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CHAPTISE I 

INmCDUCTION 

The v&riance In the traits of eoonosiio importance in (fteep is <1im 

to genetic diffezwioes, tangible environment and also to intangible en 

vironment 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 metdt^ thereby confusing the breeder and obstructing 

his efforts to select those animals having the greatest breeding value* 

In many instaneesj variation due to environment can be ellioinated or 

controlled but in others only adjustment and correction for major envi-

rormental effects are capable of placing animals on a comparable basis* 

For exampleI two animals which have equal breeding value nay differ 

widely in phenotype because of differences in time of birth, favorable 

conditions of development, age of dam, twinning, etc. 

A considerable proportion of the error of heritability estimates 

can be eliminated if pzoper factors are available to estimate the correct 

environmental variance* Some of the factors which influencs this in 

case of sheep are type of birth and rearing, age of dam, and years* In-

fonaation is needed on the extent and magnitude of these effects in 

order to adjust weaning weight or average daily gain before oomputing an 

estimate of heritability or repeatability* In addition, it would be 

useful in adjusting the average daily gain in an actual breeding program. 
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Th« objectives of this study were to evaltiate the Influence of 

eeXf type of birth end rearing on average daily gain of landis and to 

determine correction factors or constants to be used to adjust average 

daily gain for differences in type of birth and reazdng and sex. 



CHAPTER II 

mnm of literatube 

Phillips and Dawson (1939) stated that selection based on pheno-

typlc appearance should be more effective If the effects of envlronaental 

factors on selection could be reduced to a minimum* This might be ae* 

compliBhed by (1) eliminating cosqparison 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 exas^e« 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 managemmnt* 

In the selection of breeding animals, single lambs are favored 

over twins, early lendds over late laa^s and lambs heavy at birth over 

light ones, even though no consoioiu effort has been made to favor az^ of 

these groups* 

Several woiicers have found a positive relationship between birth 

weight and subsequent weight in the growing period in swine (Cole and 

Kehlman, 1923j Lvish et a^.* 1931)* Kusner (1936) reported a positive cor 

relation between birth wei^t and weight at IB months in cattle* 

The work of Schneider and Hundt (1932) with sheep as quoted by 

Phillips (1937) indicated a positive relationship between birth weight 
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and weight at one year* 

Phillips and Dawson (1^9) foxmd 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 laobs developed more rapidly than late ones» 

even tho\igh 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 

either by standardizing environmental conditions or by making proper al 

lowance and correction for the effects of such factors in interpreting 

experimental results. In this study they found that malee 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 (192S), Hammond (1932), Bell, Spencer and 

Hardy (1936) and Phillips and Brier (1940)* 

Data presented by Phillips and Dawson (1940) showed that twins tend 

to catch 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 

niiUips et al* (1940) found similar diffex^nces between singles and twins 
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for the Colvunbia^ Corriedale, Eamboiilllet and Targhee breeds and the 

twins tended to catch up with the singles but never quite reached the 

■ans weight level. 

Price et al, (1951) foxuid that type of birth influenced weanling 

traits more than any other factor studied, IMUips and Dawson (1937) 

showed differences due to birth type even vdien weaning wei^ts weire 

adjusted for birth weights. An advantage in birth weight of 20, 22, and 

29 per cent for singles over twins was found by Static (1944)« Nelson and 

Venkatachalaitt (1949) and Haonond (1952)^ respectively. 

DeBaca et al, (1950) found differences in maturity and growth rate 

existing between sexes. Weight differences in favor of ram and wether 

lambs have been dmaonstrated by Karem et (1949)* Hazel and Terrill 

(1945 and 1946) and Phillips and Dawson (1937)* 

Ragab ^ al, (1953) studied the jhenotypic correlation between 

birth weight and weaning weight, birth weight and marketing weight and 

%feaning weii^t and marketing weight and obtained correlations of 0,594# 

0,480 and 0,860# respectively. This study showed that the genetic corre« 

lation betwewi 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 owes with twin laadni. 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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emt of singles th&n twins reached weaning age, but this was not true for 

the Kavajos, The crossbred twin lanibs had a higher death rate than the 

Kavajos. Navajo ewes had a 10 per cent advantage In the nosier of ewes 

having twine* Wright and Stevens (19^3) reported that ewes bom as twine 

had more amltlple births at all ages except at five years of age* Ewes 

bom as singles and twins showed no difference In the average nuiriser of 

laobs raised or bom. 

Johanson and Hanson (1943) 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 herl-

tablllty of prolificacy nay be low due to relatively large effects of 

dominance aiui eplstasls* Hazel and Terrlll (1945) found the differences 

in weaning weight between ram lambs and ewe Imnbs, single laodfts and twin 

lanbs, and lanbs from matTire ewes and two-year olds were 6*3, 9*2 and 6*1 

pounds, respectively* The estimate of herltabillty of weaning weight was 

0*30^0*04* Ewe lambs, single lambs, and lambs from mature ewes had 

higher body type and condition scores than the contrasting groups* Ram 

lambs had more neck folds, and heavier wool on their faces* PhlUlpe 

et al. (1945) found that measxirements on the live, sheared had 

more accuracy In measuring characteristics experimenters might want to 

study. The most accurate measurements were height at the wither, length 

from the mid-front of scapula to the plnbones, width of shoulders, depth 

of chest at the middle and circumference of the fore shank* Blunn (1945) 

obtained 14*2 per cent for Mavajos as eraapared to 37*4 per cent for oross-

breds as the per cent of total variations In weight due to difference be-

twem years* 



7 

TerrlU (194$) observed that ewes which were heavier as yearliiigs 

produced more pounds of lambs during their lifetime. A one pound in> 

crease in yearling weight of RambouiUet ewes gave a half pound increase 

in the weaning mi^t of lambs. Ten pounds additional yearling wei^t 

wotild give an esqpected 15 pounds increase of lamb produced over the aver 

age of the flock during the ewe's first three productive years. Ewes 

that had a lasft) the first year^ but did rot 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 lainb the first year averaged 16 

more pounds of lamb the next three years than ewes that were barren the 

first year, l^s with twins the first year, regardless of whether they 

raised them or rot, averaged 19 more pounds the following three years than 

ewes that were barren the first year. 

Botkin et al. (1950^) found that ram lambs were 9 pounds heavier 

than ewe lambs when weaned at 129 days and 15 pounds heavier than ewe 

lambs idien 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. Twiro raised as singles made gains about the same as sin^e lambs. 

These data indicatsd that sex differences increase with age. Two-year-old 

ewee had lower lamb production than mature ewes largely because of less 

twinning. 

DdBaca et (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 fouiui a regression 

of 2.5^0.65 to 5.96^0.76 pounds increase in weaning weight for each 
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pound Increase in birth weight. 

These authors also stated tiiat type of birth had the greatest ef 

fect on laanb growth. They found single laizibs weighed 17 poiinds 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 

birth. Jamison (1946) found that the breed of ewes did not greatly in 

fluence tlM siae 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 tiere 

not significantly different in their n^asureoents as oompared to lambs 

from mature ewes. Terrill (195X) obtained greater 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 varianee in the birth weights of lambs is due to genetic 

differences, 30 to 35 per cent tangible environment 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 laiab gener 

ally starts off with an advantage in growth and vigor over the twin lamb. 

Twin lanabs enter into intrauterine competition for nourishment and room 

to grow. Time of birth, birth weight arid 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 wei^t. 
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Kincald (19A3) foxind an average increase of 0,63 poimds in the 

birth weight of laodse as the age of ewes increased from two to six yean* 

No significant deviation from linearity was found. Lanbs sind by Hamp 

shire rams averaged 1.05 pounds heavier at birth than lao^bs 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 lanbing. There was less dif 

ference between the fint and third lambings with ewes that had laa^d 

flnt as yearlings compared with ewes lambing fint at 10 to 12 months of 

age* Kincaid also stated that 7.S per cent of the variation in lamb 

birth weights was due to bned of sin. 

Nelson and Venketachalam (1949) reported that the birth weights 

of males wen 5 per cent heavier than f«Bales« lasbs from amitun ewes 

wen 10 per cent heavier tban lasdss fnm two-year^ld ewes and single 

lasbs at birth were 22 per cent heavier than twins* At weaning the dif-

fennces wen 6, 5* and 17 per oent, nspectively* Estimates wen 

obtained for each bned and then combined for a weighted average. 

According to Bogait and Hedrick (1955) *8 cited by DeBaca (195®) 

Iamb 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! Gorncted 

weight (120 days)•(Actual weight - birth weight) 120 ♦ birth weight. 
Actual age in days 

Karam et £d. (1949) studied the effects of type of birth (single 

or twin)f sex, year, flock and ain on boc^ weight at 25 weeks of age, 

daily gain from birth to market weight, daily gain on feed, type aiui 

condition using data from 437 lasbs nised in fam flocks. These lambs 
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weire sired by 23 ramSf leased to 13 ocmaeroial laaib produoers during the 

period 19A4-1947. For body wel|^ at 25 weeks and daily gain from birth 

to maiket weighty 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 

ohaxaoteristics studied, it was suggested that adjustment for them should 

be made before eonqparing laabs 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 vicinity of Uiat age, than by the use of estimated average 

weekly gain* He suggested the following formula as the most accurate} 

Z A) I where f•estimated weight 
(X•Aj Z"actual weight 

A age intercept 
X •> actual age 

*20 (constant age) varies for age being used* 

Kean and Henning (1949) found males to be 0,6 pounds heavier at 

birth th^ females and singles 1*4 jjounds heavier than twin lambs* The 

average birth weight of all lados was 6*5 pounds and single lambs gained 

0*15 0'* pound more per day than twins. The average daily gain of all 

lambs slaughtered was 0*53 pouiui* Kales gained 0.Q3 of a pound more 

than the females. This was not a significant difference* They stated 

there tends to be a correlation betweai birth weight and average daily 

gain, Sidwell and Grandstaff (1949) obtained 59.4 pounds as the average 

unadjusted weaning weight at approximately 139 ckiys with a standard 
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deviation of 9*8 poiunds. Year of birth, age of dam, breeding of eire, 

type of birth, type of rearingi s«x and age of lambs at weaning were the 

laportant enviroximental 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-yeaix)lds and ei^t 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 sent of landcs 

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 (19^5) 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 aduition 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 laadss. 

Breed differences were large for all traits concerned. 

Sidwell and Grandstaff (1949) showed that in Navajo lambs psr 

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 + eex of laab ♦ type of birth and rearing ♦ age of dan ♦ age 

of lanb at weaning '*■ random element peculiar to the weight of each lenib. 

Birth weight « general mean ♦ breed ♦ year ♦ sex of lanib ♦ type of birth ♦ 

age of dam random elesumt peculiar to the birth of each laob* The 

relationship between age of ewes and the weight of their lambs was curvi 

linear for the Corriedales^ Kaa^mhires 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 liibreeding on weaning weight 

using data from 478 Columbia, 23B Corziedale 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 

laod>s tr<M mature and two-year-old dams and single and twin lambs were 

lO.S, 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 factoxe. Herit 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 aj,. (1957) found that type of birth constituted the most 

consistent effect on birth weight. Singles were frtxa 1,92 ^ 0,68 to 

2,40 ♦ 0.60 pounds heavier at birth than twins. TIm difference between 



13 

the birth weight of ram and ewe lambe w&e consistent* The trend in eXX, 

cases was for rem lambs to be heavier} however^ significance resulted in 

only one of four analyses* Interactions between type of birth and sex 

were inconsistent and xuiimportant* 

Torell et|d« (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 landCs 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 landss 

were heavier than the ewe lambs in both the crossbred and purebreds, the 

difference in weaning weight being ̂ *5 and 3*0 pounds, respectively* 

Donald and Purser (1955) studied the birth weights of 822 pairs 

of twin laidas with respect to the difference between males and fesiales* 

Data were obtained during five laxabing seasons frcmi various breeds and 

crosses in five floel»* The sex distribution of twin pairs came close 

to the ratio 1 iScT: 2 o9: 1 99* Analyses made vrithin season and within 

major breed categories slK>wed that sex differences were szdaII relative 

to other sources of variation b\xt that there was a significant effect 

of sex of co-twin on birth weight. The following average differences 

were foxmd (the sex of co-twin being indicated in brackets)! male 

(fmnale)- f«nale (male), 0*366 pound} male (male)- female (f^aale), 

0.270 pound} female (fosale)- male (female), 0.128 pound} and male 

(female)- male (male), 0.177 pound* These differences^had an average 

standard error of 0*078 pound* The sex difference of male-female in 

litten of mixed sex was twice as large as obtained from like-sex 
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litters* The data for particular flocks aivi seasons suggests that in 

addition to these average effects, there oay be b<»m 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 (1956) reported the results of a series of ex 

periments carried out at the stud farm, Kara-kum, and they showed that 

ewes producing a high per cent of elite and first class lasbs sb first 

lambing pTOduce a higher per cent of such laid»s at subsequent lambing 

idien 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 nailtipls), type of rearing (single or twin), sex 

(ewe or wether) and year of birth by conventional least square methods* 

The vaz*lou8 observations on each lanb wez^ adjusted to a single, male, 

1953 birth year basis for analysis* In this study no adjustment was mAda 

for differences due to age of dam since it was desirsd 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: 

Adjustment Average daily gain 

1951 to 1953 .139 

1952 to 1953 .CI54 

1953 *000 
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Ad.1\ietment Average dally gain 

1954 to 1953 .066 

1955 to 1954 .039 

Twins to single *075 

Ewes to wether *047 

Estinate of the mean in this study was 0*582 pound. 

Kinoaid and Carter (1953) reported that the differences 

among the performance of landss during the years 1947-1949 were not signif 

icant* Since the xexes 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 po\und faster than twins and 

this difference was significant* This correction factor was used to ad-

Just the data to a single lamb basis* 

Felts (1958), in order to obtain estimates of genetic and jdtenotype 

parameters necessary for the construction of an index for sheep, wozlced out 

constants for age of dam and type of birth effects. Tin* eonstanbe for age 

of dam effects were -15.7* -1*9> 3*6, 4.5« 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 ysar 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 120Hlay laad> weight> male single; female 

single; female twin raised as twin; female twin raised ad a single; male 

twin raised as twin; and male twin raised as a single* 



CHAPTEE III 

FEOCEDURS 

Sottree of Data 

The data used in this study were obtained fxtna the records of 

•he^ flocks maintained by the Plateau Experiment Station, CrossviUe and 

the Kiddle Tennessee Esqperiment Station, Spring Hill. Complete data for 

both stations for all years from 1952 through 195^ were available for 1372 

lasibs. 

Data were available for 545 lasAiS from native, California, North-

Kestem and SouthKestern ewes for the years 1952 through 1957 sad for 

lambs from Suffolk x Raadxmillet ewes and grade RambouiUet ewes for 1958 

at the Plateau Ehq^eriment Station, CrossviUe* Records were available 

for 827 lambs from native (S^), California (82) and Northwestern (S^) 

ewes for the years 1952 through 1957, Northwestern (S^) ewes for the 

years 1953 through 1957# native mixed breeding (S^)# native mixed breed 

ing (3j), and Southwestern (S^) ewes for years 1955 through 1957 and 
Southwestern (Sy) ewes for the year 1957 the Middle Tennessee Experi 

ment Station, Spring Hill. 

The lambs at CrossviUe inclxided in this study were from six 

kinds of ewesi California, Northwestern, Southwestern, native, Suffolk x 

RambouiUet and grade RambouiUet. Ewes of native breeding wezw bred 

first as yearlingsin 1951* There were originally 21 ewes in the North 

western and native groups and 35 s^s in the California group. California 

and Northwestern ewes were bred first as yearlings in 1951* 
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The Northwesteni ewes originated in Montana and were raoetly blaok-

fao# ewes of Hampshire x RambouiUet breeding* The California ewes were 

largely brown or mottled^faced ewes of Hampshire x RambouiUet breeding 

and were obtained from shipment of ewes originating in California* The 

native ewes were primarily black->faoe ewes of Hampshire x native breeding 

and were produced from light, late laiidos raised on the station, grown 

out and bred as yearlings* The Southwestern ewes were grade RambouiUet 

ewes* These and the Suffolk x RambouiUet ewes originated in Texas* The 

native California (Sg)# Korthwestem (S^) and Southwestern (S^) 
ewes which produced the lambs at Spring Hill were similar in breeding to 

the ewes at Crossville* Native (Sj^) ewes were purchased as large, early, 

growthy ewe lambs in 1951* Native (S^j^) 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 ae ewes (HxR) but 

these ewes were bred first as yearlings in the summer of 19^2 and lambed 

in 19^3* 5^ ewes of mixed breeding idiioh were produced on the station md 

landaed first in 1956* Sy ewes were of Suffolk x Randdouillet breeding and 

laaflsed 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 t^e 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 HiU and days 

at Crossville* 
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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 rauns were used in 

each breeding group during the remainder of the years included in this 

study (1954-1958). 

At the Plateau Expezdment Station, Crossville, all sources of ewes 

were allotted for breeding in the suBBser 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 diffictilty 

experienced in the past with "shy breeding" rams in single ram groups* 

The breeding season began about August 1 to 20 and extmided for about 

90 days* 

At the Middle Tennessee Experiment Station all ewes were allotted 

for breeding in the sunaaer of 1954 and stdssequent years into six ram 

breeding groups of approximately 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 Experimmt Station and the Plateau Ezqperlment 

Station were randomly divided within ewe source and breeding groups into 

control and tsased groups of ewes two weeks before the beginning of the 

breeding season* Sterile vasectomised rams wei>e run with the teased 

groups of ewes for two weeks preceding the breeding season. As a result 

averags lasdaing dates were one to two we<idc8 earlier in teased groups of 

ewes than in control groups* 
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Feadinyg and Managaaant 

All •wBs.at the Plateau Experiment Station were ouUed if they 

failed to land) two years in sucoession or two out of three years and for 

various physical defects. Ewes at the Middle Tennessee Expezlmenb 

Station trare handled in a similar manner. The ewes were bred to laajb 

pirimarily in December, January and February. All lambs were docked and 

■ale laBft)S 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 23 days afterwards. They were 

weaned as they reached approximately 30 pounds in weight and maziceted 

directly off their dams. The ewes were dried up by placing them on poor 

permanent pasture, usually consisting of Benaada 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 8uppl«nent pasture when needed and some grain was fed 

from two to four weeks before and after lambing. If the weather permit 

ted, the met were sheared from mid-April to mid-Hay. They were tagged 

approximately two weeks before the landing season began, and before 

breeding, if needed. 

Analysis of Data 

Average daily gain for each lamb was cni^ted from birth to approx 

imately 120 days of age. In most eases 120-day weights fell within the 

period which included the last two weeks in May and the first week in June. 
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The growth rate of laaabe from birth to weaning is essentially linear 

v^ere adverse environmental conditions do not affect grcjwth during the 

later part of the growing season. Conditions are usually nearly optimum 

for maximum growth up to about the first we^ in June at the two loca 

tions included in ̂ is 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-bom lambs. 

The average daily gainsof males and females were calculated for 

the following types of birth and rearizigt (1} male bom as twin with 

co-twin female and reared as a twin, (2) female bom as a twin with co-

twin male snd reared as a twin, (3) male twins bom and reared as twins, 

(4) female tvdns bom and reared as twins,(5) male bom as twin and 

reared as single, (6) fooale bom as twin and reamd as single,(7) male 

bom and reared as single and (8) female bom and mared 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 bom and reared as co-twins where the mmles and 

females were equal in mudoer. The average daily gains for the first two 

dassifications were calculated on a within ewe basis. An average was 

cmputed for each breed type for all years at each location. An overall 

average was then computed by pooling the data frcia 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 sines the number of males and females in these dassifioations 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 vdiere 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 th«i combined for both locations. 

The formula applied to calculate the weighted average was "2' 

"1""2 

idierein n^^ is the number of males and n^ is the nuober of females within 

year and breed type of ewe. Differences between the males and fwiales for 

the various types of birth and rearing were determined from these mreighted 

averages. 

In order to derive correction factors to place all males and 

fmaales for different types of birth and rearing on a comparable basis 

(male bom and reared single) the average dally gain of males bom and 

reared as singles iins divided by the respective average daily gains for 

males and females for different types of birth and rearing. 

Statistical analyses of the applicable data were according to 

techniques described by Snedecor (1956). 



CHAPI2R IV 

RESULTS AM) DISCUSSION 

Am average daily gains of laaba from birth to approximately 120 

days of age were examined in this study according to the following types 

of birth and rearingt (1) male bom as twin with co-twin female^ (2)fe* 

male bora as twin with oo-twin male, (3) male born as twin with co-twin 

male and x^red as such, (4)female born with oo-twin female and reared 

as such,(3) male born as twin with co-twin either male or female but 

raised as single male, (6) female bom as twin with co-twin either male 

or female but raised as single female, (7) male bom as single and reared 

as single and (8) female bora 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 fesaales to adjust the average 

daily gain of lasibs to an equivalent basis (male lasds bom and raised as 

a single)* 

The detailed average daily gains for each breed type atthe two 

locations, Crossville and Spring Hill, for all years are presented in 

A|:^ndix 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 dally gains of male and female oo-twins were .509^ *006 and 

•457 Z. 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) bom and reared as such* 

The average dally gains of male lambs bom and reared as twins (MM) and 

female laodss bom and reared as twins (PF) were ,533 Z, ond *500Z 

*006 po\md, 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 daily gains of male and female lanits bom twin but 

raised single were *574Z •504Z *052 povind, 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 laxobs which 

were bom and raised single. The reasons for this greater difference are 

not apparent from the data. The diffemnoe betwem male and female lambs 

which were born and raised single would be expected to be as great as the 

difference between stales and females of other types of birth and rearing. 

This difference was not due to a faster rate of gain in ease of males 
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born twin and roared single as ec»apared to males t^icfa were bom and 

raised single (*574 *€£16 and *386 .021 pound, respectively)* How 

ever« the average daily gain of tmoAleo bom twin but raised single was 

•504 X *015 pound as compared to *539 Z. pound for feoiale la«A>e 

tdiich were bom and raised single* One possible explanation may be the 

difference in birth weight of male and female lambs bom as twins or 

singes* Phillips and Dawson (1940) have shown a significant relation 

ship between birth weight and subsequent growth rate* They stated! 

Early male laiift}S survive better than late mes* The dif 
ference between the early and late female lambs is in ths sams 
direction but is too small to be significant* Laohs bom early 
in the season are heavier at three months of age than late 
lambs* Male lai&bs that are heavy at birth survive better than 
li^it ones* A higher percentage of heavy females survive also, 
but the difference is not statistically significant. 

Observatim of data included In this study indicate that many of 

the females bom twin and raised as single were late lambsi whereas, 

many o£ the males born twin and reared single were early lambs* Donald 

and Parser (1933) found that the greatest differences in birth weight of 

lambs bora as twins existed between male (female)- female (fmnale)} i.e., 

•270 of a pound* Since birth weight influences subsequent growth and 

avwage daily gain, this may also provide a possible e3q;>lanation for the 

greater difference in daily gain between male and female lambe which are 

bom twin and raised single than between male and female lambe which are 

born and reared as alngles* Average daily gains of male and female 

laobs irrespective of the type of birth and rearing are shown in Table 

17* The average daily gain for males was *542 *004 pound and *491 Z, 

*004 pound for females with a difference of *051Z pound* Kean and 
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Hennlng (1949) obtained daily gains of ,54 and .51 pound for male and 

feeeale Ismbs^ respectively^ but the difference betveen them was not 

significant. In this study the difference between average daily gains 

of males and fesiales of .051^.004 pound was highly significant# The 

estimate of the mean in the study by Kean and Henning (1949) was .53 

as compared to .517 in this study. A total of 13^7 lambs (679 males 

and 6Bd fenales) were available in this study compared to 737 lambs 

males and 364 females) in the study by Kean and Henning (1949)* 

Carter ej^ (1957) found a difference of .047 pound between the 

average daily gains of ewe and wether lambs. Ttie 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 smc 

are jsresented in Table V. The average daily gain fw twins was .500 ♦

.001 pound and the average daily gain fcr singles was .560 ♦ .004 pound. 

The difference was .060 + .0Q3« This is in close agreement with the 

value reported by Carter at al. (1957) for the difference between 

twins and singles of .075 pound. Kean and Henning (1949) obtained aver 

age daily gains of .45 and .60 pounds respectively, for twins and 

singles. Their date incluaod 317 twirj and 443 singles as compared to 

630 twins and 737 sit^les in this study. 

The average daily gains of lambs bom as twins but raised ea 

singles and lanjbs bom and raised as singes are given in Table VX. 

The difference wae only .023 ♦ .012 pound (.5391.011 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^ 

(1956). He stated that weaning weights of lambs bom twin but raised 
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Bingl® wtttw very similar to those of lambs bom and raised as singles. 

However, Sidwell and Grandstaff (1949) reported a deviation of 4,7 

pounds from the mean weaning weight for singles and 1,80 pounds ftor 

twins raised as singes. 

Tlw results of this stutty show that sin^e lambs gvov more rapid** 

ly than lan^s reared as twins and male lambs more rapidly than female 

lambs oven though no genetio differences favoring more rapid growth of 

single and male lambs are known to exist* Therefore, sex and type of 

birth and rearing are considered to be enviroianental in so far as their 

relationship to developmsnt and selection are concerned* The correction 

factors derived from this study to be applied to adjust records to 

a single male lamb basis are presented in Table VII. These factors were 

derived from data presmtad in Table III for males and females for the 

various types of birth and rearing* The average daily gain of *586 

for males bom 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 bom twin with oc'-twin female,(2) females bom twin with co-

twin male,(3) male bom twin and raised with co-twin male, (4) female 

bom and raised with like sex co-twin female,(5) male bora as twin and 

raised as single, (6) female bom as twin and raised as single 

(7) female bom aiui raised as single. The average daily gains of 

and female lambs in the various categories would be multiplied by the 

respective factors to adjust gains to a cocqjarable basis (male bom and 

reared as a single). 

if 
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Correction factors are nBcessazy to place perfonnance records on 

a comparable basis so that einrlroiimental vairianee is eliminated axid 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 bocones more accurate and as a con-

sequmwe animals vdth greater geiwtic uorth are selected for breeding 

and propagation. This %fould bring about greater progress in the iia-

provemast of animals in the traits concerned than selection based upon 

uneorrected or unadjusted data. 

"K. 



CHAPmi? 

SUfC'WRI AM) CONCLUSION 

The data, from 1^372 lambs of different breed types for the years 

1952-1938 at the Plateau E^qjerlment Station, Crcwsville, and Middle 

Tennessee Saqperiiosnt 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) fnaale bom as twin with oo-twin male and raised as such, (3) male 

bom twin with co-twin male and raised as such, (4) female bom twin 

with co-twin fffloale and reared as such, (3) male bom as twin with co-

twin either male or female but reared as single male,(6) female bom as 

twin with co-twin either male or female but raised as single female, 

(7) male bom and raised as single and (8)female bom and raised single. 

Average differences among various types of birth and rearing were deter 

mined, Correction factors to adjust average daily gains of Ico^s to a 

coaparable basis (male bom and reared as a single) were also determined. 

The weighted average daily gains within breed type and location 

for the varlotis types of birth and rearing were *500 ,008, *U57^ ,008, 

•533 ♦ .003, .500 ♦ ,006, .574 ♦ .016, .504 * .015, .586 + ,021, and 

,539 X pound, respectively. 

The weighted differences between the avexege daily gains of stales 

and fmaales within breed type and location according to different types 

of birth and rearing were ,052^ ,008, ,033i.005, #070 j|; ,016 and 
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•(^7^ *013 poundf respectively. Thaee differences vere significant and 

indicate that males grow faster than f«aales even though there are no 

gmietic differences existing between them. 

•me difference between the average daily gains of sale and female 

lambs irrespective of the type of birth and reazdng was .051^ .004 

pound with average daily gains fw males and females of .542 

.491 X .004, respectively. This difference was also significant. 

The difference between average dally gains of twins anl singles 

was .060^ .003 povind with average daily gains for twins and singles of 

•500 ,001 and ,560^ .0(^ pound, respectively. This difference was 

significant and indicates that silkies grow faster than twins 

The average daily gains of lambs bom as twins but raised as 

singles and lasdos bom and raised as singles were .539^.011 and ,023^ 

.004 pound, respectively, with a noiwignificant difference of ,023 _♦ ,012

pound. This indicates that the growth rate of laaibs born twin but raised 

as single is very similar to that of lambs bom and raised as singles. 

The correction factors derived in this study to ad^Just average 

daily gains to a ooi^rable basis (male bom and reared as a single) for 

the following types of birth and rearing were, respectively: (1) male bom 

twin with co^twin fwale, 1.151; (2) fmoale born twin with co«-twin smle, 

1,232;(3) male bom twin and raised with co~twln male, 1.099;(4)female 

born twin and raised with co-twin female, 1.172; (5) male bom as twin 

and raised as slisgle, 1.021;(6)female bom as twin and raised as single, 

1.163; and (7)fanalo bom and raised as single, 1.087. 
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The results obtained in this study indicate the importance and 

laagnitude of environmental effects including type of birth and rearing 

and sex on performance records (average daily gain)* Correction factors 

are neoessary to eliminate envirMmental influenees and to i^aee per-

formanoe records on a eomparBl:l.e basis* Adjustment of perfonaanoe 

records for environmental influenees should increase the aceutaey of 

evaluation and selection and lead to more rapid progzmss in breeding 

programs* 
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TABLE ? 

AVERAGE DAILY O/^YN OF LAJ^BS FROM SUFFOLK X RAIfflOUIUET 
EWES ACCCM)ING TO TYPE OF BIRTH AND REARING FGR 

THE YEAR 195^ AT PLATEAU EXPERIMENT 
STATION, CROSSVILLE 

1251 
Nuidser Average daily sain 

(pound) 
Unlike MX eo-twine 
bom and raised 
Hale 3 .422 

Female 3 .369 

Like sex twins bom 
and raised 

Hale 

Fcuoale 2 .340 

Bom twin but raised 
single 

Male 1 .429 
Female 3 .408 

Bom and raised 
single 
Male 16 .461 
Female X5 .437 

Single minvis 
twins .063 

Male minus 

female .038 
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TAB1£ VI > 

AVERAGE DAILY GAIN OF LAifflS FROM GRADE RA."fflOUILLET 
EWES ACCORDING TO TYPE OF BIRTH AND REAIiING FOR 

THE YEAR 1958 AT PLATEAU EXPERItffiNT 
STATION, CROSSVILLE 

1958 
Huiaber Average dally gain 

(pound) 
Unlike eex oo-twins 
born and raised 
Kale mt. 

Female 
--

Like eex twins bom 
and raised 

Hale «* aib 

Female 

Born twins but raised 
single 
Kale «• 

Fwaale - -

Bom and raised 
single 
Kale 12 •464 
Fffisale 10 .394 

Single minuB 
twins •. 

Male oinxis 
finale .070 
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. k 

TABLE XIV 

AVERAGE DAILT GAIN OF LA^QS FBOK SOUTHWESTQIN (S^) BMES 
ACCORDING TO TYPE OF BIRTH AND REARING FCE THE 

YEAR 1957 AT MIDDLE TENNESSEE EXPERIMENT 
STATION, SPRING HILL 

Unlike sex eo-twina 
bom and raised 

Male 
Female 

Number 

1 

1 

1957 
Average dalljr gain 

(pound) 

.528 

.450 

Like sex twins bom 
and raised 

Male 
Female 

k 
2 

.423 

.521 

Bom twins but raised 

single 
Male 

Female mm 

Bom and raised 

single 
Male 
Female 

9 
8 

.582 

.554 

Single minus 
twins .105 

Male minus 

female -.007 

V ; /) 


