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Beltsville Growth
Standards for

Cattle’

LAl Marrhaws and M. H. Fougatax, Doiry Husbandry Resenrch Branch,
Agriculturel Research Serviee

INTRODUCTION

Normal growth by daivy cattle, as measured by weight, depends
on a mixture of the effects of three kinds of conditions, which nay
be expressed as: (1) The inherent maximnm cupacity for growth
{2} the plane of nutrition and enviromment: and (3) the weielt
changes associated with rexwrring cyceles of pregiuney and lactation,

Included in maximum capacity for prowtl are (he effects of sex.
breed, inheritance frour nearby ancestors. breeding pattern, and
chance variation between individuals. 1t is gencrally ugreed thai
maximu growth in weight represents u degree of fatness that is
undesirable in dairy cattle and a departure from a profitable teeding
program. Consequently. good. aceepted feeding pracrices produce
a standard rate of growth rthat is somewlhat less than maxinum.

When a given set of weights ix used fo estabush a standurd for
measuring novial growth, it must be assumed thut each of the three
kinds of conditions that may have uffected the weights was normal.
The usefulness of such a standard will depend on the degree of
similarity, in respect to these conditions. hetween the standard and
the groups of data that are to be compared with the standard. The
eftect of differences in a purticular condition ean be studied most
effectively when other conditions wre nenrly alike. For example, the
relative effects of outbreeding, linebreeding. and inbreeding on growth
and size might be measured when the conditions of feeding and en-
vironment and pregnancy and lactation sve nearly alike.

Nuturally, a growth standard is more suituble for yse in the herd
in which it was developed than in another herd. Its use in another
lierd will depend on an accurate measure and description of the three
kinds of conditions that affect weight and rate of growth, aud on
the degree of similarity between the two herds in respect to these
conditions.

Since 1921, when a breeding experiment with Jersey cattle was
begun at Beltsville, Md.. the Dairy Husbandry Research Braneh has
collected an unusually large volume of weight data on the herd ns
a part of fhe eerri.mentnl work. Weights are available on nearly
all animals from birth to maturity and it 1= possible to tabalote weiglits
by stages of pregnancy and lactation.

* Butanitted for publiention May 13, 1u54
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Because certain conditions have beern maintained rather censtant
from the beginning of the experiment. the Beltsville weight data ave
well adapted for use as growth standards for Jerseys. Ior ex-
ample, the herd has been maintained for a study of the laws of in-
heritance for milk and butterfat production and, therefore, an at-
tempt has been made to use good. practical methods of feeding and
management and to keep them constant throughount all the years of
the experiment. This has been accomplished with a high degree of
success and makes it possible to describe the conditions of feeding
and environment involved. Also, no new Temales have been added
to the herd except descendants of the foundation cows and no culling
of female offspring has been practiced.

Efforts to establish Jersey breed standards for growth in weight are
complicated by the existence wirhin the breed of the sinaller; more
refined. Island Type Jersevs and the larger. more rugged. Amervican
Type Jerseys.  Probably. a lurge aumber of Island Type Jerseys were
ineluded in the data from which Ragsdale (7) 2 Espe (2), and Turuer
(28} prepared their growth standavds, Their standards show aver-
age weights of about 930 to 980 pounds for mature Jevsey enws. It
frequently happens that the average weight of Jersey attle in some
lierds. pavticularly herds of American Type Jerseys, s well above the
weight shown in these three standards. For example. the average
weight for T-year-old cows in the Beltsville Jersey herd is about 1.050
pounds, .\ Targe proportion of the cows in the Beltsville herd trace
{o three or more promiunent Amervican Type Jersey families. There-
fore, the data from the Beltsville herd fill « need for a growth standard
fov the Iyger. American Type Jerseys, particulavly for use in the
Beltsville herd itself.

Although the Beltsville data furnish a needed standard for larger.
American Type Jersevs. several new methods are used heve in pre-
senting the weight data i ovder to increase their usefulness as stand-
ards of normal growth for all Jerseys. Some of the innovations ave
attempts to eontrol or measure variation in various environmental
conditions affecting the weights of the animals. the caleulation of
smooth curves of standard weights from the average weights, and the
use of a zystem of grades based on the standard deviations for evalu-
ating the diflerences between the weights of individual animals and
the standard weights.

SQURCES OF DATA AND CONDITIONS ATFECTING THEM

I rhese standards were to be considered as representing only one
segment of the Jersey population of this country. that segnient uight
e defined as the merging of the 3 families represented by the 9 proved
sires that were brought inte the Beltsville herd.  Sives representing
the Owl-Interest family, in ovder of their use in the Beltsville herd
were The Moose OO Fernwood 137024 Oxford May’s Intevested Owl
205447, and Marston's Interested Owl 234782, Sirves representing che
Sophie-Tormentor family. in ovder of their use. were Hood’s Sophie’s
Tormentor 145709, Saphie’s Torono 23d 167335, and Sophie’s Phoenix
222920, Sires representing the Raleigh family. in order of their use.
were Kounale’s Noble dth 115380, Tiddiedywinl’s Ruleigh 158381, and

*ltalic numbers in parentheses refer (o Liternture Cited, . 46
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Raleigh's Dorothy’s Senator 203000. Approximately two-thirds of
the females whose weights are used in this study were sived by sons
and by grandsons of the nine proved sives and were out of Beltsville
cows. Most of these females can be grouped according to the same
three famnilies. A small group of femules, sired by Golden Glow
Fauvie Prince 28158, traces to the Golden Glow and Fauvie's Prince
families,

Although weights un foundation cows were not used in these studies.
the foundation cows (us dams of some of the cows and sires bred at
Beltsville} brought a slight relationship to the Sophie-Tormentor,
Majesty, Owl-Tutevest, Golden Glow, St. Mawes. St. Lambert. Nolles.
and Fauvie’s Prinee families. Mowever, it may be estimafed thut as
much as 95 percent of the ancestry of the animals used in this study
18 in the Owl-Interest. Sophie-Tormentor, and Raleigh families—with
a hittle move than a third of the animals being in the fivst family and
a little less than a Ehived in the last,

Lioan effort to reduce the number of different factors that cause
variations between individuals in their maximum eapacity for srowth,
welghts from twins and inbred animals were omitted from the duta
for the growth standards, Rates of growth for these groups. in rela-
tion to the growth standavds. inay be the subject of later stuclies.

A further limitation on the data to be used in these studies was (e
requirement that the average weights for nll ages, in the period of
thine for which a rate of growth was studied, be based on the weights
Trom the same animals.  In this way the change in avernge welght
from one age to the vext was the average gain or loss in weight and
was not confused with the eillect of dropping the weirhts of light or
liewvy ndividuals from the averages between one age and the next.
This requirement is important for comparative studies on rates of
growtlh.

Nince there were fewer cows Lo be weighed at older ages than at
vounger ages. the adoption of this requirement mude it necessary Lo
cnlenlate rates of mrowth for w number of groups with different age
limits for each. These ave veferred to as age-limit groups. The 9
groups adopted had upper age limits of 12,21, 38, 53, T1. 89, 107, 125,
and 139 months, respectively,

It occasionally happened that some weights were not obtainecd.
Such missing weights were estimuated in erder to aveid the eflect on
the avernge weights of dropping or adding individuals between ane
age and another.  Trsually, these estimated weights were an average
of the weights before and after the omission. A few estimales that
involved calving periods were adjusted according to uvernge changes
at other ealving perieds in (he cow’s Lite.

A comparison of the number of animals in each age-limit group
may make it appear that cows in the Beltaville heord had shorvter
productive lives than Jersey cows nsually do, even though there was
no culling of inferior animals.  Although the Beltsville herd was uo
exceplion to the huzards of aceidents, disense. v epidemics, the plan
of the breeding experiment and the Tmitation placed on the size of
the herd by Govermment uppropriations teuded to reduce the number
of cows reaching an advanced age. Beenuse the primary objective
in the breeding experiment was to obtain data on the producing
ability of rs many different cows as possible, some cows were disposed
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of by slaughter or transfer to other herds as soon as the required data
had been obtained.

Calves and heifers were varely used in feeding expeviments. The
practice was to separate calves from their dums shortly after birth
and feedd whole milk to 4 weeks of age. then to continue with
skim mille up to 6 months of age. Whole milk was fed at the rate
of 5 to 8 pounds duily, and skim milk wag fed in quantities up to 12
pounds daily.  Anumals lacking in vigor or retarded by sickness were
miven whole milk u Jittle Tonger. Hay and grain were offered as soon
as the calves would eat these feeds. Gran feeding was graduoally
imerensed to 3 pounds of grain daily al 6 months of age or later, and
then continued at that rate to 24 months of uge. Culves and heifers
were given all the alfalfy or mixed hay they would eat.  After the
heifers were a year old, they were moved into herd barns and silage
or pastire m season was added to thetr rations.  Some hay was fed
to Jersey and Holstein heifers herded together in pens, and at times
some of the Jersey heifers may have suffered from too niuch competi-
tion with Targer animals. However, monthly eains in welght were
kept under elose observation at all tines. and IF conditions appeared
to be unfavorabie for good growth in some animals measures were
taken to corvect them.

There was greater variation in the feeding and managensent of eows
than in the Teeding and management of calves and heifers, hecause the
cows were on test for Register of Merit production records during
some lactations and not duving others,  Usually the cows were on test
during the first lnetation and also during a lactation beginning after
they were 315 years ok, Frequently i cow was on test during her
second lartation.  Cows on test were kepl in hox stallz, milked three
times it day, exereised daily in adry lot, and never allowed on pastare,
They were encowraged to eat alt the aMalfa hay and corn silage they
would, Then they were fed enough of & 15.5-percent-protein grain
mixture to bring their net energy intake up to approximately 10 per-
cent above their requirements.

Cows not on official test were milked twice 2 day, housed v stanchion
Larng, and turned on pasture in season. s a rule they were not fed
as liberally as cows on test.  Frequentiy. during lactations when they
were not on test, they were used on specinl feeding experiments.
Oceasionally these feeding experiments resulted in lower weights.
Tabulations comparing the relative number of cows on test af ewch
age with the number not on test are proseared wilh the avernge werghts
in an effort to deseribe this condition, which varvied with age and had
some effect on nverage weights,

It was the plan to breed heifers to calve at 2 years of age. and to
lireed again for a calving interval of 14 months following laetations
on test and for o ealving interval of 12 mouths following other lacta-
tipns. This plan was only approached in practice. However, this
plan and s degree of accomplishiment are ollered as two of the nor-
mals involved in producing a standard for normal growth in Jersey
females,

Calves were weighed at bivth and every 10 days thereafter during
their frst yeay. Every 30 days an average was obtained Trom 3
consecutive daily weights, centering on the dite for the third 10-day
weighing, Al cows and heifers 1 yewr old and over were weighed
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on 3 consecutive days at the beginning of each calendar month and
the avernge was used as the weight for their nearest age in months.
Calves and cows on test were weighed after feeding. Heifers aver n
year old and cows not on test were weighed before feeding. All
mmals had access to water before they were weighed.

No body measarements were taken to accompany these weights.
Detailed sets of measurements were taken on many of the animals, but
not at monthly intervals. Such data will be used in other studies
to determine relative size and form at specified ages.

GROWTH STANDARDS FOR JERSEY FEMALES BY ACE-LIMIT
GROUPS

From Birtu To 365 Davs or AGE

The age Iimit for the first group was set at bivth to 365 dayvs to
correspond to the period when calves were weighed at 10-day intervals.
There are times when reference to w growth standard by 10-day inter-
vals will be useful. The average nctual weights, the variatious in
these weiglts, and the estimated weights and gains in welght for 378
Jersey heifer calves ave shown in table 1. The J-percent fiducial
linits ave included to demonstrate the unimportance of slight devia-
tions from a growth standard or table of avernge welglts.

The coefficient of vaviation decreased eradually aftec 70 davs of
nge m spite of increases in standard deviation values with age,  lspe
(2) found changes of o similar nature in Jersey calves, although his
data showed higher coefficients at all ages. The nverage of ihe co-
efficients of variation for the eleven 30-day periods, when averages of
5 copsecutive daily weights for each cnlf were usech. was 10.86 percent.
The average of the coeflicients of variation for 22 preceding and sub-
sequent periods, when the calves weve weighed on 1 day only, was
11.00 percent. Apparently, the gain in reduced variation from weigh-
Ing calves on 3 consecutive days was slight,

The standard or estinited weights shown in table T are the vesult
of an effort to smooth out of the growth cwrve some of the irregularities
in the aversge weights for successive 10-day periods. Most of the
estimated wetghts are within the H-percent fiducial Hmits for the
average weights,

‘The method used for producing 1 smooth curve from the average
weights was the fitting of fourth-degree orthogonal polynominls as
described by Snedecor (7). This method produces a floxible eurve
with the properties of a regression line and a possibility of testing
the success of fitting terms of higher and higher degree thwough the
statistical significance of reduction in the sums of squares for the
differences between observed and estimated values. The fivst-degree
term produces a_ straight line: the second-degree term produces a
parabolas and higher degree termis produce the sigmoid and more
complicated curves, The F-values for the frst-. second-, third-, and
fourth-degree terms in this set of duta were §276.11. 0.21. 36741, nnd
253.69, respechively. The second-degree term representing a purabala
was not sigmificant, but all the others were highly significant.

The estimated daily gain in weight, as shown in table 1, increased
to 1.59 pounds at 150 days of age and gradually declined atter 6 months
of age. Although the age of G months coincides with the end of the
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Tapre 1—dwverage and estimuicd 1weiyhits ond geing, and varictiong in weight, for
378 Jersey heifer calves by I0-day periods from birth to 365 days of epe
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milk-feeding period, the average actual welghts show no sudden change
n daily gains in weight at any point between 120 and 240 duys of age.
Althowrh a gain in weight i shown for the frst 1 0-day period by both
the average and estimated weights, there may have been a decline in
weight for 2 or 3 days after birth. Many individual ealves weighed
less at 10 days of age than at birth,

The wsefulness of any growth standard can be increased greatly by
having some method of interpreting the importance of the difference
between the weight of an individual heifer aud the standard weiglit.
Obviously. smull diffevences ave unimportant, but the problem is in
knowing when the differences cense to be small. The answer appeared
to be in using the standard deviation as a measure of normal variation
in heifer weights, in the smine manner that the mean or a verage is
used as a normal or standard weight, Then the standard deviation
for any age could be multiplied by appropriate factors and the re-
sulting products added to the mean or subtracted from it to obbain
boundary weights for dividing the theovetical array of weights into
10 or any number of equal parts. These 10 parts or classes could be
numbered consecutively and the numbers call]ed percentile grades or
grades for weight at a given age.
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There was considerable advantage in using smooth curves for in-
creases in weight with age and for changes in the standard deviation
with age. The standard or estimated weights in table 1 furnished a
smooth curve for weight and the fitting of a fourth-degree polynomial
to successive standard deviations produced a smooth curve for stand-
ard deviation.

In preparing the boundary weights shown in tabie 2, the estimated
weight for each age was used as the boundary between grades 5 and 6.
In caleulating the other boundaries, factors were adapted from a
table by Fisher () that could be used with the standard deviation to
divide a normally distributed array of data into 10 classes with an
equal number of items in each class. The estimated weight minus
the estimated standard deviation multiplied by 1.28155, 0.84162,
0.52440, or 0.25335 produced the bounduries between grades 1 and 2,
2 and 3, 3 and 4, and 4 and 5, respectively. The addition of the same
produets in reverse ovder produced the boundaries between grades 6
and 7, 7and 8, 8 and 9, and § and 10, respectively.

There are no Jower limits to grade 1. nor upper limits to grade 10.
All boundary weights carry decunal fraciions in order to avoid bor-
derline cases among individual weights when using this table.

The first line for weights at birth n table 2 is based on the average
birth weight and the standard deviation instend of the values obtained
from the curve-fitting procedures. Thiy furnished a standard for
grading bivth weights that is independent of the effect of later weights
that ocours when values from u fitted carve are used.

To use the boundary weights in table 2, simply locate, on the line
for the heifer's age, the boundary weights hetween which her weight
oceurs and then give her weight the grade shown at the top of the space
between these two columns. Tor example, a Jersey Leifer weighing
320 pounds at 180 days of age would be given the grade 10, indicating
that she was in a class heavier than 90 percent of the Beltsville Jersey
heifers at that age. Another heifer weighing 530 pounds at 363 days
of age would be given the grade 6, inclicuting that her weight was in a
class higher than 30 percent and lower than 40 percent of the Beltsville
Jersey Tieifers of that age. Although she weighed 11 pounds more
than the standard, her weight was in one of the two middle classes or
grades. Thus, these grades show divectly the rank of each heifer's
weight in relation to the weights of other heifers.

Theoretically, this grading procedure makes 10 classes of heifers
with an equal number of heifers in each elags.  For example, the theo-
retical cistribution of grades for the weights of 390 Jersey heifers at
180 days of age would huve been 39 heifer weights for each grade or
class from 1 to 10. Actually, the number of heifer weights tn each of
the 10 classes was 45, 29, 33, 34, 31, 35. 45, 43, 47, and 26, respectively.

I a heifer were weighed at some other age than one of the 10-day
intervals shown in table 2, it would be well to adjust her weight back
to the last 10-day interval. This would be done by subtracting the
product of the number of days beyond the even 10-day interval multi-
plied by the estimated daily gain for the incompleted 10-day interval
found in table 1. For example, if a heifer weighed 372 pounds at
216 days of age, subtract 6 times 151 pounds ({the estimated daily
gein in weight from 210 to 220 duys of age} from 379 pounds. This
gives an adjusted weight of 363 pounds at 210 days of age, which
would be grade 9 as shown in table 2.

B057TT - 2
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If average weights of other groups of Jersey heifers, instead of the
weights of individual heifers, are (o be compared with the Beltsville
standard, the estimated weightsin table I might be used, and the usual
tests of the significance of deviation from a standard applied.

Although the grades obtained from table 2 have satistical Jimita-
tions avistg from the use of an unequal munber of pounds in the vavi-
ous class intervals, much information might be gained from combining
the grades obtained from the weights of different heifers at different
ages.  The grades on heifer calves might he combined irrespective of
age: (1) To obtain an early indication of the relative size of the
offspring of a certain sire: (2) to discover some conditions in the
feeding and management program which have caused a general ve-
tarding of normal growth in weight: and (3) to observe by differences
in the grades Yor different periods how some calves tend to overconie
early handieaps in size or recover from the vetarding influence of
sicknesg.

From Bmwrw To 21 MontHs oF Ace

The weights of 360 of the Jersey heifers included in the previous
age-limit group were available for studies on normal growth in weight
From birth to 21 months of age. After 21 months of age, and possibly
hefore, the average weights are so influenced by advanced Ppregnancy
ot parturition that special methods are needed to estimate the effect
of variations in these conditions. The average actual weights. the
variations in weight, and the estinmnted weights by months op 30-day
periods are shown in tuble 3,

Pane d——Adverage gnd estimoied weights and goins, and variaf{ions in weight, for
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The average weights and measuves of varviation for the first 11
months, shown in table 3, ave actually the average values at corre-
gponding 30-day periods. Before the estimaled weights were caleu-
fated by the ftting of orthogonal polynomials, the average 30-day
weights were adjusted to the basis of a calendar month of 304375
days by adding the product of difference in days mulfiplied by the
corresponding estimated daily gaing shown in table 1.

Average weights und measures of variation to 12 months of ape
were practically the same as those shown in table 1. Diflerences in
ihe average weights showed monthly gaing of about 37 pounds for the
period from 9 to 12 months of age, and ounly about 22 pounds for the
period from 12 to 15 nionths of age.  "This may have been due in par(
to the practice of transferving heifers to o herd burn after they were
1 yvear old. where they had to compete wih older and lavger heifers
in the pen feeding of some of the voughages in their rations. Ilow-
ever, animals from 13 to 18 months of age, with monthly gains in
weight of about 25 pounds, failed to show any gatns that could be
interpreted as an indication of recovery from unfavorable conditions
prior to 15 months of age.

There was no sudden increase in the coeflicients of variation atter
12 months of age. in spite of the Taci that these older heifers weve
weighed on the first 8 days of each calendar montl and of the pos-
sibility that the actual ages for some heifer= may have been ax much
as 15 davs over or under the ages for which theilr weights were
tabulated.

The series of the average weights by months for this period ot 21
months had irregularities that were reproduced in a hetter manner,
especially at either end of the curve, by fitting u fifth-degree poly-
nomial taken by the fourth-degree polynomial. The adjustment of
weights by 30-day periods to weights by calendar months accounts
for some of the differences between average and estimafed weights
shown by the values from 4 to 11 montlis of age, The [F-values for
the firsts, second-. thirvd-. fonrth-, and fitth-degree terms of orthog-
onal polynomial were 1.100.42, 70,680, 1.55. 17030, and 56.72, respec-
tively, showing highly significant reduetions in the sums of squares
with each step except Tor the thivd-degree tern1.

Beltsville stundard weights for Jersey heifers ave delinitely higher
than these pullished by other investigators.  The weights at 3, 6. 12,
and 18 months of age are higher than the Ruagsdale (7) standards
from 167 to 123 heifers by 15.0. 16.0, 14, and 9.7 pevcent, respectively:
higher than the IEspe (:2) standavds From 36 to 63 heifers by 22.1.
19.9, 141, and 8.6 percent, vespectively: higher than the average
weights from 18 to 13 heifers in the Kansas station herd (&) by S8,
11.3, 10.2, and 10.§ percent. respectively 1 and higher than the stundad
published by Eekles (7} in 1920 by — 0.6, 840 129, and 152 percent,
respectively.  Also. the Beltsville standard weights at 6, 32, and 1K
months of age are 16.9, 23.4 and 14.8 percent higher than the average
weights of 55 to 57 Jersey heifers in a herd at Lewizburg, Tenn. (4).
and 194, 2233, and 1.2 percent bigler than the average weight= of
39 Jersey heifers in u herd atJeancrefte, La.

Differences in fhe relative vates of growth shown by Beltsville and
ather standards may be measured by caleulating the percentages of
the maximum mature weight for weights at duferent ages in each
standard. Applying these percentuges to the muaximum weight in
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the Beltsville standard will give equivalent weights that may be com-

ared directly or graded according to the boundary weights m table 4.
The equivalent weights from the Ragsdale (7) data af birth and at
3, 6, 12, and 18 months of age are 59, 134, 269, 499, and 866 pounds,
respectively. Those from the Espe (£} data are 56, 198, 285, 508, and
684 pounds, respectively. The corresponding grades of 7, 4, 4, 4, and
6 for the Ragsdale data und 6, 8, 8, 5, and 7 for the Hspe data show that
the Beltsville Jersey standards are relatively higher as well as actu-
ally higher than these other two standards during the first 12 months
of life, and that the Fspe data were relatively higher atter 12 months
of age.

Tﬁe estimated daily gains in weight show a continuous decline in
the rate of growth to about 17 or I8 months of age, when increases
in the number of pregnant heifers coincided with increases in the
estimated daily gains in weight. At 17 «nd 18 months of age, 35
and 53 percent of the heifers, respectively, were pregnant more than
45 days, but fewer than 1 percent at either age weve pregnant more
than 165 days. A% 20 and 21 months of age, 73 and 79 percent of
the heifers, respectively, were pregnant more than 45 days, and 10
and 33 percent, respectively, were pregnant more than 165 days.

An analysis of variance between four 60-day stages of pregnaney,
omitting the first 45 days. was made on the average data for each of
several months of age for the 360 Jersey heifers whose weights were
reported in table 3. The variance ratios at 13, 16, 17, 18, 19, 20, and
21 months of age were 1.16, 2.73, 1.02, 4.71, 3.28, 10.97, and 10.88,
respectively. The effects of pregnuncey were highly significant at 18
months and ITater ages. but they were not significant at earlier ages.

The boundary weights for awsigning grades to the monthly weights
of individual Jersey heifers are shown in table 4. The values in this
table are based on the standard or estimated weights shown in table 3
and on the results of Htting u fourth-degree orthogonal polynomizl to
the standard deviations in the same table. In all other respects the
calenlations sere the same as those for tabje 2. The boundary weights
for ealendar months in table 4 are slightly higher at most ages than
those Tor corresponding 10-day periods in table 2, because there are
differences of a few days in age.  Curve-fitting procedures involving
adversely uffected weights at 13 and 14 months of age caused the
boundary weights at 12 months of age in table 4 to be Jower than
those at 365 duys of age in table 2.

With a greater humber of days in the age intervals for table 4 than
for table 2, it becomes increasingly important to make adjustments
for weights that are obtuined at several days over or under the ages
listed in table 4. For example, a heifer weighing 593 pounds at 15
mouths and 12 days of age should have gained 9 pounds (12 times 0.75)
m the last 12 deys. making an adjusted weight of 584. The adjusted
weighcfi, would be graded 5, while the original weight would have been
grased 6.

" Faom 12 vo 35 Montis oF AcE

There were 278 Jersey cows that reached 35 months of age in the
Beltsville herd. The uverage actual weights, the measures of varia-
tion, and the estimated weights from 1 year to 2 years 11 months of
age are shown in fable 5. This age-limit group wys intended to show
the trends in average weight during ages that incilide the periods of




TABLE 4 —DBoundary weights by calendar months beticeen grades for the weights of Jersey heifers

Age Grade 1 CGrade 2 Grade 3 Grade 4 Grade 5 QGrade 6 Grade 7 Grade 8 Grade ¢ Grade 10
N\ ; /

NMonths Pounds Pounds Pounds Pounds Povnds Pounds Pounds Pounds
At birtht__ . X X 51, 53.7 55.7 7.7 59.8 62.2 65.7
At birth.. K X . 3 55.7 57.3 3 60.6

711 3 76.6
90.9 107. 6
130.2 148.9

184.6 E 196. 2
3. 246.4
296.9

.4
Xl
. 2

530. 8
0L 7

583, 1

POy Ry

o =1

668. 7
695, 4
723.8

oD

! Based on uverage instead. of estimated birth weights.
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first pregnancy and partuvition for most cows. Also, it follows the
general plan to have each age-limit group include some of the ages
covered by the previous age-limit group in order to present continuous
growth curves at all ages and to determine differences in the averace
welghts of animals in different groups. "

TarLE B.—Growth in welght for 278 Jersoy cows from 12 o 85 wionths of agye
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The average weights iu early life for this group of 278 Jersey cows
differed only a pound or two from the average 30-day weights for
calves listed in table 1, or from the average weights of lieifers from
12 to 21 months of age listed in table 3. The average weights for this
group of cows are well within the 5-pevcent fiducial limits presented
in tables 1 and 3,

Ages are expressed in terms of years and months in table 5 and
several later tables for cuse in locating average or estimated values
aceording to the usual method of figuring the ages of cows. In dis-
cussions on the data in these tables, many statements ave made in
a simpler manner when months alone ave nsed for expressing age.

Two columns in table 5 ave presented as an attempi to measure or
describe vaviations in conditions that may have affected the averuge
weights at different ages. It was observed from other tabulations
that cows in the Beltsvilie herd tended to carry more weight during
lactations when they were liberally fed for Register of Merit testing
than during other Tactations, A greater number of cows on test af
certain ages may have contributed to higher average weights for the
group at those ages. The numbers on test are expressed us per-
centages of the fotal number of cows in ide group. This permiis
direct comparisons with corvesponding data in the tables for other
age-limit groups.
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The mixed effects from variations in some of these conditions are
ilngtrated in table 6. The data from these 278 cows were sorted into
Tour 60-day stages of pregnancy. the (irst 90 days of a lactation, and
the first 90 days after an carly abortion. Amnother group consisted
of the data from heifers and cows not pregnant more than 45 days
nor within 90 days after calving ov ubortion. Most of the data for this
last group, prior to 26 monthz of aee, were obtained from heifers not
pregnand or pregnant less than 45 days. Most of the data for this
group. after 26 months of age, were obtained from cows more than
90 days In milk but not more than 45 davs pregnant. One lLeifer was
bred and calved at a very early age.

Diflerences in the chavacteristic weichts of individual cows or
groups of cows caused much variation in the tvends for vegular in-
creases with ndvancing age in the average weights for all slages of
pregnancy and lactation. At most ages the avernge welghls for cowy
and heifers pregnant 166 days ar more were higher than the averape
weights for all 278 cows.  The average weights for cows and heifors
preguant Jess than 106 days and for cows not pregnant within 90 days
after calving were lower than the average weights for all data.  Avoer-
age weights from data obtained within 90 days after ealving were
lower than the average weights tor all data for ages wncler 30 months
and higher than the average weights for all data for all ages over 20
months.  Possibly the greater thun average weights developed in
heifers with deluyed pregnaney persisted even after cal ving, Heiters
and cows which aborted after'a gestation period of less than 996 days
were definitely wnderweight during the following 90 days.

A reduction in the number of cows in advanced pregnancy aned an
increase in the number of cows in millc are undoubtedly the reasons
that gains in the avernge weights after 2 vears of age dropped to a
third of what they were in previous months.  If there liad been less
variation in the age at calving, there may liave heen greater diflerences
i the monthly gains in weight, or even a decrease for soume 1woiEhs,

The estimated standard weights, caleulated by the firting of a fourth-
degree orthogonal pelynomial to the a verage weights, spread out the
effect of differences in the number of aninals in advanced pregnaney;
but the effect is still evident in the decline in daily uning to 30 months
of age and an increase thereatfrer.  Nearly ull of the estimated weights
are within the §-percent fiducial Ttnits of the average weights.

Fros 12 to 53 MoNTiHs oF AGE

The average actual weights, the measures of variation, and tne esti-
mated weights for 206 Jersey cows from 12 (o 5% months of uge are
shown in table 7. At the ages included in this table, most cows were
well into their second lactation. and nany of them in their third
Inctation. The estimated weights rnke n rontinuous growth curve
for the weights of young cows from ages prior to their frst
pregmancies.

The average weights of these cows at birth and af 90, 180, and 270
days of age were well within the 5-percent fidueial limits for the
average weights of culves listed in table 1. The average weights of
these cows at 12, 13, and 11 months of age were slightly below the
d-percent fiductal limits shown in table 3, but they vecovered to equal
the average woights in table 3 afler n few more months in age. All
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TanLE 6.—TRffects of pregnancy and calr ing on the average weights of Jmscu cows in the 35-month age-limit group
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TABLE T—Frowth in weight for 205 Jersey vows from 12 to 58 months of age
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other average weights were in close agreement with those in table 5.
In fact, ull of these first four age-limit groups have very similar
avernge weighis.

Monthly gains in the average weights to 35 months of age followed
the same trénd as those in table 5. At 42 months of age and again
at 59 months of nge, there were practically no gains in average weights.
Relatively few cows were on test in these last two periods.

Variations in the conditions represented by the pregnancy scores
seemed o have little relationship to the gains in average weights.
The average pregnaney score for all ages above 19 months was 15.1.

‘The data in table 7 show increases in the coefficients of variation
after 3 years of age. This may have been because, ab each of the
older nges, there were fewer cows in any one stage of pregnancy or
Ianctation,

The estimated welghts, caleulated by the same methods as those
in table 5, show a gradual increase in weight over a period of 42
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months that is little affected by the relative number of cows in ad-
vanced pregnancy. These estimated weights are outside of the 5-per-
cent fidueial limits of the average weights at several ages, particularly
at those points concerned in flatrening out the curve at the ages of
first pregnancy and parturition.

The estimated daily gains in weight showed a gradual decrease to
4 years of age. The increases during the short period after 4 years
of age may have been due in part to conditions of herd management
and 1n part to the characteristic shape of the ends of a curve produced
by a fourth-degree orthogonal polynomial.

One result of fluttening out the curve for growth in weight at the
ages covering fivst pregnancy was fo produce estimated daily gains
in weight definitely higher than those shown in table 8 for heifers
during the period from 12 to 18 months of age. It is a normal herd
practice to try fo have heifers calve at about a certain age. Any
attempt to separafe the eflerts of such proceduwres from a standard
based on data assembrled in the present manner resulis in a consider-
able degree of artificiality.

Froam 30 1o 71 MonTHS 0F AGE

The growth data presented in table 8, for cows from 30 to 71 months
of age, are for the group of 120 Jersey cows that reached 71 months
of wre.  This period covered the growth of yvoung cows ufter most
of them had calved for the fivst time and weve approaching the age
for wature weights.

It seems like a high mortality rate. in spite of management policies
peculiar to the Belteville herd. that out of 378 heifers ut 12 montha
ot age only 33 percent of them veached the age of 71 months, How-
ever, corresponding ratios from the number of Jersey cows reported
in the Ragsdale (¥) and Espe (2) standavds are only 23 and 40 per-
cent. respectively.

Thix was the first age-limit group that showed an appreciable dif-
ference 1n average weights Trom the previous groups. While the aver-
age weight at birth for these cows was pl'actichly the saume as for
those shown in tables 1 and 3, their average weights as heifers from
90 days through 18 months of age were below the j-percent Aducial
Iimits shown I tables 1 and 3. The average weight for this age-
limit group at 12 months of age was 13 pounds less than the average
in table 3. The averages for thix group from 30 to 53 months of age
were consistently lower than those in tables 5 aud 7, althongh they were
ravely below the S-percent fidurial limits in these tables. The aver-
age weight of the cows in the Tl-month age-limit group during a
periad of 18 months beghiming at 8 years of age was 983 pounds. The
corresponding average welght for cows in the 53-month age-limit
group was 993 pounds,  The 80 cows, out of the 206 in table 7. whose
weigr{lts were nof available for the data in fable 8. had an avernge
weight during this peried of 18 menths beginning at 3 years of age
that was 24 pounds higher than that for the 126 cows included in
table 8.

The average weights shown in tuble 8 increased to 51 months of
age. Ifrom 54 to 5% months of age there were actual decreases in
average weights. Relatively few cows were on ofiicial test at these
ages.
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PABLE B—Gromth in weight for 126 Jeesey cows from 306 Lo 71 menths of ege
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The fewer numbers in this age-limil proup are responsible for the
greater range of values in the 5-pereent fiducial limits. The standard
deviations and the coeliicienis of variabion were lower at most ages
than those in the previous age-limit group.

The estimated weights showed gradual itncreases through all ages
covered in table 8. The estimated daily guins graduadly decreased to
55 months of age and then gradually increased for the rest of the
period. Evidently, the effects of variations in herd management were
not enbirely removed.

The smootl curves for the estimated weights and the estimated
daily gnins demonstrafe how shght are the weight changes that may
be attributed to the elfect of age at older nges. The monthly gains
shown by the cstimated weighls at 3, 4, and 5 years of age were 9.1,
2.7, and 2.0 pounds, respectively. Many other environmental condi-
tions could have made greater changes than these.
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Frow 30 7o 89 MoxTtrs oF AcE

19

The data from 77 Jexsey cows presented in table 9 furnish an op-
portunity for studying growth In weight on the same animals from
shortly after the age of first eal ving throu gh the age of maximum size.
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The cows in this 89-month age-limit proup were definitely smailer
than those in the previous groups. While their average weights at
birth and at 90 days of age were little different from thoss in table 1,
thels average weights at 180 days of age and over were definitely below
the 5-percent fiducinl Jimits listed in tables 1 and 8. The average
weight of this gronp at 12 months of age wus 21 pounds below that
shown in table 3. 'The average weight of this group for an 18-month
period beginning at 3 years of age was 965 pounds, compuared to 983
pounds for cowsin table 8 and 993 pounds for those in table 7. Dur-
ing this period of 18 months, the average weights of these cows in table
9 were well below the 5-percent fidueial lunits for the average weights
in table 7 and slightly below those in table 8.

Although the average weights of these 77 cows from 54 to 71 months
of age were within the fiducial limits listed in table 8, the average of
the weights during this period of 18 months was 1,014 pounds, or 13
pounds less than that for the data in table 8, nnd 33 pounds less than
a corresponding weight for the 49 cows represented in table 8 svhose
weights were not available for use in table 9. The gradual dropping
of the weights for such heavier animals from successive monthly totals
would hive given an inaccurate description of normal rates of growth
at these ages,

Xt must ot be concluded from these comparisons that lighter weight
Jersey cows have a longer useful life than heavier ones. ﬁ?relimimury
surveys showed that earlier generations of Jersey cows in the Belts-
ville lierd were lighter than the later ones. Maore calves were needed
from some of the cows in the earlier generations in order to £ll up
some of the groups in the breeding experiments, and these cows were
kept longnr in the herd. A disease epidemic about 18 years after the
herd wus assembled caused the removal of some of the larger cows
at early ages. Also, some of the cows in luter generations were living
and not af an advanced age when these data were assembled.

The estimated weights in table 9, although lower than those in table
8. show the same general trend. The highest weights, a little over
1,091 pounds, were reached at a little past 7 years of age. Cows with
weights at earlier ages equal to those in table 8 might have reached a
muximum weight of 1,100 pounds.

The estimated daily gains in weight were low ut 52 months of age,
gradually increased again to the age of 6 years, and then declined to
87 months of age, after which there wers lnsses in weight. Un-
doubtedly, the relative number of cows on oflicial test had considerable
to do with the lower daily gains of 4-year-old cows. However, such
irregularities are by no means uncommon. In the average Jersey
cow weights reported by Espe (2), there was a poriod from 54 to 69
months of agre when there were no apparent guins in weight. There
are indicutions in the Ragsdule (7) data of periods of lower gains in
weight centering at 45 and 60 months of age.

For 107-, 125-, anvp 139-MonTH AcE-LiMiT GROUPS

Data available on a number of older Jersey cows made it possible to
test again the nge ab which maximum weight occurs and to study the
changres of weight in cows of more advanced agre.  The datu for three
age-limit groups were condensed and combined in table 10. Begin-
ning at 5 years of age, the weights nre recorded in intervals of 3
months.  Ag a resull, no data wre shown for the lust 2 months of each
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age-limit group. The data for average actual weight, pregnancy
score, and relative number of cows on test are averages of the values
for 3 consecutive months. The estimated weights were caleulated in
the same manner as those for other age-limit groups, but only the
values for the specified months are used in table 10. Also, the esti-
mated daily gains in weight are for the month stated instead of an
average for a 8-month interval. The 125- and 139-month age-limit
groups include weights for some cows without records of weights from
birth, and these cows were not included in the previous age-lmit
group.

The measures of variation are not reported in table 10, although
they were calculated for the 107- and 125-mounth age-limit groups.
The average coefficients of variation during the last 2 years for these ¥
groups were 10.6 and 11.5, vespectively.
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TanLB 10.—Growih in weight for three groups of older Jevsey cows—QContinued
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Average weights at younger ages for the 28 cows in the 107-month
age-limit group were similar to those in the previous tubles. Average
weights for the cows in the 125- and 189-month age-limit groups, for
which weights were available as heifers and young cows, were con-
siderably below those shown in previcus tables af these ages. By
using the average of the weights in tuble 9 from 59 to 88 months of
age as a busis for compavisons ab older ages, it was found that the
cows in the 107-month age-limit group were 15.9 pounds heavier than,
and therefore comparable to, those listed in table 7 and earlier tables.
The cows in the 125-month age-limit group were 4.5 pounds lighter
than those listed in table 9, and the cows in the 139-month age-limit
group were 1.5 pounds heavier.

The estimated weights for all groups in table 10 show the age of
maximum weight in Jersey cows to be a little past 7 years. The 125-
and 139-month age-limit groups show that the subsequent losses in
weight continue for only 2 or 3 years. Reduction in the relative num-
ber of cows on test may be the explanation for some of this loss in
weight., However, most of the gains or losses in table 10 ave small.

InvonrmaTion From ALL Aceg-uimir Grours

There was no salisfactory method of joining the several eurves for
estimated weights {rom this series of tables inle one continuous
growth standard from birth fo old rge. Comparisons may be made
to whichever iable covers the desived range of ages. Preference
should be given, with the exception of the lighter weights in table 9,
to the standard or estimated weights based on average weights from
thelarger number of cows.
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However, 1 sunmarization of the average weights of J ersey females
in the Beltsville herd is given in table 11, Data for this table include
weights that were omitted in the tabulations by age-limit groups aud
also weights that were acquired after the standards were calcnlated.
Weights from twins or inbred animals were not used. Weight
standards from tables 1,8, 5,7, 8,9, and 10 are included for comparison,

Tapie 1l—Average weighis of Jerscy cows und heifers in the Beltsville herd
withowt regard to ege-limit groups
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At most ages, particulavly for heifers, the average actual weights
of these larger groups were in close agreement with the estimated
standard weights. The noticeable exceptions were the average
welghts at § and 8 years of age. The added data caused a reduction
from the average vulues given for 5 years of age in fable 8 and for §
years of age in table 10, Ia comparison with average weights at
younger and older ages, it would seemn that the deviations of these
average weights from the estimated standards af 5 and 8 vears of age
were largely the result of an unusual combination of environmental
eonditions.

An analysis of variance between the avernge menthly weights, over
successive periods of 18 months in age was made, in ah effort o esti-
mate at what ages growth in weight with age was insignificant. The
variance ratios for the period from birth to 17 months of age were
10,697.31 and 7,224.07 for the 21- and 35-month age-limit groups. For
the period from 18 to 35 months of age, the variance rafios were
812.22 and 235.63 for the 35- and 53-month age-limit groups. For the
perzod from 36 te 53 months of age, the variance ratios were 10.97,
6.50, £.18, and 2.24, respectively, for the 53-, 71-, 89-, and 107-month
age-limit groups. Al) of these values showed highly significant rela-
tionships between age and weight. It was only natural that higher
weight variance ratios would be obtained from age-limit Qroups repre-
senfing larger numbers of cows,

The variance ratios for the period from 54 to 71 months of age were
2.22, 1.26, and 0.72, respectively, for the 71-, 89.- and 107-month age-
Iimit groups. The first variance ratio indicated nghly significant dif-
ferences between the different months of age, but those from smaller
groups did not. In no groups were there significant differences be-
tween the average monthly weights at ages ubove 71 months,  The var-
iance ratios were 1.32, 0.66, and 0.52, respectively, for the period from
72 to 89 months of age in the 89-,107-, and 125-month wgre-limit groups.
The variance ratios weve even less for older periods.
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STANDARD FORU ASSIGNING GRADES TO THE WEICHTS OF
JERSEY (OWES

A siandard for assigning grades to the weights of Jersey cows was
produced by combining the results of a numbey of different tabula-
tions and comput%tmns. The estimated stundasd weights in tables
5 to 10 were not used becanse they provided no satisf actor 'y way of
measuring the effects, on individual weights or on a standard itself, of
(1) differences in the number and size of cows at different ages, (2}
the relative number of cows In various stages of gestation or ]actzt-
tion, and (3) the number of cows being fed for official testing. "Fhere-
fore, the data were tabulated on an entirely different basis. The
resulis of varvious steps in these tubalations are shown in table 12
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Tanre 12, —Date wsed in colevlating estimated standarda for average weight of
Jersey cows during the firgt 10 monihs ¢ f o« luctafion—Continued
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The first step was to adopt the average of the first 10 monthly
welghts in a lactation as the basic measure of 1 cow’s weight. The
effects of different stages of pregnancy and Iactation were controlled
in this way, except for minor effects resulting from variations in the
time from calving to the next conception. The averages of 786 such
hasic weights for cows calving at different ages are listed in table 12.
The age of a cow at the time of the first 10 monthly weights was used
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as the basis for expressing the covw's age. The avorage ages at calving
may have heen 15 days less. The irregular changes between average
weights for suecessive ages and the realization that a larger percentage
of the cows were on officin] test at some ages than others demonstrated
the need for finding some other method of measuring the effects of age.

The effects of age were measured by the differences in the average
10-month weights of the same cows in two consecutive lectations, when
the cows were on test for both lactations or not on test for both lacta-
tious. For convenience the data were grouped according to the ages
of the cows in the later lactation. Data from these tabulations ave
shown in table 12 at ages marking the midpoints of the range in
age for each group. The average interval for each grou% was the
difference between the average ages for the two lactations. Data were
obtained {rom 262 sets of paired lactations,

In combining the respective average monthly gains into a single
cumulative average of gains, the average monthly gains for each group
except the first were applied to a range of ages extencing from the
age in months below the average age for the previous lactation through
the age in months above the average of the lnter lactation. Average
monthly gains for the first group were applied by assigning a value
of zero for the weight at 23 months of age and adding the average
monthly gain (9.02 pounds) cumulatively through the age of 39
months. Corresponding values for the second group began at 27
months of age with & value equal to the cumulative weight at that age
for the preceding group, and continued by the cumulative addition
of the average monthly gain (7.893 pounds} through 44 months of
age. The same procedure was followed for the other groups. If
the age for the first weight was covered by the cumulutive gains from
¢ preceding groups, as it was in most cases, the first weight was estab-
lished us the weighted average from the 2 preceding groups.

The averages of cumulative gaing shown in table 12 are the averages
of the values from the various groups weighted according to the num-
ber of cows represented in each group.

"This series of average cummlative gains had irregularities that were
smoothed out by the fitting of a fourth-degrees orthogonal polynomial
to produce the estimated cumulative gains shown in table 12. 1In thig
series of values the estimated daily gains at 9,3, 4, 5,46, 7, 8, 9, and
10 years of age were 0.343, 0.231, 0.147, 0.086, §.045, 0.019, 0.004,
—(0.004, and ~~0.009 pounds, respectively. Incontrasttothe estimated
daily gains in tables 5 to 10, these daily gains show little relationship
with the number of cows in the herd that were on test at diffevent ages,

The average of the 786 basic i0-month average weights at all ages
m this study was 972,995 pounds. The average of the estimated
camulative guing weighted by the saine nmnber of cows at each age
was 145.812 pounds. The difference {827.183 pounds) added to the
estimated cwmulative gaing gave estimates of standard weights for
the averages of 10 wmonthly weights after calving. The weighted
average of all estimated standavd weights was 973 pounds. By these
procedures a growth curve, little affected by changes in the relative
number of cows on oflicial test or by the relative number of light or
heavy cows from which weights were ebtuined, was itted on basie data
that were little affected by diffevences in the stages o pregnancy and
Tactation.
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Variation in this group of date was messured by the sum of the
squares of the deviations of the 786 basic 10-month weights from the
estimated standard weights for the same age. Lhe result was a mean
square of 88211983 and a standard deviation from the estimated
values of 93.9212 pounds.

Average deviations at different ages were of little use in deter-
mining the normal effect of age on the standard deviation from the
estimated values. The effects of age were mixed with the results of
wider differences associated with the relative number of cows on
official test and the relative number of light or heavy cows in the
groups ab ench age. Data in tables 5 to 10 show that the coeflicients
of variation were nearly alike for all ages after 314 years of age. It
1s reasonable to believe that the coefficients were lower at rges below
315 years because most cows were in similar stages of pregnancy or
lactation and on official test al the smme ages. Therefore, it was
decided to adjust this standard devistion for age in & manner that
would give the same coeflicient of vaviation at all ages. The coefficient
of variation was 9.6538 percent for these data.

Since the coeflicient of variation was assumed to be the sume at all
ages, the factors, 0.25335, 0.52440, 0.84162, and 1.28155, which were
taken from tables by Fisher (3) to use in estublishing the boundaries
Letween 10 grades for weight, could be used with the coefficient of
variation in calculating constants to apply directly to the standard
welghts for the first 10 months of lactation. The constants tor calcu-
Iating the bonndaries between grades 1 and 2, 2 and 8, and so on, were
0.876205, 0.918760, 0.949381, 0.975545, 1.000000, 1.024455, 1.050619,
1.081240, and 1.123705. The standard weight, represented by the con-
stant 1.000000, is the boundary between grades 5 and 6. Table 13
shows the boundury weights calenlated in this manner.

The constants used in caleulating the boundary weights may also
be considered as percentages. For example, 2 weight move than
8.1240 percent above any standard weight would be eqnivalent to a
weight graded 9 or 10, and theoretically heavier than 80 percent of
the Jerseys judged by such a standard. ~ Such percentage values may
be of some use in interpreting comparisons of individual weights with
other standards besides this one constructed from data obtained in the
Beltsville Jersey Lerd.

Varurions IN WeIGHT DUE To STAGES OoF PREGNaANCY AND LACTATION

There may be times when weights on a cow for the first 10 months
after calving are not avuilable. In such cases it would be convenient
to know the normaul relationship between the average of 10 monthly
weights and whatever single weight o group of weights may be
available. Table 14 was prepared to furnish such intormation and
also te show the normal changes in weight thronghont the months of
pregnancy and the following Iuctation, The data were grouped ac-
cording to the ages of the cows at the first monthly weight after calv-
ing. Two groups were included for a comparison between lactations
when cows were on official test and when they were not. Stages of
pregnancy are represented in reverse ovder by the number of months
Lefore calving.  On the averape, the last monthly weight betore calv-
ing would be equivalent to 204 days of pregnancy, the preceding
monthiy weight, 234 duys of pregnancy, and so on; but wide deviu-
tions are possibie.




TABLE 18.—Boundary iceights between grades for the average weights of Jersey cotws during the first 10 months of a lactation

Grade 4 Grade 6 Qrade 7 Grade 8 Gradae 9 Grade 10

Grade 1 Grade 2 Qrade 3 Crade 5

[EIGIE A AL I LR SR XS o

1243 63

3
3
3

Al WL dCOLS  zotIly

a e

Pounds
3.2
7323

844.5
849.6

Pounds

4.5
047.5
950. 4

033, 2
055.9
058, 4

Paunds
5

803.0

8123

909, 1
94,9
020, 4

025.8
3.0
935.9

979.1
982.1
985.0
087, 7
990.3

Pounds
805.1

015.0
09216
928.4

034. 2
90,1
045, 8

Pounds

825.3

P
i

$45.8
855, 6

865.1
874.3
883.3

891.9
900. 2
908, 3

916.1
023.6
030.9

937. ¢

944,7
951, 3

957.0
063, 7
069, 5

075.2
980, 6
985.8

990 9
995, 7
1, 000. 4

1,004.8
1,00, 1
1,013, 2

1,034 5

1,087, 5
1,040, 4
1,043,1

Pounds
845. 5
856,1
B60. 5
876,06

886.3
§95.7
904.8

040, 2
953, 7

960. 9
067.8
975

981,0
987, 2
093.2

He s
So2 293 953 232
HEE 2Enm

f=r R =Y =) 00 e

[
g
Do

e
228

[=3=3=]
D
0D WU

s

Pounds

1,03b.2
1,035 7

1,041.0
1,046.1
1,051.0

2

Soo
LEND, i

3

22 =8

, _.“___,_
[ Xe] [T
=]

888 222

DoSo

Pounds
892,3
903. 6
014,35
925, 2

1, 0419
1, 048.3

e
[EPpen

=288

NE2 b: 5
WD rmn TS

et t a
—
jerd et

B ;Mo

COW - Tn

Pounds
9’

-3

B B8
et

s 5
=2 )

S=F

8

223 828 88
ZeT

—~ s

38 B2

e
=TT WD OO PLD

—
SO DOD
10 00 =1

——
oo

el ad
N Dt

—
it
o=
fa g

o i

R
iy e et
N dn e o
SN >
woo Soe

S
e
DN

1S — 00

NILATING IVOINHDOUE

8601



http:1,00�1.1l
http:1,068.11
http:1,037.11
http:1,02O.1l

2
134
wm

=
3
=~
=

30.
33.
35,
38

2R3
2138
DI
=P

L0

e
g\l\l
83

£3
15
13-
g
e
Zos
e
[=% =1
S

1,1
1,1
11

s

2
g

IS8

DS DD G2
IS
bl

1,138
1, 140,
1,142,

1,145,0
1,140.9
1,148.8

1,180, 6
1,152, 2
1,153.8

1,165.3
1,156, 6
1,157, 0

SO

RO ROD

et iy
[y

7
4
9
[
7
9

— e

=31
]

xR
e

BRE
oo

wmas; B
B

~=W G dmT

926.3

927.9
929, 5
931.1

032. 5
935.1
036,

937. 4
938. 5

939, 4
940, 4
041, 2

042,0
042, 8
043. 5

944,]
044, 7
L2

045, 7
047.0
JEYAY
M8, 5

948, 0

Se K

=288
23
=100 ;oma
e
8838

et ot

[Ipeny
et
=2
288
=9
e

-

e
=ge

wre

Lot 1

L LY

bl ad

=210

foY =]

=0

=

(-3

[

8:}0

PN K

-y DOD QO O D -

Do D0V oo
mee

Soo coo omg
———

ki

1,067, 1

1,008, 5
1,069, 7
1,070.9

=)

=I5
~ T

22

=222
Fad=ak
S1Cyin
o
8
e

e NDO DDA b

—
ot bk
—

23 228
S® JH=

e

_H_
=
be aete
Pty
P ]
S8

E

b

— it
s

a3 ADHLO

1, 048.7
1,049.5
1,050.3

1.051.0
1,051, 7
1,052,3

1,062 8
1,08, 2
1,055, 2 , 10 1,160.8
1,055, 0 1, 108,9 7. 1,170.3

1, 050. 4 1,082,8 1, 100.3
1, 056. 6 1,083, 0 1,100, 5
1,050.5 1,083.0 1,100, 5
1,056.8 1,082.8 1,100.3

1,056.0 , 1,100.0
1,055 6 1,108, 5
1,055.0 . 1,107.9
1,054.3 .7 1,107.1

1,035 . 1,100.3
1, 0526 . 1, 105.3
1,051, 5 13042

1,130.3
11311

1,139
1,132.6 .
1,133,3 1,166, 3

1,133.9 1,166.9
1,108, 5

(]
5
]
]
5
5
5
5
)
5
5
5
6
&
6
i
6
6
6
6
3

REE
B we

u“_
[ =g =1
BR=
Do
EY

LTt A ]
e
S%: 200
283
DTS
[J95
EPR
- e
i
MIJE
peB

oenTe~y

g e
SDoD
SHoDm | =
it s e
1501002

RPRE

it

%253
BESs
e i A 21

LR RSN EN]
e e

SRS
———

SO KD 1S

S BINE S&Ee

WOSO  oWweon
o3 =

S~ =0
e
et

ATLLVD IUSYAL 404 SAYVANVIS HILAOYD FTIIASLIAL

STt
pgi-git

1S gtnon

Wdtn LtdWE MSDon

— i
—

63



http:1,217.11
http:l,027.fi

PABLE Tde—Arerage wccighis and deviations from the arerage of the- fivst 10 wmonthly weights after calving for Jersey cowes al various
wmontles before and after calving :

ARC groups

36 £0 125 monihs
21 to 36 3 to 47 48 to 60 B0 to N 721083 8410 125 et e e e o i 22k i
Period weighed months months months months months maonths

On tost, Nof on test

e e i i § e it - i e 3 ] s 1L it | 2 2 RN, S

Tovi- . Devi- . Devis
aton Welht | iion Weight, atlon

Lo Devls | Devle e Dovl | e 1 DovE 1o 1 Devle
Welght 5 [on | Welihit ogaly | WelRlL £y Welkhty ey Welght 1 (o | Weikht

ORI RPENSS RO (R SO — SR

Y Pounds | Pannds | Pownds © Pounds | Pounds | Pounds | Pounds ; Pounds.| Pounds | Pounds | Paunds Pounds | Pounds | Pounds y Pownds 3 Poundy

259 8861 - 100 045 -7 082 ! wq) 083 —~70 000 -37 07 ~116
~235 ~84 62 - 087 =i o —~73 090 ~31 M8 —-105
=211 =77 070 924 086 4 =48 1,000 ~ {1 1,001 -2 054 -0
=187 -~ 080 e 36 A -l 1,007 =20 0 -89
=160 ~ 50 003 1,008 -~28 1 1,010 -3 1,7 ~10 i -0

126 =30 ~10 1,020 - 38 1,084 7 0 ~d7
-0 ~17 7 1,050 -4 1,051 24 1,011 42
-~ 35 X i 7 o0 1,079 15 1,072 A5 1,034 —10
-30 ; ] 1 1L,m 47 1,004 a7 1,002 9

5 03 50 L7 86 1,162 88 1,122 08 1,008 45

o8 : 4 3y Lo 1,031 SRERN —
-- b1 53 ; E -17 1,062 1,012 -1 ] -3
~30 2 1 -4 1,055 1,018 -1
~= 10 1,060 4 1,015 -12
076 ~18 1,050 1,012

NILITTIAG IVOINHDIL

L
Months after ealving:

8ROT

085 : ; -1 1,08 71 1,016
005 097 ol oo 1,025
1,006 P , ' 1,070 1,035
1,018 a 1,075 ; V047
1, 034 1 1,085 1,062 5 3 1,026

) 8 1 I D ; 462 077 1,067 1,017 0758
3to b, 9068 075 ) b 3 1 070
: 1,008 1,008 i | i 007

985 0 092 0 : 086

Number of reécords. .. ... 255 176 114

' Cows are arranged in ‘gi'oups according to their ages nt flrst \\'ulghing after cal vmg.
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The average lactation weights on which the deviations in table 14
were based were 890 pounds for the 23- to 8i-month-old group, 985
pounds for the 36- to £7-month-old group, H92 pounds for the 48-
to 59-month-old group, 1,031 pounds for the 60- (o Tl-month-old
froup, 1.064 pounds for the 72- to 83-month-old group, 1,027 pounds
for the 48- to 123-month-old gvoup, 1,053 pounds for the cows on
test. and 986 pounds for cows not on test.

Weights at monthly intervals provious to ealving showed average
aains during periods of 9 months of 964 potnds for 2-vear-old cows,
150 pounds for 3-vear-old cows, and 152 pounds for +-vear-old cows.
Morgan and Davis (£) found total gains in Jersey cows for the first
of & mouthly weights to the time of calving of 231 pounds for the
frst gestation. 1607 pounds for the seeond eestation. and 157 pounds
for the third and later gestations. The data in fable 14 show that for
COWs 3 vears old and over, the average %-month gains were 161 pounds
for cows that went on ofiicial test after ealving, and 121 pounds for
cows thaf did not.  Mouthly gaing were grester dwring the later
months of pregunaney in all groups, and these differences between the
gaing made during earvlier and later months of pregnancy were greater
for older cows fhan for vounger ones.

Sinee the last weight before calving and the first weight after
ealving were a month apart. no measure of abrupt changes in weight
ab calving tine was pos<ible. However. the losses in weight during
this month were 63 pounds for 2-vear-old cows. 79 pouiuds Tor 3-vear-
old cows, 89 pounds for 4- and 3 vear-ald eows, and 01 ponnds lor G-
year-old cows. While 2-year-old cows began gaining in weight inune-
dintely after the fiest month, groups of older cows continued to lose
weight for another wonth or twa.  This continmed loss in weleht was
slight for cows nn oflicial test. brt it was several months before cows
not on test began to gain in weight.

The cohnuns of deviations in table TF may be used to provide a
means of adjosting single weights or certain serice of weighls on an
individual cow (o an equivalent 10-month average weight, which is
fhe basis of the table of bonndary weights for Jersey cow grades,
Howover, fhere is no way of accounting for differences botween oif-
ferent cows in this relationship. Tn using the deviations in table 14,
minus devintions are added to the cow's weight ut a cerkain month
ol grotip of months and plus deviations are subteacted from it to
give au adjusted weight thal can be used in comparison with the
houndary weights in table 13, Two- and three-vear-old cows should
be treated as separate groups.  All other values could be obtained
from the columns headed 48 (o 125 monihs of age. For exa mple, sup-
pose thut a cow 37 months of nge weighed 975 pounds at 3 months
affer calving.  Table 14 shows the deviation fo be — 1 pounds.  Agdd-
ing 14 fo 975 gives a weight of 989 pounds, which at 57 months of
age {table 13) would be given & grade of 4,

Grades were assigned to the 786 basic 10-month average weights
used in preparing these standavds as a test of the wetual distribution
of these grades.” Theoretically, there shonld have been the same
number of weights for ench grade. Actnally, the number of weiglhts
for each grade from 1 bo 10 was 62, 96, 78, 82, 86, 76, 86, 68, 65, and 87,
respectively. Corresponding numbers for the 447 lactations for cows
on test were 11, 30, 23, 42, 45, 48, (7, 49, 52, and 80. Similar numbers
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Tor 339 Inctations of cows not on test were J1. 66, 55, M), 11, 28, 19, 19,
13, and 7. Proportionally fewer of the hwlwl o ades went fo the
cows not on test.

TIME TRENDS IN THE AVERAGE WEIGHTS OF JERSEY FEMALLES
AT BELTSVILLE

Fhe possibility of a time trend in the uverage weights within a
herd was indicated by oceasional observations and mtppmivd by the
known existence of a time trend toward higher levels of producing
ubility as a vesult of o successful breeding program.  For purposes
of a study on such a question. these data o the weights of Jersey
females !m\e the advantage that they are based on ,nlvqu e mimhm
of femalos in a herd thut was maint tined €1} uader relatively uni-
Torm environment over a considerable number of years and (2} with-
out calling for production o adding purchased females.

The \\(‘.!"‘hl‘-; at various ages of the Jersey femules used in the
previous studies were fabulated aceording to the vear of birth, The
average weights from such {abulations ave shown in tuble 15. The
average wew‘htﬁ on each line wre from the same group of fomales,
minus those that left the erd.

The enviroimental years, as distinguished from the vear of birth.
can be determined for xome average w muhl- by adding the age (o the
venr f birth. For exampie, (he environmental vears tor females
born in 1930 were from January 1930 (o December 1030 for welghts
af birth. from Julyv 1930 to June 1031 Tor w eights af 180 days of nge,
from January 1931 to December 193] for \\vurhh at 12 months of ngre,
from July 1031 to June 1932 for weights at 18 immlh- of age, and
from Januwary 1934 fo Decomber 1934 Tor weights &l b years of age.

Fov the same group of females. the l‘ll\l?(ililli(‘lli.l[ period for most
of the fivst-lactation weight=, each of which was an average of 10
monthly weights, would fave het Trom WJ; ey 10532 (o April UM,
The environmen(al period for wture-Incindion weight= would have
been spread over a greater numhm of years, because Taetations begin-
ning at any age hetween - and N ovears were used in order to b.ﬂse
these values ax far as possible on weights obtained during lactations
on tust.

At fiest-lactation weights were adjusted to a ealving age of 26
months by wultiplying the sturdard Tactation weight for 26 monlhs
of nge by 'the ratio of ihe cow’s lactation w eigrhl divicded by the stand-
ard Jactation w eight Tar cows ol hm age. All matere-lactation weiehits
wore adjusted ta u z(tl\rug age of 7 yesrs in the sume munner. The
adjusted values uf T years of age are 2 good representation of ench
COW’s maxininm \\v:wht whitle in mil!mw conditing,

Some of the differences in the average welghls from a sorfing
necording: to the year of birth may have heen {[ll(‘ to inherited dil-
ferences from the sives thal were usecl. Fherefore, letter symbals
are used in table 15 #o indicate The bulls siring one-sixth or wore of
the heifers whose weighis are tabuluted Trom Thirth to 12 moiths of
age. This may or may nol Lave vepresented the proportion of ofl-
spring that remained ir the herd to older auges. Lellers o (o 4, inelu-
stve, represenl sires that were broughé in Iznm other herds, Loltors
7 to w, inclusive, represent sires originating in the Beltsville herd and
frequently used for Hinebred malings.
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For all ages there appenrs to have been a trend toward higher
weights for the first 10 to 12 years and then a leveling off, or possibly
a decline, for the next 21 or 23 years. There were numerous up-and-
down changes from one year to another. Similar trends weve found
in Holstein weights at Beltsville (§). The parabolic natuve of the
trend was demoustrated from the Holstein data by the greater redue-
tlon in ervors of estimate from using this type of a curve in regression
studies.

On the basis of these findings. it was decided to use the data from
calves born in 1920 to 1980, iuclusive, for a study of the ascending
trend in weights and the data from animais bovn from 1928 to 1951,
inclusive, for a study ot the leveling-off period. Average weights for
all nges were lower during the nscending period.

A summary section of table 15 shows the vesulis of tests of the
significance of diflerences in the average weights for different years
of birth. The ratios of the mean squares between venrs to the mean
squares within years were highly significant for weights at nearty
all ages except at birth. Weights at birth were distinctly ditferent
from other weights, in that they rere little aflected Ly the years in
which they were obtained.

Linear regression coeflicients were caleulated to show the possible
trends from one year to another. The regression coeflicients at the
bottom of table 15 show a general trend for slightly higher weights
throughout the 33-year period asa whole. The first-lactation weights
and the mature-lactafion weights were excoplions to this trend,

When the 33 years were divided into 2 periods. there were highly
significant yearly increases in weight for all ages except birth during
the period from 19240 through 1930, On the other hand, there was o
trend toward Jower weights during the period from 1928 through
1051, The decreases became significant and highly significant at
older ages. Weighis al birth were an exeeption {o this trend.

There is no ecasy explanation of these trends. Considering the
efferts made to matintain a uniform environment and the faclr hnt
valves, older heiters, und cows were fod in different barns and that
different methods were used v ealeulating their requirements, il deey
not seem likely that feeding or envivoanent would have resulted in
stmilar fvends at all ages.

Freguently the average weights of a group of animals born in a
certain year were higher or lower ab a1 nges than those for animals
born in ofher years. Animals boran in 1832, 1935, or 1946 are such
examples. This suggests that some of the differences in Lhe average
weights of various groups were inherited. It may ulso be observed
in table 15 that average weights were high for wnimals born in the
years 1932 throngh 1935, when the oflspring of sives f. ¢, und 4 were
predominant, and that average weights were considerably lower after
1938, when the offspring of various Beltsville-vaised family sives were
predominant. Ju this respect the management of the Holstein heed
at Beltsville ditlered from that of the Jersey herd. The use of sives
brought in dfrom outside was confinuous in (he Ifolstein herd. The
avernge yearly weights in the Flolstein herd showed no definite down-
ward trend during the years 1928 through 1951.
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TasrLis 15.~Yearly trends in the average weights of Jersey females sorted according to the year of birth’*

Sires of various percentages of the
helfers, from birth to 12 months
of age, ?

Numniber of females, and sverage welghts, from Number of fomales, and average weights, (rom 18 months
irth to 12 months of agp— hrough mature lactation—

Year of birth

At first At mature

50 percent 33310 48.0 1 37 {0 33.2 At birth At 180 days | At 12months | At 18 months Al years lactation lactation
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All of these observations lead to the suggestion that in o breeding
program of outerossing to sires proved for high production, the
average weights in an assembled herd will inerease for 2 or 3 genera-
tions and then level off.  Then. if the degree of relationship between
mates is increased again by closing the herd to oufside hiood lines,
a trend toward lower weights may be expected.

RELATIONSHIPS BETWEEN EARLY /ND MATURE WEIGHTS

The weight data from the Jersey hreeding experiments provide an
excellent opportunify for a study of the relationsinps between early
weights and mature weighis, because of the eforts that were made in
the experiments to muintain uniform environmental conditions and
provide a liberal plane of feeding for growth and mille production.
By using a number of weights obtained since the standards were eal-
culated, data were mmde available from birth to maturity or near
maturity on 161 Jersey cows,  Uhe weights of inbred cows and twins
were not used.

The preferred measure of a vow’s mature weight would be the aver-
age of the fivst 10 menthly weights during a lactation on test begrin-
ning af 7 years of agre.  Such weights would be elose (o ihe maximum
weights of cows in milliing condition, when on caveful feeding.

Naturaly, few Jactations of cows on test bewan of exactly 7 vears of
- 2l . -

age.  Although table 12 shows relatively minor changes in (he stand-
ard weights after 615 years of age, many cows were started on officia
test af earlier ages, but under mature-test conditions, Therefore, il
weights obtained during lactations at mature or nearly mature ages

were converted to u T-year-old equivalent. by using the ratio of each
cow’s lactation weight divided by the stundard weight for cows of
her age.

Adjusting the lactation weights for age muade it possible to include
data from a number of cows ealving after 4 yeurs of age hut without
later luctations on fest. Tfowever. in spite of ihe efforts (o oblain
the data From cows on oflicial test, neaviy a third of the mature-lacta-
Lion weights in this study were noi oblained nnder test condibions.

First-lactation weights were adjusted (0 a ealving age of 26 months,
in the manner previously described.  More than 91 percent of (hese
first-lactation weights were obtained Frou cows on oflicial test.

The results of these studies on the relntionships between weights
at earlier ages and mature-lactation weights nre shown in table 16,
Additional studies were made of the relationships hetween weights
at birth and at 6 mouihs of age, wid between weights at 12 months
of age und during the lirst lactabion,

All correlation coeflicients were highly significant. showing a defi-
nite refationship between enrly weights and later weights. The sue-
cessive increases in fhe correlation coeflicients, from 0.3234 for hirth
and mature-lactation weights o (L7510 for first- wnd nmudure-lnctation
weights, demonstrate the greafer reliability of each older age in pre-
dicting mature-lnetation weighis,

Another demonstraiion of the relative values of carly weights in
predicting mature-lactation weights i¥ whown in the proportion of
the sum of squares for mature-lnvtation weights (Ny*) that was af-
tributable to regression on carlier weights, They are shown in table
16 as percentage values enleubded as #1003, The relabively Jow
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Tavre 16 —Relafionships between weinhis vt different apes i fie samie Jersey
foemules
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correlation coeflicient of 0.3234 between hirth w cights and mature-
Lactation weights necounted for only 10,6 percent of the sum of s(uares
For mature- lltt(lti(m weizhts, On the other hand, (he correlation
of 0,7514 berween [rst- ‘md nitture-lactation weirhts accounted for
36.5 percent of the sum of squares Tor matwre-leetation weights

The standard deviations from revression. or standard ervors of esti-
ke for mature-lactation w mlflllh. were suceessively lower for each
vlder age that the earlier “muhh were obtained. This value for
estimaies from weights at hieth was 47 powids less than the stand-
ard deviation for mature-Tactation w clghis.  The value for estimates
Tor fist-lactation weighis was 309 pounds less than the standard
devittion for matwre-lactation \\'t‘l(rht-.

The data for many individual cows gave the inpression that there
was little relationship belween \\(‘Iﬂh[‘-. of ealves at birth and their
welprhts at older ages. A correlation coellicient of 04517 showed o
"OI]‘—Id(‘I.t')l\' higher relationship between weights ut bivth and at
180 days of age (han between bhirth welghts wd mature-lactation
\\'ourhh On lht- other hand. the slightly hwlw! correlation coellivient
of U G124 showed that weights uf (; months of age were more closely
associated with maiure- lu(at wn weighis than wnh birth weights,

The values in tahle 16 also show thal weights at 12 months (1| ugre
produced more reliable estimaies of firsi-lactation weights than of
matnre-lactation weights, However, the differences in Hw correla-
hrm coellicients were I]UI great considering the differences in interven-
ing thme. In parallel studies on weight data Trom the Holstein breed-
ing experiments at Beltsville (5). lirst-lactation we ights were ob-
(une(l with consideralily reater reliability than I]l‘LtlII(’ lact:ation
weights.  fn all other li’le‘(lh the results on Holstein weight data
were almost identieal with the results on Jersey woelght data,

GROWTH STANDARDS FOR BULL CALVES

Weights from birth were available on a limited number of the byll
calves IJom in the Jevsey herd at Beltsville, Many bulls were trans-
ferred to another herd soon after bivth, and many of them were loaned
and placed in cooperating herds before they were 10 or 12 months
old. ~ Nevertheless, weights were obtained mtrulmh from hirth to
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270 days of age on 18% bulls, from birth to 12 months of age on 127
bulls, and from birth to 15 months of age on 53 bulls.

The feeding and management of these Jersey bull calves was much
likke that of the heifer calves. except that rhe bulls were moved out
of the calf barn at an eavlier age.  Of the 127 bull ealves that reached
12 months of age, 37 percent were in the bull barn at 270 days of age,
47 percent at 300 daye, 8 percent at 330 days, and 90 percent at 360
days. No silage was ted in the bull barn. but pasture was available
for young bulls some of the time.

The average weirhts for four groups of Jersey bulls are shown
in table 17. Standard deviations ave shown for 184 bulls to 270 davs
of age and for 53 bulls to 15 months of age. The coeflicients of varia-
tHon were generally higher than those shown for Jersey heifers, par-
ticwlarly after 120 days of age. Averages of the coeflicients of varia-
tion for the 184 bulls thf reached 270 days of age were 18.8, 12.7,
and 11.3 percent, respectively. during the first. second. and thired 3-
month periods after bivth. Corvesponding values for 378 Jersey
heifers were 18.5. 117, and 9.8 percent. The coeilicients for the group
of bulis reaching 15 months of age were also higher than those for
heifers.

By some chance the average weights far the groups of bull calves
that remained longer in the herd were higher than the average weights
for groups of bulls that left the herd at earlier ages. At 270 days
of age, for example, the uverage weights for the proups that remained
in the herd until they reached 12. 1), and 18 months of age weve §,
21, and 34 pounds heavier, respectively, than the average weights for
all the bulls at 270 days of age.

Estimated weights for 10-day periods were caleulated by fourth-
degree orthoponal polynomial regression from tle average weights
of the 184 bull calves that reached 270 days of age.  Average weights
from the groups reaching 11 and 12 months of age were used in cal-
culating the estimated values from 280 to 365 days of age, in order
to make a caleulated curve of estimated weights with the sante length
as the standard for heifer calves, There was but little difference in
the avernge weights from these three groups at corresponding nges.
Estimated weights by 10-day periods are not presented in table 14
Leyond 300 days of age because such values might Le considerably
atfected by data coming from different age-limit groups and by en-
vironmental changes involved in the transfer of a lavge percentage
of the culves to the bull barn.

Estimated weights by months, like the estimafted weights for heifers,
were calculated. by Nfth-degree orthogonal polvnomial regression
from the average welrhis of 55 bulls fhat reached 15 months of age
and from adjusted values Trom the groups that reached 1§ and 21
months of age, to obtain the average weights beyond 15 months of
age. Average weights from the last 2 groups were adjusted down-
ward in proportion to the amowunts that the average weights from
these groups exeeeded those from the group that reached 15 months
of age at corresponding ages. The average weights for 30-day pe-
riods were adjusted to a calendar-montl basis in the manner described
for heifers.
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Neither of the curves for estimated values c¢losely duplicated the
abrupt changes in weight following birth, As a vesull, the estimated
values for weight at birth appear to be toa high in the series by 10-
day periods and too low in the series by months.

A comparison of the estimated weights of Jersey bull and heifer
calves shows higher weights for the bull calves at all ages. Because
the average weights of the bulls that remained in the herd 15 mouths or
Jonger were higher than thoese for the bulls that left the herd at an
earlier age. the standard of estimated weights by menths is definitely
higher than the standard by 10-day periods. Consequently, the great-
est difference between bull and heifer calf weights is shown by com-
parisons using the estimuated weights by months.  Fov example, at 270
days, or 9 months of age, the weights of bull calves exceeded the
weights of heifer calves by 71.7 pounds, or 17.5 percent, according to
the estimated weights by 10-day periods. and by $4.3 pounds, or 20.3
percent, according to the estimated weights by months.

The difference between Jersey bull and heifer weights increased
with age after about 6 months of age. According to the monthly
estimated weights, the bulls were 53.1 pounds. ov 18.8 percent, heavier
at 6 months of age: §4.3 pounds, or 20.3 percent. heavier at 9 months
of age: 128.1 pounds. or 249 percent. heavier at 12 months of age:
1804 pounds. or 30.6 percent, heavier at 15 months of age: and 295.6
pounds, or 34.2 percent, hieavier at 18 months of age.  Differences be-
tween the rates of grow(h for Jersey bulls and Leiters ave alen shown
Ly, the percentages of the estimated weights at 6 months of age at-
tained at other ages. The percentnges for Jersey heifers at 2, 4, 6,
9, 12, 15, and 18 months of age were 35, 66, 100, 147, 183, 209, and 234
pereent, whereas those for the bulls were 36, 66. 100, 149, 192,230, and
264 percent,

Also. the bulls did not fall off in daily gains as rapidly as the heifers.
Daily gains for the heifers at .12, 13. and 18 months of age were only
B4.4. 613, 47.5, and 404 pevcent, respectively, of their gains at 6
months of age, when daily gains were hishest for both bulls and
heifers. Corresponding values for the hulls were 02,5, 80.2, 71.7, and
84.7 percent.

The boundary weighis for assigning grades to the weights of Jersey
bull calves are slown by 10-day periods in table 18 and by menths in
table 19. The variations in weights by 10-day periods were based on
the standard deviations for the groap of bull calves that yeached 270
days of age. The variations hy months were based on the standurd
deviations for the hult calves thut reached 15 menths of age. The
calewlations were made in the same manner as described for Jersey
heifers. These tublex can be used in the same way as those for the
heifers.

Since the standards by 10-day periods were ealeulated from lighter
average-weight data, the weights of the came bulls would tend to be
graded higher by the standards for 10-day periods than by the stand-
ards by months.  Alvo, the weights at birth could be graded more
accurately by boundary weighte, which were caleulated from the
average weights and the standard deviations at birth, than by the
estimated values.




TaBLe 17.—dverage weights and standard deviations, and estimated weights and gains,-for Jersey bull calves

184 calves to 9 months of nge 55 calves to 15 months of age Estimated values

Weights of Weights of
Standard 1279 calvets1 to Standard 288cﬂ]v0?l to By 10-day periods By months t
oo andar 12 months andard 18 months .

Weight deviation Weight deviation

Weight Daily gain Weight Daily gain
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ParLe 18.— Boundary welghts by 10-day periods between grades for the weights of Jersey bull calves

Qrade ) Qrade 2 Grade 3 Grade 4 Qrade 3 Grode b QGrade 7 Grado 3 Grade 9 Grade 10
pd N Z

. Pouads Pounds Pounds Fonnds Povuds Pounds Pounds Pounds Pounds
At birthr. . 51,1 54 80,9 . 80.8 62.8 64. 67.2 70.6
Afbirth..o S 8.5 57,0 .9 61,7 63.5 65.3 07.2 60.4 72.5

85,1 53.8 65.8 67.9 72.8 76.4
58.1 62.3 70.5 72.9 N 78.6 82.9
63.1 h7.9 77.3 80.1 3. 86.7 1.6

69. 0 75.5 86.1 80.3
78.4 8.7 06, 7 100.3
88.5 95,5 108.9 112.9

00.% 07,6 122.4 126.%
3124 120,9 137.1 1421
1259 135, 2 152.9 158.2

169. 8 175.4
155.4 166.2 15,9 193.2
17,1 1827 204.9 21,7

187.2 99, 1 208, 21, 223.4 250.6
203, ‘ ; 226, 3, 242.3 249.9
200.3 i, 5 .2 2613 270, 4

27.1 251, (2. . 280.5 280.1
253.9 7 5 200. 200,77 308.8 3
270.8 7 0 8 318.9 323.4 338.6 3 366.9

287, H, . . 337.9 7.9 358. 6 . 388.4
304, 2 2.2 5 46, 356.8 37,3 378.4 a1, 400.5
320.6 4 3. 1. 375.5 7.9 . 430.4

336.7 . 3 7 o8, 303.9 417.3 4 451.1
352, & 2, 387.0 E 411.9 i 436.2 450, 471.3
368. 1 . 4, ¢ E 429.6 41, 451, 8 A7 4911
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383.3 405, S 434, 446, 9 3 472.9
308, 2 420.8 © . § 463, 9 75, 490.8
412, 8 LY 452 4 480.5 93, 508.2

408, 7 . 525.2 542,
512.6 8 541.9 560, 6
528.1 558, 2 576,83

1 Based on the observed miean and standard deviation.




TABLE 10, ~Boundary weights by ealendar months between grades for the weights of Jersey bull calves

Age

Grade 1

Qrade 2

Grnded

Months
Atbirth i
Atbirth o el

G s
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W
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T R P

W e
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Pounds
52,
47. 4
66. 2

08.1
136.8

Pounds
85,9

st 1

710
100.1
149,11

197,86
249.1
301, 5
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103, 8
152, 2

498, 3
542,2
684.1

624.3
063.3
7012

738,38
774.5
800. 5

irade 4

N

Grade 5

Qrade 9
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N

Grade 0 Grage 7
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Grade 8
v

Pounds
58, §
a3.7
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8175
5029
600. 2

Pounds
0.
85,9

790.0
16,6
162, 7

214.5
209.2
3249

370.9
433,45
484, 9

533, 9
580. 6
625, 2

667.9
700, 1
7401

Pounds
)

3349

3014
416.3
408, 9

540.3
807, 2
2.8

656 ¢
728, 7

769. 6
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50,2
56,2

125.8
1745

3449

402,
4501
83,1

04, 7
613.7
660. &

Pounds
07.1
62.5

Pounds
09. 7
66, 1

93,9
130, 4
188, 2

215.8
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Not enough weiglts were available for a study of growth in weight
by older bulls. However, some indication of the size of mature Jersey
bulls in the Beltsville herd muy be obtained by enlenlating for each
bull the avernges of 10 conserutive monthly weights beginning after
3 vears of age und designating the highest of these average weights
as the bull's maximum weight. Caleunlated in this manner, the aver-
age of the maximum weights of 8 Jersey bulls brought 1n from ont-
gide the herd was 1.501 pounds at an average age of 105 months
similarly, the average maximum weight of 21 bulls born at Beltsville
was 1,566 pounds at an average age of 93 months,

SUMMARY

Studies of growth by Jersey cuttle, ag measured by changes in
weight from birth to mafurity. have been wude by the Duairy Hus-
bandry Research Branch from the weights of cows, heifers, and bulls
that were born and raised in the experimental breeding herd of Jer-
seye at Beltsville, Md.. during the past 30 years, Twins and inbred
animals were not included in the studies. The ancestry of the Belts-
ville Jersevs was mostly in three well-known families—the Owl-In-
terest, Sophie-Tormentor, aud Ruleigh families,

Beruuse certain conditions have Leen muintained vather constant
from the beginning. the Belisville weight data are well suited for use
as standards of normal growth. For exnunple, good, practieal methods
of feeding and management have Leen used and an effort has been
made to keep them us uniform as possible throughout the years of
the experimental work., These conditions are described 1 detail.
angl theiv effects vepresent a part of the novmat included in these
standards.

Tubulations of the weight data for Jersey fenmles were made by
dividing the data into nine age-limit groups. o that measures of
the rates of growth covering a cerfain range in age could be based
on successive weights from the same animals.

The average weights of 378 heifer calves were 56 pounds at birth,
277 pounds at 180 days of age. and 319 pounds at 12 months of age.
Other average weights were 878 pounds for 278 cows at 30 months
of age, 1,000 pounds for 206 cows at about & years of age, and a maxi-
mum of newrly 1100 pounds for 77 cows hetween 7 and 7% vears
of nge.

Coeflicients of varintion in the average weight of females decrensed
from 14.0 percent at 60 days of nge ta 87 percent between 11 and 14
mouths of age, increased gradually during ages affected by pregnaney
and lacts*an. and ranged from 10 to 12 pereent for cows over 42
months of age.

The portions of the growth curves represented by the data from
hirth for heifers, and by the duta for the Tast 2 to 5 vears of age for
cows in the several age-limit groups, were smoothed by fitting fourth-
or Bfth-degree orthogonal polynomials to a veries of average weights.
The differonces between successive estintuterd weights caleulated in
this way gave rates of gain that were nearly free from month to menth
varviations, but still showed the long runge trends due fo age and
some environmental conditions. ‘I'hese estimated weights and gains
are presented as Beltsville standards Tor normal growth.
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A system of grades for heifers by 10-day periods to 365 days of age
or by months to 21 mouths of age was produced {rom the smoothed
curves of the estimated weighis and the estimated standard devia-
tions. in order to have some method of interpreting the importahce
of the difference between the weight of an individual heifer and the
standard weight.  Grades from 1 to 10 were set up with the probability
that in the Beltsville herd each grade would represent 10 percent of
all weights at that age.

Tabulations of weights during the ages covering the fivst pregnaney
and the beginning of lactation showed that at each awe the AVerage
weights of heifers pregnant move than 165 days were definitely Ligher
than those for heifers not pregant, or for heifors in earlicr stuges of
pregnaney. or for heifers vecontly fresh.

Tabulations showed some relationship in thix herd between the mun-
ber of cows on oflicial production test, when they were o higher levels
of feeding. and the average or estimaled weights,  This was particu-
larly noticeable ut 72 and 92 months of age. when relatively move cows
were on test than at the preceding or following agex. A verige
weights tended to be higher when larger numbers of cows were 1n
advanced stages of preanancy. as at 2 to 26 months of age,

Analyses of varionce for the dilferences between the average weights
Tor these pregnancy eronps, in the data for 360 heifers. showed that
these conditions had a highly sienificant effect at the ages of 18 months
and older.

Annlyses of varianee for the differences hetween average weights
m various age-limit groups. over suceessive periods of 15 months in
age. demonstrated how muneh greater was the influence of rge un
weights af younger ages,  Ir was doubtful that age was a signilicant
factor in the weights ufter 34 monihs of age. and certainly nol in
weights after 72 months of age.

Special tabulations and calewlations were made in order to obiain
o standard for assigning grades to the weights of fndividual cows,
The average of the first 10 monthly weights after calving was used
as the basic weight during lactarion for thiz staadard, Age was
expressed as the cow™s age at the time of the first monthly weight a fter
calving.  This standard was huzed on data obtained from 86 hasie
weights during laetation. with 262 comparizons between the welghts
of cows in 2 suecessive Tactations under like conditions of feeding and
management, as the measure of growth with age. .\ smooth eurve
for growth was oblained by fitting o fourth-degree orthogonal poly-
nomial to the data.  Deviations of the obrerved basic weights during
lactation from the standard o estimaied weighis were taken as the
measure of varintion and apportioned in a way that would wive the
same cocflicient of vaviation Tor all ages.  These wore used in estab-
lishing boundary weights between grades For the observed 10-month
basic weighis.

A table was prepared showing the relationships between the basic
weights during lactation and weight= obtained at various times during
the Jactation ov in the preceding gestation period.

There weve time trends in the Beltsville Jersey herd, in yearly
avergge weiglifs al various ages. "The trends were characterized by
rapid increases in average weights for the first 10 or 12 vears of the
breeding experiment and by a slow deeline in average weights during
the remaining 18 or 20 years.
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Correlation studies shuwed that mature-lactation weights were defi-
nitely related to weights at all earlier ages, but relationships were
progressively higher when the differences in age were smaller.

Standards similar to those for the heifers were developed for meas-
uring the growth of Jersey bulls by 10-day periods frow birth to 300
days of age and by menths from birth to 18 months of age. It was
found that bulls were heavier than heiters by 18.5 pevcent at 6 months
of age. 249 pereent at 12 months. und 342 percent at 18 months.
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