rather by small 'gpurts and jerks'. On the

whole, however, there is a tendency toward a normal

rate of growth, which rate even adverse conditions
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do not seriously interfere with, unless carried to

extremes.,"

When an animal grows excecsively fast for

a pericd, there follows a period of slower growth

and vice versa, those trkat fall behind make up the

loss if trey recwain in health. It is often noticed

that a severe illness is followed by an ezcessive

growth which apparently more than compensates for

the loss sustained. At rresent all will agree that

some compensation occurs,but whether or not it is

ever complete is questionable.

In experiments of many kinds it has bpeen

customary to keep, or attempt to keep, the animals

on maintenance. waintenance has been loosely used

as representing a condition of constant weight.

This conception is inadequate,for an animal wmay lose

weight and at the same time make skeletal growth.

The following table represents the result

of keeping 15 beef animals at constant weight for

one yearo

No. :Weight :Increase in :Increase in:Decrease in:
ani-:variation :ht. at :depth of cwidth of
mal :Pounds :withers (om):chest (em) :chest (om.):

» 0o+

: 740.0- 752.4: 118.0-130.0: 62.0-66.5 : 39.5=-85.5 :
: 609.2- 595.6: 109.0-119.75 56.0-60.75: 356.0-30.75:
:1085.6-1071.8: 124.5-123.0: 67.0-71.0 : 47.0-42.0 :
:1060.8-1060.0: 120.5-127.5: 69.0-69.76: 60.5-45-75:




In order to compare a full with a mainten-
ance ration two fat Jerseys were placed on experiment.
After 6 months tre retions were reversed ard after
9 months threy were again reversed. These changes
cauced great variations in the general visible con-
dition, while height curves ran fairly close topgether,
the advantage being very slightly in favor of the
full ration. The decrease in feed was a long time
in showirg its effect on skeletal growth. The
length of time during which full height growth will
continue on a low plane of nutrition is variable and

probably depends upon tke "constitutional vigor" of

the irdividual.

Even an aniual on sub-mainterance will
make skeletal growth. An experiment92 to determine
the effect of super-maintenance, maintenance and
sub-maintenance showed trkat for 6 months there was
no apparent difference in skeletal increase but sub-
sequently, while growth continued, its rate varied
directly with tke ration. The fat of an animal
seems to serve as a storehouse for the preservation
of trhat individual during adverse conditions. Aron
has ehown that growth must cease when the reserve

is gone and that a stunted anizal will be the result.



HEe believes that the age of stunting is important
and that it is far more deleterious to a young
than to an older animal.

Morgulis59 has concluded trhat "periodic
starvetion is more detrimentel to the organism
than acute starvation followed by a liberal food
supply.”

The ability of the ether-soluble portion
of egg yolk or butter to promote growth aftef its
entire cessation was noted by .cCollum and Davis,
and the astonishirg results with rats after long
reriods of stunting (in one case 270 days which is
100 days after growth has normally ceased) have
led Osborne and i-lendel73 to conclude with Hatai
that a brief period of suppressed growth at any age
is without injury and that recovery is rapid and
complete., Eere again, laboratory animals are un-

satisfactory because of the difficulty of determin-

ing when such animals nave completely recovered.

SYMNETRY.

Possibly one of the most striking things
in the study of growth is the fact that variations

of the ration affect the symmetry of the animal
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body. It was noted by Watersgzthat a ration low
in protein produced an abnormally tall and narrow
individual. He gives the following figures taken
from data on his approximately 6-months-0ld animals.

:woderatesnetarded :.aintenance

Compared ; Full :1y fed :develop- :(no gain in :
Increases : Fed : :ment : weight) :
Wd. Hip to

Feight Wither 1 :1.48 1:1.91: 1 :2.31: 1 : 3.11:

Wd. Bip to :
Length fore-: 1; .78: 1:1.14: 1:1.21 : 1 :1.96:

leg

Wd. chest to:

length fore-: 1: .96: 1:2.33: 1:4.10 :
leg :

On animals started at 2 months and ending at

10 months the resulte were even more striking.

.

: : Retarded cuwgintenance :
Compared : Full : Developument 3 :
Increases : :
Wd. hip to :
Height wither 1 : 1.84: 1 : 2.48 - 1 : 3.87 :
Wd. hip to :
length fore-: 1 : .956: 1 :1.30 H 1 : 2.46
leg :
Wd. chest to:

1 ¢ .97: 1 : 3.13 : 1l : 8.00 :

length fore-:
leg :




Again it was found:-

:Super-main :.aintenance :Sub-mainten-
Compared :tenance. Av.:No gain in :ance. Av. lb.:
Increases :i 1b. da.gain weight :daily loss

Wd. Hip to :
Ht. withers : 1 : 2,01 : 1 :2.87 : 1 : 5.00

Wd. Eip to :
length fore- : 1 :1.01 : 1l.: 2.01 : 1 : 3.02

leg

"hhen the animals were maintained on a low
nutritive plane the effect upon their skeletal width
development was more immediate and marked than it
was upon their skeletal height development. The
lower the nutritive plane the more marked the tend-
ency", and "the height growth is more persistent
than the width growth".gz While these effects are
less marked with swall animals, Aron has drawn sim-
ilar conclusions.

Why should this occur? Evvard11 suggests
that it may be due at least in part to the mechani-
cal effect of the food in tre body. He also con-
siders the "reversion" theory. It is rossible
that animals under adverse circumstances will de-
part from their highly artificial condition and

resemble their unimproved ancestors. * At any rate,
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the terndency is in that direction, for the early

ancestors were characterized by their deep, narrow

chests, narrow hips and long legs.

PREGNANCY.

Pregnancy is commonly supposed to cause
a great strain on the body of the dam. Early ex-
perimental work was performed by Edlefsen, Hensen
and Linot>° Edlefsen found that the actual growth of

pregnant guinea pigs is slower than that of males

of the same age.

Retio of mother - plus fetus to male -1.164 : 1
Ratio of mother alone - to male .848 : 1
Hensen drew the same conclusion from observations on
4 animals but .inot found exactly the reverse in deal-

ing with a large number of guinea pigs. His pigs

averaged :-

Pregnant animals 820.2 grams

Same animals after delivery 588.0 "

Uormal unmated females 532.1 *

The breeding fewales after parturition

vere on the average 55.9 graus heavier than corres-

ponding unmated ones.
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Wateong3 found that rats which had produced
three litters of young were on tlre average 9 percent
heavier (with one exception) than the unmated rats
of the same aze and kept under the same conditions.

From hie observations on swine Grisw01d21
concludes that "weights show no particular difference
in tre growth of the open and pregnant groups.
Lieagsurements seem to favor a greater growth of the
open group but this is not decided and may all be
due to individuality.” "Pregnant gilts make about
a8 much growth as open gilts receiving the same feed.
Perhaps with gilts running together pregnancy pro-
motes growth."

According to uxinotsea "Gestation does not
represent a tax upon the parent but a stimulus - it
does not ixzpair growth but on the contrary favors it."

Mussereo finds that the fetus is produced
without any appreciable addition of food. Foeti
were produced on maintenance rations and the cows re-
nained at constant weight.

From records of experimental animals at the
University of .issouri, Professor Eckles9 has con-
cluded that "gestation does not check the growth of

a heifer to any appreciable extent".
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The fact that similar results have been
obtained with different species leads to the general
belief that the growth of an animal is not wmaterial-

ly influenced by pregnancy.

LACTATION.

tregnancy and lactation are closely re-
lated, yet while pregnancy can be said to have prac-
tically no effect upon growth, lactation will be
admitted by all to have a very decisive effect.
Females grow thin during lactation and,under poor
nutrition, milk is produced even at the expense of
the tissues of the body.

Even Wataongz, who showed a gain in weight
of rate during pregnancy, admits that there is a
rapid loss with both rats and guinea pigs during
lactation. innot56 agrees with Watson on the ef-
fect of lactation.

Regan82 concludes that lactation has a
etrong tendency to check growth and that "the more
immature the animal at the time of lactation the

greater is the check on growth, and the more tend-

ency there is for the check to be a permanent one".
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Griswold21

found that "lactation greatly
retarded growth and in case of one aniral seems to
have stopped it entirely, except possibly in the
skeleton".

From the foregoing references and from
the results of work with dairy heifers at the Univer-
sity of liissouri it may be concluded that, while
gestation does not materially check growth 'the
production of milk exerte a very pronounced effect.

Lactation is evidently a wmuch greater tax upon the

9
animal than gestation”.

NUTRITION.

Food is essential for the continuation
of 1ife and growth. The earliest belief was that
the amount of food determined the amount of growth.
From this early idea of food requirement cume a
division of food into its constituents, and proteins,
carbohydrates and fats were considered separately.
Energy came to be a basis of measurement and the
importance of mineral matter began to be considered.
After this came the division of proteins into acmino-

acids and the use of the so-called "purified foods",



and now investigators are working with those sub-
stances - vitamines or accessories or whatever
they may be called - that seem to be the elements
in nutrition which are absolutely essential for
growth.

For years the question of measuring energy
requirements was debatable. Rubner52 emphasized
the importance of the body-surface as a deterainer
and he had many followers. Recently wurlin and
Hoobler announced trat it could be more accurately
measured by weight and that the product of weight
and specific gravity was still more nearly correct.
The question is still under consideration.

It was maintained by Voit52 that growing
animals consumed a large amount of protein and des-
troyed extremely little. Rubner believed that
this early destruction of protein is for repair,
and states - "This bekavior of protein during growth
is a physiological necessity; the relative import-
ance of the physiological functions involved deter-
mines the order in which they are filled. First,
losses are replaced; next growth ensues; thirdly,

the usual metabolism of protein.for the production

of heat occurs.” He has assumed that food must



be in excess before growth can take place.

The law which Lusk37a formulated is
trat in the norual develorment of young of the saae
age ard species, a definite percentagze of tre energy
content of tre food is required for growth irrespec-
tive of the size of the individual.

Hawk31 says that proteins are absolutely
necessary to trhe uses of the anizal organism for
the continuance of 1ife, and trhey cannot oe satis-
factorily replaced in the diet of such an organism
by any other dietary constituent.

From the early idea that tre foods were
used directly in building up tre bod,, it gradually
became the belief that tre food-products do not
enter the "cycle of metabolism” unaltered, but as
decomposition products or as the "3 a u s t e 1 ne”

or nutrient units.

PROTEIJ .ETA30LIS.L.

krotein digestion consists of a breaking
down, by means of cleavage and hydration, into
proteoses, peptones, polypeptids and amino-acids.

‘hese amino-acids are the fundamental "building



stones™ and are supposedly absorbed, unchanged, by
the blood and carried to the tissues of the body
where they cay be resynthesized to form the pro-
teins required by the animal.

The early conception was that a "protein
was a protein” but at present proteins are differ-
entiated on the basis of their amino-acid content.
duch has been said of "protein minimum”. Cathoartzs
defines protein minimum as the quantity of protein
which must be ingested in order to prevent loss of
protein from the body." It cannot be said that a
given number of grams o protein will constitute the
protein minimum because of the variability of proteins
in the amino-acid content, and it is becoming more
and more necessary to define the "protein minimum”
in terms of the essential amino- acids contained.

In studying the protein requirements for
growth it has been said by iendel that "prolonged
growth is an admirable index of protein synthesis
and of the adequacy of the dietary."”

As a result of a careful study of the
proteins from different sources by meams of feeding

experiments with these isolated proteins, it became



recognized that some are adequate while others are
inadequate for growth. To carry on an experiment
of this nature necessitates an absolutely controlled
diet in which the protein factor alone is the vari-
able, The method of this control was not easily
solved, but Osborne and wendel overcame the dif-
ficulty by using protein-free-milk as a basis for
carbohydrate and inorganic matter in the artificial
diet. ilk has long been known as an adequate
food for growth. The removal of tke protein and
fat then, gives a basis upon which proteins can be
compared. kany proteins were used and in soue
cases growth was not obtained,while with other diets
consisting of protein-free-milk, sugar, starch and
certain of the proteins, growth seemed to be normal
even to the production of young to the third and
fourth generations. How this could take place was
not understood, but it was concluded that a synthesis
of some substances by the animal body must have taken
place.

idot only have purified foods been used, but

numerous experiments have been carried on with the



different cereal grains. At the liisconsin Agri-
cultural Experiment &tationzé it was found that vwhen
their rations were restricted to the wheat plant ,
bovines were unable to perform normally and vigor-
ously the physiological functions of reproduction
ard the secretion of milk. ﬂﬁile rations of the
corn and oat plant permitted the performance of
these functions in a satisfactory canner, thre results
were less satisfactory with tke oat-plant ration.
Rations from all three sources scc-c? equally effic-
ient for growth in this ex. eriment. Changes in
diet produced rapid changes in physiological functions.
Eart and .'.lcCollum23 found that corn wmeal and gluten
feed did not produce growtkh without the addition of
mineral and trat the wheat kernel alone was also in-
adequate, while Watersgo did not get growth with
ewine on cornmeal, with corn meal and ash or with
corn meal and protein-free-milk wrere there was a
decline from 50 to 27 pounds in 6 monthé.
The result of feeding experiments has been

to classify the proteins wkich rhave been studied as
follows;-

Adequate for growth:

1. Casein (milk)

2. Lactalbumin (milk)



3. Ovalbumin (Zgg) 8. Glutelin (maize)
4, Ovovitellin (ecg) 9. Globulin (cottonseed)
5. Edestin (Heupseed) 10. Glutenin (wheat)

6 Globulin (Squask seed) 11. Glycinin (soy been)

7. Excelsin (Brazil nut) 12. Cannabin (Hempseed)

Inadequate for growth:-

1 Legumelin (soy bean) 6. Hordein (Barley)
( Blue or
2. Vighin (vetch) 7. Conglutin (yellow lurin)
3. Gliadin (wheat or rye) 8. Gelatin (Eorn)
4, Legumin (pea) 9. Zein (weize)
5. Legumin (vetch) 10. rkhaseolin (white kidney
bean)

A consideration of their chewmical analyses
ghows that the inadequate ones are almost universally
deficient in certain amino-acids. It is interesting
to note that lactalbumin, casein and vitellin which
are usually associated with growth are relatively high
in lysine-content. Tre effect upon the organisms of
these di fferent proteins and a consideration of treir
chemical analyses led Yo the belief that maintenance
is impossible orn a protein which lacks the indol-
nucleus or cyclic group which is characteristic of

tryptophane and tyrosine. It seems that growth is



impossible on a protein devoid of lysine and that a
body can maintain itself on a protein upon which it
cannot grow.

In order to confirm these ideas, Osborne
and lendel and lcCollum and Davis, together with
their co-workers have carried og an elaborate series
of experiments with albino rats. Knowing that
gliadin is practically devoid of lysine® and that it
produced maintenance but not growth, lysine was added
to tre gliadin ration and was followed by a rapid
growth, It is interesting to note at this point,
the striking effect of high and low lysine feed with
poultry at the Kentucky Agricultural Experiment
Station6 where the lysine content of the food seemed
to be the deternirirg tactor in the growtn and develop-
ment o1 tre chicke.

To further esteblisk the proof Osborne and
iendel began the feeding of zein of corn**. Zein
is devoid of both lysine ard tryptorhane and, as they
anticipated, the feeding of thie substarce not only
prevented growth but caused a decline in the weight

of both growing animals and adults. fThe addition

*It ras been recently proven trat gliedin contains a
minute quantity of lysine.

**The protein of corn contains 68 percent zein.



of trypotoprare caused tre weight to be maintaired
for & long period and the supplemerting of lysine
caused tle rarid resumption of growth.

The failure of any function to operate
does not necessarily shLow the entire atsence of its
caugctive amino-acid, but shows trat, if present,
it is in 1limited axounts.

Tre results obtaired by using different
combinations of ratiors have only subetantisted the
theory which procoted their use. apparently try-
ptorrtare and lysire carnot be synthesized in the
animal body but must be supplied ir the raticn; and
Osborne &nd liendel write, "lo amount of energy or
protein, however abundant, has induced growth in
our animals in tre absence of lysine". We are be-
vyond tke days of assuming that a "protein is a pro-
tein", and must reasure rrotein requirements by thre
content in the ration, of the essential amino-acids
whick cannot be syntresized in the aniual body.
Tris knowledge is of great practical value because
it permits the balarcing of & ration - not only in
respect to the proteins, carbohydrates and fats but

according to amino-acids. A coaoplete ration may



thus be made by mixing two or wore incomplete sub-
stances together or to quote Aende15? 'tre amiro-
acid short-cocirze of ene protein can be made good
by supplementirg it with anothrer protein in wkich
trey do exist.” By this method a great egaving in
protein substance will be realized. Tre iamportance
of a knowledge of the chemical asnalyses of fecding

gtuffs is emphasized,and tre lack of knowledge on

tle whole subject regretted.

CAXBOHYDRATES.

Carborydrate food is absolutely essential
for animals of all ages. Other tran in regard to
their digestibility the different carbohydrates have
seemed to be of nearly equal value. Cartohydrates
are stored in tle liver and in the muscle tiésue as
glycogen. From these storage places trey way be
drawn as D-glucose, ag trey may be needed to keep
up tre glucose content of the blood, or to be burned
in tre tissuee for tre production of energy. The
value and nature of carbohydrates Lave been longer
known than the value and nature of proteins eand will

not be discuesed furthrer.



Growtk cannot continue for lorng reriods
witrlout mineral matter. wuch experimertal work
has been performed to detercine its importance and

4% sonclude that "the addition of

4LcCollum and Dav@s
salte alore to a ration derived entirely from wheat
or wheat and wheat-gluten gives a diet which is a
wonderful improvement over tre grain alore, yet such
rations give lecss than half normal growth and do not
suffice for rrolonged mairtenance.” In one of

their experiments the addition of an excess of salt
checked growth and in snother yrevented reproduction.
Watersgo found no advantage in adding ash to a corn
ration for swine, while Woodward97 could not draw
conclusions from his studies except that in a gen-
eral way all functions are dependernt upon the mineral
matter in the ration. It is safe to say that know-

ledge ie decidedly limited concerning the mineral re-

quirements for growth.

NEWER TEECRIES.

Vrile the amino-acid theory exrlained many

things, investigatore have contirued and Lave consid-



ered the importarce of many suvstarnces such ag
nitrogen, phosphorous, lecithin, cholesterol, gly-
cerides, rhosphatids and lipoids, but with little
satisfaction.

For a long time fats and oils have been
considered necessary for growth, but until recently
tre method of obtaining fat-free foods has not been
known. Satisfactory results have consequently been
practically iampossible in the early work. Osborne
and .lendel st one time believed they had proven fats
to be dispensable in the diet. They later discover-
ed, as did otrer investigators, that all the work
with purified foods had been rather unsatisfactory in
that exyeriments had been conducted for only insuf-
ficient periods of time. The fect became recognized
trhat sooner or later anirals on purified foods ceased
to grow or thrive ard begin to show symptoms of disease.
Trhe observed condition was explained by assuming that
toxic substances were present in the foods which were
karmless to & properly nourished.animal, but which
were injurious to one weakened by inadequate nutrition.

Osborne and gendelea showed that when a

part of the lard in a protein-free diet was replaced
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by unsalted butter or egg-yolk, growtk was quickly
resumed. Trey at once concluded that fats could
not be dispensable. This resumption of growth
caused much sreculation. Evidently some unknown
substence is responsible for the growth phenomena.
Believirg thrat séch a suDstarce exists Funk62 has
represented it by the word "vitamine" and thre "'vit-
emine” treory has been popularly received.

In December 1915 Funk and niacalluml7
published thre conclusion that butter or purified
butterfat is not suitable for maintenance or growth,
even in large quantities, but that 2 to 6 percent of
dried brewer's yeast answers all requirecents when
supplementing tre butter as trLe fat-portion of the
diet. This seemed like a direct contradiction to
previous cornclusions concerning fats and oils, but
on turning back tg?iovember, 1915 publication by
MoCollum ard Davis48, the explanation is found.
These writers consider two distinct classes of vita-
mines or accessories - one soluble in water ard al-
cohol but apparently not in fats, and found in lactose,

egg, wheat empryo, etc., and trLe other soluble in

fats. Both must be present before Browth can take



place and the rate of growth ie derendent uron
the amount of tle accessories present.

Tre explanation48 of tre early successes
with a fat-free basis by all investigators lies
in tre fact trat ttreir rations usvally contained
either lactose or casein or botk, and that tlrese
substances contain the water-soluble accessory
unless absolutely pure. Thus in the early suc-
cessful experiments, the water-soluble accessory
wasg furniehed by trhe invariable dietary wkile tke
fat-soluble accessory was carried by the fats which
were used. With this conception it can be con-
cluded that fats are essential, but that pure or
nitrogen-free fats in themselves are inadequate
for growtk.

It has been found trat tre fet-soluble
accessory of butterfat is not injured by saponi-
fication, or by live steam for two-egnd-one-hLalf
kours, trat tre water-soluble accessory is un-
injured by steam under 15 pounds pressure for one
hour, and trat it is the 1liguid portion of butter-
fat or the "butter-o0il", which contairs the es-

sential product.



This theory ezrlains some thinge which
were not satisfactorily answered by the acino-
acid theory, but the nutrition of growth is a
subject which ies continually becoming more and
more complicated and, like 2ll other scientifiec

problems, is undergoing & rapid evolution.



TFE PROBLEU

It is unguestionably desirable to know more
about the growth of domestic animals, and this prob-
lem has been undertaken for the purpose of studying
tre growth of dairy heifers. Tre study consists of
a concideration of norwal growth, or of the growth
of animals under supposedly norzal conditibns, and
the growth of experimental animals under a variety
of different conditions.

An attempt will be made to represent grow-
th by different cvethods arnd to compare, by one or
more of these methods, trLe relative growth of some
of the individual body parts. Tris preliminary
work will be followed by a representation of tkhe ef-
fect of specific factors upon the general growth and
mature size of the animals under consideration.

Tris consideration has been based entirely
uron animals of the Holstein and Jersey breeds, both
because of the incomplete data on Ayrshires and Guern-
seys, and because ot the belief that the growth of
the different dairy.breeds follows the same general

law.



SOURCE OF DATA.

’he data upon wkich tris study is based
have all been taken upon animals in tre dairy herd
of tre University of .issouri. Birth weights have
been taren of practically all calves in the ferd,
as have the weigchts of their dams at parturition,
and montlrly weciehts and zeasuresments rhave been taken
on animals under normal conditions for tre purpose
of establisking a norral growtr-value. Tre gsreater
part of the cornsideration, however, is based upon
the experiment which was begun in 1906* for tre pur-
pose of determining:

l. The effect of liberal as compared with light
rations during tie growirg period, and

2. Tre influerce of trke age at first calving
upon the development of the animals.

Group I was heavy-fed and was sub-divided
into early and late-calvirg groups.

Group II was heavy-fed and was subdivided
in tre sane way as group I.

The heavy-fed animals received tre maxicium

*The outline of this exveriment is found in Bul. 135

of the lissouri Ag. Exp. Sta. 1915.
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retion that wculd be consumed up to tre tice of
first calvirg. Cp to the sa_e of six montle threy
received vwhole wilk, grain and alfalfa Lay, at
which time tley wecre weened arnd rlaced on & rLeavy
ratiorn of ray and grain. A part of tre group were
on pasture dvrirg the su.rier in additior to tre
repular ration.

Tre 1licht-fed anicals received wrole wilk
for ab.ut two weekes ard were tren gredually chenged
to skiuoilk. Alfalfa ray vas fed as soon as it
would be terer, but no grain was given. At thre
ace of eix xonthke tre heifers were weared ard given
nothing but alfalfa ray, or alialfa hay ard pasture
till tlre time of first calvirg.

Wwhrile tre ex;erimert was planned pricarily
to consist of a reavy and a light ratior, it was later
decided that it was a coazparison tetwveer.a cedivm and
a very liberal one.

Tre Jerseye were tred eo tret first calving
occurredj or. ar average, at 22.7 contks for tre early,
and 4.9 zonths for thre late-calving group. The
averazege for the Holsteins were <& months for trlre
early, and Z4.2 months for tre late-calving group.
After parturition all were placed on the same ration,

consisting of an sbundarce of silage, ray* and grain.

*Alfalfa, clover and cowpea.
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Tre reight at witrers and the weighkt of
the normal enimale were taken every montkh up to
the time of the first calving. Tre arnimals On the
above experiment were wei _lred at as nearly as possible
the middle of eack month. At the sare tice twenty-
one measurerents were taken on each animal. All
skeletal measurexmente were taker in centimeters,and
welights were taken irn pounds. The velues will be
expreegsed In these units of measure in trke following
tables unless otherwiee sgecified.

A few of tre anicals were started on the
experiment before thrie system of meaéuring was estati-
lisked. With these exceptiorns weights and reasure-
aents were taken monthly from birth, until the rate,
of growth vas greatly reduced. ‘Following this the
measureunents were taken at periods varying from
three to twelve montks, until no increase was appar-
ent. In tre case of a few animals, figures are
avajilatle up to the 96th month. As 8 rule, the
skeletel growth was practically coamplete at five
years of age. Tre weighte continued to ircrease
for some tine after‘the skeletal prowth had ceased,
and it is very difficult to determine when an aninal

has reached wmaturity of body-weight.



A ERILIMIJARY STUDY CF TFE AVAILASLE DATA

In corsidering a protlem oi thie nature,
ore oi tre first questions which presents itself is
in regard to the method of measuring growth. It is
all the time becoming more fully understood trat
weight alone is inadequate ard trat skeletsl measure-
ment is essential in the proper measurecent of growth.
1f skeletal reasurezent is essential, wkich of the
measurements shall be used? Can any one ceasure-
ment be uged as & satisfactory index of the growth of
an arimal? In rany investigations the reight at
withers Las been used. Is it satisfactory to base
conclusions on one neessurerent?

In order to deterxine whether one czeasure-
ment ie as s00od as another or wkether one umeasure-
ment can be used as an index of growth, it kas seen-
ed advisable to select a part of the large number of
available measurements in suck & way that the differ-
ent rarte of tre body will be fairly well represented,
and to study from.these tre releative growth of these
different body-parts.

In suck a consideration the height of the
body is very important and the heigkt at withers and

keight et hip-points, were selected. The heart
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girth was selected as representative of the chest
development, while the width at hip-points was used
to represent the widtk of the posterior part of the
body. One more measurement seemed necessary to
represent tre length of the body, and the length
from trLe point of the shoulder to the point of the
ischium was selected.

Faving selected trLese five measurezents
which seem to represeﬁt, in a general way, the dimen-
sions of the aniwal, the next problem was to select
the animals to be used in the consideration. Only
a part of the availdble animals have complete meas-
urements from birth, and it seemed fair to select,
and to base the prelimirary study upon sixteen animals,
four of which were included in each of the four fol-
lowing groups:

1. Zeavy-fed Jerseys
2. Heavy-fed Holsteins
3. Light-fed Jerseys
4. Light-fed Eolsteins.

In a preliminary study of this nature it ;s
not necessary to determine the values for each month,
and in order to simplify natters the values have
been calculated only for the ages of 1, 2, 3, 6, 9, 12,
18, 24, 30, 36, 48 and 60 months. The relatively



rapid growth at an early age was the reason for the
short periods at the beginning, and tre gradual
lengthening of the intervals as the age of the ani-
mal increased.

The measurements and weights were taken
at as nearly as possible tre middle of each month.
The calves, of course,'were dropped at different
times within the month. The result was that in
the majority of cases, the calves were not at any
even number 0f months of age when trhe measurecents
were taken, Irn order to allow for this condition
it became essential to correct the values in such a
way as to eliminate tre greater part of tris error.
If, at the time of the meesurement, the calf was
more than five days over or under the exact‘month
in age, corrections were made up to the age of six
montks., From the age of six to twelve months similar
corrections were made for a variation of ten or more
days. After one year of age, no correction was
made, because by that time the rapidity of growth
was souewhat dimirished. Wherever possible the cor-
rection was made on tre basis of the rate of daily
gain in centimetere during the preceding period.

That is, if tre animal was five months and seven days
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of age at the time of measurement, and had gained
8ix centimeters in height during the preceding
thirty days, 1.4 centimeters would be subtracted
from tke measurement as taken, to give the value
for exactly five months.

In a few cases reasurements were not
taken according to the plan of trhe exreriment and
vacancies occurred. These were filled by dividing
the difference between tre two nearest values by
the time in months between tre ceasurecents. If
tre value for tre 10th month was 110 centimeters
and thLe value for the 12th month was 112 centimeters,
tke value to be inserted for the 1l1th month would
be 111 centiceters.

At the beginning of the experimernt some
of the calves were several months of age, consequent-
ly no values were available for trem until tke fifth
or sixth montk. ot many of trese animals were
selected, but in one or two cases it became necessary
to supply the missing figures. This was done by
working backeard from the earliest available value,
on tre basis of trLe average percentage increase of
the other members of the group. Thus if the average

height at withers of the groupr, for the sixth month
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happens to be 100 centimeters, and for the fifth

month 80 centimeters, the value for tke sixth month

is 125 percent of the value for the fifth. Now if

the value for the sixtk wmonth of the animal with in-

complete measurements is 110 centimeters, the division
of this value by 125 percent gives 68 as the new

value for the fifth monthk.

Let a represent the average value for the
| group far tre sixth month,

b tne value for the aniwcal with in-
coaplete measurewents for the sixth
month,

c the average value for the group for
the fifth month, and

x the individual value for the fifth
month which is to be determined.

Then y and

(e ]+
n

b
y = x.

" The same method was repeated on the basis
of the fourth and fifth monthe and so on, until the
va]ue. for the first.month was determined.

In cases whare the values were incoamplete
for trhe sixtieth amonth, the nearest value, or the

averaze of several values was used.



At first it was though advisable to con-
sider the difference between the first and last
values as 100 percent and to distribute tke gain for
each period proportionally. By this wethod tke
total increase in each case had to be 100 percent,
therefore, the curves all started and ended at the
same, or at equally distant points. Although there
were slight differences in the curves, they did not
show the differences in value to good advantage, and
the system was unsatisfactory and was abandoned.

The second method of plotting to be con-
sidered was to represent the amount of the increase
at each point by the percentage increase at that
point over the first measurement. By this nmethod,
if the first measurement of one animal, or tre aver-
age of a group is 70 centimeters and the next is 84
centimeters, the increase is 20 percent. If the
next or third cmeasureawent happens to be 91 centimeters,
the amount of the increase at tris point is 20 per-
cent. In each case the gain is calculated on the
incresse over the first measurement. This method
does not show tre rate, but the amount of growth in

percent.
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The third method to be considered was to
show the rate of increase by calculating the increase
during each period as a percentage increase over the
preceding measurement. By this method each increase
is taken as a unit and is dependent upon the two im-
mediate values only. Tre rate 1is wholly dependent
upon the size of the animal at the tize of the con-
sideration and must necessarily diminish rapidly,
because the larger the animal, the smaller will be
the percentage valpe which one centimeter increment
will give. These two methods.at first seem contra-
dictory because when expressed graphically they give
reversed curves, but a more careful consideration
shows them to be consistent.

A fourth method of representing growth is
by ploﬁting the increases, by periods or by months,
directly in centimeters or other units of measure-
ment. Thie is very satisfactory in comparing the
relative increases of corresponding meésuremente of
animals under different conditions, but it cannot be
used in qomparing the relative increases of the dif-
ferent parts of the body, for in this case the at-
teapt might be to compare the small value showing

the increase in centimeters of the width at the hip-
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points with tre value which rerresents the increase
of the heart-girth or the length of the animal.

The only way of comparing the ralative growth of
the body-parté is by the use of some percentage
basis.

A fifth method is, like the fourth, unsat-
isfactory in showigg the relative growth of parts.
Thie method is a very simple one and consists of
plotting the values of the measurements as taken.
The plot shows directly the size of the animal at
any age.

The consideration of the second method
shows some interesting facts. Using the values
for the age of one month as a basis, it is worthy
of note that from this point to maturity, wkhich for
this purpose is taken as at sixty months, the amounts

of the increase of the body-parts in percent are:-

Height at withers 73.9 %
Height at hip-points 66.3 %
Shoulder to ischium 117.3 %
. Heart girth - 126.9 %
Width at hip-points 207.2 %

These values méy be seen in Table 6 and

Plate 1.
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From theee values it at first seems that
one measurecent cannot be teken as representative
of the gcneral body-growth. Surely, when an ani-
mal does not double its height at withers or at
hip-points, when it more than doubles its hLeart-
girth and length and core than triples its width at
hip-points, the growth of the parts of the body is
all out of proportion.

In order to still further study tkis con-
dition, a set of comparisons have been calculated
to determine whether or not the increases are in
the same ratio at the diffferent ages as they are at
maturity. If such is the case, while the body does
not grow symmetrically, one measurement can as well
represent the total growth as any other or of all.
These ratios were derived by dividing the percentage
increases of the height at withers at different ages
by the percentage increases of the other measurements
for the corfesponding ages. The ratios, then, were
derived from the figures in Table 6, and the results
of the calculations may be found in Table 7 and
Plate III, It will be noted that the ratios are
fairly constant througk trhe life of the animal, the

greatest variations ocourring in the comparison of
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the values for the heart-girth and width at hip-
points with tre values for the height at withers,
which is used as the bacis for the comparison. Tne
decrease in thLe value, as maturity is reached, ob-
" tained from the division of the height at withers
by heart-girth increases, is explained by the ob-
served fact that in wmore mature life a great deal
of flesh-deposition takes place. This uakes an
excessive increase in tre value of the heart-girth
mgaeurement, and consequently decreases the value
derived from tre division of the percentaze of in-
crease of height at withers by heart-girth.

It is a common observation trhat the hips
broaden rather rapidly at certain periods and that
this troadening continues in the more mature animal
after other parte of the skeleton have almost ceased
to grow. This condition will have exactly the same
effect upon the value of the ratio as has already
been explafred in connection with the heart-girth.

A consideration of the causes for the excessive de-
veldpment~of the width at the hip-points will be
considered later.

Plate I which represents the amount of the

increases of the different parts is plotted by the
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second cethod described. rlate II, which represents
the rate of growth, is plotted by tke third cethod.
It may be explained in this connection that wherever,
in any of the following plates, the average increase
per month is plotted for a period, the average value
derived is placed 9t the end of the priod. This
means that if thre average monthly gain from the ninth
to the twelfth month is 4 percent, the value of 4
percent will be placed at the point on trLe scale
vhich represents twelve montrls. This applies to
Plate II, and to others which will be considered, but
does not apply to rlate I. Tre rlaetes I and II at
first seem contradictory because in rlate II the
greatest increase in width at the hip-roints eeens

to occur at the beginning, wnile in klate I it appears
to occur at tre end. A more careful consideration
shows them to be consistent. Plate I shows the
AZQUNT, while Flate II represents the RATE. In
both it is clearly shown that the increase in the
width of hip-points continues in general till a later
age than the other measurements, and consequently
that thie value makes a greater gain. The otker
measureaxents are equally consistentiin the two

methods of plotting.
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T'rhe constancy of the relation of increases
to the height at withere, of the height at hip-points,
length of body, and Leart-girtk shown in Table 7
have led, on the whole, to the assucption that any
of the fundamentel ueasurements may be used with e

feir degree of accuracy, as an index of growth, and

in this study the height at withers has been adopted.



TABLE 1

EEIGHFT AT WITEERS

:Average :Amount increase:kate increase :Actual in-

Ace in:measure:over first :rer momtkh over:crease per
.~onths:ment in:mesasuresent in :preceding meas: months in
Cm. : percent : percent : Ca.
1 72.7 :
2 78.0 : 5.8 : 5.8 4.2
3 82.4 : 11.8 : 5.6 4.4
6 : 96.6 : 31.0 3 5.66 4.7
9 : 103.2 : 40.0 : 2.26 2.2
12 : 109.2 : 48.2 2 1.96 2.0
18 : 116.9 : 68.6 : 1.15 : 1.26
24 : 122.5 : 66.2 : .80 : .93
30 : 124.5 : 68.9 : .26 : 3
26 : 126.8 : 70.7 : 17 : .21
48 : 127.4 : 72.8 : .10 : .13
_ 60 :128.2 : _ _ _73.9 _ _ i _ _ _ 05 _ _:_ _ _ .07 _
TABLE 2
FEIGHT AT EIFS.
1 76.6 .
2 60.5 : 5.0 5.0 3.9
3 85.7 : 11.8 6.4 5.2
6 : 99.9 : 30.4 5.5 4.7
9 : 106.2 : 28.6 2.1 2.1
12 : 110.7 : 44.5 1.4 1.5
18 : 119.8 : 56.4 : 1.26 : 1.61
24 : 122.0 : 60.5 : .45 : 53
30 : 125.9 : 64.3 : 4 : «48
36 : 127.2 : 66.1 H o2 : 23
48 : 127.6 : 66.5 : .01 : .03

60 : 127.4 : 66.3 : - .008 : - 017




TABLE 3.

POINT OF SHOULDER TO ISCHIUHM.

:Average:Anount increase:Lale increase :ictual in-

Age in:measure: over first :per month over:crease per
{lonths:zent in :measureneént in :preceding meas: months in :
Co. : percent : in percent Ca.

1 72.2 : : : S
2 : 79.8 : 8.8 : 8.8 : 6.5 :
2 : 87.9 : 20.0 - : 11.4 8.1 :
6 : 107.3 : 46.4 : 7.2 6.46 :
9 : 118.7 : 61.9 2.68 3.80 :
12 : 126.2 : 70.8 1.8 2.16

18 : 129.4 : 90.1 1.9 2.2

24 : 148.6 : 102.7 : 1.1 : 1.52

30 : 152.5 : 108.0 : 043 : «65

36 : 156b6.8 : 112.5 : «36 : 55

48 : 167.9 : 115.4 - .1 : <17 :
60 : 159.3 : 117.2 : .07 : .11 :

TABLE 4.
EEART GIRTH

1 78.2 : : : :
2 : 85.7 : 9.6 : 9.6 : 7.5 :
3 : 93.9 : 20.1 9.6 8.2
6 : 116.4 : 48.8 : 7.96 7.5
9 : 125.9 : 61.0 : 2.7 2.16

12 : 126.8 : 74.9 : 2.86 3.63

18 : 152.6 : 95.1 : 1.91 : 2.63

24 : 160.c : 104.9 : .83 : 1.26

30 : 167.1 : 112.7 2 .71 : 1.15

36 : 168.7 : 116.7 : .15 : .26

48 : 175.2 : 124.0 : .31 : .54

60 : 177.5 : 126.9 : .10 : .19




TABLZ §&.

WIDTE OF EIYS

-

o

:Average:Arount increase:hate increase :Actual in-

Age in:measure: over first :per month over:crease per
months: 1in :measure in :preceding meas: month in
Cm. : percent : in percent : Ca.
1 16.8 : 1
2 : 18.9 : 12.5 . - 12.5 : 2.1
3 ¢ 21.b : 28.0 : 13.7 : 2.6
6 : 28.5 : 69.6 : 10.8 : 2.22
9 : 22.4 : 92.9 : 4.56 : 1.20
12 : 26.0 : 114.2 : 27 : 1.20
18 : 41.9 : 149.4 : 2.72 : .98
24 : 44.8 166.0 : 1.14 : «48
80 : 47.8 : 164.5 : 1.11 : .50
26 : 48.5 : 168.7 - 23 : .12
48 : 50.6 : 201.2 : 615 : <17

60 : 5l.6 : 207.2 : .16 : .08




TABLE 6.

RELATIVE AUOUNTS OF PERCEITAGE INCRZASE OVER

FIRST MEASURE.UELT OF THFE DIFFZREINT BODY-rARTS.

: width

: Helght : Feight :Shoulder :heart
Age in: at : at - to : Girth : of
months: withers: hipe : Ischium : hips
1
2 5.8 : 5.0 : 8.5 9.6 12.5
2 11.8 : 11.8 : 20.0 : 20.1 26.0
6 21.0 : 20.4 : 46.4 . 48.8 69.6
9 40.0 : 28.6 : 61.9 : 61.0 92.9
12 48.2 : 44.5 : 70.8 : 74.9 114.3
18 £6.6 : 56.4 : 90.1 : 95.1 149.4
24 66.1 : 60.5 : 102.7 :104.9 166.6
20 66.9 : 64.2 : 108.0 :113.7 184.5
26 70.7 : 66.1 : 112.56 :1156.7 186.7
48 72.8 : 66.5 : 115.4 :124.0 201.2
60 72.9 : 66.23 : 117.2 :126.9 207.2




OF PERCE.TAGE ILCRIASE OVER IFE FIRST .EASIRELEIND.
: felght : Height : reight : Heigrt
Ace in: withers Witrers Witrers : Withers
.onths: Feight :ohoulder to : Zeart ¢ width
I'ips : Isclrium : Girth : Zips

: A : B : C : D
2 1.1¢0 : .689 : .604 : .404

1.000 : .560 : 567 : o4zl

(SN

6 : 1.019 : .668 : 625 : «445

g 1.026 : .646 : .655 : .420
12 ¢ 1.0856 : . 082 : .644 : .422
18 : 1.039 : .€50 : .616 : .392
24 1.092 : .643 : .620 H «296
20 1.071 : .628 : .606 : 273
26 1.069 - .626 : .61l : 274
48 1.094 : 621 : .587 : 261
60__ : 1.114 : .620 : .582 : .356

Av. 1.071 : .629 : .014 : .402
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UORJAL GROWTE.

For somevhat over two years, ceasurements
and weights have been taken monthly on a group of
normal aninals. In cocparing the growtk of norual
Tolsteins and Jerseys, the most striking thing is
the almost identicel increase in ttre kecight at withers
for each breed for trhe different periods up to the
ace of twenty-seven months. At the age of one amonth
tr.e Bolsteins were 6.5 centiceters taller than the
Jerseys, while at the age of twenty-seven nmonths the
difference was 6.4 centiueters. The corresponding
differences in weight for the sa.e animals were amuch
greater. At tre ege of one conth tre Edlsteins
were 45 pounds heavier, and at the age of twenty-seven
months tre weight difference was 170 pounds.

Anotrer thing which deserves consideration
is the fact trat the weight-increase is fairly con-
stant, while the skeletal-increase curve is character-
ized by a rapid, followed by a slower rise. Tte
plot for weight gives nearly a straight lire, while
trat for the heigrt at withers gives an even curve.
The weight, tren,contirues at a rore nearly uniform

rate through the 1ife of the individval, while the
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Feight-growth is core rayid «t thre peginring erd
ccases at en earlier age. 3y thie statecert it
is not irntended to iuply thrat great variaticns do
not occur in weight, but tret the weighkt-increases
arc distributed over & nuch lorger period of tice.
An exanple of tre great fluctuatiors 4in weiclkt-in-
creaces zay Le seer in rlates VI, XIII and aIV.

It is particularly interestirg ard grati-
fying to rote thet tre norcal valuee vrhick were
calculated by Surlincham erd Gillette ir 1914 and
which were based upon data -anuch lees complete than
at present, coupare alwoet identically with those
obtained frou tre aniamals in tre so-called normal
groups. These compariscns &are nmade fromr one to
twenty-four montke erd ciay be found in Table &, The
uniforecity of growth already referred to is reprecent-
ed in rlates IV ard V. rlate VI shows tle average
monthly gain in pounds of the normal Holsteins end
Jerseys up to the age of tLirty rorths. The caucse
of the decided drop in this plot at the points re-
preserting the periods of twelve to fifteen r.onths
for Folsteins arnd fifteen to eiglkteen months for

Jerseys is not understood. The drop in the Eolstein

curve may be partly due to tre fact that for a number



of tre individuals, this period regresente winter
mornths. Tre fact trat two Jerseye wrich were
enaller tran the average were irtroduced et the
gseventeenth ard eighteenth ronths may account for
a ver; erall part of the drop for this period in

tre Jersey group. -
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CO.IPARISON O LITLALS SITH Lk2VIOUS Jun..als.
Holsteins : Jerseys
: .ew Jalues :surlinghan arnd: Ilew values :5urlingkam
ige in: : Gillette : :and sillette

onths:withers:leicht:iwitrers:wei-nt:iwitrers:vei.rt:itrers:weisht:

1 76.8 ¢ 121 : 76.5 : 122 : 70.2 . 76 : 170.0 : 60
2 62.0 : 1587 : 2.4 : 185 : 74,7 : 106 : 75.2 : 116
3 86.8 : 200 : B87.2 : 202 : 79.3 : 140 : 80.6 : 1E¢
4 92.0 : 249 : 92,2 : 2850 : 82.9 : 174 : 66.2 : 195
5 ¢ 90.b : 202 : 97.2 : 298 : 69.2 : 222 : 90.2 : 2Zb
6 : 100.9 : 249 : 102.,0 : 280 : 9Z2.7 : 200 : 94.5 : 265
i : 104.0 @ 369 : 1C4.6 : 3680 : 9c.6 : 202 : 97.6 : 297
8 : 107.1 : 425 : 10o.6 : 4loc : 99.6 : 240 : 101.0 : 3234
9 : 109.1 : 46c : 108.6 : 444 : 102.8 : 276 : 102.0 : 378
10 ¢ 111.& : B0l : 110.5 : 460 : 10b.0 : 407 : 105.0 : 405
11 : 112.6 : 529 : 112.Z : bH1lZ : 10¢.b : 422 : 106.9 : 439
12 : 114.C : 688 : 114.0 : 546 : 106.2 : 4E6 : 106.5 : 466
12 ¢ 11&8.7 ¢ E74 : 115.8 : E74 : 110.1 : 4680 : 110.0 : 496
14 : 117.4 : 596 : 117.2 : 596 : 111.4 : 50Z : 111.5 : 57

15 : 118.8 : 612 : 118.£ : 620 : 112.7 : 528 : 113.0 : bbb
16 : 120.28 : 642 : 119.6 : 645 : 11Z2.4 : £EZ2Z : 114.8 : 570
17 : 121.2 : 660 : 121.0 : €75 : 1l1l4.6 : BE3 : 1lle.l : 6584
1€ : 121.8 : 686 : 122.0 : 710 : 1l15.6 : 572 : 117.4 : 596
19 : 122.7 : 716 : 122.5 : 74€ : 1ll6.8 : 5968 : 118.2 : 615
20 : 122.8 : 747 : 123.0 : 7686 : 117.5 : 621 : 119.0 : 6Z2
2l : 122.9 : 771 : 122.5 : 820 : 117.9 : 649 : 119.5 : 650
22 : 124.9 @ 792 : 124.,0 : 645 : 119.1 : 6c¢B6 : 120.0 : 675
~3 :125.7 ¢ 811 : 124.£ : 670 : 119.8 : 689 : 120.5 : 1700
24 : 126.5 : €44 : 125.0 : 900 : 121.0 : 712 : 1lzl.0 : 730
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THE EFFECT 07 HZAVY AiD LIGKY FEEDILG O GROWIE.

It 18 commonly believed that an anical
which is well fed will grow at & more rapid rate tran
one wrhicl rece¢ives only a scant ration. Tre animals
upon whichk tris consideration is based were selected
from those in the experirmert already described. Only
trose with faeirly complete records were considered
and tre corrections and insertions were cesde as in
the prelicinsry studies. Calculations were not
nade for every wmonth, but after eighteen montks, val-
ves were defived at periods varying frowm trree to
" twelve montl.e. ‘nese values were derived fromw an
average of thre velues for at least tkree months for
each anical. Thus, if a value wes to be secured
for the thirty-sixth month, it was represented for
each animal by the average of the thirty-fifth, Thirty-
sixth and trirty-seventh months. In corsiderirg the
effect of the ration, the early ard late-calving
animals were grouped together. Tre results, as re-
gards skeletal growth, need little comment and are
represented in Tables 9 ard 10, and in rlates VII,VIII,

Ix, ard X, Those animels on the heavy ration in-
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variabl;y .ade better gairs. It will be noted
that the reavy-fed enimals sade greater gains in
the early pericde and approachked ceturity at an
earlier age than tke light-fed ones. It is also
interesting trat tkhe light-fed animsls apparently
never attaired tre size of the others, altlrough
they received thre cacze 1ation after tre first calv-
ing.

Tre wéll known fact that Jerseys becorne
mature at an earlier age than Eolsteins is irdicated
by these figures and the plates which reprecent thew.

Tre growth as neasured by weight is rard
to deterrine erd rerresent. lke weighte represent
trhe sare animals as do the height measurecents.
welight 18, at vest, an unsatisfactory wears of meas-
uring growth vecause of the large daily variations
and tre variations due to gregnarcy and lactation.
Weight way be used with sowme degree of accuracy up to
the time at vhich the aniral begins to show the ef-
fect of pregnancy, bbt after trhat time it is very
unsatisfacvory. An attecpt has been nmade to over-
come thie difficulty, at least in part, by taking
the weights of all animals up to the age of nineteen

months and then taking only the weights directly
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after parturition, and at a time six months later.
Trhe weipyht of the anical normally drops decidedly
directly after rartutiticn, ard trLis loss is not

as & rule recovered for several montte, At each
point of calving tre weight is greater than at thre
rreceding point, but it is difficult to deterumire
exactly when the cain is wade. Tr.e aversage tice

of calving for & group was detcrzined and all the
values placed at this aversge month; the next roint
was set at six months lafer. The second calving
tiwe was treated in thre sace manner and so on as
long as data were available. Tre otrer groups were
treated in tre same way so that if, for exarrle,

the averagce time of first calving of tre late-calv-
ing group care at thirty-four worntls and thLe second
calving for the early-calving group at thirty-six
months, the average for the two groups would bpe
brought down under the thirty-fifth month. The
early values for the late-calving groupe were brougkt
down under the values for the early-calvirng ones.
The values afe, then, only close approximations, but
are believed to be fairly representative of tre

weights of the animals.
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Tre values given ard the plots rade are
calculated for trese avera:se dates. The cealcula-
tions are chown in Tables 11 and 12, ard ir rlates
XI, &II, XIII, ZIV, AV, ard aVI, Eere again the
effect of the ration is well shown. In this case
it aprears more strongly in the Jerseys tran in tre
Folsteins, if tre ﬁercentaée incremerts are consider-
cd, but this is rartly due to trhe larger difference
in tlLe weichte of the two groups of Jerseys at the
age of one wmonrth.

Tre weight curves are a long distcornce
apart at tre eze of eighteen to thirty months, but
tend to coce togetrer as maturity is reached. vne
thing wkich is noticeavle at tre six montk point is
the decided drop in the curve represerting the light-
fed group. Tris 18 easily accounted for, because
it was at this point that tkhese calves were weaned
and placed on a ration of ray.

Flaetes LV and iVI Lave been plotted accord-
ing to the second plan outlined in the preliminaries.
Tre values ere rerresented by the amount of tre per-
centage increase over the first measurecent. The
weights are plotted to tre scale at trLe left and the

skeletal measurementé to the escale at tre right.
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At the bottom is a vlot rerresenting the increase
in the reigcht at withers as it would appear if
plotted to tle scale to which the weichts are plott-
ed. Trese two plates show plainly two things for
each breed -- that the ration ras a far greater ef-
fect upon tre weight of the animal than upon tke
skeletal growtl, a%d trat thLe weight-increase con-
tinues for a long tize after tre skeletal growth
seens to be cocplete. Tre decided drop at the &ge
of six montks is to be seen here also in the light-
fed animals. Suck a drop would not be expected in
the reavy-fed asrirals because trey were _laced on

a rLeavy ration as soon as trey were weaned.

In order to show tre effect of the ration
in another way, the heavy-fed and tre light-fed ari-
male in both breeds were compared with the new nor-
mal breed values. At nearly every point tke normals
for height and for weight were betweén the values
for the heavy and light-fed animals. Exceptions
occur at several points in the height and weight'of
- the Jerseys. In this group the norxzals were ahead
of the heavy-fed animals for a tice. Trhis condition

may be accounted for by the unthrifty cordition of
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soae of the Jerseys in early life. The represen-
tation of trese corditions cay be seen in Taules
12 and 14, and in rlates .VII, AVIII, XIa, ard XX,
"The aninals in tie normal groups kLave
not all reacred the age of trLirty months, and tte
values for the twenty-seventh and thirtieth morths
in Tables 12 and 14 are baced on that rart of the

group which rave reached that age.



HEAVY VS. LIGZT FED EOLSTZIIS.

........

HeTAEM AM VTR RG
HZIGHT AT VWITHZERS
—_— —_—

Heavy Fed Light Fed

Age in:¥t, at :Aut. Inc.:aat. ::Ht. et :Amt. Inc.:ant.
montre:witrers:over l§t.:mo. inc.::witrers:over 1lst.:m0. inc.
Cn. :meas., % : Crm. :: Cm. :lesas., % . Cn.

76,7 : : s 75.6
81.7 : 6.5 : :: 60.4 : 6.2
68.1 : 14.8

64.6 : 11.9
9.6 :

.0

4 i

£ 1 88.0
: 99.7 ol v 92.7
: 102.4 : 24.8 : 7T i 96.7 0 27.9
: 106.2 : : :: 9868.2

: 108.7 : : it 99.7 :
:111.56 ¢ 45,2 : 2.7 ::101.2 : 3Z.8 : 1.5
: 113.5 ¢ : :: 102.7 : :

: 11£.8 : : :: 104.5 : :

: 117.8 ¢ BZ2.5 : 2.1 :: 100.Z : 40.6 : 1.¢6
:119.2 ¢ : :: 107.6 : :

: 120.8 : :: 109.2
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£ : 122.3 : 59.4 : 1.5 :: 110.8 : 46.5 1.5
16 : 122.8 : i :: 113.0 @

17 : 124.9 : 2 112.8
16 : 128.4 : 63.5 : 1.02 :: 115.2 5<.5 1.5
19 : 126.9 : : :: 116.6

9

:127.9 ¢ : :::117.4 :

: 1268.0 ¢ 67.5 : 1.02 :: 1ll6.0 : bb.8 : 1.1

:129.1 : : e 119.7 ¢ :

: 129.5 ¢ : ¢ 121.1 :

: 120.1 : 69.6 : .HZ :: 121.6 : 6€0.8 : 1.0

: 131.6 ¢ 71.5 i 5 1: 122.9 ¢ 2.8 : .76
: 122.6 ¢ 72.8 : W& 1: 12b6.6 @ 66.1 : .56
: 123.7 : 74.3 : .18 :: 126.9 : 67.6 : .21
: 124.7 ¢ 75.6 : .16 :: 128.5 : 70.0 : .26
: 1%4.9 : 75,8 : 0% :: 129.6 : 71.2 : .16
: 126.9 @ 77.2 : .08 :: 120.3 : 7.3 : .06
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TABIZE 10.

FEAVY VS. LIGHT FED JERSEYS.

HEIGET AT WITEERS.
S des S Mot hiuie

: FEeavy Fed :: Ligkt Fed ,

Age in:Ht. et :Amt. Inc.:imt. ::Ht. at sAct. inc.:zmt.. :

montre:withere:over 1st.:zo. inc.::witkers:over lst.: mo. inc.:
: Cm. :ceag. % : Co. :: Cm. :meas. % : Cum.

70.1 : : :: 71l.0 :

73.1 : 4.2 : 3.0 :: 75.9 : 6.0 4
77.9 ¢ 11l.1 : 4.8 :: 60.5 : 12.4 : 4
63.0 : : 5.7 :: 8B4.2 : : 3
£§8.6 : : £.0 :: 87.9 : : 3
92.7 : 22.2 : 4,1 :: 92,3 : 26.9 : 4
96.5 : : t: 93.9 :

: 99.4 : : . 95.2 :

: 102.2 : 4&6.8 : 2.16 :: 97.2 : 35.7 : 1.6
: 106.0 : : s 99.1 )
:107.2 : :: 101.4 : :

: 106.8 ¢ bb.2 : 2.2 :: 102.5 : 4cZ.1 : l1.76
: 110.7 : : :: 103.9 : :

: 112.4 ¢ : :: 10£.3 : :

: 114.2 : 62.9 : 1.6 :: 106.2 : 46.4 : 1.26
16 : 114.5 : : :: 107.6 : :

17 : 115.7 : : :: 109.2 :

18 : 116.6 : 66.3 : .8 :: 110.6 : b4.4 : 1.42
19 : 118.8 : : 0 112,23 ¢ :

20 : 119.8 : : . 113.2 ¢ :

21 : 120.5 : 71.9 : 1.3 :: 114.1 : 59,3 : l.16
22 : 120.9 : : s 114.9 :

OO0 b O+

—
o O

"

—
(3, I~ ¢

23 : 121.4 : : :: 115.9 : :

24 : 121.8 : 2.7 : W43 :: 116.2 : 62.4 : 72
27 : 123.1 : 7E.6 : 42 :: 117.6 : 64.2 : .43
30 : 124.2 : 77.1 : 4 :: 119.5 : 66.9 : .63
26 : 125.1 : 178.4 : «15 :: 121.9 : 70.2 : .4

4L : 12b.4 : 78.6 : .05 :: 121.9 : 70.2 : .0

48 : 125.7 : 79.2 : .05 :: 123.0 : 71.7 : .18
60 : 125.9 : 79.0 : .01 :: 122.0 : 71.7 H .0
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TABLE 11

LIGHT FED EOLSTZIIS.

Age in;

..onths:Founds

Eeavy Fed

Light Fed

:Amt. Incs
iover 1lst.

cAnt.

0. inc.::rounds

cant. Inc.: Amt. :
cover 1lst.:mo. inc.:

:wt.in % : pounds :: :wt. in % :pounds
1 113 : 104 :
2 139 23 : 26 o 137 31 : 33
z 2l2 87 : 72 e 177 70 : 40
4 263 : . 2l4 :
5 362 : :: 258 :
6 418 270 : 69 s 292 160 : 36
7 455 : s 307 :
8 490 : t: 326 :
9 545 282 : 42 : 344 230 3 17
10 : 5691 : 372 :
11 628 : 282 :
12 659 482 26 : 404 288 : 20
Ko 714 : 421 :
14 737 i 462 :
5] 776 586 39 s 491 272 : 29
16 819 : 519 :
17 8b2 : 535 :
18 691 688 28 : 569 447 : 26
19 922 : 588 3
21 : 928 720 16 : 066 540 : 32
22 : 1036 816 16 : 745 6lo : 13
24 : 1094 668 8 : 866 732 - 17
40 : 1070 847 - 4 : 682 749 : 3
48 : 1122 892 6 : 946 809 : 8
654 : 1119 890 0 5 968 820 : 4




m

TABLE 12

HEAVY VS. LIGHT FED JERSEYS.
WEIGET.
: Feavy Fed Ligkt Fed

Age in: :Aont. Inc. :Act. e :Ant. Inc.: ALt.
morniths:Pounds :over lst. :mo. inc.::Founds :over lst.: wo. inc.
: : Wt. in % : s :Wt. in % : pounds :
1 66 : 87 :
2 88 23 : 22 100 256 22 :
2 119 80 : 3 157 57 28 3
4 161 4 173 3
5 203 : 211 :
6 246 275 z 42 245 161 26 :
7 2856 : 201 :
8 221 : : 279 :
9 357 440 : 26 295 229 17 :
1C 292 : o 312 H
11 426 : cs 326 :
}2 463 601 : 25 tr 363 317 23 :
2 504 276 :
14 540 404 :
15 579 777 39 431 3956 23 :
16 628 : 455 :
17 607 477 :
18 708 972 42 495 469 21 :
19 745 : bl4 :
22 770 1066 26 571 556 19 :

28 820 11567 10 677 678 186

34 660 1203 b 742 75 11

40 675 1226 2 762 764 2

46 894 1254 3 799 818 8

54 694 1254 0 823 646 3




TABLE 13

HEAVY AID LIGHET FED ANIUALS CO.LPARED WITI NOELIALS

HFOLSTEINS.

Age in: Heig¢ht at Vithers : Weight in Founds .
<ontks:Ligzht :norual : Heavy : Light : ldormal : Heavy :
. Fed : : Fed ¢ Fed : . Fed :

1 75.6: 76.6 : 76.7 : 104 : 121 : 113

2 80.4: 82.0 : 81.7 : 137 157 : 138

3 84.6: 86.8 : 8.1 : 177 200 : 212

4 86.6: 92.0 : 92.2 : 214 249 : 263

5 2.7: 96.5 : 99.7 : 258 30&c : 262

6 96.7: 100.9 : 102.4 : 292 249 : 416

7 98.2: 104.0 : 106.2 : 207 289 : 455

8 = 99.7: 107.1 : 108.7 : 26 ¢ 425 : 490

9 : 101.2: 109.1 : 111l.5 : 244 466 z 545

10 : 102.7: 111.2 : 113.5 : 372 501 : 591

11 : 104.5: 112.6 : 115.8 : 282 529 : 626

12 : 106.3: 114.0 : 117.8 : 404 568 : 6b9

13 : 107.6: 116.7 : 119.2 : 421 574 : 714

14 : 109.2: 117.4 : 120.8 : 463 : 596 . 737

15 : 110.8: 118.6 : 122.3 : 491 612 : 776

16 : 112.0: 120.2 : 123.8 : £19 643 : 819
17 : 112.8: 121.2 : 124.9 : 635 : 660 : 85<
186 : 116.2: 121.8 : 1256.4 : 569 : 686 b 891
19 : 116.6: 122.7 : 126.9 : 688 718 : 932
20 : 117.4: 123.8 : 127.9 : : 747 :

21 : 118.6: 122.9 : 128.5 : 666 : 771 : 938
22 : 119.7: 124.9 : 129.1 : : 793 :

23 :121.1: 125.7 : 129.5 : : 611

24 : 121.6: 126.5 : 130.1 : : 844

57 - 127.9. 189.3 : 131.6 : 745 : 940 : 1036
20 : 125.6: 120.9 : 132.6 - . 1026




SAVY AND LIGET FE

D ANILALS

CO"D ADTD

EPEPS V4 vV

D WITIT IOZIALS.

JERSE

—basnad

S

Age in: Feisht at Viithers : Wweignt in <ounds
lonths:Light :.orumal . : Heavy @ Light @ uJorzsl Leavy
: Fed : red Fed Fed
1 71.6: 70.2 70.1 87 76 66
2 75.9: 74.7 73.1 109 105 88
3 80.5: 79.2 77.9 127 140 119
4 E4.0: 83.9 6Z.6 172 174 16l
5 87.9: 89.2 86.6 211 22 203
6 92.3: 93.7 92.7 245 260 248
7 93.9: 36.8 96.5 261 302 2856
8 95.2: 99.8 99.4 279 240 221
9 97.2: 102.8 102.2 295 276 357
10 : 99.1: 105.0 105.0 312 407 392
11 : 101l.4: 106.5 107.2 336 422 426
12 : 102.,5: 108.3 106.6 363 456 463
12 : 103.9: 110.1 110.7 : 278 480 504
14 : 106.3: 1lll.4 112.4 404 502 540
15 : 106.2: 112.7 : 114.2 421 628 579
16 : 107.8: 112.4 : 114.5 455 522 628
17 : 109.2: 11l4.0 115.7 477 652 667
18 : 110.6: 115.6 116.6 495 572 708
19 : 112.2: 116.8 118.8 514 598 745
2 : 113.2: 117.5 119.86 621
21 : 114.1: 117.9 120.5 649
22 : 114.,9: 119.1 120.9 571 666 770
2 :116.9: 119.6 121.4 669
24 : 116.2: 121.0 121.8 712
27 : 117.6: 122.9 123.1 677 770 830
20 : 119.5: 122.5 124.2 812
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2 BARLY AlD LATE CALVIULG ON GROWTEH

In order to deterzine trhe effect of early
and late-calving upon the development of the ani-
mals concerned, thre averages for tre early and late-
calving groups were plotted ard compared. Tre
plot was started at nineteen wmonths because it seem-
ed that pregnancyvéould rave rad no appreciable ef-
fect uvpon growth at thrat point. Tre values were
taken for the sace points whickh vere used in con-
eidering tre effect of the ratior. Tre coxparison
was wmade for tre heavy-fed Folsteins ard f.r the
reavy-fed and li.ht-fed Jerseys. Tre light-fed
Folsteins were not evenly divided and a fair com-
parison could not be cade. 30th Leight at withers
and wei.rts were used in tre consideration. The
results are shown in Tables 15, 16, 17 arnd 15, and
in rlates .JI, ZXII, and XXIII, a consideration
of the 1isures and plots, icmediately srows the ef-
fect of the tiue of calving upon tre skeletal grow-
th of tre ani.ailis. In every case tiLose in tre
late-calvwirg grougs were socewrat alecad at tre age
of five years, wrile at the age of nineteen montks
they were close togetrer. TLe least effect was

sl.own on tre light-fed Jerseys. Tre figures and
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plots need little comment and will not be discuss-

ed further.
All the work which ras been done relating

to tnhe effect of pregnancy and lactation indicates

trat pregnancy has little effect, while lactation

ras & pronouneed effect upon growth. It is to be

assumed, then, trat tre detrimental effect of early

calving Lerein noted was due to tre strain of lac-

tation. Tre production of wilk seews to be an

iazpulse or tendency which is even stronger than the

"inherent tendency to grow".
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ABLE 1

EARLY VS. LATE CALVING EHOLSTEINS.

© HEIGHT AT WITFZRS.

HEAVY FED

Age in: : :
months:Early Calving :Late Calving :

19 : . 126.5 H 127.3

20 : 126.8 : 128.9

21 : 127 .8 : 129.2

on 128.2 : 120.0

23 : 128.6 ) 120.3

24 : 128.9 : 131.2

27 120.1 : 133.0

20 : 121.2 : 132.9

26 : 121.9 : 135.6

42 132.2 : 126.1

48 : 132.7 : 126.0
- 60 1 _ _1l234.1 _ _:_ _ 137.6 _ _

TABLE 16
WEIGHET

19 : 942 : 922

21 : 883 : 994

27 ¢ 866 : 1184

34 : 963 H 1225

40 : 1011 3 1129

48 : 1106 : 1139

64 : 1118 : 1121




EARLY VS. LATE CALVING JERSEYS

HEIGET AT WITEERS

i "Heavy Fed : Light Fed

Age in: Early : Late : Early : Late

Months: valving : Calving : Calving : Calving
19 : 119.5 : 118.1 : 111.1 : 113.6
20 : 120.5 : 119.1 : 112.2 : 114.3
21 : 120.7 : 120.3 : 112.4 : 115.8
22 : 121.4 : 120.4 : 113.4 : 116.4
23 : 121.5 : 121.3 : 114.4 : 117.4
24 : 121.6 : 122.0 : 114.8 : 117.8
27 : 122.6 : 122.7 : 115.6 : 119.7
20 : 124.0 : 124.5 : 117.1 : 122.0
26 : 124.1 : 126.1 : 119.6 : 124.2
42 124.6 : 126.3 : 119.8 : 124.1
48 : 124.7 : 127.0 : 121.4 : 124.6
60 : 124.7 : 127.2 : 121.3 : 124.6

TABLE 18

EARLY VS. LATE CALVING JERSEYS

WEIGHT
: Heavy Fed : Light Fed :
Age in: Early : Late : Early : Late $
Months: Calving : Calving: Calving : Calving :
19 : 759 : 732 504 : 624
22 : 768 : 782 656 £ 587
28 : 726 : 934 614 : 740 :
34 : 740 : 981 687 H 806 :
40 : 8329 : 911 : 706 : 800 :
46 : 860 : 937 73 : 827

54 : 864 : 924 763 : 882
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TFE BIRTH W-ZIGHT OF CALVES AS AFFECTING THLIR

GRHOVTF ALD SIZE AT IATCRITY.

..any people are of the beliet that a calf
wvhich 1s small at ovirth will result in a sumall cow,
or that the birth-wcight tends to deteruine the size
of the animal at maturity. In order to deteramine
vhetrer or not there are good grounds for this be-
lief, the birth-weights of some of the calves in the
University rerd have been considered and cowmpared
with the rate of growth and the size of these sace
individuals at wcaturity.

Table 19 shows & cowparison vetween ani-
mals Lo, 2 and .o. 17 which weighed 35 and 67 pounds
respectively. The small calf in this case has oe-
come as large as the other and has even surpassed
the other in weight.

Table 20 shows & comparison between ani-
ma2ls lo. 41 and lo. 53, weighing 32 and 60 pounds
respectively. In this case tre reverse condition
ig found, for the swaller animal at birth remains the
smaller through life.

Table 21 gives a comparison between ani-
mals lo. 48 and Ho. 59, weighing 55 pounds each.

Tr.e development of these two ani als is outstand-

ingly different.
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Tables 22 and 23 represent tre develop-
ment of norczal individuals of tre Ilolstein and
Jercsey breeds up to the age of twenty-four months.
Tre Jerseys chow a very slignt correlation between
birtrh-weight and growtl, wrile tre Zolsteins show
practically tle reverce condition.

Taule 24 concists of tre pirth-weights

nd height at viithere at waturity of all the ani-
males of the Urniversity rherd for which such data
are availavle. In trhis case the Jerseys show no
direct correlation, while thre Holsteins on an aver-
age seew to stow & sli-ht one between virtk-wei:ht
and size &t zaturity. It seemcs safe to assuume
that, in general, trere is no correlation between
the birth-wei o ht and the growth or the size at

maturity of dairy animals.



TABLE 19

A STUDY OF INDIVIDUAL BIRTH WZIGETS

Cow No. 2 : Cow lio. 17
Age in: : : :
Jlonths: Weight : Height : Weight : Height

Birth: 25 : 67
1 72 71.1 : 87 : 75.0
2 98 : 756.0 : 117 80.8
2 120 79.7 : 161 85.5 :
6 268 : 95.1 : 282 96.0
12 : er2  : 112.5 : 472 : 112.5 :
18§ : 862 : 119.8 : 706 : 118.3

on 748 : 123.8 : 637 : 122.0 :

23 : 707 . 124.8 : 792 . 124.2

46 : 935 : 1256.0 : 615 : 125.8

60 : . 12b6.0 : : 1256.5
TABLE 20

Cow lio. 41 : Caow uo. 3"

Birth : 22 H 60 :
19 : 747 : 119.0 : 7656 : 1R21l.6
20 : : 119.0 : : 125.0

28 : 962 : 122.,5 : 1065 : 122.0 :
34 : 1031 : 123.5 : 1110 : 125.0 :
48 : 870 : 125.8 : 1122 : 1356.3 :
564 : 851 : 126.3 : 1185 : 126.5 :
60 : : 124.0 : ¢ 134.8 :

Cow lio. 48 : Cow lio. 59

Birth : 66 : : 55
19 : 538 : 111.b : 403 : 113.0 :
24 : 505 : 113.0 : 620 : 119.0 :
20 : 575 : 116.56 : 667 : 122,0 :
42 : 657 : 118.0 : 740 : 124.8 :
O : 690 : 119.8 : 849 : 126.5
66 : 724 : : : :
60 : : 119.2 : ¢ 126.5




RELATION OF BIRTH WEZIGET TO GROWTH Il EZIGHT
NOR..AL FQL3TLIIS.

: : o 12 18 <4
10 :Birth : .ionths : .onths wonths : donths
Cow :rounds : cm. Clie Cili. cm.
225 7¢ : 126.5
236 80 : : 112.0 121.5 126.0
242 656 : 104.7 : 1l12.6 122.2 128.0
229 65 : : 114.0 123.0 121.5
Av. 8l.2 : 104.7 : 112.9 122.6 128.5
237 87 : 126.0
244 E7 97.0 : 112.0 120,82 125.0
226 90 : 122.0
249 90 96.7 : 111.3 118.0 126.2
Av. 8.5 96,9 : 111.7 119.2 125.1
241 92 : 102.0 : 115.5 120.5 126.8
245 95 : 101.0 : 111.5 119.3 125.5
248 a7 ¢ 99.83 : 1l12.56 119.8 126.0
246 102 : 102.0 : 114.8 123.5 126.1
Av., 96.5 : 101.1 : 113.8 120.6 126.1




TABLE 23.

RELATION OF BIRTE WEIGHT TO GROWTE IN EEIGHT

HORIAL JEZRSEYS

g : 6 : 12 : 16 : 24
No. : Birth : lonths : wonths : Lionths : .ionths
Cow :Pounds : Cu. : Cm. : Cm. : Cnm.
91 : 3b : : 106.0 : 113.2 : 119.8
96 : 40 : 96.0 : 111.2 : 120.23 : 122.5
61 : 50 : : : : 119.5

102 : 60 : 89.5 :102.5 : 110.0 : 11l4.1
Av. : 42,7 : 92,7 : 106.6 : 114.5 : 119.2

82 : 50 : : : : 118.5
90 : 50 : : 109.5 : 1156.2 : 120.0
98 : b5 : 97.0 : 110.5 : 117.7 : 122.3
100 : 565 : 90.7 :107.0 : 1l123. : 119.3
Av. : 52,56 : 92.8 : 109.0 : 115.56 : 120.0

101 : b7 : 94.0 : 109.5 : 115.8 : 118.4

z : 62 : : 110.0 : 1156.0 : 123.3
95 : 65 : 95.0 : 110.5 : 117.5 : 124.5
89 : 70 H : 106.5 : 1156.0 : 120.0
87 : 72 3 : : 118.0 : 122.5

Av, : 65.2 : 94,5 :109.1 : 1ll6.2 : 121.7




TABLE 24

RELATION OF BIRTH WEIGET TO 1ATURE

HEIGHT AT WITEZRS

Holsteins s Jerseys

: : Height 3 : : Height

No. :Birth : Withers :: lio. : Birth : Withers

Cow :Weight : lature :: Cow tWeight : listure
:Pounds : Cum. HE :Pounds : Cm

217: 66 13Z.2 :: 41 22 125.0
228: 60 : 120.,3 :: 2 35 125.0
224 : 70 : 130.0 :: 54 : 40 : 126.2

219: 7% 127.1 :: bb @ 40 : 124.9

214: 7% 124.8 :: 57 ¢ 42 : 121.1

211: 76 ¢ 125.6 :: 59 ¢ 45 : 125.4
Av.: _68.3: _131.8 :: _ _ _:_ _ 39 _:_ _l24.6_ :

: 39 60 120.0

: 13 50 123.4

: 22 50 : 119.7

: HH 50 52 128.1

227: 80 132.9 :: 58 656 125.0

221 85 140.9 : 8 65 124.3

222: 90 : 120.6 :: 14 65 : 119.0

222: 90 : 124.4 :: 64 b6 131.0

Av. 86.2 134.7 Av. 62.9 123.8

— e w—— wmr w— - - - o - eme e e e e mmn - — —— ——

210: 100 : 139.0 :: 66 60 : 126.5
226: 100 . 120.3 :: 53 60 135.8
216: 1102 : 1235.3 :: 23 62 : 126.1
208: 106 : 142.2 :: 11 67 122.1
216: 112 : 127.5 :: 17 67 125.3

Av,: 103.8: 136.8 :: Av. : 63.2: 127.1
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CO.TOURS.

In order to cshrow an erample of the pre-
viously described abnorc.al shape of aniczals under
adverse conditions, two Jergseys are coc.pared in
respect to their contours. Lurber 93 was vorn
~arch 14, 191Z, nhas been raised under noraual con-
ditions, and appears to be fairly ty,ical of tre
breed. ~uzber 94 was vorn Fewrvary 7, 1913, but
from birthk ras been kept on a ration of low pro-
tein. Tre contour line includes a vlane of the
posterior part of tre anicel, passing trrough thre
widest part of tre hip-points and tre widest pﬁint
of tre trurles. 2re width of tre tkurls of lZo. 94
is greater than the width at the hip-points -- a
cordition vkich is very unusual. The width of tre
thurls is 41.0 centiceters in so. 94 and 43.25
centiceters in Jo. 9Z --- a difference of 2.25 cen-
ticeters. re wildth at the lLiyv-roints or rooks
is 392.2% cernticeters for o. 94 and £0.5 centiceters
for io. 93. -- o difference of 11.2%5 centi..eters.
It will be noticed trkat in the case of lo. 94 the
thurls are 1.75 centimeters wider trar the Lip-pcints,
while in lo. 92 the Lip-points zre 7.25 centiceters

wider than tlre tlrurls.



It 18 of interest that io. 94 becanme
totally blind at the age of about eleven to
twelve months. wot only ie shre abnormal in trkis
rescect, but her calf was born in a weak condition
ard was rnot only blind, but was without eyes.

This example is not cited as conclusive,
but is added as a matter of interest. Conclusions
cannot well be based on one aniwmel, but it appears
in this case that vwidth-developuent cannot have
been controlled oy the wechanical pressure of the
food, as has been suggested by Watersgz, because
lio. 94 at all times received an abundance of dry
matter. The cause of tkis asymetric development
is unknown. The contours of lo. 93 and lo. 94

may be seen in Plate XAIV.
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The excecssive increase in tre width at the
hip-points at certain eges in bovires, as well as
in otker animals, has led to a great deal of specule-
tion. ..any theories rave been edvanced. Sore
have claiwed trat it is cdue to an abundance of food
in tre digecstive tract et trhe tiwe. This has been
uced as en explanation of the narrowness which oc-
curs in an animal on light feedgz.

The idea that it wight be due to pregnancy
led to a compilation of data, the suwmary of which
is given in Table 25. Thece datu vere arrarn.ed
by .ir. L. 8. Riford frow arimals selected so that
their ages at the time of first calving, in trLe
early- calving groups, approxicately coincided.

The corresponding ages of the late-calving group

were then compsered with thea. The table needs lit-
tle explanation. The results ovtained were negative,
indiceting that rregnancy in this case was not res-
poncsible for the increase in tre widtk at the hip-
points. The cause of this excessive and prolonged
development hae not as yet been satisfactorily ex-

plained.



TABLE 25.

RELATION OF PKEGUANCY TO WIDTH OF HIES.

Jerseys : Holsteins
Zarly : Late : Early : Late
Calving : Calving : Calving : Calving

3647 : 25.1 : 41.8 : 40.2
Z8.0 : 26.4 : 42.6 i 41.1
39.1 : 37.2 : 44,2 : 42.1
29.8 : 38.0 : 44.1 : 42,2
40.6 : 29.8 : 44 .9 : 44 .0
41.0 : 41.1 : 46.1 : 44 .8
40,2 : 4..2 : 47.0 : 45.5
43.0 : 42.8 : 47 .7 : 46.4
* 43,5 : 43,7 i 48.1 : 47.2
42.6 : 44.5 : 48.1 : 48.0
42.6 H 45.2 : 47 .8 : 48.2

44 .0 : 45.8 : 48,1 : 48.6
44.0 : 46.4 : 46.5 : 48.9
44.6 : : 48.6 :

44.9 : : 49.0

45.1 : : 49.4

45.5 : : 49.6

46.0 : - 50.1

46.4 : : 50.7

46.7 : : 5l.2

*The horizontal line indicates the time of
calving for the "early cslving" group.
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A dairy heifer does not grow symmetrically

yet, throughout the growing period of the ani-
mal, the percentage increments of trhe body-perts
bear a fairly constant relation to one another.
The constancy of tre relation of the different
percentage increments indicates trhat, for ani-
males not under extremely abrnormal conditions,
the reight at withers can be used as a fairly
accurate index of skeletal growth.

7eight alore is not a satisfactory index of ttre
growth of an arnical on account of the extreme
fluvctuations to which it is subject.

Froum the ages of one to twenty-seven montks,
normal Holsteins and Jerseys wake almost identi-
cal gains in height at withers. dearly two-
trhirds the difference between trLe height of
Holsteins and Jerseys at maturity is present.at
the age of one monteL. Thecse observations in-
dicate that the greater height attained by the
Holsteins cay be accounted for by the greater
initial height and by a wmore prolonged period
of growth which is characteristic of the Eol-

stein breed.-
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The weight of normal Holsteins increases nmuch
more rapidly than does the weight of normal
Jerceys of tlre same age.

Skeletal growth, as measured by height at withers,
is complete before weight has reached its maxiaun.
A heavy-fed animal tends to spproach maturity
earlier than a light-fed one. The difference

in skeletal size between the groups on these

two rations is greatest from about twelve to
thirty months of age. This difference gradually
diminishes, but r obably never disappears.

The ration has a more immediate effect upon
weight than upon skeletal growth. The tendency
to recover the resulting difference in weight
seems to be stronger tran the tendency to recover
the corresponding difference in the height at
withers.

Early calving has a tendency to creck skeletal
growth as measured by height at withers. The
corresponding sturting in weight is even great-
er at an early age, but has a stronger tend-

ency to be recovered. This stunting is, in

all probability, due to the strain of lactation,

and indicates that tre tendency to produce milk
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is even stronger than tre 'inherent tendéncy
to grow”,.

Trhe birth-weight of a calf seems to bear no
direct relation to the rate of growth or tre
size of the aniwmal at maturity.

Some factor other than pregnancy seems to be
responsible for tre large incrcese in tre

width at tre hip-points.

PN

K



ACKYCVLEDG.ENT.

The writer wislkes to exrress his
appreciation to C. H. uckles, rrofessor
of Dairy Husbandry, lniversity of .issouri,
for his relpful suegestions in tre pre-

paration of this thesis.



TEE FOLLOWILG REFCRENCES HAVZ BEEN USED IN TE

¥

lr

PREPARATION OF TFIS THFESIS.

1. Aldrich, T. 3.
1912 On feedirng young white rats the posterior
and anterior parts of the pituitary gland.
Amer. Jour. rhysiol. Vol.Zl, p. 94.

2. Aron, iH.
1910 Growth and nutrition.
Abstract Zxp. Sta. Record, Vol. 24, p. 765.

2. Aron, I.
1912 The influence of quality and qguantity of
f204 upon tre growing orgzanism.
Froc. Interrational congress of Eygiene,
Vol. 15 (2) p. 451.

4., Beyer, H. G.
1896 The effects of exercise on growth.
Jour. Expt. wed. Vol. 1.

5. Branit’ Lo wae
1913 The nutrients required for growth by heifers
of the dairy breeds.
Tresis for the degree A. . U. of .0,

6. Buckner, G. D., lollau, E. HE., and Kastle, J. H.
1916 The feeding of young chicks on grain mix-
tures of high and low lysine-content.
Kentucky Ag. Exp. Sta. Bul. 197.

70 Burlingha\‘.‘, C- Lo and Gillette’ La SO
1914 The nor.al growth of dairy heifers.
Thesis for the degree A. M., U. of .io.

7.5. Cathcart, E. r.

1912 Trhe rhysiology of rFrotein ..etavolism.
Longmans Green & Co.

8. Donaldson, H. H.
1912 An anatomical analysis of growth.

International Corngress of Hygiene, Vol.
15, p. 410.

9. Eckles, C. H.

1916 The ration and age of calving as factors
influencing the growth and dairy qualities
of cows.

Adissouri Ag. Exp. Sta. Bul. 135,



10.

11.

14.

15.

16.

17.

18.

19.

20.

Zckles, C. .
1914 Dairy Cattle and .iilk rroduction. The
lacuaillan Company.

cvvard, J. .

1909 The effect of different nutritive planes
upon economy of gain and rate of growth
of young cattle.

Thesis for the degree A...., U. of .io.

rcvvard, J. «., Dox, A. ¥W. and guerrsey, S. C.

1914 The effect of calciuzr and protein fed
presnant swine on the 3ize, vigor, bone,
coat and condition of the offspring.
Amer. Jour. rhysiol. Vol. 24, p. Z12.

Ferry, . L.
1912 Trhe rate of growth of trke &lbino rat.
Anatonical Record, Vol. 7, p. 433.

Flint, =. A,
1910 Protein requirements for growing cattle
under one year of age.
Georgia Ag. Exp. Sta. Bul. 90.

Forbes, L. 3.
1909 The mineral elecents in animal nutrition.
Ohio. Ag. Exp. Sta. Bul. 201.

Forbes, =. B.
1916 The mineral elements in anizmal rnutrition.
Scientific wonthly, p. 262 (werch).

Furk, C. and .lacallum, A. B.
191% The probable nature of the substances pro-
moting growth in young animals.
Jour. Biol. Cheam. Vol. 22, p. 413.

Funk, C.
1914 Is polished rice plus vitamine a coaplete
food?
Jour. rhysiol. Vol. 46, p. 228.

Goldfarb, A. J.
1910 "Lecithin"
Abstract Exp. Sta. Kecord, Vol. 25, p. 270.

Gouin, A. and Andouard, r.
1913 Energy expenditures required for growth.
Abstract Exp. Sta. Record, Vol. 29, p. 65.



2l.

24.

2b.

26.

28.

29.

230.

Griswold, D.
1215

Gudernatsch,
19156

Je

A study of the effects of the periods of
gestation and lactation upon the growth
and couposition of swine.

Thesis for the degree A. .., U. 0of lo.

JO F.
Feeding experimente on rats.
Amer. Jour. rhysiol. Vol. 3o, p. 270.

Hart, E. 3. and lcCollum, E. V.,

1914

Hart, E. 3.,
1911

Fart, . B.,

The influence on growth of rations res-
tricted to the corn and wheat grain.
Jour. Biol. Chem. Vol. 19, p. 272.

~cColluw., E. V., Steenivock, H. snd ZumpLrey, G.C.
Ire physiological effect on growth snd re-
production of rations balanced from res-

tricted sources.

Wisconsin aA_. Zxp. Sta. Kesearch Bul. 17.

Fumphrey, G.C. and worrison, F.3.

1912-14 Conmparative efficiency for zrowth of the

Hart, E. 3.,
1914

Hatai, 3.
1915

Eatai, o.
1915

Hatai, S.
1903

Hatai, 3.
1907

total nitrogen of alfalfa hay and corn grain.
Jour. Biol. Chem. Vol. 13, p. 133, and
Wisconsin Ag. Zxp. Sta. Lesearch Bul. 33.

Steenbock, H. and Fuller, J. G.

Calcium and phosphorous supply of farm feeds

and their relation to the animal's reguirements.
Wisconsin Ag. Exp. Sta. Research Bul. 20.

The growth of the body and organs in albino
rats fed with a lipoid-free ration.
Anatomical Record, vol. 9, p. 1.

On the influence 0of exercise on the growth
of organs in the alovino rat.
Anatomical Record, Vol. 9, p. 647.

The effect of lecithin on the growth of
the write rat.
Axer. Jour. rhysiol. Vol. 10, p. 57.

The effect of partial starvation followed by
a -return of noruzal diet on the growth of the
body ... 0of the a2lbino rat.

Amner. Jour. Physiol. Vol. 18, p. 209.



Zl. Fawk, r. B.
1912 fractical Physiologzical Creamistry. =.
Blakistons Son & Co.,

($N]

o
.

Fopkins, F. G.
1012 Feeding experiments illustrating the im-

portance of accessory factors in normal
dietaries.

Jour. rhysiol. Vol. 44, p. 425.

33. Hopkins, F. u. and iNeville, A.
1912 Influence of diets on growth.
Biochem. Jour. Vol. 7, p. 97.

24. Hutchinson, W,
1914 Our Internal laboratory.
Good EHousekeeping ..agazire. (October).

35. Jackson, C. .,
3 rostnatal growth of the albino rat.
Aner. Jour. of Anatomy. Vol. 15, pp 1-68.

36. Aellicott. \Yo :Jo
1910 A contribution to the theory of growth.
Abstract Lxp. Sta. EKecord. Vol. 29, p. 64.

37. Lusk, G.
1905-6 A law of growth reiterated.
rroc. Amer. rhys. Soc. Dec. 1905, p. 17 and
Amer. Jour. rhysiol. Vol. 15.

38. larshall, F. . A.

1210 The physiology of Reproduction. Longusns
Green and Coapany.

a. p. 659
b. p. 669
C. p. 497

39. Jathews, A, F.
1915 rhysiolosical Cheuistry. Wie Wood & Co.,
chaj:«o 20’ Po 8290

40. .cCollum, EZ. V. and Davis, u.
1918 The influence of the plane of protein in-
take on growth.
Jour. Biol. Cheu. Vol, 20, p. 321.

41. lcCollum, E. V. and Davis, ...
1915 lutrition with purified food substances.
Jour. Biol. Chem. Vol., 20, p. 641.



42,

44.

45.

46.

47.

48.

49.

50.

51.

xeCollue, B
19156

acCollum, =.
1915

wceCollum, Z.
1915

leCollum, Z.
1914

.JCCO].IU.'ZA, 2;.
1913

~

xceCollum, Z.
1914

WeColluam, E.
1915

dcCollun,, E.
1915

weColluw, E.
1912

liendel, L. 3.

1912

V. ard Davis, ..

The influence of certain vegetable fats
on growth.

Jour. 3io0l. Crem. Vol. 21, p. 179.

V. ard Davis, ..

Tre influence of the couposition and
amount of mineral zmatter of the ration
on growth and reproduction.

Jour. Biol. Chex. Vol. 21, p. 615.

V. and blavis, ..

The nature of the dietary deficiencies
of rice.

Jour. Biol. Ckeam. Vol. <3, p. 181l.

V. and Davis, ..

The nature of the proteins of the cereal
graine and of milk for growth in the pig,
and the influence of the rlane of protein
intake on growth.

Jour. Biol. Chem. Vol. 19, p. &<3.

V. and Davis, .

Tre influence of the composition and swmount

of the mineral content of the ration on growth.
froe. Az. Soc. Biol. Cheu. Vol. 14, p. Xl.

V. and Davis, 1. )

Observations on isolation of the substances
in butterfat which exert & stimulating
influence on growth.

Jour. Biol. Chem. Vol. 19, p. 245.

V. and Davis, l.

The essential factors in the diet during
rowth.

our. Biol. Chem. Vol. 22, p. 23l.

V. and Davis, l.

The cause of loss of nutritive efficiency
of heated wmilk.

Jour. Biol. Chem. Vol. 22, p. 247.

v. and Davis, i.

Tre necessity of certain lipins in the
diet during growth. .

Jour. Biol. Chewm. Vol. k56, p. 1l67.

The role of the proteins in growth.
£roc. International Congreses of Eygiene,
Vol. 15 (2) p. 249.



52. lendel, L. 3.
1915 Lutrition and Growth.
Journal of Auner. wed., Ass'n. Vol. lxiv,
No. 19 (.ay 8.)

o
N

. ..endel, L. 3.
1914 Viewpoints in the study of growth.
Biochem. Bulletin, 7ol. 3, p. 1lE6.

54, ..endel. L. 3.
1914 Liutrition and growth.
e f. ..ed. Journal, Vol. 100, p. 1l1l68.

56. illendel. L. 3.
1914 liewer points of view regarding tre part

played by different food substances in
nutrition.

Jour. of the Amer. .ed. Ass'n. Vol. 1xiii, p.819.

56. .winot, C. C.
1891 Senescence and rejuvenation.
Jour. rhysiol. Vol. 12.

57. Jdinot, C. S,
1907 ¥Yroblems of age, growth and death.
Pop. Sci. .onthly, Vol. 71.

8. pP. 359
b. p. 462
c. p. 4068.

68. .lorgan, T. H.
1907 Experimental Zoology, The ..acaillan Co.

a. p. 229
b. p. 253
C. P. 277

59. llorgulis, S.
1913 Tre influence of protracted ard inter-
mittent fasting on growth.
Abstract Exp. Sta. Record, vol. 29, p. 869.

60. .iusser, K. 3.
1914 Hutrients required for developing tne
fetus in dairy cattle.
Thesis for the degree A. ., U. of ..0.,

61. Osborne, T. B. and ..endel, L. B.
12011 The role of the different proteins in
nutrition and growth.
3cience, n. ser. Vol. 24, p. 722.



64.

65.

66.

67.

68.

69.

70.

71.

Osborne T. B, and .lcndel, L. B.
1912 Feeding experiments with fat-free
mixtures.
Jour. Biol. Chex. Vol. 12, p. 8l.

Osborne, T. B. ard ..endel, L. 5.
1914 The suppression of growth and tre
capacity to grow.
Jour. psiol. <¢Lew. J0l. 18, p. 95.

Osborne, I. B. ard ..endel, L. 3.
1912

Feeding experiments relating to th

food

e

nutritive value of the proteins of maize.

Jour. biol. Chem. Vol. 14, p. 31.

Osborne, T. b.

1913 The nutritive velue of the proteins

of pai:ze.
Science, n.ser. Vol. 37, p. 185.

Osborne, T. 3. ard ..erdel, L. 3.

1911 The role of the proteins in growth.
rroc. Amer. rhysiol. Soec. Vol. 29, p. xii.

Osborne, I'. 3. and .endel, L. o.

191z Jdaintenance experiments with isolated proteins.

Jour. Biol. Cheam. Vol. 13, p. 2Z3.

Osborne, T. 3. and ..endel, L. 3.
1912 Influence of butter-fat on growth.
Jour. 3iol. Chem. Vol. 16, p. 422.

Osborne, T. 3. and .lendel, L. B.
1912 Relation of growth to the chemical
stituents of the diet.
Jour. 3iol. Chea. Vol. 15, p. 211.

Osborne, T. 5., .endel, L. B., and Ferry, . L.

1912 Feeding experirents with fat-free
mixtures.

Abstract Lxp. Sta. Record, JVol. 28

Osborne, T. 3. and wendel, L. B,

con-

food

, ©. 863.

1014 Azino-acids in nutrition and growth.

Jovr. biol. Chem. Vol. 17, p. 325.

Osborne, T. 3., uendel, L. B. and Ferry, . L.
1911 Feeding experiments with isolated
substances.

food

Carnegie Inst. Wash. rub. 166, III p. 52 and

56-128, also

Abstract Zxp. Sta. Record, Vol. 25, p. 864

and Vol. 31, p. 69.



]
e
L]

74.

75.

76.

77.

76.

79.

60.

8l.

)

m

borre, T. 3. and .lendel, L. 5.
1915 The resuugtion of growth after long
continued failure to grow.
Jour. 3i2l. Chew. Vol., 23, p. 429.

Osborne, I. 5. and .iendel, L. 5.

1916 Tre comparative nutritive value of certain
proteins in growth and the problem of
protein miniamua.

Jovr. 3iol. Chem. Vol. 20, p. 2Z51.

Osborne, T. 5. and .endel, L. B.
1915 Further observations on the influence of
natural fats upon growth.
Jour. 3iol. Crexz. Vvol. 21, p. Z79.

Osborne, T. B. arnd Wakeaxan, a. J.
1915 Does butter-fat contain nitrogen and
phosprorous?
Jour. Biol. Chea. Vvol. 21. p. 91.

Osborre, I's 3. and .iendel, L. 3.
1914 The influence of cod-liver-o0il and soaxe
other fats on growth.
Jour. 3io0l. Chem. Vol. 17, p. 401l.

Ovsorne, T. B. and ..endel, L. 3.
1915 rrotein minima for maintenance.
Jour. 3iol. Chem. Vol. 22, p. 241.

Ogborne, T. B., Van Slyke, Leavenworth, and Vinograd.
19156 Some producte of the hydrolysis of
gliadin, lactalbumin and the protein of
thhe rice kerrel.
Jour. 3iol. Chexs. Vol. 22, p. 259.

reton, D. u., and Boodall, A.
1902 The thyuwus.
Jour. rhysiol. Vol. 21, p. 54.

raton, D. J.
1911 On tre removal of the testes.
JOUI‘. thSiO].. IOI. 42, po 267.

Regan, Vi. .
1914 The effect of lattation on growth.
Thesis for. the degree A. w. , U. of .co.,
Richardson.
1914 Growth-restraint of young aniwals by x-ray.
Abstract Lxp. Sta. kecord, Vol. &1, p. 664.



84.

85.

86.

87.

68.

89.

90.

91.

93.

Robertson, T. B.

1918

Studies on the growth of man.
Amer. Jour. rhysiol. Vol. &’

L] « ')

re 74.

Russell, I. L.

1914
Slonaker,
1912

Je

Report of the director.
Wisconsin A;. Lxp. Sta. bBul. 250.

.
activity and drowtnh.

Journal of aAnimal Behavicr, /ol. <.

Ctotsenburg, ve .

1912

Vincent, O.,

1904

Voegtlin,
19106

Naters, L.
1914

waters, .
1904-8

Vaters, =.
1912

v

Wetson, J.
1905

~

The effect of spraying and sexi-spaying
young alvino rats on the growth in vody
weight and body length.
Anatomical xecord, vol. 7, p. 182.

and t:Olly' Ve die

Sore observations upon tre functions of
the thyroid ard parathyroid glands.

JJUI‘. Lh]SiDl. 1'01. 22, po 65.

‘he chemical nature and tne physiolo:ical
significance of so-called vitamines.
Scientific ..onthly,(.arch), p. 289, Lan-
caster, Pa, and U. 1.

J.
The requirecents of the growing aniumal.
rroc. of the 25th annual meeting of the
cociety for the promotion of agricultural
science.
vasgh. D.

~

C. (llov.)

Jeo
The capacity of anicals to grow under
adverse conditions.

froc. of above society. Vol. 29, p. 71.

J.
Ire influence of nutrition upon the anical
form. raper prescnted at the 12th arnual

meeting of the above society.

3.
The effect of the bearing of youns upon the
body weicht of the feuale white rat.

Jour. of Comparative Neurology. vol. 15, r.514.



94, Vatson, C., and Zunter, 4.
1906 Tre influence of the diet on growth
and nutritior. Y
Jour. rhysiol. Vol. 24, p. 11l1.

95. Wheeler, Zuth.
1015 troteins in growth.

Scientific ..onthly, (..arch), p. 279.

96. V”ile:], Eo \l’.
1914 Final sters in body-building.
Good Eousekeeping ..agazine (October)

97. Voodward, =. G.

1912 A general consideration of the calcium
and phosphorous in the ration of growirg
cattle.

Thesis for the degree A. ..., U. of ..0.,



UNIVERSITY OF Missourl
COLUMBIA

COLLEGE OF AGRICULTURE
HCULTURAL EXPERIMENT STATION
DEPARTMENT OF ANIMAL HUSBANDRY

May 22, 1916,

Dean Walter Miller,
Academic Hall.

Dear Dean Miller:
In accordance with your request of May 16th
I have examined the dissertation submitted by
W. W. Swett. I am pleased to say that I consider
it quite satisfactory both as to subject matter and

composition.

Yepy uvly yours,

A%;ocia e frofesesor of Animal Husbandry



3757107
X Sw ‘/7



MU Libraries

Swettl916SpecSheet. txt

University of Missouri--Columbia

MU Theses and Dissertations (Pre-1920)

Local identifier

Capture information
Date captured

Scanner manufacturer
Scanner model

Scanning system software
Optical resolution

Color settings

File types

Source information

Format
Content type
Source ID
Notes

Derivatives - Access copy

Compression
Editing software
Resolution

Color

File types

Notes

Swettl916

20160913

Zeutschel

0S 15000

Omniscan v.12.4 SR4 (1947) 64-bit
600 dpi

grayscale, 8 bit and color, 24 bit
tiff

Book

Text [with images]

010-100956725

Pages typed and single-sided.

Title page has signature and perforated
property stamp.

Some pages have a Univ of MO library stamp
Diagram pasted in.

Tiff compressed with LZW before conversion to pdf
Adobe Photoshop CS5

600 dpi

Grayscale and color

pdf

Pages cropped, canvassed,

and images brightened.

Blank pages removed.

Page 1



