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CHAPTER I
INTRODUCTION

The variance in the traits of economic importance in sheep is due
to genetic differences, tangible environment and also to intangible en-
viromment or accident. An accurate estimate of the environmental con-
tribution to these traits is necessary to calculate the heritability of
these traits, Both induced and natural environmental factors operate
to conceal genetic merit, thereby confusing the breeder and obstructing
his efforts to select those animals having the greatest breeding value,
In many instances, variation due to environment can be eliminated or
controlled but in others only adjustment and correction for major envi-
ronmental effects are capable of placing animals on a comparable basis,
For example, two animals which have equal breeding value may differ
widely in phenotype because of differences in time of birth, favorable
conditions of development, age of dam, twinning, etec.

A considerable proportion of the error of heritability estimates
can be eliminated if proper factors are available to estimate the correct
environmental variance, Some of the factors which influence this in
case of sheep are type of birth and rearing, age of dam, and years, In-
formation is needed on the extent and magnitude of these effects in
order to adjust weaning weight or average daily gain before computing an
estimate of heritability or repeatability., In addition, it would be
useful in adjusting the average daily gain in an actual breeding program,



The objectives of this study were to evaluate the influence of

sex, type of birth and rearing on average daily gain of lambs and teo
determine correction factors or constants to be used to adjust average
daily gain for differences in type of birth and rearing and sex.




CHAPTER II

REVIEW OF LITERATURE

Phillips and Dawson (1939) stated that selection based on pheno-
typic appearance should be more effective if the effects of environmental
factors on selection could be reduced to a minimum, This might be ac-
complished by (1) eliminating comparison of animals differing in age by
making observation at a definite age for all the characteristics upon
which selection is based and (2) making allowances for environmental
factors which one knows affects any of the characteristics by the use of
correction factors. For example, correcting weight at three months of
age by the regression coefficients for date of birth and adding the dif-
ference in weight of singles and twins to the weight of the twins,

These correction factors may vary with breed, climatic conditions and
methods of management.

In the selection of breeding animals, single lambs are favored
over twins, early lambs over late lambs and lambs heavy at birth over
light ones, even though no conscious effort has been made to favor any of
these groups.

Several workers have found a positive relationship between birth
weight and subsequent weight in the growing period in swine (Cole and
Kehlman, 1928; Lush et al., 1931). Kusner (1936) reported a positive cor-
relation between birth weight and weight at 18 months in cattle.

The work of Schneider and Hundt (1932) with sheep as quoted by
Phillips (1937) indicated a positive relationship between birth weight



and weight at one year.

Phillips and Dawson (1939) found from their studies that type and
time of birth are factors which result in different environments for
single and twin lambs or early and late lambs, The data presented by the
authors showed that the early lambs developed more rapidly than late ones,
even though no genetic differences favoring more rapid development of the
single and early groups were known to exist, Therefore, type and time of
birth are considered to be environmental in so far as their relation to
development and selection is concerned.

Phillips and Dawson (1940) indicated that attention should be given
to the effects of non-genetic factors like type of birth and date of birth
elther by standardizing envirommental conditions or by meking proper al-
lowance and correction for the etfeéts of such factors in interpreting
experimental results. In this study they found that males were significant-
ly heavier than females at birth and the differences tended to become more
pronounced with increasing age.

Some data on the growth of sheep in body weight have been reported
by Foster (1926), Phillips (1928), Hammond (1932), Bell, Spencer and
Hardy (1936) and Phillips and Brier (1940).

Data presented by Phillips and Dawson (1940) showed that twins tend
to cateh up with singles in the Hampshire, Shropshire and Southdown
breeds., While the singles were somewhat heavier on the average at one
year of age, the differences were not sufficiently large to be significant
with the numbers available for the study. Stoehr (1940) as cited by
Phillips et al. (1940) found similar differences between singles and twins



for the Columbia, Corriedale, Rambouillet and Targhee breeds and the

twins tended to catch up with the singles but never quite reached the
same weight level.

Price et al. (1951) found that type of birth influenced weanling
traits more than any other factor studied, Phillips and Dawson (1937)
showed differences due to birth type even when weaning weights were
adjusted for birth weights. An advantage in birth weight of 20, 22, and
29 per cent for singles over twins was found by Stark (1944), Nelson and
Venkatachalam (1949) and Hammond (1952), respectively.

DeBaca et al. (1950) found differences in maturity and growth rate
existing between sexes. Weight differences in favor of ram and wether "
lembs have been demonstrated by Karam et al. (1949), Hazel and Terrill
(1945 and 1946) and Phillips and Dawson (1937).

Ragsb et al. (1953) studied the phenotypic correlation between
birth weight and weaning weight, birth weight and marketing weight and
weaning weight and marketing weight and obtained correlations of 0.5%,
0,480 and 0,860, respectively. This study showed that the genetic corre-
lation between birth weight and marketing weight was 0,957.

Sidwell (1956) found that age of the dam, sex of the lamb and age
of the lamb have an influence on weaning weight, Terrill and Stohr (1939)
obtained a highly significant difference in weight of lambs weaned be-
tween ewes with single and ewes with twin lambs.» The difference varied
with years and there was a significant interaction between types of birth
and years., This tended to favor selection for single lambs as they were

larger and had more weight for age. In crossbred lambs, a greater per
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cent of singles than twins reached weaning age, but this was not true for
the Navajos., The crossbred twin lambs hed a higher death rate than the
Navajos. Navajo ewes had a 10 per cent advantage in the number of ewes
having twins, Wright and Stevens (1953) reported that ewes born as twins
had more multiple births at all ages except at five years of age., Ewes
born as singles and twins showed no difference in the average number of
lambs raised or born,

Johanson and Hanson (1943) as cited by Rea (1956) concluded that
the hereditary part of the total variance within a breed is low, and of
the order of about 10 to 15 per cent. Rea (1956) stated that the heri-
tability of prolificacy may be low due to relatively large effects of
dominance and epistasis., Hazel and Terrill '(1945) found the differences
in weaning weight between ram lambs and ewe lambs, single lambs and twin
lambs, and lambs from mature ewes and two-year olds were 8.3, 9.2 and 6,1
pounds, respectively. The estimate of heritability of weaning weight was
0.30 + 0,04, Ewe lambs, single lembs, and lambs from meture ewes had
higher body type and condition scores than the contrasting groups. Ram
lambs had more neck folds, and heavier wool on their faces. Phillips
et al. (1945) found that measurements on the live, sheared animal had
more gecuracy in measuring characteristics experimenters might want te
study. The most accurate measurements were height at the wither, length
frm the mid-front of scapula to the pinbones, width of shoulders, depth
of chest at the middle and circumference of the fore shank, Blunn (1945)
obtained 14.2 per cent for Navajos as compared to 37.4 per cent for cross-
breds as the per cent of total variations in weight due to difference be-

tween years.



7

Terrill (1945) observed that ewes which were heavier as yearlings
produced more pounds of lambs during their lifetime, A one pound in-
crease in yearling weight of Rambouillet ewes gave a half pound increase
in the weaning weight of lambs., Ten pounds additional yearling weight
would give an expected 15 pounds increase of lamb produced over the aver- v
age of the flock during the ewe's first three productive years. Ewes
that had a lamb the first year, but did not raise it, averaged 14 more
pounds of lamb for each of the next three years than ewes that were bar-
ren the first year., Ewes that raised a lamb the first year averaged 16
more pounds of lamb the next three years than ewes that were barren the
first year. Ewes with twins the first year, regardless of whether they
raised them or not, averaged 19 more pounds the following three years then
ewes that were barren the first year.

Botkin et al. (1950) found that ram lambs were 9 pounds heavier
than ewe la.mbaﬂwhon weaned at 129 days and 15 pounds heavier than ewe
lambs when weaned at 202 days. Single lambs were 14 pounds heavier than
twin lambs in the group weaned early as compared to 8 pounds for the late
group., Twins raised as singles made gains about the same as single lambs.
These data indicated that sex differences increase with age., Two-year-old
ewes had lower lamb production than mature ewes largely because of less
twinning, '

DeBaca et al. (1956) stated that birth weight was one of the most
influential variables on weaning weight and differences between breeds
were partly due to differences in birth weights. They found a regression
of 2,5 % 0,65 to 5,96 + 0,76 pounds increase in weaning weight for each



pound increase in birth weight.
These authors also stated that type of birth had the greatest ef-
fect on lamb growth. They found single lambs weighed 17 pounds more at
weaning than lambs raised as twins, Estimates were similar in good years
and indicated a large proportion of the difference is established at
births Jamison (1946) found that the breed of ewes did not greatly in-
fluence the size of the head or chest circumference., Cossard et al.
(1956) found that twins had larger chest depth than singles but were
smaller in other measurements. The offspring of two-year-old ewes were
not significantly different in their measurements as compared to lambs
from mature ewes, Terrill (1951) obtained grester progress in improve-
ment of weaning traits by sire selection than from selection of dams.
According to Chapman and Lush (1932) approximately 25 to 30 per
cent of the varience in the birth weights of lambs is due to genetic
differences, 30 to 35 per cent tangible enviromment and 40 to 45 per cent
to intangible environment or accident., Phillips et al. (1940) stated
that the influence of type of birth may enable the single lamb to develop
more rapidly than the twin lambs, possibly because the single lamb gener-
ally starts off with an advantage in growth and vigor over the twin lamb,
Twin lambs enter into intrauterine competition for nourishment and room
to grow, Time of birth, birth weight and sex behave as environmental
factors. Approximately 30 per cent of the differences in birth weights
are attributed to genetic influences. Seventy per cent of the differ-

ences in later weight are associated with differences in birth weight.




Kincaid (1943) found an average increase of 0.63vpounds in the
birth weight of lambs as the age of ewes increased from two to six years.
No significant deviation from linearity was found, Lambs sired by Hamp-
shire rams averaged 1.05 pounds heavier at birth than lambs sired by
Southdown rams. This difference was highly significant, He also reported
that lambs at birth from the same ewes were 1,15 pounds heavier at the
third lambing than they were at the first lambing. There was less dif-
ference between the first and third lambings with ewes that had lambed
first as yearlings compared with ewes lambing first at 10 to 12 montns of
age. Kincaid also stated that 7.8 per cent of the variation in lamb
birth weights was due to breed of sire.

Nelson and Venketachalam (1949) reported that the birth weights
of males were 5 per cent heavier than females, lambs from mature ewes
were 10 per cent heavier than lambs from two-year-old ewes and single
lambs at birth were 22 per cent heavier than twins, At weaning the dif-
ferences were 6, 5, and 17 per cent, respectively, Estimates were
obtained for each breed and then combined for a weighted average.

According to Bogart and Hedrick (1955) as cited by DeBaca (1958)
lamb growth is linear up to 135 days of age and a correction for weight
was made to 120 days of age using the following formula: Corrected

weight (120 days) = (Actual weight - birth weight) 120 + birth weight,
Actual age in days

Karam et al. (1949) studied the effects of type of birth (single
or twin), sex, year, flock and sire on body weight at 25 weeks of age,
daily gain from birth to market weight, daily gain on feed, type and
condition using data from 437 lambs raised in farm flocks, These lambs
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were sired by 23 rams, leased to 13 commercial lamwb producers during the
period 1944-1947. For body weight at 25 weeks and daily gain from birth
to market weight, single lambs were 6,2 pounds heavier and gained 0.02
pound faster, respectively, than twin lambs and wether lambs were 3.5
pounds heavier and gained 0,02 pound faster, respectively, than ewe lambs.
These differences were highly significant statistically. Since type of
birth, sex, year and flock had highly significant effects on nearly all
characteristics studied, it was suggested that adjustment for them should
be made before comparing lambs from different sires under such conditions.

Phillips (1940) stated that weight at a constant age up to twenty
weeks can be estimated more accurately along the slope of the growth
curve in the viecinity of that age, than by the use of estimated average
weekly gain., He suggested the following formula as the most accurate:

Z = Y where ¥ = estimated weight
X «A Z = actual weight
A = age intercept
X = actual age
*20 (éonstant age) varies for age being used.,

Kean and Henning (1949) found males to be 0.6 pounds heavier at
birth than females and singles 1.4 pounds heavier than twin lambs, The
average birth weight of all lambs was 8,5 pounds and single lambs gained
0.15 of a pound more per day than twins, The average daily gain of all
lambs slaughtered was 0,53 pound, DMales gained 0,03 of a pound more
than the females, This was not a significant difference. They stated
there tends to be a correlation between birth weight and average daily
gain, Sidwell and Grandstaff (1949) obtained 59.4 pounds as the average
unadjusted weaning weight at approximately 139 days with a standard

B e A
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deviation of 9.8 pounds. Year of birth, age of dam, breeding of sire,
type of birth, type of rearing, sex and age of lambs at weaning were the
important environmental factors which affected the weaning weight of
lambs, Two-year-old ewes weaned the smaller lambs and four to seven=-
year-olds the heaviest; while the three-year-olds and eight to eleven-
year-old groups weaned the intermediate lambs. Single lambs were 11,2
pounds heavier than twins raised as singles to weaning time., Ewe lambs
weighed 4.4 pounds less at weaning than ram lambs, The per cent of lambs
weaned in proportion to the ewes bred was definitely higher for ewes from
four to nine years old than ewes from two to three years old.

Blackwell and Henderson (1955) found that the differences associ-
ated with years, age of dam, age of lamb, sex and type of birth and
rearing were important sources of variation in weaning weights in the
Corriedale, Hampshire and Shropshire breeds. Year of birth, age of dam,
sex and type of birth affected birth weight significantly in all breeds.
In addition to weaning weight and birth weight data, in the Dorsets the
season of birth was an additional source of variation. Age of dam was
found to have no significant effect on the weaning weight of Dorset lambs.
Breed differences were large for all traits concerned.

Sidwell and Grandstaff (1949) showed that in Navajo lambs 56 per
cent of the variance in weaning weight was due to the measurable environ-
mental factors in comparison with 49.5 per cent reported by Hazel and
Terrill (1945) for Rambouillet lambs,

'Blackwell and Henderson (1955) used the following formulae in
adjusting for weaning and birth weights. Weaning weight = general mean +
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breed + year + sex of lamb + type of birth and rearing + age of dam + age
of lamb at weaning + random element peculiar to the weight of each lamb.
Birth weight = general mean + breed + year + sex of lamb + type of birth +
age of dam + random element peculiar to the birth of each lamb, The
relationship between age of ewes and the weight of their lambs was curvi-
linear for the Corriedales, Hampshires and Shropshires. The linear and
quadratic regressions were 0,71 and ~0.06 pound per year, respectively,
for all breeds., A positive linear regression line was found to fit the
Dorset birth weight data best at 0.57 pound per day.

Hazel and Terrill (1946) studied the effects of sex, age of dam,
type of birth, age at weaning and per cent inbreeding on weaning weight
using data from 478 Columbia, 238 Corriedale and 366 Targhee lambs reared
in 1941-42 at the U, S. Sheep Experiment Station, Dubois, Idaho. They
found that the differences in weaning weight between ram lambs and ewe
lambs from mature and two-year-old dams and single and twin lambs were
10.8, 8.7, and 11.7 pounds, respectively. Ewe lambs, lambs from mature
dams and single lambs had larger staple length and were given higher type
and condition scores than the contrasting groups. Face covering and neck
folds were not strongly influenced by any of the factors, Merit in each
of the traits increased with age at weaning, Inbreeding had a noticeably
detrimental effect upon weaning weight, body type and condition but not
upon length of staple.

Bogart et al. (1957) found that type of birth constituted the most
consistent effect on birth weight. Singles were from 1,92 + 0,68 to
2,40 + 0,60 pounds heavier at birth than twins, The difference between
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the birth weight of ram and ewe lambs was consistent. The trend in all

cases was for ram lambs to be heavier; however, significance resulted in
only one of four analyses., Interactions between type of birth and sex
were inconsistent and unimportant.,

Torell et al. (1956) reported the results of a three-year study
which showed that the average live weight at weaning in Suffolk x
Corriedale wether and ewe lambs was higher than that of purebred Suffolk
wether and ewe lambs by 8.0 and 6.5 pounds, respectively; the difference
being statistically significant at the 1 per cent level. Wether lambs
were heavier than the ewe lambs in both the crossbred and purebreds, the
difference in weaning weight being 5.5 and 3.0 pounds, respectively.

Donald and Purser (1955) studied the birth weights of 822 pairs
of twin lambs with respect to the difference between males and females,
Data were obtained during five lambing seasons from various breeds and
crosses in five flocks. The sex distribution of twin pairs came close
to the ratio 1 86: 2 82: 1 92, Analyses made within season and within
major breed categories showed that sex differences were small relative
to other sources of variation but that there was a significant effect
of sex of co~twin on birth weight. The following average differences
were found (the sex of co-twin being indicated in brackets): male
(female) - female (male), 0.566 pound; male (male) - female (female),
0.270 pound; female (female) ~ male (female), 0.128 pound; and male
(female) - mele (male), 0,177 pound, These differences had an average
standard error of 0.078 pound. The sex difference of male~femele in

litters of mixed sex was twice as large as obtained from like-sex



litters. The data for particular flocks and seasons suggests that in

1

addition to these average effects, there may be some interaction between

sex and breed or season which can cause deviation from the average.

These

results were interpreted to mean that there is competition between twins

for some element of growth in limited supply and for the twins of mixed

sex, the results tend to favor the males.

Judin and Brigis (1§S6) reported the results of a series of ex-
periments carried out at the stud farm, Kara~kum, and they showed that
ewes producing 2 high per cent of elite and first class lambs a& first
lambing produce a higher per cent of such lambs at subsequent lambing

when mated with the same ram as at first mating than when they are mated

with other rams,

Carter et al, (1957) adjusted data for differences due to type
of birth (single or multiple), type of rearing (single or twin), sex
(ewe or wether) and year of birth by conventional least square methods.

The various observations on each lamb were adjusted to a single, male,

1953 birth year basis for analysis. In this study no adjustment was made

for differences due to age of dam since it was desired to estimate the

effect of age on the relative performance of the different kind of ewes.

The adjustment factors for various environmental effects on average

daily gain were as follows:
ustment
1951 to 1953
1952 to 1953
1953

Average daily gain
139
54

.000
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Ad justment Ave da
1954 to 1953 066
1955 to 1954 039
Twins to single 075
Ewes to wether OL7

Estimate of the mean in this study was 0,582 pound.

Kincaid and Carter (1953) reported that the differences
among the performance of lambs during the years 1947-1949 were not signif-
icant, Since the sexes were divided approximately equally in the off-
spring of the different ewe groups, no corrections were made for sex.

In this study singles gained 0.07 of a pound faster than twins and
this difference was significant., This correction factor was used to ad-
Jjust the data to a single lamb basis,

Felts (1958), in order to obtain estimates of genetic and phenotype
parameters necessary for the construction of an index for sheep, worked out
constants for age of dam and type of birth effects. The eonstants for age
of dam effects were =15.7, =1.9, 3.6, L5, 4.8,3.1 and 1,6 for ewes from
one to seven years of age. The constants for type of birth effects were
obtained by pooling the within flock year differences between constants,
They were 7.9, =2.3, 1.9, 2.8, =1.7, and 3.2 for the following type of
birth classifications for 120-day lamb weight: male single; female
single; female twin raised as twin; female twin raised ag a single; male
twin raised as twin; and male twin raised as a single.



CHAPTER III

PROCEDURE

Source of Data
The data used in this study were obtained from the records of

sheep flocks maintained by the Plateau Experiment Station, Crossville and
the Middle Tennessee Experiment Station, Spring Hill. Complete data for
both stations for all years from 1952 through 1958 were available for 1372
lambs.

Data were available for 545 lambs from native, California, North-
western and Southwestern ewes for the years 1952 through 1957 and for
lambs from Suffolk x Rambouillet ewes and grade Rambouillet ewes for 1958
at the Plateau Experiment Station, Crossville. Records were available
for 827 lambs from native (S,), California (85) and Northwestern (83)
ewes for the years 1952 through 1957, Northwestern (Sh) ewes for the
years 1953 through 1957, native mixed breeding (S,,), native mixed breed-
ing (85) , and Southwestern (36) ewes for years 1955 through 1957 and
Southwestern (87) ewes for the year 1957 at the Middle Tennessee Experi-
ment Station, Spring Hill,

The lambs at Crossville included in this study were from six
kinds of ewes: California, Northwestern, Southwestern, native, Suffolk x
Rambouillet and grade Rambouillet. Ewes of native breeding were bred
first as yearlingsin 1951. There were originally 21 ewes in the North-
western and native groups and 35 ewes in the California group. California

and Northwestern ewes were bred first as yearlings in 1951.
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The Northwestern ewes originated in Montana and were mostly blacke

face ewes of Hampshire x Rambouillet breeding., The California ewes were
largely brown or mottled-faced ewes of Hampshire x Rambouillet breeding
and were obtained from shipment of ewes originating in California. The
native ewes were primarily black-face ewes of Hampshire x native breeding
and were produced from light, late lambs raised on the station, grown
out and bred as yearlings. The Southwestern ewes were grade Rambouillet
ewes, These and the Suffolk x Rambouillet ewes originated in Texas. The
native (81), California (82), Northwestern (83) and Southwestern (36) :
ewes which produced the lambs at Spring Hill were similar in breeding to
the ewes at Crossville, Native (Sl) ewes were purchased as large, early,
growthy ewe lambs in 1951, Netive (8,,) ewes were of mixed breeding,
produced on the station and these ewes lambed first in 1955. Northwestern
ewes designated as S, were of the same breeding as Sy ewes (HxR) but
these ewes were bred first as yearlings in the summer of 1952 and lambed
in 1953, S5 ewes of mixed breeding which were produced on the station md
lambed first in 1956. 37 ewes were of Suffolk x Rambouillet breeding and
lambed first in 1957.

During the first three years included in this study (1951 through
1953) the ewes at both locations were bred in single sire groups. Indi-
vidual groups for each ram were used the entire breeding season of
approximately 90 days in 1951. In 1952 rams were in individual ewe groups
for about 53 days at Spring Hill and for 90 days at Crossville, In 1953
the rams were in individual ewe groups 50 days at Spring Hill and 48 days
at Crossville,



All ewes and rams were run together for the remainder of the
breeding season. In order to try to prevent breeding failures because
of "shy breeding" rams in individual ewe groups, two rams were used in
each breeding group during the remainder of the years included in this
study (1954-1958).

At the Plateau Experiment Station, Crossville, all sources of ewes
were allotted for breeding in the summer of 1954 and following years on
the basis of type, weight and breeding into three ram breeding groups.
Two rams were used in each ram breeding group because of the difficulty
experienced in the past with "shy breeding" rams in single ram groups.
The breeding season began about August 1 to 20 and extended for about
90 days. '

At the Middle Tennessee Experiment Station all ewes were allotted
for breeding in the summer of 1954 and subsequent years into six ram
breeding groups of aﬁﬁm:dmtoly 30-35 ewes per group, Two rams were used
in each group. The breeding season at this station began about July 1
and continued for about 90 days.

During the 1956 and 1957 breeding seasons the ewe flocks at both
the Middle Tennessee Experiment Station and the Plateau Experiment
Station were randomly divided within ewe source and breeding groups into
control and teased groups of ewes two weeks before the beginning of the
breeding season, Sterile vasectomised rams were run with the teased
groups of ewes for two weeks preceding the breeding season, As a result
average lambing dates were one to two weeks earlier in teased groups of

ewes than in control groups.
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e and Man t

All ewes at the Plateau Experiment Station were culled if they
failed to lamb two years in succession or two out of three years and for
various physical defects. Ewes at the Middle Tennessee Experiment
Station were handled in a similar manner, The ewes were bred to lamb
primarily in December, Jamuary and February, All lambs were docked and
male lambs castrated at one to two weeks of age. They were left with
their dams on a winter pasture of small grain or rye grass and crimson
clover or other permanent pastures for approximately five months, The
lambs were weighed at birth and every 28 days afterwards. They were
weaned as they reached approximately 80 pounds in weight and marketed
directly off their dams. The ewes were dried up by placing them on poor
permanent pasture, usually consisting of Bermuda and bluegrass, They
were kept in good thrifty condition, free from parasites and then placed
on good clean pasture two weeks prior to breeding., Good quality legume
hay was used to supplement pasture when needed and some grain was fed
from two to four weeks before and after lambing., If the weather permit-
ted, the ewes were sheared from mid-April to mid-May. They were tagged
approximately two weeks before the lambing scason began, and before
breeding, if needed.

Analysis of Data
Average daily gain for each lamb was computed from birth to approx-

imately 120 days of age. In most cases 120-day weights fell within the
period which included the last two weeks in May and the first week in June,




The growth rate of lambs from birth to weaning is essentially linear
where adverse environmental conditions do not affect growth during the
later part of the growing season. Conditions are usually nearly optimum
for maxdmum growth up to about the first week in June at the two loca-
tions included in this study. After this time, hot weather and other
adverse conditions severely hamper lamb growth, The inclusion of growth
data after this date would tend to give early lambs an undue advantage
over late~born lambs.

The average daily gainsof males and females were calculated for
the following types of birth and rearing: (1) male born as twin with
co-twin female and reared as a twin, (2) female born as a twin with co-
twin male and reared as a twin, (3) male twins born and reared as twins,
(4) female twins born and reared as twins, (5) male born as twin and
reared as single, (6) female born as twin and reared as single, (7) male
born and reared as single and (8) female born and reared as single.
Average daily gains for each of these classifications were calculated on
a weighted average basis because of the unequal subclass numbers for
different types of birth and rearing. The only exception was that for
male and female twins born and reared as co-twins where the males and
females were equal in number., The average daily gains for the first two
classifications were calculated on a within ewe basis, An average was
computed for each breed type for all years at each location, An overall
average was then computed by pooling the data from both locations,

Average daily gains of males and females for classifications 3-8

and the differences between them were calculated on a weighted average
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basis since the number of males and females in these classifications each
year was not equal. For this purpose, the lambs were classified on a
within year basis for each breed type. Data for males and females were
excluded where male and female comparisons were not available within
years, Weighted averages for average daily gain were calculated for all
breed types at each location and then combined for both locations.

The formula applied to calculate the weighted average was n, n

2 ]
- Gl
wherein nl is the number of males and n2 is the number of females within

year and breed type of ewe, Differences between the males and females for
the various types of birth and rearing were detemmined from these weighted
averages.

In order to derive correction factors to place all meles and
females for different types of birth and rearing on a comparable basis
(male born and reared single) the average daily gain of males born and
reared as singles was divided by the respective average daily geins for
males and females for different types of birth and rearing.

Statistical analyses of the applicable data were according to
techniques deseribed by Snedecor (1956).




CHAPTER IV

RESULTS AND DISCUSSION

The average daily gains of lambs from birth to approximately 120
days of age were examined in this study according to the following types
of birth and rearing: (1) male born as twin with co-twin female, (2) fe~
male born as twin with co-twin male, (3) male born as twin with co~twin
male and reared as such, (4) female born with co-twin female and reared
as such, (5) male born as twin with co-twin either male or female but
raised as single male, (6) female born as twin with co-twin either male
or female but raised as single female, (7) male born as single and reared
as single and (8) female born and raised as single., The differences
among various combinations of these classifications were also determined
in order to derive correction factors to be applied for different types
of birth and rearing for both males and females to adjust the average
daily gain of lambs to an equivalent basis (mele lamb born and raised as
a single).

The detailed average daily gains for each breed type at the two
locations, Crossville and Spring Hill, for all years are presented in
Appendix Tables I-XIV. The means and standard errors for the average
daily gains of different breed types along with the average differences
are given in Table I and II. The summary for the combined data at both
locations is presented in Table III..

A significant difference was observed between the average daily
gains of the males and females born and reared as co-twins (Table III).
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The average daily gains of male and femele co~-twins were ,509 + ,008 and

o457 + ,008 pound respectively, with a difference of ,052 + .008 pound.
No information is available in the literature relative to the difference
between the average daily gains of males and females classified according
to this type of birth and rearing. This difference indicates that the
male grows faster than the female and this difference is a permanent
feature, irrespective of the genetic constitution.

There was a significant difference of ,033 + .005 pound between the
average daily gains of like sex twins (MM - FF) born and reared as such.
The average daily gains of male lambs born and reared as twins (MM) and
female lambs born and reared as twins (FF) were .533 + ,003 and .500 +
+006 pound, respectively. There is no information available in the
literature concerning the average daily gains of lambs classified accord-
ing to these types of birth and rearing and the difference between them,

The average dally gains of male and female lambs born twin but
raised single were 574 * ,016 and .504 *+ .052 pound, respectively
(Table III). The difference of ,070 + ,016 pound was statistically highly
significant, This difference between the growth rate of the sexes was
more than the difference obtained in other comparisons. This difference
was also more than the difference between male and female lambs which
were bom and raised single., The reasons for this greater difference are
not apparent from the data, The difference between male and female lambs
which were born and raised single would be expected to be as great as the
difference between males and females of other types of birth and rearing.

This difference was not due to a faster rate of gain in case of males
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born twin and reared single as compared to males which were born and
raised single (.574 + ,OL6 and ,586 + ,021 pound, respectively). How-
ever, the average daily gain of females born twin but raised single was
«504 + ,015 pound as compared to 539 + 005 pound for female lambs
which were born and raised single. One possible explanation may be the
difference in birth weight of male and female lambs born as twins or
singles. Phillips and Dawson (1940) have shown a significant relation-
ship between birth weight and subsequent growth rate. They stated:

Early male lambs survive better than late ones. The dif-

ference between the early and late female lambs is in the same
direction but is too small to be significant, Lambs born early
in the season are heavier at three months of age than late
lambs, Male lambs that are heavy at birth survive better than
light ones, A higher percertage of heavy females survive also,
but the difference is not statistically significant.

Observation of data included in this study indicate that many of
the females born twin and raised as single were late lambsj whereas,
many of the males born twin and reared single were early lambs, Donald
and Purser (1955) found that the greatest differences in birth weight of
lambs born as twins existed between male (female) - female (female); i.e.,
+270 of a pound. Since birth weight influences subsequent growth and
average daily gain, this may also provide a possible explanation for the
greater difference in daily gain between male and female lambs which are
born twin and raised single than between male and female lambs which are
born and reared as singles., Average daily gains of male and female
lanbs irrespective of the ty;?o of birth and rearing are shown in Table
IV. The average daily gain for males was 542 * .004 pound and 491 *

«004 pound for females with a difference of .051 * .OO4 pound. Kean and
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Henning (1949) obtained daily gains of .54 and .51 pound for male and
female lambs, respectively, but the difference between them was not
significant., In this study the difference between average daily gains
of males and females of ,051 + 004 pound was highly significant, The
estimete of the mean in the study by Kean and Henning (1949) was .53
as compared to .517 in this study. A total of 1367 lambs (679 males
and 688 females) were available in this study compared to 787 lambs
(423 males and 364 females) in the study by Kean and Henning (1949).

Carter et al. (1957) found a difference of 047 pound between the
average daily gains of ewe and wether lambs. The estimate of the mean
in their study was .582 pound as compared to ,517 pound in this study.

The average daily gains of twins and singles irrespective of sex
are presented in Table V, The average daily gain for twins was 500 *
+001 pound and the average daily gain for singles was .560 * .004 pound.
The difference was ,060 + ,003. This is in close agreement with the
value reported by Carter et al, (1957) for the difference between
twins and singles of 075 pound. Kean and Henning (1949) obteined aver-
age daily gains of .45 and .60 pound, respectively, for twins and
singles. Their data includoed 317 twins and 443 singles as compared to
630 twins and 737 singles in this study.

The average daily gains of lambs born as twins but raised as
singles and lambs born and ralsed as singles are given in Table VI,
The difference was only ,023 + .012 pound (4539 + .Ol1 pound for lambs
born as twins and ,562 + .004 pound for lambs born and raised as
singles), This is in agreement with the findings of Botkin gt al.
(1956), He stated that weaning weights of lambs born twin but raised
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single were very similar to those of lambs born and raised as sir;glea.
However, Sidwell and Grandstaff (1949) reported a deviation of 4.7
pounds from the mean weaning weight for singles and 1.80 pounds for
twins raised as oinalea;

The results of this study show that single lambs grow more rapid-
ly than lambs reared as twins and male lambs more rapidly than female
lambs even though no genetic differences favoring more rapid growth of
single and male lambs are known to exist, Therefore, sex and type cof
birth and rearing are considered to be envirommental in so far as their
relationship to development and selection are concerned, The correction
factors derived from this study to be applied to adjust lamb records to
a single male lamb basis are presented in Table VII, These factors were
derived from data presented in Table III for maies and females for the
various types of birth and rearing, The average daily gain of .586
for males born and reared as singles was used as a base. The correction
factors are 1,151, 1,282, 1,099, 1,172, 1.021, 1,163 and 1.087 for
(1) males born twin with ce-twin femsle, (2) females born twin with co=
twin male, (3) male born twin and raised with co-twin male, (4) female
born and raised with like sex co-twin female, (5) male born as twin and
raised as single, (6) female born as twin and raised as single and
(7) female born and raised as single. The average daily gains of male
and female lambs in the various categories would be multiplied by the
respective factors to adjust gains to a comparable basis (male born and
reared as a single).
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Correction factors are necessary to place performence records on

a comparable basis so that envirommental varience is eliminated and the
remaining variance can be attributed to genetic differences, Use of
correction factors permits adjustment of records so that selection in
sheep in an actual breeding program becomes more accurate and as a cone-
sequence animals with greater genetic worth are selected for breeding
and propagation, This would bring about greater progress in the im-
provement of animals in the traits concerned than sclection based upon
uncorrected or unadjusted data,




CHAPTER V

SUMMARY ARD CONCLUSION

The data from 1,372 lambs of different breed types for the years
1952-1958 at the Plateau Experiment Station, Crossville, and Middle
Tennessee Experiment Station, Spring Hill, were analyzed in this study.

The average daily gains of lambs from birth to approximately 120
days for the following types of birth and rearing were examined in this
study: (1) male born as twin with co-twin female and raised as such,
(2) femzle born as twin with co~twin male and raised as such, (3) male
born twin with co-twin male and raised as such, (4) female born twin
with co-twin female and reared as such, (5) male born as twin with co-
twin either male or female but reared as single male, (6) female born as
twin with co=~twin either male or female but raised as single female,

(7) male born and raised as single and (8) female born and raised single.
Average differences among various types of birth and rearing were deter-
mined, Correction factors to adjust average daily gains of lambs to a

comparable basis (male born and reared as a single) were also determined.
The weighted average daily gains within breed type and location
for the various types of birth and rearing were 500 + ,008, .457 + .008,
533 + 003, .500 + .006, 574 *+ 0106, .504 + 015, .586 + .021, and
«539 + 005 pound, respectively.
The weighted differences between the average daily gains of males
and females within breed type and location according to different types

of birth and rearing were .052 + .008, .033 + .005, ,070 + .016 and
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+OL7 + 4013 pound, respectively. These differences were significant and
indicate that males grow faster than females even though there are no
genetic differences existing between them,

The difference between the average daily gains of male and female
lembs irrespective of the type of birth and rearing was .051 2 004
pound with average daily gains for males and females of .542 + .004 and
491 + 004, respectively., This dif ference was also significant,

The difference between average daily gains of twins and singles
was ,060 + .003 pound with average daily gains for twins and singles of
+500 # ,001 and .560 + ,004 pound, respectively., This difference was
significant and indicates that singles grow faster than twins.

The average daily gains of lambs born as twins but raised as
singles and lambs born and raised as singles were .539 + ,Ol1 and .023 x
+004 pound, respectively, with a nonsignificant difference of .023 + ,012
pound, This indicates that the growth rate of lambs born twin but raised
as single is very similar to that of lambs born and raised as singles.

The correction factors derived in this study to adjust average
daily gains to a comparable basis (male born and reared as a single) for
the following types of birth and rearing were, respectively: (1) male bom
twin with co-twin female, 1.151; (2) female born twin with co-twin male,
1.282; (3) male born twin and raised with co-twin male, 1.099; (4) female
born twin and raised with co~twin female, 1.172; (5) male born as twin
and raised as single, 1,021; (6) female born as twin and raised as single,
1,163; and (7) female born and raised as single, 1.087.
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The results obtained in this study indicate the importance ard

magnitude of envirommental effects including type of birth and rearing
and sex on performance records (average daily gain), Correction factors
are necessary to eliminate envirommental influences and to place per-
formance records on & comparable basis. Adjustment of performance
records for enviromnmental influences should increase the accuracy of
evaluation and selection and lead to more rapid progress in breeding

programs .
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TABLE V

AVERAGE DAILY GAIN OF LAMBS FROM SUFFOLK X RAMBOUILLET
BEWES ACCORDING TO TYPE OF BIRTH AND REARING FOR
THE YEAR 1958 AT PLATEAU EXPERIMENT
STATION, CROSSVILLE

e e s

1958
Number Avem?e d__;__;ill gain
pound
Unlike sex co=-twins
born and raised
Male 3 422
Female 3 369
Like sex twins born
and raised
Male - -
Female 2 «340
Born twin but raised
single
Male 3 429
Female 3 +408
Born and raised
single
Male 16 .‘&61
Female 15 A437
Single minus
twins 0063
Male minus
female .038

ll

n

i

poovesremamtme e
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TABLE VI

AVERAGE DAILY GAIN OF LAMBS FROM GRADE RAMBOUILLET
EWES ACCORDING TO TYPE OF BIRTH AND REARING FOR
THE YEAR 1958 AT PLATEAU EXPERIMENT
STATION, CROSSVILLE

1958
Unlike sex co~twins

Number Ave daily gain
Epounds
born and raised

Male - “*
Female - &

Like sex twins born
and raised
Male - -
Female = -

Born twins but raised

Mll. X - -
Female - -

Born and raised
single
Male - 12 0‘0&0
Female 10 394

Single minus
twins .

Male minus
female 0070
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TABLE XIV

AVERAGE DAILY GAIN OF LAMBS FROM SOUTHWESTERN (87) EWES

ACCORDING TO TYPE OF BIRTH AND REARING FOR THE
YEAR 1957 AT MIDDLE TENNESSEE EXPERIMENT

STATION, SPRING HILL

59

.Ii

1957
Average duﬁ%l_gain
pound
Unlike sex co-twins
born and raised
Male 528
Female «450
Like sex twins born
and raised
Male , | 01023
Female o521
Born twins but raised
- single
Male -
Female -
Born and raised
single
Male : -582
Female 554
Single minus
twins «105
Male minus
female "0007




