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INTRODUCTION 

A large portion o:f the commercial sheep industry in Oklahoma and 

adjacent areas consists of the production of "spring 11 miJk .. :fed fat lambs. 

!1he success of this tY.Pe of enterprise depends upon the use of ewes that 

will breed out of season \spring) and the availability of a. succulent 

pasture as a source ~f cheap feed. The most desirable type of 1.a.mb is 

one that grows rapidly to market weight and possesses sufficient finish 

to bring a top or near top market price. 

Although. the lambs a.re reared under what might be considered to be 

rather uniform conditions, considerable variation in growth rate of lambs 

always e:ir.ists. Since early lamb growth is str0ngly influenced by milk 

supply and mothering ability, a knowledge o:f some of the relationships 

between ewes and the growth of their lambs would be useful in evaluating 

the pez"f'orma.nce of the ewe. 

In the evaluation of ewes rearing lambs the question arises as to 

whether or not one record on the ewe is suf'ficient ini'ormation to evaluate 

the ewe's per.formanceo A repeatability estimate of lamb growth rate as a 

characteristic of the ewe would give an indication of the reliability of a 

single record as an index of the ewe's ability to rear a lamb. Such a 

repeatability esti.11Jate of the la.mb growth rate as a characteristic of the 

ewe would be an estimate of the variation in lamb growth rate that is due 

to permanent differences among ewes. 

However, much of the observed variation in the growth rate of the 

lamb is the result of' influences which a.re not usua.J..ly- considered. to be 

l 
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permanent differences among ewes. Examples qf such factors are the sex 

of the lamb, lamb birth and rearing type, age of the ewe, year the record 

was made and within season time trends. Consequently it would be desirable 

to adjust the data for these influences before estimating the repe~tability 

of lamb growth rate. 

Although a repeatability estimate of lamb growth rat$ would give an 

estimate of the variability due to permanent differences among ewes it 

would not shed much light on the relationship of the milk production of 

the ewe and the growth of her lamb or the factors influencing the milk 

production of the ewe. A good milk supply is essential for the ea:1:'ly 

development of the lamb until the lamb is able to utilize other sources 

of nutrients. Evidence from the literature indicates that the milk 

production o.f the. ewe and the growth of the lamb are highly correlated .• 

. Thus it may be possible to estimate the milk production of the ewe indi

rectly based on the growth of the lamb. Evidence from the literature also 

indicates that the level of milk production of ewes of the "non-milk" 

breeds is relatively minor after 10 weeks. 

Based on this information it would appear that the 70 day weight of 

· ·t~e, :;~~··would ··be a useful index of the ewe's ability to raise a lamb • 

. Likewise the birth weight of the lamb would be an indication of the 

pr,-natal influence of tne ewe on lamb. growth. Rate of gain after the 

lamb has reached 70 days of age would also give an indication as to 

whether or not the influence of permanent differences among ewes·extends 

beyond the period of their maximum. lactation.when the lamb is no longe,r 

dependent upon its dam's milk supply as its main source of nutrients. 
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The purpose of this , study 'WS.S two:f'old. . · The first was to estimate the 

repeatability of lamb birth weight, 70 day wtaight and rate of gain from 70 

to 140 days as characteristics o:f' the ewe and to see what influence the 

adjustment of the data for influences not generally considered to be 

permanent differences among ewes have en the repeatability estimates cal

culated f'rem the adjusted data. The second pu:rpose 'Was to investigate 

some of the relationships 'between the_ cumu.J.ati ve milk production of the 

ewe and the growth of her progeny at weekly intervals during the first 

10 weeks of her l.actati'on ·and to caleuJ.ate prediction equations to estimate 

the milk production of the ewe based on the growth of her lamb. 



REVIEW OF LITERATURE 

Many factors are known to contribute to the variation in rate of gain 

among lambs. Some of these factors are genetic, others are environmental and 

both contribute in varying degrees to the variation in lamb gain over a par

ticular period. Not all of these factors are independent and in some cases 

may interact with each other in the expression of their association with rate 

of gain. Consequently, when considering the importance of a particular 

source of variation in lamb gain it is necessary to consider what other 

sources of variation are included in the equation since the magnitude of 

association of one factor may be dependent on the other factors present in 

the model. The number of observations in the study is another important 

aspect to consider. The sampling error associated _with small samples is 

notoriously large and sometimes leads to conflicting or inconsistent 

results. 

Many research workers have investigated some of the factors that are 

known to influence lamb growth rate. The literature can be roughly divided 

into two general classes on the basis of whether or not the milk production 

of the ewe was considered. In this review, the literature concerning the 

relationship of the milk production of the ewe with lamb growth will be 

reviewed in a separate section following a general consideration of the 

other factors known to influence or be associated with lamb gain. 

4 
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Factors Influencing or Associated with Lamb Growth Rate 

Bonsma (1939) investigated several sources of variation in lamb growth 

rate using data collected on 16S Merino and Merino crossbred lambs. He 

noted that the crossbred lambs were generally superior to the purebred 

Merino lambs in rate of gain and that the lambs from crossbred ewes gained 

faster than those .from other groups. The male lambs were significantly 

. ( P < • 05) heavier than females at 12 weeks of age, but when considered on an 

equal birth weight basis the difference due to sex disappeared. Birth 

weight had a profound effect upon-subsequent rate of growth. He reported a 

correlation of 0.41 between birth weight and body weight at 12 weeks. He 

also divided the lambs into three groups based on date of birth. These 

groups consisted of lambs born prior to June 15, lambs born between June 15 

and July 15, and lambs born after July 15. There was a tendency for the 

later lambs to be lighter. Although the difference due to birth date was 

not great he felt that date of birth should be considered as a separate 

source of variation associated with gain. The correlation b~tween the body 

weight of the ewe and the lamb birth weight was 0.49. Mature ewes reared 

heavier lambs than maiden ewes .. In general Bonsma1 s statistical analysis 

consisted of looking at each of these sources of variation separately 

rather than considering them all simultaneously. 

Hazel and Terrill (1945a) reported the results of the analysis of data 

concerning some of the environmental factors influencing the weaning weight 

of 2135 Rambouillet lambs reared Ul'lder range conditions and weaned at 

approximately 14-0 days of age. In the analysis the age at weaning and 

degree of inbreeding of the lamb were considered as covariables and account

ed for 5.1 and 6.4 percent of the variation respectively. Ram lambs were 
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8.3 pounds heavier than ewe lambs and this sex difference accounted for 

8.9 percent of the variation in weaning weight .. ·single lambs were 9.2 and 

2.5 pounds heavier than twins reared as twins ~d twins reared as singles 

respectively. Lambs reared by two year old ewes were 6.1 pounds lighter 

than lambs reared by mature ewes. Age or dam and type of birth and rearing 

accounted for 3.1 and 12.2 percent of the variation in weaning weight. 

Although the data were collected over a two year period there was no statis

tieall.T significant difference between years. In all a total of 49.5 percent 

of the variation in the weaning weight of these lambs was accounted for by 

the factors studied. 

In a subsequent study Hazel and Terrill (1946c) reported the results of 

the analysis of data collected. on these ewe lambs as yearlings. The effects 

of the .factors considered in the previous paper were still in the same 

direction as at weaning but were considerably smaller although statistically 

significant (P< .01). However there was a considerable reduction in growth 

rate during the post-weaning period. Tb.e influence of year which was unim

portant in the weanling traits was a highly significant source of variation 

(P< .01) on the weight or these ewes as yearlings. A total or 28 percent 

of the variation in yearling weight was accounted for by differences in the 

degree of inbreeding, birth and rearing type, age of dam and the year the 

record was ma.de. 

In another study Hazel and Terrill (1946a) investigated some of the 

°'factors influencing the weaning weight of 478 Columbia, 238 Oorriedale., and 

366 Targhee lambs. The data were analyzed on a within year basis. The 

male lambs were significantly (P < .01) heavier than the .females. Lambs 

reared as singles were heavier than lambs reared as·twins and lambs born as 

twins and reared as singles. Age or dam effects were alse highly significant 



(P < .01) sources of variation in weaning weight. The regressions of 

weaning weight on weaning age and degree of inbreeding were highly signif

icant (P <t .01). A total of 33 percent of the variation in weaning we:i,ght 

was accounted for by the variation in the factors studied. 

7 

Terrill et al. (1947) re])orted the resw.ts of the analysis of data 

collected on 4o6 Columbia and 290 Targhee yearling ewes. In this st'l!J.dy the 

degree of inbreeding, type of birth and rea:rag, age of da.m., and the year 

the record was made were considered as sources of variation in the yearl:tn.g 

weight of these ewes. In general the diff erenees between the various 

classes were less than the differences tb,at had existed at weaning age, 

However some inconsistent results were n<:>ted within breeds in ·regard to t'.he 

influence of type of birth and rearing. The Te.rghee ewes showed a greater 

difference as yearlings than as weanling ewes . .Another factor which had a 

significant (P < . 01) influence on the yearling weight of these ewes was 

age at shearing. In all a total of 48 perce:n.t of the variation in yearling 

weight was accounted for by these factors. 

Si.dwell. and Grandstaff (1949) analyzed the weaning weights. of ;506 

lambs representing the lifetime production of 414 Navajo ewes. These data 
( 

were collected over a. ten year period. A highly significant (P < .01) 

difference in the weaning weights of la.m.bs born in different years was 
- - . . ' 

noted. Age of dam, which ranged from two to eleven years was also a. hi~ 

sign.ifieant (P < .01) source of va.:t"iation in these weaning weights. They 

noted that the greatest difference in age of da.m. · effect was between the two 

and three y-earold ewes, with peak performance in the four to seven ;rear old 

age groups followed by a decline in production of the eight to eleven year 
I 

age group. :Breed of sire, sex of la.m.b, and t;ype of birth and rearing were 
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also important sources of variation in this study. Spenoer et al. (1942) 

compared the performance of ewes bred first as lambs with ewes bred first 

as yearlings. They reported that the lambs reared by the younger ewes were 

lighter at weaning the first year. However, the ewes bred first as lambs 

outproduced the ewes bred first as yearlings on a lifetime production 

basis. 

Blackwell and Henderson (1955) studied the variation in the birth 

weight and weaning weight of sheep under far.ni nock conditions,. Four 

.breeds, Corriedale, Dorset, Hampshire and Shropshire were represented in 

this study. The data extended over a 28 year period and consisted of 2158 

birth weight· records and 1295 weaning weight records. Differenees due to 

years, which appeared to fluctuate randomly about a general mean, were a 

. highly significant (P < .Ol) source of variation in thes.e traits. other 

significant effects which were reported were sex, type of birth and rearing 

and the breed of the lamb. The influence of age o.f dam on the birth and 

weaning weight of the lambs was curviliriea.J'.' with the five year old ewes 

producing the heaviest lambs. 

de Baca~!!• (1956) reported the results of a study of the factors 

effecting the weaning weight of 280 lambs. Birth weight was found.to be 

the most important source of variation in weaning weight. Single lambs were 

17 pounds heavier than twin lambs but when adjusted for birth weight this 

difference disappeared. The interaction betwe.en the sex of the lamb and 

type of _rearing was non-significant. However, a significant (P < .01) breed 

of sire by breed of ewe interaction was noted irl some cases. Bogart~ al. 

(1957) analyzed the birth weights of the same lambs used· i~ the previous 

study by de Baca and co-workers. Birth"type was the niost important source 
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or variation in birth weight. The males were~consistently heavier than the 

females but this difference was not statistically significant. 

Sidwell (1956) considered some of the aspects of twin versus single 

lambs of Navajo and Navajo crossbred ewes based on 4537 lambs. He found 

that years had a highly significant ( P < • 01) influence on total pounds of 

lamb weaned per ewe. He also noted a highly significant (P < .01) rearing 

by year interaction in these data. However this interaction was not signif

icant when the data were analyzed on a weaning weight per lamb basis. 

Hunter (1956) investigated some of the aspects of maternal influence on 

the size of sheep. He made reciprocal crosses using two breeds (Border 

Leicester and Welsh Mountain) which differed greatly in mature body size. 

From the transplantation or ova of these ewes he concluded that the maternal 

influence on the size of the young at.birth was greater in the larger breed. 

In the analyses of lamb body weight at two and three months of age he 

reported a significant (P < .01) interaction between the breed of ewe and 

the number of lambs reared. In general, differences in weight due to type 

of rearing increased up to about four months of age then decreased as the 

lambs grew older. He stated, 11By eight months o,f age the genotype or the 

lamb was the most important factor affecting sizeo" However he did note 

some "carry over" e.ffect due to the maternal influences of the dam. 

Harrington.!!:. .!1.• (1958) estimated the relationships between breed of 

dam, birth type, sex, rearing type., and birth weight and the body' weight 

at 45, 60, 75, 90, 105, 120 and 135 days of age on 300 crossbred lambs. 

Birth weight was the most important source of variation in body weight,at 

all ages. Lambs reared as singles were heavier than lambs reared as twins 

although the difference was not always statistically significant. .The 
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difference between males and females tended to increase as the lamb grew 

older but this was not always significant. ~hese sources of variation 

accounted for from 59 te 29 percent of' the variation in body weight at 

dif:f'erent ages. The percent o:f' va.riatio~ accounted for in lamb body 

weight by these factors declined steadily as the lambs grew older. 

Cameron and Hamilton (1961) studied the rate of gain of 144 Shropshire 

lambs from birth to 140 and 140 days of age. The lambs were weaned at 

average ages of 10, 15, and 20 weeks.. These workers reported that the 

males gained faster than the females and singles gained faster than twins. 

The pooled interaction of' these effects was non-significant. 

::Brothers and Whiteman (1961) reported the results of a. stu.q involving 

the effect of weaning on 121 crossbred lambs. .An age of dam by sex of lamb 

interaction was reported which indicated that the male and female lambs of 

the yearling ewes gained at about the same rate whereas the male lambs 

gained faster than the female lambs in the older ewe groups. 

Shelton a.nd Campbell {1962) analyzed, on a within year basis, the 

weaning weight data collected on 3414 Rambouillet lambs over a 25 year 

period. Male lambs grera 7.2 pereent faster than female lambs and single 

lambs grew 4.6 percent faster than twin lambs reared as singles, and 10 

percent faster than twin laJlibs reared as twins .. Age of dam effeet appeared 

to be curvilinear with the ewes in the three to seven year,s of age group 

weaning the heaviest lambs. They noted a di~crepaney b~tween the. actual. 

observed dif:f'erences due to age of dam and adjustment factor for age of dam 

calculated by lea.st squares methods. They specula.ted that this diserepa.ncy 

was due to an age of da.m by type of rearing interaction. The regression of 

weaning weight on age was 0.06. They attributed this low value to a. time 
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trend in the data in that as the years advanced the lambs were younger and 

heavier at weaningo Individual yearly regression coefficients of weight on 

age ranged from Oo02 to Oo 52. 

Several workers have investigated some of the genetic aspects of rate 

of gain and body weight of lambs a.t different ages. Chapman and Lush (1932) 

estimated that the genetic variance of birth weight was a.bout 30 percent in 

a flock of high grade Hampshires. Hazel and Terrill (1945b) calculated two 

estimates of the heritability of weaning weight in Rambouillet lambs. A 

heritability estimate of 0.269 ! 0.045 by the paternal ha.lf-sib method 

based on 2183 lambs and an estimate of 0.339 + 0.077 based on 892 daughter

dam pairs were reported. Hazel and Terrill (1946b) also reported a weighted 

heritability estimate of 0.17 ! 0.05 for weaning weight of ,Columbia., Corrie

dale and Targhee lambs computed by half-sib correlation and daughter-dam 

regression methods. 

Nelson and Venkatchalam (1949) analyzed the data collected on a college 

sheep flock. They reported heritability estimates of 0.72 and 0.29 for 

birth weight and weaning weight respectively by the method of intra-sire 

regression of offspring on parent. The corresponding estimates by paternal 

half-sib analyses were 0.15 ! 0.17 and 0.42 ! 0.21 for birth weight and 

weaning weight respectively. Karam et al. (1953) reported a heritability 

estimate of body weight at 155 days of 0.34 based on 27 sire groups and 593 

lambs. Yao ~ alo (1953) used three methods of estimating the heritability 

of birth weight in Karakul sheep based on 728 lambs and 207 dams and 22 

sireso They reported a heritability of birth weight of 0.18 by the paternal 

half-sib correlation method, 0 • .35 by the method of intra-sire regression and 

0.25 by the mid-parent regression techniques. 
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Ragab ~ !!• (1953) calculated heritabilities of 0.34 for birth we~ght, 

0.10 for weaning weight and 0.29 for market weight based on 218, 202 and 

165 daughter-dam pairs for birth weight, weaning weight and market weight 

respectively using data collected on Ossimi sheep in Egypt. Blackwell and 

Henderson (1955) ane.1.yzed the farm flock data collected from 1932 to 1950 

at Cornell and reported a heritability of 0.33 for birth weight based on 

the intra-sire regression of offspring on dam. They also reported a 

heritability of 0.07 for weaning weight based on the total weight of the 

first lamb ( or lambs) weaned by the ewe and O .18 for weaning weight when 

based on intra-sire regression of offspring on dam. They also estimated 

the repeatability of the total weight of lambs at birth and total weight 

of lambs weaned as 0.20 and 0.07 as a characteristic of the ewe. These 

data were adjllSted for sex, age of dam, type of birth and rearing and 

breed of dam prior to estimating these genetic parameters. 

Sidwell and Grandstaff (1949) used a similar method of analysis and 

obtained a repeatability estimate of 0.22 for the weaning w~i~t of ~~s 

of Navajo ewes. Cassard and Weir (1956) reported heritability esti~te~ 

of 0.09 for birth weight and 0.41 for 120 day weight in SUffolk sheep by the 
.. - . 

method of offspring dam regression. Hundley and Carter (1956) calculated 

the heritability of rate of gain from birth to weaning based on 943 crossbred 

lambs. The heritability estimates for daily gain was 0.37 for the Hampshire 

sired lambs and o.04 for the Southdown sired lambs. MacNaughton (1957) 

a.nalyzed the data collected on 5000 Rambouillet and Canadian Corriedale 

sheep. He reported intra-year, intra-sire regression heritability estimates 

for birth weight of 0.33 and o.45 in the Rambouillet and Corriedale flocks 

respectively. The heritability of weaning weight was 0.27 in the Rambouillet 
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group and 0.36 in the Corriedale Group. He also calculated repeatability 

estimates of birth weight of 0.27 and 0.36 in the Bambouillet and Corriedale 
" . 

flocks respectively. The corresponding repeatability estimates for weaning 

weight were 0.25 in the Rambouillet and 0.30 for the Corriedales. 

Vesely and Slen (1961) collected data over a 12 year period on Bomnelet 

ewe J.ambs and reported a heritability estimate of weaning weight at approxi

mately 140 days of 0.28 based on 694 dau.ghter-daJll pairs. Harrington 

~ al. (:J.962) reported the results of analyzing the data on 671 crossbred 

J.ambs. Using the half-sib correlation method they calculated the herit

ability estimates of 0.11, 0.38 and 0.35 for rate of gain from birth to 

50 pounds, 50 to 90 pounds and birth to 90 pounds respectively. Shelton 

and Oa.nq>bell (1962) compared several estimates of the heritability of 

weaning weight of 3440 range Ra.mbouillet lambs when the data were adjusted 

for different combinations of known sources of variation. By the half-sib 

correlation method they estimated the heritability of weaning weight to be 

0.32 on the unadjusted data. Adjustment of the data gave only slight improve-

ment on this estimate. When the intra-sire regression method was used the 

resulting heritability of weaning weight was 0.14. They considered this 

latter estimate to be more indicative of the true genetic situation. 

An estimate of the heritability of date of lambing of 0.30 was published 

in the 66th annual report of the Kentucky Agricultural Experiment station 

(1953). The corresponding repeatability estimate based on 166 ewes was 

o.43. The data for this study were collected on Southdown and HamJ;>shire 

ewes. 
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Ewe Mille Production and Lamb Gain 

The estimation of the :milk production of ewes p,f the. "non-milk 11 breeds 

is a laborious task •. Fuller and Klienheinz (1904) observed that the milk 

yield of the ewe was more than twice as great when estimated by weighing 

the lamb before and arter nursing as compared to hand milking. The method 

of estimating millc production by weighing the lamb before and after nursing 

has been used extensively by other research workers. In general these 

workers have estimated the milk production of the ewe for a 24 hour period 

at weekly intervals during the lactation period. These estimates were then 

used to calculate the cumulative millc production of the ewe during her 

lactation which were then correlated with lamb gain. Recently Mccance 

(1959) has shown that by the injection of PPE (posterier pituitary extract) 

it is possible to millc the ewe completely dry by hand milking. The injec

tion of PPE did not appear to have any- harmful effect on the ewes' subse,., 

quent production. However he did not correlate this method of estimating 

milk production with lamb gain. Some workers have critized the method of 

estimating milk production by weighing the lamb before and a.rter nursing 

because it is also a function of the capacity and appetite of the lamb 

rather than a true measure of the ewe11 s milk production. 

Ritzman (1917) reported the results of feeding whole milk and skim 

millc on lamb growth. He concluded that the chief advantage of whole milk 

was its capacity to promote fattening simultaneously with growth. ~e also 

noted that the quantity of milk produced by the ewe had a great effect on 

the rate of gain or her lamb. Neidig and Iddings (1919) likewise concluded 

that the greatest factor influencing the rate of growth of the lamb· is the 

amount of milk it receives. 
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Bonsma (1939) correlated the milk yields of 70 Merino ewes with the 

gain of their lambs during the corresponding period, He reported correla

tions of 0.882 during the first two weeks of lactation, 0.784 for the 

second through fifth week, 0.516 for the fifth to eighth week, 0.397 for 

the eighth through eleventh week and 0.812 for the entire 11 week lactation 

period between lamb gain and milk production. He also noted a correlation 

of 0.317 between birth weight of the lamb and the milk production of the 

ewe. There was also a highly significant (P < .01) correlation of 0.512 

between the body weight of the ewe and the a.mount of milk produced. Using 

the first lactation ( two year old ewes) as a base of 100 he found the 

comparative increases in the 2nd, 3rd and 4th lactation to be 120, 125 

and 136 respectively, 

Other workers have also correlated lamb gain and milk production over 

varying periods of time. Shrewsbury et al. (1943) reported a correlation --
of 0.89 between lamb gain and cumulative milk production to eight weeks of 

age based on 130 ewes rearing single lambs. Whiting~ al& (1952) used 

data collected on 40 mature range ewes to calculate a correlation of 0.63 

between the weight of the lamb at seven weeks and the average daily milk 

production of the ewe over the same period. The correlation between weaning 

weight of the lamb at five months and the average daily milk of the ewe to 

seven weeks was 0.65. They stated that the correlation between the average 

daily milk production of the ewe to seven weeks and the gain of the lamb 

from seven weeks to weaning was not significant. 

Guyer and Dyer (1954) collected data on 151 Ha.nwshire lambs over a two 

year period. They reported correlations of o. 71 and o.86 between total milk 

production to nine weeks and lamb birth weight and lamb gain respectively. 
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A correlation of 0.65 between lamb gain and birth weight was also reported 

but when milk production was held constant the correlation dropped to 0.11. 

These workers found no significant correlation between ewe body weight taken 

in early pregnancy with subsequent milk production. Female lambs consumed 

more milk than male lambs but in general did not gain as fast thus indicating 

that the females made less efficient use of the milk consumed. However 

these lambs did receive supplemental feed during the lactation study; hence 

the difference in the relative efficiency of the male and female lambs may 

have been due to differences in the a.mount of sttpplemental feed consumed. 

Burris and Baugus (1944) reported correlations ranging from 0.80 to 0.90 

between lamb gain and the milk production of 18 H~shire ewes rearing single 

lambs. They also reported correlations of o. 74,· .0.50 and o.47 between milk 

production and ewe body weight, lamb birth weight and udder size at lambing 

respectively. The average daily gain of the lamb was correlated with ewe 

weight (0.67), lamb birth weight (0.61) and udder width (0.54). Munro 

(1955) found a correlation of 0.54 between total milk production at six 

weeks and the body weight of the ewe based on data collected on 40 Scottish 

:Blackface ewes. 

Wallace (1948) accounted for 96 percent of the variation in 112 day 

weight of 23 lambs by the differences in the amount of milk and supplemental 

feed consumed by the lamb. He also reported correlations of 0.92, 0.83, 

O. 71 between milk production and lamb gain over periods from birth to four, 

eight, twelve and sixteen weeks respectively. He suggested that it might 

be possible to use the gain of the lamb at some early age as an estimate of 

the milking ability of the ewe. 
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Wallace also stated that the level of nutrition of the ewe during the 

last six weeks of pregnancy has a profound effect upon subsequent milk 

production. Thomson and Thomson (1953) also reported that the level of 

nutrition of the ewe during pregnancy has a great effect upon her milk 

production. Lambs transferred at birth from ewes on a low plane of nutri

tion were able to take advantage of the increased milk production of these 

high plane ewes. Lambs from high plane ewes transferred to low plane ewes 

did very poorly and suffered a high rate of mortality. In this study twin 

lambs were lighter at weaning than single lambs in all groups except the 

lambs of ewes which were on a low plane of nutrition during pregnancy and 

lactation in which case the average weight of the twins and the singles was 

the same at weaning. This would tend to indicate that in order to get an 

expression of the rearing effect it is necessary to have an adequate milk 

supply. Guyer and Dyer (1954) reported that ewes fed on a high plane of 

nutrition produced more milk than the low plane ewes. Whiting!!!. al. (1952) 

noted that the milk production of the ewe was influenced by the level of 

protein intake during pregnancy- and lactation. Mccance and Alexander (1959) 

reported that the onset of lactation may be delayed up to 12 hours after 

parturition when the ewes were poorly fed during pregnancy. The well-fed 

ewes in their study had ample milk at parturition or a few hours earlier. 

Barnicoat ~ al. (1949, 1956) conducted an extensive investigation of 

the milk production of ewes in New Zealand. Lactation records on 200 Romney 

ewes were collected over a five year period. They reported that the level 

of milk production of the ewe was greatly influenced by her general health 

and level of nutrition. Six year old ewes produced 16 percent more milk 

than two year old ewes. Ewes re~ring twins produced about 33 percent more 



18 

milk than ewes rearing single lambso Within a lambing season there was 

considerable effect due to the date of lambing on the ewes' milk produc

tion. They noted that ewes lambing early in the season and those lambing 

late in the season produced less milk than those lambing during the middle 

of the season. They attributed this to differences in the quantity and 

quality of the forage available during lactationo Correlations between 

milk production and lamb gain were the highest during the fourth to sixth 

week period (Oo68 to 0.98). The authors concluded that the results of one 

lactation is sufficient indication of a ewe's lifetime productiono Indirect 

estimates of milk production based on lamb gain were in close agreement with 

actual yieldso 

Hunter (1956) studied the maternal influence on the size of sheep. He 

reported that the amount of milk consumed by the lamb during the first half 

of the lactation had a great effect upon lamb gain but had considerable less 

effect on gain during the second ha.lf of the lactation. The total milk 

production of the ewe was affected by the date of lambing with the milk 

production of late lambing ewes being less than those lambing earlier in the 

season. 

Owen (1957) collected data over a three year period on 181 Hill sheep 

rearing single lambs. Correlations between lamb gain and milk production 

ranging from 0.78 to 0.87 based on gain from birth to two weeks and 0.68 

to 0.73 on gain from. birth to 10 weeks. Correlations between lamb birth 

weight and total milk production to 10 weeks were about Oo40 on a within 

age of dam basis and about 0.27 on an across age of dam basis. The. correla

tion between ewe weight and milk production to 10 weeks averaged about Oo67o 

He also noted a correlation of Oo70 and Oo87 between total milk production 
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to 10 weeks and total production from birth to two weeks and birth to four 

weeks respectively. He calculated a ratio of about five to one between the 

milk production of the ewe and the gain of her lamb. He then used this 

ratio to estimate the milk production of the ewe indirectly based on the 

gain of her lamb. He stated that the following criterion for estimating 

milk production must be :f'ulfilled: (1) the lamb must be weighed when gain 

and milk production are highly correlated, (2) the lamb should be weighed 

during an age period when growth is nearly linear, (3) the age of the lamb 

and its birth weight must be known and (4) the variation in date of lamb

ing should not be too great in order to avoid within season time trends. 

Alexander and Davies (1959) studied the relationship of the milk pro~ 

duction of the ewe to the number of lambs born and reared. The results 

showed that the milk yield of the ewe was greatly influenced by the number 

of lambs suckled but not by the number of lambs borno Ewes rearing single 

lambs which were born as twins produced about the same amount of milk as 

ewes rearing single lambs born as singles. 

Owing to the difficulty of estimating milk production in the ewe very 

few estimates of the heritability and repeatability of this trait have been 

calculated. Barnicoat et!!.• (1956) reported a repeatability of 0.388 based 

on four consecutive lactations of 19 ewes. Owen (1957) reported a repeat

ability of 0.422 ! 0.052 based on 278 daughter-dam pairs in which one record 

was estimated indirectly based on lamb gain. He also reported a heritability 

of 0.50 for milk production based on 147 daughter-dam pairs. Two estimates 

of the heritability and repeatability have been made on Italian Sheepo 

Bettini (1952) in a study involving 796 lactations reported a repeatability 

of 0.44 based on two successive lactations. He also reported a heritability 
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of 0.61 for length of lactation and a heritability of Oo34 for milk 

production on a lifetime average basis. Mason and Dassat (1954) analyzed 

the data from 442 lactations of 150 Langhe ewes and reported a repeat

ability of 0.69 for uncorrected successive lactations. When these data 

were adjusted. for years, age of dam, date of lamping and the number of 

lambs born, the repeatability was 0.43. 



This study was COlllposed of two parts. Part I was concerned 'With 

the estimation of the repeatability of birth weigb:t:;, 70 day weight and 

rate of gain from 70 days to lli.O days as chaI"acteristies of the indiVidua.l 

ewes' production.. Several repeatability estimates Vere made after the 

effects of various combinations of kn.mm. sources of variation in these 

traits were removed by statistical means. Pa.rt n va.s concerned with 

the estimation of the inilk. production of the e1re and its relationship with 

lamb weights or gains. Estimates of lnilk production were made on each ewe 

at weekly intervals from one to ten vteeks .. 

Pa.rt I: Repea.tabili ty Estimates 

The data. used in this pertion of the study were obtained from the 

experimental sheep flock (:ProJeet s-908) at the Fort Reno Livestock Research 

Station. The lambs were born between October 15 and December l during the 

yea.rs 1955 through 1960. 

The dams of the lambs were grade Rambouillet and Ra.mbouillet x Pana.ma

Ra.mbouillet ewes which were pu.rc'.b.a.sed as ;yearlings during April and May 1955 

in the Del Rio, Texas area. All. the lambs were sired by purebred Dorset rams 

which were purchased from private breeders in Oklahoma.. ~e ewes were first 

bred as yearlings in late May, June and early July 1955• subsequent niatings 

of these ewes·commeneed in late May each year and lasted for Sl)Prox:tmately 

lt.o days. 

21 
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The flock was managed according to the usual practices of the commercial 

sheep producers of Oklahomao The ewes were fed grain at the rate of about a 

pound a day for one and one=half to two and one-half months after lambingo 

During the winter months the ewes were grazed on wheat pasture and received 

supplemental alfalfa hay during inclement weather. After lambing the ewes 

were divided into two groups-one group made up of ewes that were not rearing 

lambs and another group made of ewes rearing lambs. The latter group was 

moved to a wheat pasture area when the lambs were about 10 days of age. 

Starting with the 1956-57 lamb crop the ewes rearing twins were separated 

from the ewes rearing singles in the wheat pasture area by a partition 

fence and were feed grain about one month longer. All other management of 

the ewes rearing lambs was similar. The lambs were self-fed a creep feed 

mixture consisting of two parts cracked milo grain and one part chopped 

alfalfa hay of good quality. 

Birth date, birth weight, sex, and type of birth and rearing were 

recorded for each lamb within a few hours "after the lamb was born. Each 

lamb was identified by a number which was usually the same as its dam's 

number. Commencing in the 1956-57 lambing season each lamb was identified 

by a number which was the same as that of its damo Twin lambs both received 

the same number as their dam; however, one of the pair 1 s number was preceded 

by a bar (-)o The number was stamped on a metal ear tag and also paint 

branded on the back of the lamb. All lambs were docked during the first 

week after birth. The ram lambs were castrated between one and four weeks 

of age. 

The lambs were weighed to the nearest one-half pound at birth in the 

1955-56 season and to the nearest one-tenth of a pound in subsequent seasons. 
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The lambs were weighed again in late November or early December when the 

older lambs in the flock were approximately 40 to 45 d.a.ys of age. Subse

quently the lambs were weighed a.t approximately two week intervals until 

they reached a market weight of about 90 pounds. 

The distribution of the lambs used in this study according to sex., type 

of rearing and year are presented in Table l. 

T.Al3LE l. 

NUMBER OF LAMBS IN TD ~ilILIT? STUDY 

ASSEMBLED ACOOlIDING TO SEX, BIR'J!I AND BEARING T?PE., Am> 'XEAR· 

Sex 
Rearing a 
Type 

1955 

ss 21 

Male TS 6 
TT 11 

ss 19 
Female TS 3 

TT 8 

TotaJ. 68 

ass= single reared as single 
TS= twin reared as single 
TT= twin reared as twin 

1956 

44 
4 

36 

48 
2 

35 

J.69 

Year 

1957 1958 1959 1960 

48 47 36 13 
3 4 6 l 

24 35 69 19 

31 50 39 21 
l 4 4 2 

21 51 47 16 

J.28 J.91 201 72 

Total 

209 
24 

194 

208 
16 

178 

829 

The weights of the lambs were adjusted to a constant age of 70 days by 

the linear inte:i::pola.tion method as described ty Tey-lor and Hazel (1955). 

The caJ.cula.tion of rate of gain from 70 days to 140 days was done by adjust

ing the lamb weightto a constant age of 140 days, subt;racting the adjusted 

70 day weight and dividing by 70. In some cases the la.m.bs had reached market 



weight ( approximately- 90 pounds) prior to 140 days of age. In such eases 

rate of gain was calculated by subtracting the 70 day- weight from 90 pounds 

and dividing by- number of days between the lamb's age at 90 pounds and 70 

days of age. 

The least squares method of obtaining constants was used to contend ~th 

the multiple classification and unequal subclass numbers as outlined by 

.Anderson and ::Bancroft (1952). Each·observation of a 70 day- weight or rate 

of gain from 70 da.y-s to 140 days was considered to be the sum of the influ-

ences or effects of the other variables as represented by the following model. 

where 

~ijkl = :M + Si + Rj + Tk + (SR)ij + (ST)ik + (RT) jk 

+ Dlxl + D2Jei + w1x2 + w2~ + eijkl 

Yijkl = the 70 day-weight or rate of gain from 70 to 140 days 
I 

of the lamb 

M = a. constant for ~ lambs; the mean 

th ( ) 8. = a constant for the i sex wether or ewe lamb 
1 

Rj = a constant for the jth type of birth and rearing (si~gle 

reared as single, twin reared as a single, and twin reared 

a.s a. twin) 

th Tk = a eon,tant for the k year 

(SR)ij 
th . th 

= a constant for the ij interaction between the i sex 

and j th birth and rearing type 

(ST)1k = a constant for the ikth interaction bet~een the 1th sex 

th 
and the k year. 
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( ) th ' th RT jk = a constant for the jk interaction between the j birth 

and rearing tY,Pe and the k th year 

D1 = a constant for the linear effect of the lamb's birth 

date x1, a covar1a;1e 
: 

D2 = a constant for the quadratic effect of the lamb's birth. 

, date squared, ~, a .covar:table 

w1 = a. .constant for the linear effect of the lamb's birth 

weight x2, a. covariable 

w2 = a constant for the quadratic effect of the lamb:s birth 

weight squared X:, a covaria.ble 

eijkl = error or failure of the above constants to estimate the 

70 day weight or the rate of gain from 70 to 140 days of 

the lamb. 

The same model was used for the estimation of the influences of these 

sources of variation on birth weight except that the constants w1 an.d w2 

were net included6 

Since the normal equations obtained by least squres methods were not 

independent, the restrictions were made that the 

'l'hus the constants obtained for each classification were expressed as. 

deviations from a zero mean for each class. 

Previous work by Harrington~~ (1958), Brothers (1961), and 

Harrington !t !!• (1962) had indicated that the effect of breed of dam tor 

these ewes was negligible,; consequently, it was not included in the model. · 
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The constants derived by the solution of these equations were used to 

calculate the individua.1 lamb deviation from a zero mean in the following 

manner: 

These eijkl values were considered to be normally and independently dis
~ 

tributed with mean zero and variance a;. Each eijkl value was then 

considered to be ma.de up of two components, a component due to the differ-

enees among dams and a component due to the differences among the lamb 

progeny of the same dam. That is, let 

then 

where 

e = E ijkl . mp 

E =M+D +d mp m mp 

. th . th 
E = the adjusted value of p lamb of them ewe 

mp 

M = the mean with an expected value of zero 

D = the effect of the mth ewe m , 

d = error or failure o:f the lam'b·s :from the same ewe to 
mp . 

respond the same. 

This model is a simple single classification with unequal su'be:lass 

numbers and was analyzed as outlined by ~nedecor (1956). The expected mean 

squares and degrees of freedom are presented in Table 2. 



TABLE 2. 
DEGREES OF FREEDOM AND EXPECTED 

MEAN SQUARES FOR THE, REPEATABILITY ESTIMATES 

Source of 
Variation 

Among Ewes 

Lambs within Ewes 

Degrees of 
Freedom 

175 

(477)a - Rb 

Expected 
Mean Square 

ain the case of twin lambs one lamb from each pair was 
randomly discarded which resulted in 477 degrees of 
freedom. 

'bwhere R is the number of degrees of freedom lost by 
fitting the regression equation. 

In the case of a dam having twin lambs, one of the adjusted lamb 
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records was discarded at random·in order that the data could be kept on a 

half-sib basis. The estimates of repeatability of the traits were calculated 

as follows: 
02 

Repeatability• 2 D 2 
OD + ad 

which is a special case of the intraclass correlation. This method of 

adjusting the data and then calculating the repeatability estimates assumes 

that the ewe effect is not correlated with or does not interact with any of 

the sources or variation which were used to adjust the data. 

Several repeatability estimates of 70 day weight and rate of gain from 
, 

70 to 140 days were calculated. These various repeatability estimates were 

obtained by deleting one or more or the covariables and/or interaction 

effects from the original model which has·been described. The various 

equations used to adjust the data. were Js follows: 



Equation Sources of Variation I:nclwied in the Data Adjustment 

l Sex Rear I ear SxB SxY Rx:Y BD 
2 

BD , HI -2 
2 Sex Rear Year SxR SxY RxY BD ml 
3 Sex Rear Year SxR SxY RxY BW Fl 
4 Sex Rear ·year SxR SxY Rx:Y 

5 Sex Rear Year lID 
a 

BD BW "HI-
6 Sex Rear Ye~r m> 'IID2 

7 Sex Rear Year BW ~ 
8 Sex Rear Year 

9 Raw Data Unadjusted 

Equation 1 was the general model which has been describedo In eases of 

equations 2, 4, 6, 8 and 9 estimates of the repeatability of birth ~eight 

were also calculated. 

Part II: Milk Production 

The milk production data in this portion of the study were collected 

over a two year period on Dorset X Western crossbred ewes which are pa.rt of 

the eXl)erimental sheep flock {S-908) at the Fort Reno Livestock Research 

Station. These ewes were saved as replacements from the 1956, 1957, 1958 

ax.id 1959 lamb crops. They were sired by purebred Dorset re.ms and their. ~ams 

were the grade Rambouillet end RPR ewes described in part I of this stu.dy. 
' - .. 

These one-half Dorset ewes were chosen for the milk production study prima

rily because they represented fov age groups which were genetically: simila1: .. 

'!'he lambs from these ewes were sired by purebred Dorset, Ha:mpshire, Suffolk, 

and Rambou.illet rams. A swmnary of the number of ewes in this milk produc

tion study according to year, age of ewe and type of rearing of their lambs 

{single ~r twin) is presented.in Table 3. 
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TABLE 3. 
SUMMARY OF THE NUMBER OF EWES ·z li THE MILK PRODUCTION STUDY 

ASSEMBLED ACCORDING TO YEAR, AGE OF EWE AND REARING TIPE OF THE LAMBS 

Lamb Rearing 
Type 

Singles 

Twins 

Age of 
Ewe 

1 

2 

3 

4 

5 

1 

2 

3 
4 

5 

Year 
1960-61 1961-62 

11 0 

10 16 

10 13 

10 8 

0 9 

0 0 

5 3 

9 6 

10 10 

0 11 

The management of the ewes and lambs was similar to that described in 

Part I. However they were grazed in a separate wheat pasture area and the 

ewes rearing singles and the ewes rearing twins were not separated as in 

Part I. The ewes were fed supplemental hay (good quality alfalfa and some 

prairie hay) as well as a daily ration of grain throughout the period of 

the study. The lambs had access to a creep ration which was the saJQe as 

described in part I. All the lambs were docked during the first week ~er 

birth. The ram lambs were castrated between one and six weeks of age. 

The milk production of a ewe was estimated for a 24 hour period at 

weekly intervals based on the milk consumption of her lamb(s) by weighing 

the lamb(s) immediately before and after nursing. The problem ot preventing 

the lambs from nursing between weighing times was handled in the manner 

described by Owen (1957) in that a light canvas cover was placed over the 
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ewe's udder which effectively prevented the lamb from nursing but caused 

the ewe little or no discomforto The udder cover was constructed in such 

a way as to allow it to be partially removed from th~ ewe during the 

nursing period and give the lamb easy access to the uddero The use of 

the udder cover circumvented the necessity of perming the lambs and ewes 

separately which has been observed by several workers (Barnicoat et alo 

1949» 1956; Guyer and Dyerj 1954; Munro 1955) to cause di~tr~ss both to 

the ewe and the la.m.bo 

The frequency of the nursing times during th~ 24 hour period was 

governed by two considerationso The first was that the tim~ period 

between nursings should not be too long so as to avoid undue udder pres= 

sure in the ewe and also allow the lamb to consume all the milk that had 

accumulated between nursingso The second consideration was that the ewes 

and lambs should be handled as little as possible in order that the ewes 

could have a maximum amount of grazing timeo Fewer milkings would also 

cause less distress to the ewes and lambs during the milking periode 

These two factors resulted in a compromise in that when the lambs were 

young and up to about four or five weeks or age they were allowed to nurse 

five times during the 24 hour periodo From about five to eight or nin~ 

weeks the lambs nursed four times during the 24 hour periodo After the 

lamb reached eight or nine weeks of age the number of nursing times was 

reduced to a minimum of threeo It was noted that after the lambs were 

about two weeks old they could easily consume all the milk available. 

Immediately prior to putting on the udder cover at the beginning of 

the 24 hour recording period the lambs were allowed an opportunity to 

nurse. Consequently no preliminary nursing period was made. Owen (1957) 



also observed that the disturbance of gathering insured that the lamb 

took advantage of this time to nurse. In the case of ewes rearing twins 

both lambs were allowed to nurse simultaneously. 

The lambs were weighed to the nearest one=tenth of a pound before 

and after nursing. In the 1960-61 season a set of ordinary milk scales 

equipped with a canvas pouch was used but proved to be slow and awkward 

after the lambs weighed more than 20 pounds. In the 1961-62 season a 
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set of platform dial scales, which read to the nearest one-tenth pound, 

were equipped with a walk-in crate and were much more efficiento Speed 

in weighing the lambs was ~onsidered to be essential in order to avoid 

weight loss due to defecation or urination. Before each nursing the 

lambs were aroused and moved about which generally prevented any untimely 

weight losses during the nursing period. 

In order not to put too much stress on the young lambs, they were 

at least four days old before any milk production record was made on 

their dams. Consequently most of the ewes were started on test when 

their lambs were between four and eleven days of age. Both the milk 

production of the ewes and the weight of the lambs were adjusted to a 

constant ageo These constant ages started at one week and continued at 

weekly intervals through 10 weeks. A modification of the linear inter

polation method was used to adjust the milk production and body weight 

of the lambs to a constant age. By using this modified method, the 

actual age of the lamb did not deviate from the adjusted age by more 

than four days. If the lamb was less than a week old when the first 

record was made the two weights bracketing the adjusted age were used 

to estimate the weight for the day. A similar procedure was used to 



estimate the weekly milk consumption. If the lamb was more than a week 

old when the first record was made then the average daily gain of the 

lamb from birth to its actual age was multiplied by seven and added to 

the lamb's birth weight to obtain its seven day weight. In subseg:u,ent 

weeks the weights bracketing the adjusted age were used to estimate the 
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corresponding weight of the lamb. The estimate of the daily milk produc

tion of the ewe, based on the milk consum_ption of her lamb(s) during a 

24 hour period, was multiplied by the number of days since the :previous 

record was made to obtain an estimate of the tot!U milk :production :f'or 

that period. This estimate was then adjusted to an estimate of the milk 

production of the ewe for the appropriate weekly period. In. the case of 

milk production the estimate of the weekly production was added to tbe 

previous week's acc.umulated total to obtain the cumulative milk produc-

tion to that date. 

The body weight and condition (degree of finish) of the ewe was 

also measured or estimated. The degree of finish or condition of the 

ewe was estimated by a subjective score which ranged from one to nine 
. ' ' ' . ' ' 

with one being veey ~hin and nine being veey fat based on the degree of 

finish over the back, loin, runq> and ribs of the ewe. ln the 1960-61 

season only one estimate of the bodyweight and condition of the. ewe 

was available. This was taken about three weeks prior to lambing. 

Du.ring the 1961-62 season the ewes were weighed and scored at weekly 

intervals during the lactation period. :Dn. the analyses the ewe weight 

and condition score taken at the time nearest to the adjusted age were 

used as cova.riables. 
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.A2 noted in table 3 the number of ewes per age of ewe group varied 

within years. There was also a disproportionality in the number of ma.le 

and female lambs., twins and singles and also the number of lambs within 

a breed of' sire group. The method of least squares analysis W;: outlined 

by Anderson and Bancroft (1952) was used to contend with this multiple 

classification and. unequal subclass numbers. The cumulative totaJ. milk 

consunq,tion for each week by the individ"Ual lamb was considered to be 

the sum of the influences or effects of the other variables as represented 

in the following model: 

where 

Yijkmn = the cunmlative milk cons,;unption of the lam.b to any 

particular week 

M = a constant for all lambs., the mean 

S. = a constant for the ith sex (wether or ewe lamb) 
J. 

th -
Rj = a constant for the k rearing type (single or twin) 

th ~=a constant for the k age of ewe 

B = a constant for the mth lamb sire breed., (Dorset., Hanq,shire., m 
Suffolk., or Rambouillet) 

= a constant for the ijth interaction effect between the 
i th sex and j th rearing type 

(SA}.k = a constant for the ikth interaction effect between the 
J. th th 

i · sex and k age of ewe 

(RA}.k = a constant for the interaction between the jth rearing 
J th 

type and the k age of ewe 



E1 = a. eonstant for the linear e:f'f ect of the ewe 1 s body weight 

x1, a covariable 

E2 = a constant for the quadratic effect of the ewe's body 

. weight squared Xi' a oovaria.'ble 

c1 = a constant for the linea.r effect of the ewe's condition 

score Xa, a eovariable 

o2 = a constant for the quadre,tie ettect of' tlle ewe's condition 

score squared X:, a covariable 

D1 = a constant for the linear effect of the lamb's birth date 

~, a eovariable 

D2 = a constant for the quadratic effect of the lamb's birth 

date squared .x;, a oovaria.ble . 

W 1 = a constant for the linear etteet 0f the lamb's birth weight 
x4, a covariable 

w2 = a constant for the ~dra.tio effect of the lamb's birth. 

weight sqlla.l'ed ~, a cova.ria'ble 

~=a eonsta.nt for tp.e linear effect of the lamb's body weight 

or net weight gain to a particu.J..e.r week x5, a covariable 

eijkmn = error, or f'ai.J;u.re of the above eonstuts to est1-,te the 

total milk aonsum.ed by- the lamb to ~ part:l,eular week. 

The constants referred to in. the above model are aetue.Uy partial 

regression coefficients. 

Sinoe the normal equations obtained by- least squares methods we::re 

not independent the restrictions were made that the 

> 

L s1 =LRj =LAic =.Z:Bm = 2:(SR\j =L(SA)1k =L(RA)Jk = o. 

Th.us the constants orpa.r.tial regression. coefficients obtained fer 

each classification were expressed as deviations t'rem a zero meu for 

each class. 



The model presented was the more general case for the 1961-62 

season. In the 1960-61 season the quadratic e:f':f':cts E2 and c2 were 

not considered as covariables • .AJ.so i~ the 1960-61 season the effects 

of D1 and n2 were not considered as cova.riables. 
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In the analyses of the data for 1960-61 season lamb net weight gain 

x5 was used whereas in the 1961-62 season x5 was the bodyweight of the 

lamb. 

In order to investigate the ill:f:"luences of these factors on lamb 

growth., x5 was taken as a dependent variable. Thus it was possible to 

use the same general model that has been described for the milk produc-

tion analysis. The only changes necessa:r,r were to delete the rows and 

columns in the matrix that were associated with the milk cons'Ullq)tion of 

the lamb and reanal.yze the data with either lamb body weight or net 

lamb gain at the various weeks as the dependent variable. 



RESULTS AND DISCUSSION 

This section is composed of two parts. Part I consists of the 

repeatability estimates of birth weight, 70 day weight and rate of gain 

from 70 to 140 days. The corresponding analyses of' variance are discussed 

first followed by a discussion of the repeatability estimates which were 

calculated from the adjusted data. In part II the results of the milk 

production study are presented and discussed. The analyses of variance 

of lamb growth are presented first followed by the analyses of variance 

of the ewe milk production data and finally the prediction equations for 

estimating milk production indirectly based on the growth of the lamb. 

Part I: Repeatability Estimates 

Analyses of Variance of' Birth Weight, 70 Day Weight 

and Rate of Gain from :70 to 140 Days 

The analyses of variance :f'or birth weight, 70 day weight a11d gain 

from 70 to 140 days are presented in tables 4, 5 and 6. The corre

sponding coefficients of determination (R2) are also presented in these 

tables. Because of the disproportionality of the sub-class. numbers and 

correlations among some of the variables, the data in this study' were 

non-orthogonal. Henderson (1953) and Harvey (1961) have discussed the 

problem of the estimation of the sums of' squares associated with the 

various effects in the non-orthogonal case. Because of this non-orthog-

onality, the sums of squares associated with any particular effect are 

dependent upon the other factors present in the analyses. As a result 



TABLE 4,. 

ANALYSES OF VARIANCE or BmTHWEIGHT 

Source of 
Variation dofo 

Total 82S 
Sex (S) 1 
Rear (R) 2 
Year (Y) 5 
SxR 2 
S X Y 5 
RX Y 10 
Birth Date 1 
Birth Date Squared l 
Error 801 

2 R 

* P < .05 

** P< .. Ol 

. . . 

Equation 2 

10.80 
3loU** 

24]..00** 
70.45** 

0.69 
Oo96 
4.17* 
2.38 
loS3 
2.16 

0.464 

df for Error 

a $()3 

b 818 

e 820 

_Mean Squares_ 

Equatio.n 4 

10.so 
63.11** 

238.02** 
63 .. 96** 
Oo56 . 
0.96 
4o52* 

2~2:;a 

0 .. 446. 

:Equation 6 

10.80 
114043** 
309.29** 
162.18** 

2.82 
2.25 

· ·2 .. 19b 

0 .. 447 

Fguation8 

10.00 
109.20** 
315 .. 51** 
153 .. 37** 

--
2.25e 

0.430 

I..,) 
-,,J. 



Source of 
Variation 

Total 
Sex (S) 
Rear (R) 
Year (I) 
SxR 
S X Y 
RxY 
Bth Date 
Bth Date Sq., 
Bth Wt. 
!3th Wt. Sq .. 
Error 

R2 

* P < .05 

** P < .01 

TABLE 5 
.ANALYSES OF VARIANCE OF 70 DAY WEIGHT 

~ear1.· ~q~a.r;$ ·. 
. ,_. , .. 

dofo · Equation 1 Equation 2 Eguati6r1'.3 Equation 4 Equation 5 Equation 6 Equation 7 Eguation 8 

828 
1 
2 
5 
2 
5 

10 
1 
l 
1 
l 

799 

85ol 
864o7*lf-

3,214.4** 
24lo5** 
139 .. 6** 
4508 
54.0*' 
16.1 
27.2 

607.9** 
37.3 
29 .. l 

0.672 

df for Error 

a 801 

b 803 

c s10 
d 818 

e 820 

85ol 85ol 
l,860ol** 93002** 
9,54407** 3 ,9'7lo4'!Hf' 

907.7** 46lo9** 
102.6 77o2 
39.6 53.9 
79o3* 70.6* 
;9.4 ---
7lo6 ---
=~- 540.S*lt-
--- 39.0 
u.1a 31.sa 

0.533 0.63, 

85ol 85ol 85.l 85.1 85ol 
l,88lo5** 91707** 3.,15L7** 1,19709** 3.,36505** 

10,33205** 3,61609** 11,426.8** 4.,05002** 11,804.5** 
1,17006** 33702** 1,782.3** 792/3** 2,324.6** 

68.0 
46.0 
92.3* 

--- 18.2 68 .. l 
--- · 29 .. 8 81 .. 4 
-=- 663 .. SH --- 57605** 
--- 43.4 40.3 
45.sb 29.7e 41.6d 32.4d 42,.ge 

0.522 o.656 o.;17 0.632 0 .. 502 

\,J 
00 



Source of 
Variation 

Tota1 
Sex (S) 
Rear.(R) 
Year (Y) 
s X R. 
SxY 
RxY 
Bth Date 
Bth Date Sq. 
Bth wt. 
13th Wt. Sq. 
Error 

Tr 

* p < .05 
** P < .01 

TABLE 6 
AB'.ALYSES OF V.ABIANOE OF 

BAD OF GAD FROM 70 TO 140 DAYS 

Me_an Squares _ 

!:.!.:_ Equation 1 Equation 2 Equation 3 Equation 4 Equation 5 
828 

1 
2 
5 
2 
5 

10 
1 
1 
l 
l 

799 

o.oo827 0.00827 
0.16731** 0.23371** 
0.00988. 0-02247* 
0.02269** 0.03572** 
0.00119. 0.00039 
0.00203 0.00257 
o.oo653 0.01126 
O.o637lH 0.05431** 
0.07048** o.o6184** 
0.0021.4. ---
0.02489* ---
o.oo634. o.oo667a 

0.261 0.220 

df' for Error 

a Sol 
b So3 
C 8J.o 
d 818 
e 820 

o.oo827 
0.15204** 
0.02724* 
0.01549* 
0.00114 
0.00233 
0.00907 ---
0.00118 
0.02002* 
o.oo671a 

0.215 

0.00827 0.00827 
0.22700** o.45038** 
0.00889 0.01635 
0.01763* 0.06841.** 
0.00094 ---
0.00297 ---
0.01413 

0.00729b 

0.145 

o.o6355** 
0.0705lff 
0.00279 
0.03042* 
o.oo631c 

0.249 

Eguation 6 Equation 7 Equation 8 
0.00827 0.00827 0.00827 
0.71536H 0.38467** 0.63565** 
0.02464* 0.03034* · 0.01861 
0.07578** o.05o67** 0.03959** --- --- --·--·-- --- ---

----- --·-0.05290** --- --·-o.o6o50** ·--- -·-.-,, --- 0.00132 ---
0.006,rd 

o.0301~ 
o.oo672~ o.00734e 

0.191 0.197 0.122 

w 
\0 
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of this situation it is not possible to get an unbiased estimate of the 

sums of squares associated with error by the usual methods of partitioning 
I 

the total sums of squares. To overcome this difficulty of a biased error 

term the method of fitting constants, which has been described by Henderson 

(1953) and Harvey (1961), was used to obtain the sums of squares for error. 

These constants are presented in appendix tables 29 through 33 • The 

sums of squares associated with any particular effect were computed by 

the utilization of the inverse matrix. This method has been explained 

in some detail by Harvey (1961). Harvey also stated that in dealing 

with a fixed model,~. the case where all the factors are fixed effects, 

the sums of squares associated with any particular comparison are tested 

for significance by using the error mean square as the denominator for,. 

Influence of Sex: 

The effect of the sex of the lamb was a highly significant (P< .Ol) 

source of variation in birth weight, 70 day weight, and gain from 70 to 

140 days in this study. This difference due to sex was evident in all the 

equations used to analyze these traits. Hazel and Terrill (1945a), 

Blackwell and Henderson (1955) ·and Shelton and Campbell (1962) have also 

noted that the sex of the lamb was an important source of variation in 

lamb growth at various ages. Guyer and Dyer (1954), de Baca !!:_ !!• (1956), 

Bogart~ al. (1957) and Harrington.!!, al. (1958) have reported inconsist-

ent results in regard to the significance of sex at different ages in lamb 

growth; however, these latter workers were dealing with a much smaller 

number of lambs than were included in this study or the previous studies 

mentioned. 



Influence of Birth and Rearing Type: 

1Ehe effect of birth type and rearing in this study was estimated 

as the variation due to the differences among three classes: lambs born 

as singles and reared as singles, lambs born as twins and reared as 

singles and lambs born as twins and reared as twins. Therefore, there 

were two degrees of freedom associated with type of birth and rearing. 

In the case of the analyses of variance of birth weight in table 4, 

there are also two degrees of freedom associated with rearing even 

though the effect of rearing should have no effect on birth weight. As 

mentioned in the materials and methods section the same model was used 

to analyze birth weight as was used for the other traits, hence there are 

two degrees of freedom for birth type or in this case birth and rearing 

type. Norm.ally, however, the birth weight of lambs is analyzed on the 

basis of birth type only, i.e. singles or twins. Nevertheless there :may 

be some justification for this birth and rearing type classification at 

birth in that the health and vigor of the lamb :may have some predisposing 

cause as to whether or not it survives. Venkatchalam ~ al. ll949J noted 

that lambs that deviated greatly from the mean birth weight of the breed 

had a significantly greater mortality rate than other lambs. 'I'hey also 

noted that the incidence of death loss was 15 percent higher among twin 

lambs. 

The eff eet of birth and rearing type on. birth weight and 70 day 

weight as shown in tables 4 and 5 was highly significant (P < . OlJ. 

However, in the analysis of rate of gain from 70 to 140 days presented 

in table 6 the effect of birth and rearing was significant lP < .05J 

in equations 2, 3, 6 and 7 only and non-significant in the other 

41 
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equations.. This inconsistency tends to demonstrate that the magnitude 

of an effect which is non-orthogonal to the other factors in the analysis 

is dependent to some extent upon the other factors present. Harrington 

et a.l. (1962) in a separate study of lamb gain from 50 to 90 pounds, 

using part of these data reported that lambs reared as twins tended to 

gain as fast or faster than lambs reared as singles during this period. 

Hazel and Terrill (1946b) noted that although the difference in the 

yearling weight of range sheep due to type of rearing was highly signif= 

icant (P < .Ol)jl this difference was less than in these same sheep 

measured at weaning. Hunter (1956) reported that the difference in lamb 

weight due to rearing type tended to increase up to about four months 

and then decreased as the lambs grew older. Gonsequently:;if growth in 

older lambs is measured on a rate of gain basis from,say 70 to 140 days.s, 

rather than as body weight at 140 days1 an entirely different interpreta= 

tion of the influence of rearing may be obtained. 

Influence of Years: 

In this study the effects of years and age of dam were completely 

confounded thus the classification called years in the model is in fact 

a combination of year to year variation and any effects due to the 

increasing age of the eweso The effects of this year classification 

were highly significant (P < .Ol) in all the equations used in the 

analysis of birth weight, 70 day weight, and gain from 70 to 140 dayso 

Sidwell and Grandstaff (1949), Blackwell and Henderson (1955) and Sidwell 

(1956) have reported that differences due to years have a highly signif= 

icant effect on lamb growth. Likewise these workers have reported that 



age or dam was an important source of variation in lamb growth at various 

ages. It would be a matter or speculation to say whether years or age of 

dam differences contributed the most to variation in this study. However, 

it would seem that the influence of years would probably have a greater 

effect on rate of gain from70 to l40 days than age of dam sinee lamb 

growth during this period is much more dependent upon the quantity and 

quality.of feed available than the milk supply of the ewe. Barnicoat 

!1 !!_. (1956), Brothers and Whiteman (1961) and Cameron and Hamilton 

(1961) have reported that lambs may be weaned at 70 days of age or less 

without any serious adverse effect upon their subsequent gain provided 

there is sufficient good quality feed available. 

Interactions: 

In the analyses of birth weight the sex by rearing type interaction 

was non...;significant. 'I'he constants or partial regression coe£ficients 

for this interaction (Appendix, Table 29) indicated that the difference 

between the wether and ewe lambs born and reared as singles was greater 
0 

than the corresponding differences between the wether and ewe lambs born 

as twins and reared as singles or twins. In the analyses of 70 day weight 

the sex by rearing type interaction was significant ( P < • 01) in equa-

tion 1 but non-significant in the other equations~ ·The constant~ 

{Appendix Table 30) indicated tha.t the wether lambs born and reared as 

singles were considerably heavier than the ewe lambs born and reared as 

singles, whereas in the case of the lambs born and reared as twins•the 

ewe lambs were somewhat heavier than the wethers. The wether lamb~ born 

as twins and reared as singles were slightly heavier than the corresponding 

ewe lambs. The sex by rearing type interaction was non-significant in the 



analyses of rate of gain from 70 to 140 days. The constants (Appendix 

Table 32) were small, but the wether lambs consistently gained faster 

than the ewe lambs. The difference between the sexes tended to be 

smaller in the twins reared as twins than in the singles reared as 

singles group. de Baca et al. (1956) reported that this interaction 

was non-significant in the analysis of the 120 day weaning weight of 

the crossbred lambs fun their study. Bo~art et al .. (1957) also reported 

that the sex by birth type interaction was non-significant in their 

analysis of lamb birth weight. 

The sex by year interaction was non-significant in all of the 

analyses of birth weight, 70 day weight and rate of gain from 70 to 140 

days. When the appropriate constants for birth weight were added 

together the difference between the sexes tended to be greater during 
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the later yea.rs. It should be remembered that age of dam and years are 

completely confounded in this study. Consequently any trend across years 

could be due to the increasing age of the ewes. A similar trend was noted 

in the analyses of 70 day weight, although there tended to be great.er year 

to year fluctuations in the difference in the weight of the wether and ewe 

lambs. In the analyses of rate of gain from 70 to 140 days, the wether 

lambs gained faster than the ewe lambs in all years but the differences 

from year to year tended to be small. Brothers and Whiteman (1961) 

reported a significant (P < .o;) interaction between age of dam and sex 

following the weaning of the lambs in their study. No other estimates 

of this interaction were found in the literature. 

The rearing by year interaction was consistently significant in the 

analyses of birth weight a.nd 70 da.y weight in this study but non-significant 
I 



45 

in the analyses or rate or gain from 70 to 140 days. The constants for 

the birth weight analyses (Appendix Table 29) indicated that the differ

ences between lambs born as singles and lambs born as twins tended to 

increase in later years. A similar trend was noted in the differences 

between twins reared as singles and twins reared as twins. In the 

analyses or 70 day weight singles reared as singles were consistently 

heavier than twins reared as twins with this difference tending to 

increase in the later years. The corresponding differences between twins 

reared as singles and twins reared as twins showed a similar trend. The 

constants derived in the analyses or rate of gain from 70 to 140 tended 

to be small and varied from year to year with no apparent trend. These 

results would indicate that seasonal variation may have a greater influ

ence on 70 day weight and rate of gain from 70 to 140 days than on birth 

weight. However age of dam and years are confounded in this study thus 

year to year changes are the result of a combination or age of dam and 

seasonal influences as well as the genotype of the lamb. Sidwell (1956) 

noted that the effect or the interaction between the number of lambs 

reared and years on the total weight of the lambs weaned was high1y 

significant (P < .01). However when this interaction was considered 

on an individual lamb weaning weight basis it was non-significant. 

Hunter (1956) reported in a study or reciprocal crosses or two breeds 

differing in mature size that the interaction between rearing and breed 

or ewe was highly significant (P < .01) in the analyses of two and 

three month body weight of the lambs. Thomson and Thomson (1953) noted 

that in cases of ewes on a low plane or nutrition the single and twin 

lambs averaged about the same weight. The single lambs reared by ewes 



in a high plane of nutrition were heavier than the corresponding twin 

lambs. Thus it would appear that if the lambs were underfed in some 

years and not in others that it would be possible to develop a rear

ing by year interaction. Since age of dam was confounded with years 

in this present study and if young ewes have a lower milk supply than 

older ewes, the resulting differences in 70 day weight between single 

and twin lambs would be less with the young ewes than with the older 

ewes. In this study the ewes aged from two to seven years from 1955 

to 1960 and thus there was considerable variation among the ewes as to 

their age when rearing the lambs which were included in this study. 

Covariables: 
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The birth date of the lamb and the birth date squared were con

sidered as covariables in this analysis. The influence of birth date 

on the weight of the lamb at birth and 70 days was non-significant. The 

influence of birth date both linear and quadratic had a highly signifi

cant (P < .Ol) effect on gain from 70 to 140 days. The lambs in this 

study were born between October 15 and November 30 thus there was about 

45 days difference between the oldest and youngest lambs in the flock. 

By using the coefficients calculated for these effects in Equation 1 and 

plotting the relationship between gain and birth date, it was observed 

that the lambs born during the last week of October gained the fastest 

with the lambs born late in the season gaining at slightly slower rate 

than those born early in the lambing season. Bonsma (1939), Barnicoat 

(1949, 1956) and Hunter (1956) have also noted within season time trends 

in lamb gain. This can be most likely attributed to variation in the 



47 

quantity and quality or forage available. 

In the analysis or 70 day weight and rate of gain from 70 to 140 

days lamb birth weight and birth weight squared were considered as covari-

ables. The effect of birth weight on 70 day weight was highly significant 

(P < .01) as a linear function but had practically no curvi-linear effect. 

The opposite situation was observed in the relationship between birth 

weight and gain from 70 to 140 days in that the curvi-linear or quadratic 

effect of birth weight was highly significant (P< .01) but with very 

little linear effect. When the data were plotted for birth weight and 70 

day weight there was a nearly linear increase in 70 day weight with the 

increase in birth weight. In the case of rate of gain from 70 days to 

140 days the heavier lambs at birth tended to gain slightly faster than 

the lighter lambs. There is a large amount of literature on the linear 

relationship between birth weight and subsequent lamb growth but none 

on any curvi-linear relationship between birth weight and subsequent 

lamb growth. Phillips and Dawson (1940), de Baca et al. (1956) and 

Harrington!.!:, al. (1958) have reported that birth weight is closely 

associated with subsequent lamb gain. 

The coefficients of determination (R2) which were calculated in 

this analysis are presented in tables 4, 5, and 6. The coefficients 

calculated in the analysis of the birth weight data indicated that from 

43 to 46 percent of the variation could be accounted for by the variables 

studied. In the case of 70 day weight from 50 to 67 percent of the varia-

tion could be accounted for by the variables studied. The coefficients 
I 

of determination calculated in the analysis of gain from 70 to 140 days 

ranged from 0.12 to 0.26. 



48 

Repeatability Estimates of :Birth Weight 

The method used to calculate the repeatability estimates in this 

study was similar to the method used by Sidwell and Grandstaff (1949), 

Blackwell and Henderson (1955) and Mac:Naugbton (19;6). The method con

sists of ad.Justing the data for known sources of variation and then 

partitioning the re:ma:1n:1ng variation into that among ewes and the varia

tion between lambs by the same ewe. This method asslDDes that there is 

no interaction or correlation between ewe effects and the factors used 

in ad.Justing the data. In most studies the data are adjusted for differ

ences du to the sex of the lamb, the year the record was ma.de, the 

age of the ewe and type of birth and rearing. 

In this study repeatability estimates were calculated tor birth 

weight, 70 da)" weight and gain from 70 to 140 days using the same equa

tions that vere used in the analyses of variance. '?llese repeatability 

estimates are presented in table 7 along with the repeatability estimates 

calculated on the Wl&d.Justed data. The ~es of variance calculations 

used in obta:l.ning these estimates are presented in appendix tables 34 

throqh 42. 

The repeatability estimates for birth weight which are presented in 

table 7 are rather consistent ranging from 0.351 to 0.369 with the e:x:cep

tion ot the estimate ot 0.19, tor the adjusted data. In the analyses of 

variance of birth weight in table 4 the effects of sex, type of birth 

(rearing) and years were h18hl1' significant effects vh:1.ch should be rela

tively independent of the ewe effect. Consequently the repeatability 

estimates on the adjusted data should be somewhat higher than in the 

unadjusted data. A comparison of equations 4 ad 8 in table 7 indicates 



TABLE 7' 
REPEATABILITY ESTIMATES OF BIRTH WEIGHT, 

70 DAY WEIGHT AND GAIN FROM 70 to 140 DAYS 

a 
Equation Sources of Variation Included in the Data Adjustment Re;eeatabili tz 

Btho Wt. 70 day Gain 
Wt.. 

1 Sex Rear Year SxR SxY RxY BD BD2 BW mt .,. __ 0.121 O.CJ74 
2 Sex Rear Year SxR SxY RxY BD BD2 -- --- 0.351 0.221 0.109 

3 Sex Rear Year SxR SxY RxY -- --- BW mt --- 0.120 0.103 

4 Sex Rear Year SxR SxY RxY -- -- -- -- 0.362 0.210 0.136 

5 Sex Rear Year --- --- --- BD BD2 BW mt --- 0.154 0.077 
6 Sex ·· Rear Year --- --- --- BD BD2 -- --- 0.352 0.235 0.104 

7 Sex Rear Year --- --- --- -- --- BW mt --- 0.149 0.100 
8 Sex Rear Year --- -- --- -- --- -- --- 0.369 0.234 0.137 

9 Raw Data Unadjusted 0.195 0.166 O.lll 

a The corresponding analyses of variance and standard errors for the repeatability estimate 

are presented in appendix tables 34 through 42. 

fo 



that adjusting the data for the interactions considered has a negligible 

ef'f'ect on the repeatability estimate (0.362 versus 0.369). There was a 

slight reduction in the repeatability of' birth weight when the data were 

adjusted for birth date which may be seen by comparing equations 2 and 6 

or 4 and 8. A repeatability of birth date was calculated 1n the data in 

this study' (see table 8) and found to be 0.05, which would indicate that 

birth date was slightly- correlated with the eve effect. Thus the adjust

ment of the data for birth date would tend to reduce the repeatability 

estimate sli£rlrtlY' even though birth date was not a significant factor in 

the variation of birth weight. The repeatability estimate of o. 369 in 

equation 8 agrees with the repeatability estimate of 0.36 tor birth 

weight in Corriedales reported by Macllaughton (1956) on data aaJusted in 

a sim:1.lar manner. His corresponding estimate for birth weight tor the 

Bambou:Ulets was 0.27. 

Repeatabilit7 Estimates of' 70 Day Weight 

The repeatabilit7 estimates of' 70 d&;y' weight which are presented in 

table 7 vary considerably- from. equation to equation depending upon what 

factors were used to adjust . the data. The repeatabillt7 estimates cal• 

cuJ.ated from equations l, 3, 5 and 7 which all involve birth weight 

effects range from 0.120 to 0.154 and are less than the estimate 0.166 

from the tmadjusted data. In equations 21 4, 6 and 8 which do not involve 

the adJustment of the data for birth weight the estimates ranged from 0.210 

to 0.235. Since birth weight ditterences were correlated with ewe differ

ences then when the data were adjusted tor birth weight a reduction in 

the repeatability- estimate should be expected. Adjusting the data tor 

the interaction effects resulted in a slight reduction in the repeatabilit7 
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estimates. It '1IJA'1' be recalled from the an.aly'ses ot variance ot 70 daT 

weight that there was a significant (P < .05) rearing by- year interac

tion. Since years and age of dam were confounded smae ot the difference 

due to age of dam inf'lu.eaces :might be associated with. differences among 

ewes. Tb.is would be due to the tact that all the ewes did not have 

records in all years which allows for some variation 1a the average age 

ot the ewes for the records included in the st11Uly'. 

AdJustiag the 70 dq weight ot the lamb for birth date iDfluence had 

almost no effect on the resulting repeatability- estimate. ET.l.deatly the 

relatiouh.:Lps between birth date and 70 dq weight and birth date encl the 

ewe effect tended to cancel each other. Sidwell u.d Graadstatt (1949) 

reported a repeatability estimate ot 0.22 tor weaniDg weight. Maclfaugbton 

(1956) calculated repeatability estimates ot weaning weight ot 0.25 and 

O. 30 on Bambouillet and Corriedale data respectivel.1'. Blackwell and 

Henderson (1955) reported a repeatability estimate ot 0.07 based on the 

total weight of lambs weaned. Although the repeatabilities reported in 

tbe literature tor weaning weight were calculated when tbe lambs were 

somewhat older than. the 70 day' weigb.t ot lambs in this study I the estimate 

of 0.234 for 70 ~weight in equation 8 is sill:l.lar to the estimates 

reported by Siivell and Grandstaff' (1949) and Maclfaughtoa (1956). 

Repeatability Estiates of Bate of Gain From 70 to 140 Days 

The repeatability estimates for rate of gain from 70 to 11'.0 dlqs 1 which 

are presented in table 7 ranged from. O. 074 to 0.137 vb.ell data were 

ad.Justed and O.lll in the aa4Justed data. !he lowest estimates ot the 

repeatability of lamb gain were obtained 'When the data were adjusted 



for both birth weight and birth date (equations 1 and 5 in table 7). 

Each of these effects had about the same influence on the repeatability 

as seen by comparing equations 2 and 3 or 6 and 7. The analyses or 

variance tor gain from 70 to 140 days has shown that the birth date or 

the lamb has a highly significant effect on the gain or the lamb during 

this period. Also birth date is correlated with the ewe effect (see 

table 8). Therefore when the data were adjusted for birth date some 
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o! the ewe effect.was also removed. Likewise birth weight is correlated 

with both gain and the ewe effect causing a reduction in the repeat

ability estimate when the data were adjusted for differences in birth 

weight. Adjusting the data for the interactions had practically no 

efte.ct on the resulting repeatability estimates. The highest repeat

~bility estimate of 0.137 was obtained when the data were adjusted for 

differences in sex, rearing type and year effects only. No estimates 

of the repeatability of gain from 70 to 140 days were found in the 

literature. However the method of measurement of this trait is such 

that the part-whole relationship between growth prior to 70 days and the 

gain of the lamb after 70 days tends to be reduced. This would likewise 

tend to partition the effects of the maternal influence between the two 

growth periods. 

In general when comparing the repeatability estimates of birth 

weight, 70 day weight and gain from 70 to 140 days there is a steady' 

decline in the magnitude of the estimates as the lambs grow older which 

would tend to reflect a decline in maternal influence. This decline in 

maternal influence is also demonstrated in the various heritability 

estimates reported in the literature. Paternal half-sib correlation 
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heritability estimates for birth weight are generally much lower than the 

daughter-dam regression estimates of the heritability of birth weight 

(Nelson and Venkatchalam, 1949; Yao et al. 1953). The heritability esti

mates of weaning weight at approximately 140 days by these two methods or 

estimating heritability are generally in closer agreement (Hazel and 

Terrill, 1945a; Yao .!l !:l• 1953). 

Repeatability of Birth Date 

A repeatability estimate or 0.05 ror the birth date or the lamb 

was calculated from the data for the ewe.a included in this study. The 

analysis of variance and the resulting repeatability of birth date are 

presented in table 8. 

Source of 
Variation 

Total 

Among Ewes 

TABLE 8. 

ANALYSIS OF VARIANCE AND THE 

REPEATABILITY ESTIMATE OP BIRTH DATE 

Birth Date Within Ewes 

652 

175 
477 

Repeatability• 0.050 Standard Error• 0.033 

Mean a 
Square 

114.5 
129.52 
108.51 

aSee table 2 in Materials and Methods Section for Expected Mean Squares. 

This repeatability estimate for birth date was considerably smaller 

than the estimate of 0.43 reported at Kentucky (Anonymous, 1953). The 

Kentucky data were collected over a 21 year period based on the seasonal 

lambing or Southdown and Hampshire ewes. However no information was 
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given as to the date that the rams were put with the eves or the duration 

of the breeding season. The grade Rambouillet and Rambouillet x Panama .. 

Rambouillet ewes in this study were bred in the spring during a rather 

short breeding season. Consequently, if the ewes were cycling normally 

at this time, it would be more of a matter of chance tor the cycle of a 

eve to coincide with the start of the breeding season from season to 

season. 

Conclusions 

In the analyses of the factors influencing lamb growth in part I of 

this study several were observed to be important. Since birth weight, 

70 dq weight and rate of gain from 70 to 140 days represented different 

stages of growth in the lamb's life, the influence of the sources of 

variation were not necessarily- the same. The sex of the lamb had a 

highly- significut (P < .01) influence on lamb growth at these different 

periods. Lamb birth and rearing type was also highly- significant (P < .Ol) 

in the ~es of birth weight and 70 day veiglrt. In the e.nal.ys:is of 

rate of gain from 70 to 140 days birth and rearing type did not appear to 

have as great an influence on lamb growth as it did in the earlier periods. 

Year differences, which were confounded Yith age of dam in this portion 

of the study, were a highly significant source (P < .Ol) of variation in 

lamb growth during these periods. The first order interactions between 

these main classes, sex, birth and rearing type and years were less con

elusive. The sex by rearing and sex by year interactions appeared to be 

wrl.mportant. However the rearing by year interaction may be an importut 

factor in the analy-ses of birth weigb.t and 70 day weight. Since age of 
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dam and years were confounded it was not possible to determine which or 

these factors might have the greatest influence on this interaction. 

Within season time trends (as estimated by birth date or the lamb) were 

unimportant in the analyses or birth weight and 70 day weight. In the 

case of rate or gain from 70 to 140 days birth date and birth date squared 

were major sources or variation in the rate or gain or these lambs during 

this period and under systems or management similar to this study. The 

influence or lamb birth weight, when considered as a covariable, had a 

highly significant (P < .01) linear relationship with 70 day weight but 

the non-linear (quadratic) relationship was unimportant. However, birth 

weight squared was a significant (P < .05) source of variation in the 

· analysis or rate of gain from 70 to 140 days. 

The repeatability estimates calculated from the adjusted data varied 

considerably depending upon what factors were considered in the adjustment 

or the data. These changes were dependent upon whether or not the source 

of variation used in adjusting the data was also associated with among ewe 

differences. When the data were adjusted for differences in the sex and 

rearing type of the lamb and the year the record was made, the repeatability 

estimates tor birth weight, 70 day weight and rate or gain from 70 to 140 

days were 0.369, 0.234 and 0.137 respectively. The repeatability estimates 

for birth weight were in general agreement with the estimates found in the 

literature. The repeatability estimates for 70 day weight was similar to 

the results reported for weaning weight by other workers. The repeatability 

estimates in this study were rather low consequently it would be desirable 

to have more than one record available in evaluating the ewe's performance. 
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Part II: Mill< ~eduction 

Analyses of Variance of Lamb Gain and Lamb Body Weight 

In the 1960-61 mill< production season lamb growth was measured on a 

net weight gain basis, i.e., body weight minus birth weight. In the 1961-62 

season lamb growth was measured on a body weight basis. These measures of 

lamb growth were taken at weekly intervals from one through ten weeks. 

The analyses of variance for the 1960-61 season are present,d in tables 9 

and 10. The 1961-62 analyses are presented in table 11 and 12. The 

corresponding partial regression coefficients for the variables considered 

in the analyses are presented in appendix tables 43 through 46. 

In general the difference between the sexes increased as the lambs 

grew older. Although the males were heavier than the females at all ages 

during both seasons this difference was non-significant except during the 

eighth, ninth and tenth weeks of the 1960-61 season. Harrington et!!• 

(1958) also noted that the male lambs were heavier than the females and the 

difference increased as the lambs grew older. Guyer and Dyer (1954) 

reported that male single lambs gained slightly raster than the females 

from birth to nine weeks, whereas the female twin lambs gained slightly 

faster than the males but the differences in rate of gain due to sex were 

not statistically significant. 

The analyses of variance in tables 9 through 12 indicate that single 

lambs were sign;ficantly (P< .01) heavier than the twin lambs at all ages 

in both seasons. In general the difference between rearing types from one 

to ten weeks increased as the lambs grew older. Guy-er and Dyer (1954), 

Barnicoat et al. (1949,1956), Hunter (1956) and Doney and Munro (1962) have 



TA:BI& 9 
ABALJSES OF VARIANCE FOR LAMB BET WEIGB.'l 

GAD FROM OllE TO FIVE WEEKS OF AGE 196()-1961 DA.TA 

Source of Mean Squares 

Variation d.f'. Week 1 Week 2 Week 3 -
Total &r 1.4 5.1 10.0 

Sex t l 0.3 0.5 0.9 
Bearing 'fype R) l 7.5" 37-1** 71°7** 
Age of' Dam. D) 3 3.8ff 16.5" 32-4** 
Breed of Sire_ 3 0.5 3.6 6.5 
SxR 1 0.9 1.1 0.5 
SxD 3 2.4 3.9 4.1 
RxD 2a 0.5 2.5 5.2 
Dam Bod7 Weight l o.8 l.l 2.1 
Dam Condition Score l 0.2 0.9 2.6 
Birth Weight 1 4.2* 17.2** 25.6H 
Birth Weight Squared l 3.4* 13.lff 17.5* 
Error 69 o.8 1.9 3.2 

rt- 0°551** 0.713** 0.745** 

8wrhere were no tv:l.n lambs in the yearling ewe group 

* p < .05 

ff p < .01 

Week 4 Week 5 

15.0 20.9 
2.1 4.2 

u6.9** 164.2** 
43.0H ,S.SH 
u.6 22.6* 
0.9 l.5 
2.2 2.11. 

u.6 15.4 
8.3 9.9 
2.4 2.9 

25.5* 36.SH 
14.7 20.a_ 
4.8 6.5 

0.747** 0.752** 

~ 



TABLE 10 

ANALYSES OP VARIANCE FOR LAMB NET WEIGHT 

GAIN FRO( SIX WEEKS TO TEN WEEKS OP AGE 1960-61 DATA 

Mean Squares 
Source of 
Variation ~ Week 6 Week 7 Week 8 

Total 87 24.3 28.1 33.3 
Sex (S) 1 14.9 31.0 55.4* 
Rearing Type (R) 1 188.7** 214.6** 258.0** 
Age of Dam (D) .3 57.7** 62.1** 67.2** 
Breed of Sire 3 31.8** 40.3** 45.6** 
SxR 1 1.6 8.6 10.4 
SxD 3 2.2 .3.1 2.1 
RxD 2a 18.5 22.0 28.6 
Dam Body Weight 1 12.9 14.8 24.9 
Dam Condition Score 1 o.6 0.5 0.4 
Birth Weight 1 39./+* 54.1** 61.1** 
Birth Weight Squared 1 20.3 30.6 32 • .3 
Error 69 7.8 9.6 n . .3 

R2 0.746** 0.730** 0.732** 

a There were no twin lambs in the yearling ewe group 

* P < .05 

** P < .01 

Week 9 

37.8 
83.2** 

320.0** 
78.7** 
50.3** 
12.1 
3.6 

40.6 
32.1 
o.o 

74.0** 
38.7 
14.1 

.0.740** 

Week 10 

50.3 
78.3* 

410.6** 
110.6** 

52.0** 
16.0 

6.6 
52.5 
35.5 

0.1+ 
86.SH 
1+2.6 
17~.3 

0.1~1** 

\ft 

0) 



TABLE 11 
ANALYSES OF VARIANCE FOR LAMB BODY 

WEIGHT FROM ONE TO FIVE WEEKS OF AGE 1961-62 DATA 

Source of 
Mean Squares 

Variation !h.L. Week 1 Week 2 Week 3 WeeU Week 5 

Total 106 6.4 12.0 19.5 27.8 35 • .3 
Sex (S) 1 1.2 4.4 11.4 14.7 13.8 
Rearing Type (R) 1 26~8**- 79~5** 2rr,.SH- 384.6** 236.l** 
Age of Dam (D) 3 1.3 4.4 14.0* 23.()11- 30.s 
Breed of Sire .3 2.8 5.8 4.9 1.5 2.2 
SxR 1 0.5 2.9 4.1 5.8 4.9 
SxD .3 O~l 0~6 2.8 6.2 9.6 
Rx»- 3 0~3 1.0 2.4 10.4 12.0 
Dam Body Weight 1 1~7 2.2 1.3 o.o 0.1 
Dam Body Weight-Squared 1 2~0 .3.0 2.4 0.1 0.4 
Dam Condition -score 1 0~8 o.o o.s 1.4 1.4 
Dani Cond~ Score Squared 1 0~4 o.o 0 • .3 0.4 0.5 
Birth Date 1 1:5 O~l 0.5 1.1 1.7 
Birth Date Squared 1 1~6 0~7 2.2 6.5 0 • .3 
Birth Weight 1 170~2** 2.37~0** 287.5** .389.9** 554. 5** 
Birf.h Weight Squared 1 0~2 o.6 o.6 o.o 0.9 
Error 82 o.s 2.5 5.0 6.9 10.3 

R2 0.897** o.837** 0.801** 0.805** 0.772** 

* P < .05 

** p < .01 
V1 

'° 



TABLE 12 
ANALYSES OF VARIANCE FOR LAMB BODY 

WEIGHT ffi(J( SIX TO TEN WEEKS OF AGE 1961-62 DATA 

Source of 
Mean Squares 

Variation d.f. Week 6 Week 7 Week 8 

Total 106 42~8 49.8 58.1 
Sex (S) l 9~8 18.0 52.9 
Rearing Type (R) 1 560~1** 405.9** 525.8** 
Age ·or-Dam (D) 3 56~2** 74.3 100.1** 
Breed of Sire 3 2.6 6.4 8.3 
SxR l 0.8 4.2 18.1 
SxD 3 13.7 9.3 12.3 
RxD 3 21.3 23.1 26.8 
Dam Body Weight 1 3.1 5.9 0.1 
Dam Body-Weight Squared 1 7~6 6.4 0.4 
Dam Condition Score l o~~ 8.1 1.1 
J>aii-Cond. Score Squared 1 18~5 15.0 10.6 
Birth Date -. , .. 1 8~3 7~3 13.0 
Birth Date Squared l 0.1 o.6 1.6 
Birth Weight 1 553.6** 613.9** 663.6** 
Birth Weight Squared 1 1.9 0.1 1.1 
Brror 82 n.o 16.4 18.9 

2 .. R o.S()()fHt 0.742** 0.746** 

* P < .05 

** P< .01 

Week 9 WeeklO 

68.8 77.8 
76.2 60.7 

789.3** 635.4** 
154.3** 145.3** 
18.9 26.9 
15.5 11.9 
21.6 19.0 
24.5 27.7 

5.6 0.1 
2.9 o.o 
1.2 5.0 
3.3 3.3 
5.0 33.6 
2.8 23.4 

764.2** 999.8** 
0.3 0.9 

22.4 28.3 

0.745** 0.716** 

°' 0 
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reported that lambs reared as singles gain :faster than lambs reared as twins 

during this period. 

Age of' dam effects were generally highly significant (P < .Ol) at all 

ages in both seasons. The difference between ages of dams as estimated by 

the partial regression coe:f'ticients in appendix tables 43 through 46 appeared 

to be greater during the first season than the corresponding ages during 

the second season. These differences are also presented graphically in 

figures 1, 2, 3 and 4. The greatest difference between ages was in the 

comparison of the yearling ewes in the 1960-61 season with the older ewes 

in the same season. It should be emphasized that in most studies the ewes 

generally lamb first as two-year olds. :Bonsma (1939) and Banu.coat ~ !:!· 

(1949, 1956) have indicated that in regard to age of dam effects the differ

ence between the first and second lamb rate of gain tends to be greater 

than the differences between the second and subsequent lamb rate of gain. 

The effect of breed of sire on lamb growth was somewhat ditterent 

between the two seasons. In the first season breed of s:l,.re was non-sig

nificant during the first four weeks, but starting with the fifth week the 

breed of sire effect was a significant (P < .05 to P < .01) factor in the 

gain of the lamb. The Hampshire and Rembouillet sired lambs tended to 

gain the fastest and Dorset sired lambs the slowest during the 10 week 

period. Du.ring the 1961-62 season when 18.Jllb growth was measured on a body 

weight basis the influence of breed of sire was non-significant at all 

weeks. The partial regression coefficients indicated that the SUffolk 

and Rambouillet sired lambs were heavier during the early weeks, but the 

Hampshire sired lambs were the heaviest after the sixth week. In general 

the Dorset sired lambs were the lightest at all ages up to 10 weeks. 



However, the number of lambs in a.ny' particular breed of sire group were 

rather small and since this study was not designed to make breed com

parisons it would be unwise to make a.ny' definite statements concerning 

the relative merits of the breeds for the use as sires of rat lambs. 

However, genetic differences seem to be important. Kean and Henning 

(1949) in a crossbreeding study have reported that the breed of sire 

may be an important source of variation in lamb gain. 
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The first order interactions, sex by rearing, sex by age of dam and 

rearing by age of dam were non-significant at all ages in both seasons. 

However, the partial regression coefficients for these did indicate certain 

trends. In general the difference between the sexes was greater in the 

singles reared as singles group than in the twins reared as twins group. 

In the ease of sex by age of dam differences, the differences between the 

sexes tended to be greater in the older ewe groups. The differences 

between rearing types (singles reared as singles and twins reared as twins) 

across age of dam tended to be somewhat smaller than the other interactions. 

However, in the two-year old ewes group the difference between rearing 

types was somewhat smaller than in the older ewe groups. 

In the analyses of variance presented in tables 9 through 12 the 

eovariables, with the exception of lamb birth weight, were non-signifiea,nt 

at all ages. In the 1960-61 season lamb birth weight squared was also 

significant (P < .05 to P < .01) during the first three weeks. The fact 

that most of the eovariables were significantly correlated with lamb growth 

but when these same covariables were included in the analysis of variance 

most of them were non-significant would indicate that the;r. were correlated 

among themselves. The importance of birth weight as a factor in lamb 
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growth during this early period has also been noted by Guyer and Dyer (1954), 

Barnicoat !,i !l• (1956), Owen (1957) and Harrington et !l• (1958)0 

The simple correlations between the covariables and net lamb gain for 

the 1960-61 season are presented in appendix table 47. The covariables 

considered were the body weight and condition score of the dam, lamb birth 

weight and lamb birth weight squared. In the 1961-62 season dam body 

weight squared, dam condition score squared, lamb birth date and lamb birth 

date squared were also considered as covariables in addition to the ones 

included in the 1960-61 analyses. In the analyses of the 1961-62 data a 

different computer program was used which also calculated the partial 

correlation coefficients between the independent variables and the dependent 

variable (see appendix table 48). The partial correlations were calculated 

with all the factors in the model taken into consideration. In general 

the simple correlations between the covariablee and lamb growth were 

significant (P < .05 to P < .01) with the exception or dam condition score 

in the 1960-61 season and lamb birth date and birth date squared in the 

1961-62 season. The partial correlations calculated .from the 1961-62 

season's data were small and non-significant with the exception or lamb 

birth weight which were highly significant (P < .01) and ranged .from 0.542 

to o.sa4. 

Coefficients or determination R2, which estimate the portion or the 

total variation which is accounted for in lamb growth by the variables 

included in the model are also presented in tables 9 through 12. These 

coefficients ranged .from 0.551 to 0.752 in the 1960-61 season and .from 

0.712 to o.897 in the 1961-62 season. In general the R2 values were 

very similar a~er the first week but there was a slight decline as 

the lambs grew older. 



Simple correlations between net gain at different weeks and between 

body weight at different weeks are presented in tables 13 and 140 The 

results in these two tables are very similar which would indicate that 

net weight gain or body weight at some subsequent age up to ten weeks 

may be predicted from a previous measurement of the trait with about 

equal accuracyo Although these correlations were high no tests of 

significance were made because of the part whole nature of the correla

tionso The coefficient of determination, r2 between total gain at 

two weeks and ten weeks was Oo803o The coefficient of determination, 
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r 2 for body weight over the same period was Oo806o Thus about 80 percent 

of the variation in total net gain or body weight at ten weeks may be 

accounted for by the variation in these traits when the lambs are two 

weeks of age. 

Lamb Growth and Ewe Lactation Curves 

The mean lactation curves of the ewes and the corresponding growth 

curves of their lambs according to the number of lambs reared and age of 

the ewe are presented in figures 1 through 4. These data are also pre

sented numerically in appendix tables 49 and 50. These figures are based 

on the unadjusted data without regard to the sex or breed of sire of the 

lamb. In general the growth of the lambs was very linear in both seasons. 

The greatest difference in rate of gain of lambs occurred between the lambs 

of the youngest ewes as compared to the lambs of the older ewes within 

each season. The lactation curves were very similar to those published 

by Bonsma (1939), Barnicoat et!!_. (1949, 1956), Guyer and Dyer (1954), 

Hunter (1956) and Owen (1957). In general milk production rose sharply 



Week 2 
Week 1 0.924 

n 2 
n 3 
n 4 
n 5 
n 6 

" 7 
n 8 
n 9 

TABLE 13. 
CORRELATIONS BETWEEN TOTAL LAMB 

NET WEIGHT GAIN TO DIFFERENT WEEKS 1960-61 DATA 

Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 
0.888 0.857 0.847 0.827 O.!l.O 0.796 
0.990 0.969 0.961 0.942 0.928 0.913 

0.988 0.980 0.964 0.949 0.936 
0.993 0.979 0.963 0.952 

0.990 0.'!17 0.962 
0.992 0.982 

0.991 

Week 9 Week 10 
0.788 0.785 
0.901 0.896 
0.922 0.916 
0.938 0.931 
0.949 0.942 
0.970 0.962 
0.983 0.977 
0.993 0.986 

0.991 

°' VI 



TABLE 14, 
CORRELATIONS BETWEEN LAMB BODY 

WEIGHT TO DIFFERENT AGES 1961-62 DATA 

= 
Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 

Week 1 0.976 0.945 0.927 0.912 0.896 0.884 
11 2 0.988 0.976 0.959 0.946 0.934 
II 3 0.995 0.983 0.973 0.961 
n 4 0.993 0.983 0.972 
n 5 0.993 0.983 
ti 6 0.993 
II 7 
n 8 

" 9 

Week 8 
0.878 
0.927 

0.954 
0.965 
0.979 
0.989 
0.996 

Week 9 Week 10 
0.872 0.856 
0.921 0.898 
0.948 0.924 
0.958 0.937 
0.970 0.955 
0.980 0.965 
0.989 0.975 
0.994 0.984 

0.988 

O' 
O' 
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to the second or third week and then gradually declined for the remainder 

of the lactation. However, because of the method of adjusting the milk 

production records to a constant age there was a tendency to dampen the 

peak of the lactation curve. This was brought about by the assumption 

of a linear change in milk production between the dates that the milk 

production estimates were actually taken. 

The relative difference in level of milk production between the 

age of ewe groups was somewhat less than the relative difference in 

the corresponding growth rates of their lambs. Ewes rearing twins had 

a greater initial production but declined at a more rapid rate than the 

ewes rearing singles. This is also reflected in the within age of ewe 

ratio of the average weekly milk production of ewes rearing twins and 

ewes rearing singles (see appendix tables 49 and 50).which varied greatly 

between age of ewe groups. In some cases the ewes rearing twins produced 

less milk than the ewes rearing singles during the latter weeks of the 

lactation period. The cumulative milk production ratio at 10 weeks of 

ewes rearing twins to ewes rearing singles ranged from 102 for the three 

year old ewes in the 1960-61 season to 155 for the four year old ewes in 

the 1961-62 season. No tests of significance were made on these ratios 

but in general the ewes rearing twins produced about 30 percent more milk 

during the 10 week lactation period than the ewes rearing singles. The 

number of ewes in these comparisons varied greatly. In the 1960-61 

season there were no twins in the yearling ewe group consequently no 

estimate could be made of the relative differences in the level of produc

tion of ewes rearing twins and ewes rearing singles. In both seasons the 

number of two year old ewes rearing twins was somewhat smaller than the 
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number of ewes rearing twins in the older age groups. Barnicoat et al. 

(1956) reported that ewes rearing twins produced about 33 percent more 

milk than ewes rearing singles during a nine week lactation period. 
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Doney and Munro (1962) reported an increase in total production of the 

ewes rearing twins of 45 to 55 percent as compared to ewes rearing singles. 

Analyses of Variance of Ewe Milk Production Per Lamb Reared 

The analyses of variance of ewe milk production per lamb reared are 

presented in tables 15 through 18. The corresponding partial regression 

coefficients are presented in appendix tables 51 through 54. 

In the 1960-61 season the sex of the lamb was a significant (P < .05 

to P < .01) source or variation in milk production of the ewe during the 

seventh through tenth week. In the 1961-62 season the influence of the 

sex of the lamb on the milk production or the ewe was non-significant 

except at the third week (P< .05). However, the partial regression 

coefficients for sex indicated that the female lambs consumed slightly 

more milk than the males. In the analyses or lamb growth it was noted 

that the males grew faster than the females during the lactation period. 

Since all the lambs had access to creep feed during the lactation period 

it is not possible to draw any definite conclusions in regard to the 

relative efficiency of the two sexes in converting milk to gain. Guyer 

and Dyer (1954) also noted that females consumed more milk than the males. 

In their study the difference in rate of gain between the sexes was some

what less than in this study. 

The effect of rearing on ewe milk production per lamb reared was 

significant (P < .05 to P < .01) during the fifth through eighth week in 



TABLE 15 
ANALYSES OF VARIANCE OP CUMULATIVE MILK 

PRODUCTION PER LAMB REARED ONE THROUGH FIVE WEEKS 1960-61 DATA 

Mean Squares 
Source of 
Variation d.f .. Week 1 Week 2 Week 3 
TotaJ. 87 23.1 93.0 201.8 
Sex of Lamb (S) 1 4.0 2~2 3.4 
Lamb Rearing Type (R) 1 0.2 32.3 99.1 
Age of Ewe (E) 3 7~2 23.7 54.5 
Lamb' s Sire Breed 3 2.6 7.6 35.7 
SxR 1 7.0 39.8 50.6 
SxE 3 1.2 7~1 s.5 
RxE 2& .3.8 17~0 43.5 
Ewe Body.Weight 1 4.6 12~7 26.0 
Ewe Condition Score 1 o.6 19.6 58.1 
Lamb Birth Weight 1 4~6 0.2 16.5 
Lamb Birth Date 1 1.4 4.3 24.8 
Lamb Gain 1 290.6** 1,065.4** 686.0** 
Error 6,8 9.0 29.5 47.4 

R2 o.695** 0.752** o.817** 

Standard Error of Estimate 3.0 5.4 6.9 

8There were no twin lambs in the yearling ewe group 

* P < .05 

** P < .01 

Week 4 
344.8 
21.1 

262.5 
178.5 
150.0 

51.1 
3.5 

81.6 
125.9 

67.7 
~.8 
7.3 

3,786.3** 
78.9 

0.821** 

8.9 

Week~ 
520.9 
143.3 
542.S* 
334.2 
244.7 
25.2 
21.8 

127.3 
157.8 
151.1 

o.o 
o.o 

900.9** 
129.0 

o.so6H 

11.4 

~ 



TABLE 16 
ANAJ.YSES OF VARIANCE OF CUMULATIVE MILK 

PRODUCTION PER LAMB REARED SIX THROUGH TEN WEEKS 1960-61 DATA 

Source or 
Variation d.f. Week 6 Week 7 

Total 87 715.5 929.9 
Sex or Lamb (S) 1 591.3 1,076~5* 
Lamb Rearing Type OR) l 798~7** 953~4* 
Age or Ewe (K) 3 700.5 996~()§* 
Lamb's Sire Breed 3 392~8 644,~8* 
SxR 1 0~8 6~6 
SxK 3a 77 • .3 195.3 
RxB -- 2 229~7 j83~9 
Ewe~ Weight 1 349~8 527~1 
Ewe Condition Score 1 129~7 207~9 
Laab Birth Wei,ht 1 8~8 33~5 
(Lamb Bth. wt. 2 1 13~.3 - ·41.0 
Lamb Gain 1 5,927~6** 8,169~2** 
Error 68 165.7 198.5 

I(- o.819** o.831** 

Standard Error or Estimate 12.9 14.1 

8There were no twin lambs in the ;yearling ewe group 

*P < .05 

**P < .01 

Mean Squares 

Week 8 Week 9 

1,15.3. 5 1,408.8 
1,512.6* 2,251.7* 
1,246.2* 1,045.2 
1,607~6** 2,116 • .3** 

905~3* 1,284.5* 
8~1 266.7 

356.9 517.8 
689~9 894-.8 
912.5 1,248~6 
271~6 175~8 
149~6 .322.,9 
165.1 371.6 

9,225.4** 11,000.0H-
287.1 321.3 

0.826** 0.822** 

16.9 17.9 

Week 10 

1,649/3 
2,523.1* 
1,036.9 
2,287.l** 
1,530.7** 

418.9 
561.2 

1;104.9 
1,490~7* 

206.6 
570.9 
652.4 

13,9.'.33.l** 
373.5 

o.823** 

19.3 

--.3 
l\) 



TABLE 17 
ANALYSES OF VARIANCE OF CUMULATIVE MILK 

PRODUCTION PER LAMB REARED ONE THROUGH FIVE WEEKS 1961-62 DATA 

Mean Squares 
Source of 
Variation d.f. Week 1 Week 2 We~ \;E:3~ Week 5 

Total 106 21.2 77.4 186.8 336.0 515.7 
Sex or Lamb (S) 1 1.3 27.7 185.l* 49.7 14.3 
Lamb's Rearing Type(S) 1 6.3 o.6 13.1 27.5 74.6 
Age of Ewe (E) 3 23.7 147.6** 284.4** 514.0** 884.8** 
Lamb's Sire Breed 3 0.4 18.5 50.2 131.6 296.5 
SxR 1 9.5 24.8 27.9 61.1 1.6 
SxE 3 16.7 17.8 15.9 104.5 87.8 
RxE 3 14.8 19.3 29.7 42.8 72.4 
Ewe Body Weight2 1 12.8 31.9 44.2 5.2 196.5 
(Ewe Body Wt.) 1 15.8 39.6 52.3 15.7 197.5 
Ewe Condition Score 1 7.6 2.1 4.5 17.1 1.1 
(Ewe Cond. Score)2 1 8.0 5.8 0.7 o.o o.o 
Lamb Birth Date 2 1 17.9 o.6 5.9 39.1 22.5 
(Lamb Bth. Date) 1 22.9 12.8 10.0 1.7 2.0 
Lamb Birth Weight 1 102.0** 344~2** 899.6** 1,167.0** 1,644.5** 
(Lamb Bth. Wt.)2 1 9.7 9.2 0.1 0.9 1.9 
Lamb Body Weight 1 307.4** 1,692.5** 5,473.2** 8,012.4** 14,135.0** 
Error 81 9.9 25.0 42.0 80.6 140.7 

R2 0.642** 0.751-H o.827** o.816** 0.789** 

Standard Error of Estimate 3.1 5.0 6.5 9.0 11.9 
....:J .,..., 

* P < .05 

ff P < .01 



TABLE 18 
ANALYSES OF VARIANCE OF CUMULATIVE MILK 

PRODUCTION PER LAMB REARED SIX THROUGH TEN WEEKS 1961-62 DATA 

Mean Squares 
Source of 
Variation ~ Week 6 Week 7 Week 8 Week 9 Week 10 

Total 106 723.6 919.2 1,104.5 1,291.5 1,462.9 
Sex of Lamb (s) 1 57~4 46.5 47.3 346.8 356.2 
Lamb's Rearing Type (R) 1 94.5 l,354~ 5* 2,633.7** 3,685.3** 6,090.2** 
Age of Ewe (E) 3 313.5 564.3 650.2 824.7 1,174.4 
Lamb's Sire Breed 3 541~3* 606.6 1,031.l* 1,315.2'f" 1, 737.oi-
SxR 1 52~6 246.6 521.6 700.8 308.6 
SxE 3 113.3 172~4 185.9 163.8 285.7 
RxE 3 206.6 159~8 264.0 448~7 172.3 
Ewe Body Weight 1 279.5 233~6 305.2 817.5 1.9 
(Ewe Body Wt.)2 1 269~5 281~4 350.0 897.8 3.1 
Ewe Condition Sco2e 1 15.1 55.4 126~5 240.8 231.6 
(Ewe Cond. Score) 1 33~4 161~5 293.2 433.8 100.4 
Lamb Birth Date 2 (BD) 1 9.7 24.7 47.4 102.2 140.6 
(Lamb Birth Date) 1 32.0 95.1 46.5 69.0 9.2 
Lamb Birth Wei't 1 1,835.2** 1,426.5** 1,464.0* 1,062.1 360.8 
(Lamb Bth. Wt. 2 1 0.3 2.1 17.l 34.9 15.5 
Lamb Body Weight 1 16,322~2** 19,686.0H 20,905.3** 21,614.1** 25,352. OH 
Error 81 185.3 286.7 297.2 368.0 464.6 

R2 o.80~ 0.774** 0.792** 0.780H 0.755** 

Standard Error of Estimate 13.6 16.4 17.2 19.2 21.6 
-----~----··· - ---· --~----------. 

--..J 
+:-

* P < .05 

** P < .01 
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the 1960-61 season. During the 1961-62 season the effect of rearing on 

ewe milk production per lamb reared was significant (P < .05 to P < .01) 

from the seventh through tenth week. It is interesting to note that the 

influence of rearing was not a significant source of variation on the 

amount of milk produced by the ewe per lamb reared until into the second 

half of the lactation period. The partial regression coefficients 

(appendix tables 51 through 54) indicate that single lambs had received 

about 30 pounds more total milk per lamb by the eighth week than the 

twins in ~he 1960-61 season. In the 1961-62 season this difference was 

about 20 pounds. Barnicoat !i al. (1949, 1956), Guyer and Dyer (1954), 

Alexander and Davies (1959) and Doney and Munro (1962) have reported that 

the number of lambs reared is an important factor in the total milk 

production of the ewe during the lactation period. 

The influence of age of ewe was somewhat different in the two seasons. 

In the 1960-61 season age of ewe was not a significant source of variation 

in milk production until the sixth through tenth weeks, whereas in the 

1961-62 season the influence of age of ewe was significant during the 

second through firth weeks only. Since milk production was measured on 

a per lamb reared basis, it is difficult to interpret the age of ewe influ

ence in these analyses. This is primarily because of the great differences 

in the number of twin lambs per age of ewe group. Ewes that reared twin 

lambs produced less milk per lamb than ewes rearing single lambs. Con

sequently since there were a greater number of ewes rearing twin lambs in 

the older ewe groups (see table 3 in the materials and methods section) 

this would tend to bias the age of ewe differences if considered on a 

milk production per ewe basis. A more appropriate comparison of age of 
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ewe differences on a milk production per ewe basis would be the lactation 

curves in figures l through 4. These figures show the age of ewe differ

ences within the type of rearing of the lamb and are biased only by sex 

and breed of sire of the lamb differences among the different age groups. 

Bonsrna (1939) used the first lactation of two year old ewes as a base of 

a 100 and found the comparative increases in pounds of total milk pro

duced in the second, third and fourth lactation to be 120, 125 and 136 

respectively. Barnicoat ~ al. (1949) reported that six year old ewes 

produced 16 percent more milk than two year old ewes. Owen (1957) 

worked with ewes rearing single lambs only and reported four year old 

ewes produced about six percent more milk than three year old ewes. 

The influence of the lamb's breed of sire was very similar in 

both the 1960-61 and 1961-62 seasons. During the 1960-61 season the 

breed of the lamb's sire was significant (P < .05) during the seventh, 

eighth and ninth week and highly significant (P < .01) during the tenth 

week. During the 1961-62 season the breed of the lamb's sire was sig

nificant (P < .Ol) influence on the lactation of the ewe during the sixth 

through tenth week. Inspection of the partial regression coefficients 

for total ewe milk production per lamb reared (see appendix tables 51 

through 54) indicated that the Dorset sired lambs received more milk 

during the latter part of the lactation but the lambs did not gain as 

fast (see appendix tables 43 through 46) as the lambs sired by the other 

breeds. During the 1960-61 season the Hampshire sired lambs consumed 

less milk but gained faster whereas during the 1961-62 season the Hampshire 

sired lambs received more milk and were heavier during the latter part of 

the lactation. In the 1960-61 season the Suffolk sired lambs received less 
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nd.lk and did not gain as fast as the other lambs. Daring the 1961-62 

season the su:f'folk sired lambs received less milk but tended to be 

heavier at :most weeks. Since all the lambs had access to creep teed 

throughout the lactation period it is not possible to determine whether 

these inconsistencies between the growth of the lamb witbin different 

sire groups and the am.ount ot milk. received were due to ditterences in 

creep teed consumption or to differences in the ability ot the lambs 

to convert nd.lk to ga.:l.n. Kowever the illf'luence ot the lambs' breed of 

sire were non-significant until the lambs vere old enough to consume 

effective am.cunts ot creep feed. Thus it could bave been tbat the 

heavier lambs were depending :more on creep teed than their dam's m:f.llt 

production as a source of nutrients. Owen (1957) crossed Welsh Mountain 

ewes with sutfolk and Welsh Mountain raas. The ratio of the amount of 

milk consumed to live weight gain of the lab froa birth to ten weeks 

vas 4.13 and 3.37 for the purebreds and crossbreds res:pectivelyvhich 

wo\'ll.d indicate that the crossbreu vere slightly more efficient in 

converting nd.lk to gain, unless other sources ot nlltrients were impor

tant factors in the growth of' these lambs. !here were o~ seTen lambs 

in each sire gro,q, for this cmqparis011. Other workers h&Te worked 'With 

oaly 011e sire breed, consequently' no other est:tates of' the ettect of 

the breed of sire of the lamb on :milk production of' the dam. were avail

able. Cartwr1ght and Cez.penter (1901) studied the et:f'eot of nursing 

b.abi ta 011 the weight of beef' cal.Tes. Thq noted that the crossbred 

calves nursed more frequently' and were generally' hea'Yier than the pure

bred. calves. The7 indicated that the milk p:rocluctioa ot tlle de.a m7 

be influenced b7 the genotype ct the calf. 



The first order interactions, sex by- rearing, sex b:, age of ewe and 

rearing by- age ot eve were non-significant at all weeks in both seasons. 

!he partial regression coett1c1ents for these data indicated that the 

male twin lambs received more milk tban the female twins during the · 

early stages of the lactation whereas in the case ot lambs reared as 

singles the reverse vas true. In general the ewe lambs received more 

milk than. the males during the later weeks of the lactation period with 

the relative differences between the sexes within a rearing type being 

about the same. !he sex of lamb b;y age of' ewe relationships vere rather 

inconsistent but there vas a tendency- for the ewe lambs in the 10ung age 

ot ewe groups to consume more milk than the males. In the case of the 

rearing b7 age of eve differences there was a general trend tor the 

single lambs to receive more milk per lamb than the twin lambs 1n the 

y-ounger age ot ewe grov;ps. In general, other research workers have 

either worked within a rearing type or ignored the possible interactions 

between these factors. 

In the ana:cy,sia of' eve m:l.lk production per lamb reared several 

covariables were taken into consideration. In the 1960-61 season ewe 

boq weight, ewe condition score, lamb birth weight, luib birth weight 

sqw1,re4 and net lamb ga:J.n were considered as can.r:J.ables in the analysis. 

Daring the 1961-62 season ewe bod.7 weight squared, ewe condition score 

squ.re4, lamb birth date and lamb birth date squared were also considered 

as aovar:1ables in addition to tll.ose included in the 1960-61 anal.Js:1s. In 

the 1961-62 season lamb body weight was use4 instead ot net lamb gain. In 

the anal;yses ot variance ot ewe milk production per l8ab reared. presented 

in tables 15 through 18 most of the covariab1es which were considered vere 
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unimportant. In the 1960-61 season ewe body weight (with the exception 

of the tenth week, P < .05), ewe condition score, lamb birth weight and 

lamb birth weight squared were non-significant sources of variation in 

total ewe milk production per lamb reared. 

highly significant (P < .01) at all weeks. 

Lamb net weight gain was 

In the 1961-62 season all 

the covariables were non-significant with the exception of lamb birth 

weight and lamb body weight. In the 1961-62 season lamb birth weight 

was a significant (P < .05 to P < .01) source of' variation in ewe milk 

production from one through eight weeks. Lamb body weight was highly 

significant (P < .01) at all weeks. The difference in the importance 

of birth weight between the two seasons lll8.Y'be in part due to the fact 

that in the 1961-62 season lamb body weight was used instead of the net 

weight gain of the lamb. Thus in the 1961-62 season birth weight would 

tend to act as an adjustment on lamb body weight to put 1 t on a net weight 

gain basis. When the 1961-62 data were reanal.yzed using lamb net weight 

gain instead of lamb body weight as a cove.riable the results were almost 

identical with the analyses using lamb body weight except that the partial 

regression coefficient for birth weight was small and non-significant. 

The simple correlations between the cove.riables and ewe milk produc

tion for the 1960-61 season are presented in appendix table 55. In the 

1960-61 sea.son the correlations of ewe body weight and ewe condition 

score with ewe milk production were non-significant. In the 1961-62 

season the simple correlations (see appendix table 56) of ewe body weight, 

body weight squared, ewe condition score and condition score squared with 

ewe milk production per lamb reared were significant (P < .05 to P < .01) 

at most weeks but the corresponding partial correlations were s:mall and 

non-significant. Part of the difference in these simple correlations 

between season may be due to the time of measurement. In the 1960-61 
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season the ewes were weighed and scored about three weeks prior to the 

beginning of lambing whereas in the 1961-62 season the ewes were weighed 

and scored at each week during the lactation. The simple correlations 

of lamb birth weight and birth weight squared with ewe milk production 

were highly significant in the 1960-61 season. In the 1961-62 season 

the simple correlation between lamb birth weight and total ewe milk 

production at different weeks were also highly significant. However, 

the partial correlations between lamb birth weight and total milk pro

duction were somewhat smaller and declined during the latter part of the 

lactation. In the 1961-62 season both the simple and partial correla

tions of lamb birth date, lamb birth date squared, and birth weight 

squared with milk production were small and non-significant. The simple 

correlations between the net weight gain of the lamb and total milk 

production per lamb reared at different weeks were highly significant 

(P < .01) during the 1960-61 season. Both the simple and partial correla

tions between lamb body weight and total milk production of the ewe per 

lamb reared were highly significant (P < .01) at all weeks in the 1961-62 

season. 

Bonsma (1939), Burris and Baugus (1955) and Owen (1957) have reported 

that ewe body weight was significantly correlated with her milk production. 

However, Barnicoat et!!• (1949), and Guyer and Dyer (1954) reported that 

the correlation between ewe body weight and her level of milk production 

was non-significant in their data. No estimates of the correlations 

between the condition of the ewe as estimated by a condition score were 

found in the literature. However, numerous workers have reported that 

the level of nutrition of the ewe has a profound effect upon the amount 
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of milk produced during the lactation period. Bonsma (1939), Burris and 

Baugus (1955) and Owen (1957) reported significant correlations ranging 

from about 0.30 to 0.70 between lamb birth weight and milk production of 

the ewe. Most of these workers have considered these covariables one at 

a time in its relationship with the milk production of the ewe but as 

noted in this study although certain variables may be significantly 

correlated with milk production there is no assurance that they will 

all be important sources of variation in the milk production of the ewe 

when they are all considered simultaneously in the analyses. 

2 The coefficients of determination, R are also presented in tables 15 

through 18. These coefficients ranged from 0.695 to 0.831 in the 1960-61 

season and from 0.542 to 0.827 in the 1961-62 season. These coefficients 

tended to be the highest during the third through sixth week of lactation. 

The standard errors of estimate for the ewe cumulative milk production 

per lamb reared are also presented in the analyses of variance tables 15 

through 18. These standard errors of estimate give an indication of the 

range of error in estimated cumulative milk production of the ewe per lamb 

reared. These standard errors of estimate increased steadily from week to 

week during the lactation period. During the third through seventh week 

these standard errors of estimate were approximately 13 to 14 percent of 

the unadjusted means (see table 46) during the 1960-61 season and from 

11 to 13 percent of the unadjusted means in the 1961-62 season. 

Simple correlations were calculated between total milk production per 

lamb reared at different weeks and are presented in tables 19 and 20. The 

result of the two seasons are very similar although the corresponding 

correlations tend to be slightly higher in the first season. The correlation 



Week 2 

Week 1 00922 
II 2 
II 3 
II 4 
ii 5 
ii 6 
II 7 
n 8 
II 9 

TABLE 19 
CORRELATIONS BETWEEN CUMULATIVE 

MILK PRODUCTION TO DIFFERENT WEEKS 1960-61 DATA 

Week 3 Week 4 Week 5 Week 6 Week 7 Wee~ 8 

Oo899 Oo847 Oo802 00774 00763 00754 
00976 00939 00914 0.894 0.884 Oo874 

0.982 00958 0.938 00929 00918 
00990 0.975 0.968 00958 

0.994 0.989 0.981 
0.997 0.991 

0.997 

Week 9 

00746 
00866 
0.906 
0.947 
0.971 
0.983 
0.992 
0.998 

Week 10 

0.742 
0.860 
0.898 
0.938 
0.964 
0.977 
0.987 
0.995 
0.999 

0) 
l\) 



Week 2 
Week 1 0.873 

ii 2 

n 3 
n 4 
It 5 

" 6 
n 7 
n 8 
n 9 

TABLE 20 
CORRELATIONS BETWEEN CUMULATIVE MILK 

PRODUCTION TO DIFFERENT WEEKS 1961-62 DATA 

Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

o.soo 0.764 0.737 0.721 0.715 o.697 
0.964 0.935 0.910 o.899 o.885 0.865 

0.976 0.950 0.938 0.921 0.905 
0.984 0.970 0.955 0.942 

0.992 0.981 0.969 
0.994 0.985 

0.995 

Week 9 Week 10 
o.685 0.675 
o.847 o.a.30 
o.sa9 o.873 
0.927 0.912 
0.956 0.942 
0.974 0.963 
0.986 0.978 
0.996 0.990 

0.997 

~ 
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between total milk production at two weeks and ten weeks were 0.86 and 

0~83 tor the 1960-61 and 1961-62 seasons respectively. Thus it would 

appear that total milk production as early as the second week might be 

used as an index of a ewe's total production during the lactation. Owen 

(1957) reported correlations of 0.70 and 0.87 between total milk produc

tion at two and four weeks respectively with total milk production at 

10 weeks. The corresponding correlations in this study were somewhat 

higher than those reported by Owen. 

Indirect Estimates of Ewe Milk Production Based on Lamb Growth 

Since it is rather difficult to obtain milk production records by 

the method used in this study, it would be desirable to have a simpler 

and more rapid method or estimating the milk production of the ewe. 

This would involve choosing a trait which is closely related to the milk 

production or ewe. Based on the results of the analyses or variance in 

tables 15 through 18 it would appear that the net weight gain or body 

weight or the lamb would be a good choice, a trait that is easy to measure 

and at the same time closely related with the milk production of the ewe. 

The simple correlations between lamb net weight gain and the cUlllulative 

milk production of the ewe per lamb reared for the 1960-61 season are 

presented in table 21. The corresponding correlations tor the 1961-62 

season using lamb body weight instead of lamb gain are presented in 

table 22. 

A general comparison of the results in these two tables ,rould indi

cate that lamb net weight gain is slightly more highly correlated with 



TABLE 21 .. 
CORRELATIONSa BETWEEN TOTAL LAMB GAIN AND 

CUMULATIVE MILK PRODUCTION TO DIFFERENT WEEKS 1960-61 DATA 

Lamb 
Gain Week 1 Week 2 

Week 1 o. 734 o.649 
II 2 0.822 
II 3 

" 4 

" 5 

" 6 
II 7 

" 8 
II 9 
II 10 

a Level of Significance 

P < .01 
r = 0.282; 86 d.f. 

Week 3 

0.690 
o.848 
0.868 

Cumulative Milk Production 

Week 4 Week 5 Week 6 Week 7 Week 8 

0.679 0.662 0.644 0.644 0.647 
0.840 0.830 0.813 o.s10 o.809 
0.862 0.853 0.836 0.832 o.s2s 
0.861 0.853 0.836 0.833 o.827 

0.852 0.838 0.835 0.830 
0.817 0.813 0.808 

0.802 0.796 
0.776 

Week 9 

0.650 
o.sos 
o.s25 
o.s22 
o.s25 
0.801 
0.788 
0.768 
0.754 

Week 10 

o.646 
0.803 
o.s19 
0.815 
0.818 

0.794 
0.781 
0.760 
0.746 
0.759 

00 
\JI 



TABLE 22. 

CORRELATIONS& BETWEEN LAMB BODY WEIGHT AND 
CUMULATIVE MTI,K PRODUCTION AT DIFFERENT WEEKS 1961-62 DATA 

Lamb 
Body Week 1 Week 2 
Weight 

Week 1 0.647 o.674 

" 2 0.751 

" 3 

" 4 
II 5 

" 6 
n 7 
n 8 
n 9 
ti 10 

a Level of Significance 

P < .01 
r • 0.250; 104 d.f. 

Week 3 

o.667 
0.758 
o.soo 

Ctim.ulati ve Mille Production · 

Week 4 Week 5 Week 6 Week 7 Week 8 

0.683 o.697 0.700 0.699 0.712 
0.76.3 0.770 0.771 0.766 0.776 
o.so1 0.802 0.804 0.795 o.so.3 
o.s10 o.sn o.s10 0.801 o.so5 

o.s12 o.814 0.805 0.806 
0.819 o.s10 0.813 

0.797 o.so2 
0.792 

Week 9 

0.1m 
0.768 
0.792 
0.793 
0.794 
0.803 
0.793 
0.783 
0.768 

Week 10 

0.699 
0.758 
0.781 
0.781 
0.784 
0.795 
0.786 
0.778 
0.762 
0.752 

c» 
"' 



the total milk production of the eve per lamb reared than lamb body 

weight and total :milk production per lamb reared. However 1 1 t should 

be kept in :mind that the differences in the corresponding correlations 

between seasons are also confounded with seasons which '1118.7 account tor 

part of the differences in these correlations. The correlations between 

lamb net weight gain after the first week with cumul.ative milk produc

tion at 10 weeks ranged from o. 746 to o. 819 which would indicate that 

from. 55 to 67 percent of the variation in cumul.ati ve milk production at 

10 weeks could be accounted for b7 the variation in lamb net weight gain 

at some earlier week. The corresponding correlations for the 1961-62 

season using lamb body weight instead of lamb net weight gain ranged from. 

o. 752 to o. 795 which would indicate that from 56 to 63 percent of' the 

variation in cumulative :milk production per lamb reared at 10 weeks could 

be accounted for b7 the variation in lamb body weight at some earlier 

week. Other workers have also correlated lamb gain and total :milk produc

tion over varying periods of time. Jonsma (1939) reported a correlation 

of' O. 812 between lamb gain and total milk production at ll weeks. 

Shrewsbury-~!:!· (1943) reported a correlation of 0.89 between lamb gain 

and total milk production at eight weeks. Wallace (1948) reported a 

correlation of 0.83 between lamb gain and total milk production at eight 

weeks. Similar correlations have also been reported b7 Guyer and D;yer 

(1954), Barnicoat ~ !:!• (1949, 1956)., BIU'ris and Baugus (1955) and 

oven (1957). Although these workers have ca1cu1ated their corre1at1ons 
.. 

on a Yi.thin lamb rearing t7.Pe basis., the7 are in general agreement with 

the results of this study'. 



Regression Equations to Predict Milk Production 

In order to use lamb growth as a predictor of the milk production 

of the ewe simple linear regression equations were calculated which are 

presented in tables 23 and 24. The comparison of the results in these 

tables with the results in tables 15 through 18 indicate that during 

the early weeks of the lactation the standard errors of estimate are 

very similar. However, as the lambs grow older and other factors such 

as age of ewe, breed of sire of the lamb, and lamb rearing type become 

more important factors in the milk production of the ewe, the accuracy 

of simple regression equations decreases. Nevertheless the accuracy of 

net weight gain or lamb body weight alone compare very favorably with 
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the more complex analyses up to about seven weeks. In general the cor

relations between lamb growth and total milk production at 10 weeks were 

the highest (see tables 21 and 22) when the lambs were about three to 

seven weeks of age. It has also been shown (see tables 19 and 20) that 

the part-whole correlations of total milk production at previous weeks 

with total milk production at 10 weeks are rather high. Thus it would 

appear that this single trait either net weight gain or body weight of 

the lamb at three to seven weeks would be a reliable indicator of the 

total milk production of the ewe per lamb reared. To utilize these equa

tions in table 24 it is only necessary to multiply the weight of the lamb 

by the regression coefficient of the equation which is closest to the 

lamb's age. However, the lambs should be about the same age and somewhere 

between three and seven weeks of age in order to achieve the best results. 

In the case of twin lambs the resulting estimates for each lamb would be 

added together to obtain an estimate of the milk production of their dam. 



TABI.J!} 23 
PREDICTION EQUATIONS FOR ESTDIA.TING CUMIJLATIVE EWE MILK PRODUCTION 

PER LAMB REARED AT DIE'FERENT WEEKS BASED ON LAMB NET WEIGHT GAIN 1960-61 DATA 

Net Weis!!t Gain 
r2 

Standard 
Week Intercept Reg. Std. Error of - -Coef. Error Estimate 

1 5.792 2.886** 0.287 0.539** 3.205 
2 6.879 3.504** 0.262 0.676** 5.530 
3 4.441 3.896H 0,240 0-753** 7.092 
4 -0.537 4.126** 0.265 0.741** 9.583 
5 -6.763 4-255** 0.282 0.726** 12.017 
6 -17.593 4.429** 0.338 0.667H 15.533 
7 -~~.058 4.611** 0.371 o.643** 18.333 
8 -42.721 4-565** o.401 0.602** 21.562 
9 -56.922 4,594** o.433 0.569** 24.856 

10 -59.246 4,344** o.402 0.576H 26.613 

**P < .01 

T.A:BLE 24 
PREDICTION EQUA!l'IONS FOR ESTDIA.TING CUMULATIVE EWE MILK PRODUCTION 

PER LAMB REARED AT DIFFERENT WEEKS BASED ON LAMB BODY WEIGHT 1961-62 DATA 

Lamb Body Wt. 
r2 

Standard 

~ Intercept Reg. Std. Error of 
Coef. Error Estimate 

1 3.297 1.18o** 0,145 o.419** 3.758 
2 5.438 1,910** 0.164 o.564*t 5.832 
3 4.478 2.479** 0.182 o.640** 8.237 
4 3.123 2.819** 0.200 o.656** 10.824 
5 -1.274 3.104** 0.219 0.659" 13.318 
6 -8.393 3.367H 0.231 0.611** 15.5o8 
1 -12.239 3.426** 0.254 0.635** 18.401 
8 -17.088 3.442** 0.262 o.627ff 20,489 
9 -17.215 3.326** 0.272 0.590** 23.143 

10 -20.023 3.260** o.28o 0,566H 25.336 

** P < .01 
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Wallace (1948) calculated simple regression equations for estimating milk 

production at 28 days based on the 28 day weight of the lamb. His regres

sion coefficients were about 3.3 and the corresponding correlation coef

ficients were about 0.91. Barnicoat et al. (1956) used the weight of the 

lamb at six weeks to estimate the average daily milk production of the ewe 

over the third to ninth week of her lactation. They concluded that this 

method was a fairly reliable index of the milk production of the ewe during 

this period. Owen (1957), working with the ewes rearing single lambs only, 

calculated a simple ratio of the milk consumed to the live weight of the 

lamb at four weeks. To estimate the milk production of the ewe he merely 

multiplied the weight of the lamb at four weeks of age by this ratio which 

was about five to one. 

In order to compare the standard errors of estimate of these various 

equations with the standard deviations of the unadjusted data the means 

and standard deviations of cumulative milk production of the ewes per lamb 

reared are presented in table 25. The average total milk production per 

lamb reared of the ewes in the second season were somewhat higher than in 

the first season which is due to a combination of season to season varia

tion and the increased age of the ewes in the second season. It is not 

possible to compare the means at the various weeks in this study with those 

of other workers because of the method of measurement. However the total 

milk production of the ewes in this study on a within age of ewe and 

rearing type basis are similar to those of other workers. 

Although the simple regression equations, presented in tables 23 and 

24, indicated that a fairly reliable estimate of the milk production of 

the ewe m~ be obtained by their use, it was observed in the analyses of 



TABLE 25 . 
MEANS AND STANDARD DEVIATIONS FOR CUMULATIVE MILK PRODUCTION PER LAMB REARED 

1260-61 Season: 88 Lambs 

Week 1 2 1 lt. 2. 6 1 8 2 
Mean 15.98 33.79 50.19 64.86 78.85 90.08 99.33 107.57 ll4.66 
Std. Dev. 4.77 9.64 14.13 18.46 22.69 26.60 30.32 33.77 37.32 

1961-62 Season: lo6 Lambs 

~ 1 2 1 lt. 2 6 1 8 2 
Mean 18.73 38.71 58.00 75.91 92.25 107.23 119.97 130.78 140.67 
Std. Dev. 4.6o 8.80 13.67 18.35 22.71 26.90 30.32 33.23 35.94 

10 

119.59 
40.38 

!Q 

148.78 
3s.25 

'° .... 
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variance of the 1961-62 milk production data that age of dam and birth 

weight were also important factors during the early weeks of the ewe's 

lactation. Likewise rearing type and breed of sire of the lamb were also 

important sources of variation in the latter stages of the lactation 

period. Thus a new set of prediction equations were calculated on a 

within age of ewe basis for the 1961-62 seasons data. These equations 

took the birth weight, body weight and the rearing type of the lamb 

into consideration and are presented in tables 26 and 27. The breed 

of sire of the lamb was ignored because all sire breeds were not repre

sented in each age of ewe group. These equations suffer trom the lack 

of numbers since they are based on 22, 25, 28, and 31 lambs in the two, 

three, four, and five year old ewe groups respectively. 

The differences due to lamb rearing type were significant (P < .05) 

in the five year old ewe group during the seventh through tenth week of 

lactation. Although the partial regression coefficients for rearing were 

equally as large or larger than in the five year old ewe group the cor

responding standard errors in the other age of ewe groups were relatively 

larger. These higher standard errors are probably due in part to the 

smaller number of twins in these age groups. In a few instances early 

in the lactation period the partial regression coefficients tor rearing 

were negative which would indicate that the individual twin lambs actually 

received more milk than the singles. 

Because of the:inter-relationship of birth weight and body weight the 

partial regression coefficient for birth weight was generally negative 

when both variables were included in the equation even though the simple 

correlations between birth weight and total milk production were always 



TABLE 26 
PREDICTION EQUATIONS AND STANDARD ERRORS FOR ESTIMATING CUMULATIVE EWE MILK PRODUCTION PER LAMB 

REARED AT DIFFERENT 'WEEKS BASED ON THE REARING TYPE,BIRTH WEIGHT AND BODY WEIGHT OF THE LAMB 1961-62 DATA 

Age Rearing Birth wt. Body Wt. Standard 
or Inter- Reg. Std. Reg. Std. Reg. Std. 

R2 
Error or 

I!!! ~ ce;e Coer. Error Coef. Error Coer. Error Estimate 

2 1 2.s74 -1.107 0.832 -2.240** 0.712 2.713** 0.478 o.688** 2.800 
3 1 -2.078 -0.653 1.035 -0.567 1.227 2.103 0.059 o.695** 3.094 
4 1 5~847 0~847 0.877 -2~032* o.876 2.242** 0~668 0.544** 3.247 
5 l 12.147 0.938 0.919 0.263 0.896 0.357 0.721 0.376** 3.000 

2 2 3~986 -1.970 1.616 -2~654* 1.124 3.392** 0.541 0.726** 5.466 
3 2 3.199 0.773 1.355 0~666 1~298 1.943** 0.663 0.836** 4.194 
4 2 17.683 1.875 1.315 -2.616* 0~996 2.403** 0.585 o.668** 4.696 
5 2 16.940 o.677 1.471 -0.414 1.130 1.407 0.703 0.554** 4.976 

2 3 5.978 -1.401 1.870 -3.710** 1.224 3.972** 0.444 0.842** 6.436 
3 3 5.960 o.843 2.016 1.136 1.741 2.264** 0.734 o.850** 5.889 
4 3 23.496 2.535 2.020 -4.312** 1.407 3.155** 0.694 o.697** 7.082 
5 3 16.394 -0.951 1.713 -2.429 1.242 2.829** 0.603 0.734** 6.027 

2 4 6~272 0.214 3.216 -4.832* 2.053 4.504** o.628 0.779** 11.145 
3 4 -1~247 0~754 2~554 1.947 2.114 2.584** 0.745 o.870** 7.501 
4 4 26~327 2~982 2~815 -4~883* 1.872 3.353H 0.798 o.681** 9.446 
5 4 23.856 0.776 2.069 -2.o66 1.456 2.652** 0.600 0.772** 7.367 

2 5 -1.394 2~795 3.911 -4.551 2.481 4.599** 0.652 0.784** 13.938 
3 5 .;.4~662 3.038 3~654 3.Li,36 3~102 2.452* 0.952 0.835** 11.012 
4 5 23~557 2~821 3~474 -5~748* -2~364 3.714** 0.937 o.650** 11.476 
5 5 31.205 3.124 2.614 -2.123 1.926 2.621** o.684 0.773** 9.313 

* P < .05 "' I,.,> 

** P < .01 



TABLE 27 
PREDICTION ~UATIONS AND STANDARD ERRORS FOR ESTIMATING CUMULATIVE EWE MILK PRODUCTION PER LAMB 

REARED AT Dll'PmENT WEEKS BASED ON THE REARING TYPE, BIRTH WEIGHT AND BODY WEIGHT OF THE LAMB 1961-62 DATA 

Age Rearing Birth Wt. Body Wt. Standard 
of Inter- Reg. Std. Reg. Std. Reg. Std. 2 Error of 
!!! Week ce;et Coef. Error Coef. Error Coer. Error R Estimate 

2 6 -17~162 4~674 4.302 -4.565 2.665 4.973** o.646 o.816** 15.118 
3 6 -5~612 5.541 4.067 3~654 3.334 2.581** 0.913 o.860** 12.290 
4 6 25~476 2.936 3.780 -5.950* 2.532 3.656** 0.899 o.641** 12.908 
5 6 36.480 5.625 3.213 -1.497 2.350 2.440** 0.758 0.750** 11.788 

2 7 -24~602 6.586 5.440 -4.178 3.279 4.915** 0.737 0.779** 18.937 
3 7 -7~569 6.415 4~578 4~136 3.567 2.594** 0.907 0.862** 13.572 
4 7 37~590 5;035 4.481 -5;566 3;119 3~155** 1~001 0.571** 15.404 
5 7 39.587 7.603* 3.700 -0.015 · 2.754 2.095* 0.830 0.711** 14.307 

2 8 -25.894 10.308 5.844 -5.273 3.597 4.905** 0.742 0.787** 20. 525 
3 8 .;.6~897 9.569 4.780 5.521 3.855 2.309* 0.889 0.861** 15.063 
4 8 39;700 6.412 4~389 -5.620 3.205 3.043** 0.920 0.584** 16.098 
5 8 42.192 9.233* 3.844 -0.838 2.947 2.249** 0.589 0.732** 15.250 .. 

2 9 -29~492 12.935 6.878 -4.213 4.195 4.536** 0.792 0.754** 24.083 
3 9 -21;672 9.423 5.137 4.957 3.976 2.695** 0.894 o.866** 16.047 
4 9 59~292 8~419 5.017 -4.836 3.520 2.413* 0.903 0.538** 18.237 
5 9 51.432 10.841* 4.349 -0.129 3.332 1.922* 0.803 o.698** 17.471 

2 10 -23.126 15.181 7.478 -4.476 4.570 4.244** 0.788 0.741** 26.201 
3 10 -19;523 10.876 5.648 5.776 4.167 2.451** o.s23 0.847** 18.355 
4 lC 21~123 11.688 5.898 -3.375 4.142 1.819 1.078 0.460** 21.123 
5 10 53.527 12.088* 4.620 0.166 3.835 1.822* o.864 o.682** 18.994 

* P < .05 
'° ** P < .01 .i:-
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positive. The partial regression coefficient for birth weight was 

significant (P < .05 to P < .01) in the two year old ewe group during 

the first four weeks and in the four year old ewe group during the first 

six weeks. Birth weight was non-significant in the other age groups. 

Lamb body weight was the most important factor in these ~rediction 

equations. In the equations for the two year old ewes, lamb body weight 

was highly significant (P < .01) at all weeks. In the three year old ewe 

group lamb body weight was generally highly significant (P < .01) after 

the first week. Lamb body weight was highly significant (P < .01) in the 

equations for the four year old ewes up to the ninth week. In the five 

year old ewe group lamb body weight was significant after the second week. 

In general, the within age of ewe group equations had standard errors 

of estimate which were smaller than the standard errors of estimate for the 

corresponding weeks for the simple linear regression equations presented 

in tables 24 and 25. This would be expected since these within age of ewe 

prediction equations take more sources of variation into consideration. 

The within age of ewe group means and standard deviations for total milk 

production of the ewe per lamb reared at different weeks are presented in 

table 28. It should be remembered that since milk production was esti

mated on a per lamb reared basis, the differences in the number of twins 

within an age group will tend to bias any comparisons of the means among 

these age groups. A better comparison of age of ewe differences would be 

figures 3 and 4. However, the means and standard deviations are presented 

in order to compare the standard errors of estimate of the prediction 

equations with the corresponding standard deviations of the raw data. 



TABLE 28 

MEANS AND STANDARD DEVIATIONS OF CUMULATIVE MILK PRODUCTION 

PER LAMB REARED ON WITHIN AGE OF EWE BASIS 1961-62 DATA 

Two Year Old Ewes: 

Week .1 2 .2. l! 2 
Mean 18.20 37.38 55.29 74.55 91.31 
Std. Dev. 4.64 9.66 14.98 21.95 27.37 

Three Year Old Ewes: 
Week 1 2. -- 1 l! 2 
Mean 20.82 43.64 66.42 85.25 102.27 
Std. Dev. 5.24 9.70 14.21 19.46 25.35 

Four Year Old Ewes: 

Week 1- 2 1 l! 2· 
Mean 17.27 36.53 54.29 71.09 86.45 
Std. Dev. 4.54 7.68 12.13 15.76 18.30 

Five Year Old Ewes: 
Week 1- -~ 1 fr. .2 
Mean lS-.74 37.66 56.49 73.69 90.09 
Std. Dev. 3.60 7.00 ll.08 14.63 18.55 

816 lambs reared as singles, 6 reared as twins 
b 13 lambs reared as singles, 12 reared as twins 

- .. 

c 8 lambs reared as singles, 20 reared as twins 

d 9 lambs reared as singles, 22 reared ~s twins 

22 Lambs a 

6 1 8 

106.46 120.16 131.57 

32.59 37.30 41.18 
b 22 Lambs 

6 1 ~ 
ll8.99 133.52 145.06 

30.69 34.23 37.79 
28 Lambsc 

6 1 8 

100.72 n2.07 122.47 

20.30 22.16 23.54 
21 Lambsd 

6 1 8 

104.18 116.05 126.20 

22.36 25.24 27.95 

.2. 
142.77 

44.99 

.2. 
155.01 

41.00 

2 
131.94 
25.28 

.2. 
135.51 

30.17 

10 

152.11 

47.66 

1Q 
163.64 

43.90 

10 

139.34 
27.11 

10 

143.06 

31.94 

'° °' 



Conclusions 

The results of the analyses of variance of net lamb gain and lamb 

body weight at different weeks throughout the lactation period indicated 

that several factors contribute to the variation in lamb growth rate. 

Although the sex of the lamb was non-significant at most weeks in this 

portion of the study, the partial regression coefficients for the dif

ferences in favor of the males increased as the lambs grew older. This 

would indicate that the age or weight of the lamb should be considered 

when appraising the magnitude of the differences between the sexes. The 

rearing type of the lamb (singles reared as singles and twins reared as 

twins) was highly significant (P < .01) at all weeks in both seasons. 

The differences between the rearing types during the lactation period 

tended to increase as the lamb grew older. Age of dam differences 
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were also a highly significant (P < .01) influence on lamb growth rate. 

Lambs reared by yearling and two year old ewes tended to be considerably 

lighter than lambs reared by ewes which were three years old and older, 

which would indicate that the age of dam influence on lamb growth in 

curvilinear. 

The first order interactions, sex by rearing, sex by age of dam 

and rearing by age of dam were less conclusive. Based on the analyses 

of variance these interactions were non-significant, however, in some 

instances the constants for these interactions were rather large. This 

was particularly evident in the case of the rearing by age of dam inter

action. In general the differences between rearing types were less in 

the younger age of ewe groups than in the older ewe groups. 
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In the analyses of lamb growth rate during the lactation period 

several covariables were taken into consideration. Although the simple 

correlations of many of the covariables with net lamb gain or lamb body 

weight were significant, when all of them were considered simultaneously 

in the analyses of lamb growth most of them were non-significant. The 

outstanding exception was lamb birth weight which exhibited a highly 

significant (P < .01) influence on lamb growth throughout the lactation 

period. 

In the milk production study lamb net weight gain and lamb body 

weight were highly correlated with the cumulative milk production of 

the ewe per lamb reared. The average level of milk production of the 

ewe at 10 weeks was rather small which indicated that the milk produc

tion of the ewe a~er 10 weeks is a minor source of nutrients for the 

lamb. The ewes rearing twins produced about 30 percent more total milk 

during the 10 week lactation period than ewes rearing single lambs. 

In the analyses of sources of variation in the cumulative milk 

production of the ewe per lamb reared during the first 10 weeks of her 

lactation several factors were important. Female lambs consumed more 

milk than male lambs but this difference was not generally statistically 

significant. As noted earlier, the male lambs were heavier than the 

females during the lactation period but since all lambs had access to 

creep feed it was not possible to determine any difference in the relative 

efficiency of the two sexes in converting milk to gain. The rearing 

type of the lamb was not a significant source of variation in the cumula

tive milk production of the ewe until the latter half of the lactation. 

Age of ewe differences were important, however, the relative differences 



in cumulative milk production per lamb reared among the age of ewe 

groups were not conclusive. The breed of sire of the lamb appeared 

to be an important factor in the cumulative milk production of the ewe. 

The relationship between milk production and lamb growth within breed 

of sire groups was conflicting and inconsistent. Since no estimate of 

creep feed consumption by sire groups was available it was not possible 

to determine whether or not these inconsistencies among the sire groups 

were due to differences in the feed efficiency of their lambs. Further 

investigations will have to be made before any definite conclusions may 
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be drawn in regard to any possible differences in feed efficiency among 

the progeny of these sire breeds. Within season time trends were unimpor

tant as estimated by lamb birth date and lamb birth date squared in the 

second season. The simple correlations of ewe body weight and condition 

score with milk production per lamb reared were significant in the second 

season but the partial correlations were small and non-significant. 

The results of the various prediction equations which were calculated 

to estimate the milk production of the ewe indirectly based on the growth 

of her lamb indicated that the lamb must be at least three weeks old before 

these equations were very reliable. A comparison of the prediction equa

tions for estimating the cumulative milk production of the ewe per lamb 

reared at various weeks indicated that lamb net gain or lamb body weight 

was the most important factor in these equations. The simple linear 

regression equations using lamb net gain or lamb body weight to predict 

the milk production of the ewe at three to six weeks compared favorably 

with the multiple regression equations for the same period. As the 

lactation progressed other factors also contributed to the variation 
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in the milk production of the ewe. Thus when the rearing type and birth 

weight of the lamb were included in conjunction with lamb body weight 

within the various ewe groups, greater accuracy was achieved. The 

results of these prediction equations indicate that it is possible to 

obtain a fairly reliable estimate of the milk production of the ewe 

based on the growth of her lamb. 



SUMMARY 

This study was composed of two parts. The data used in both parts 

were obtained from the experimental sheep flock at the Fort Reno Live

stock Research Station. Part I was concerned with the estimation of the 

repeatability of the birth weight, 70 day weight and rate of gain from 

70 to 140 days of the lamb as a characteristic of its dam. Part II was 

concerned with the estimation of the milk production of the ewe and its 

relationship to the growth of the lamb. 

In part I data were collected on 829 lambs over a six year period, 

which represented the progeny of 176 grade Ra.mbouillet and Ra.mbouillet x 

Panama-Rambouillet ewes. The data were adjusted for several known 

sources of variation. The sex of lamb was highly significant (P < .01) 

in the analyses of birth weight, 70 day weight and rate of gain from 

70 to 140 days. The birth and rearing type of the lamb had a highly 

significant (P < .01) influence on birth weight and 70 day weight. The 

influence of birth and rearing type on rate of gain from 70 to 140 days 

was significant in some instances but was dependent upon what other 

sources of variation were also included in the analyses. The year the 

lamb was born had a highly significant (P < .01) influence on all the 

traits. The sex by rearing and sex by year interactions appeared to 

be unimportant. However the rearing by year interaction was significant 

(P < . 05) in the analyses of bj.rth weight and 70 day weight. Within 

season time trends, as estimated by lamb birth date and birth date 
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squared, were unimportant in the analyses of birth weight and 70 day 

weight. In the case of rate of gain from 70 to 140 days birth date 

and birth date squared were major sources of variation (P < .Ol) in 

the rate of gain of the lambs during this period. Lamb birth weight, 

when considered as a covariable, had a highly significant (P < .01) 

linear relationship with 70 day weight but the non-linear (quadratic) 

relationship was unimportant. However, birth weight squared was a 

significant (P < .05) source of variation in the analyses of rate of 

gain from 70 to 140 days, whereas the linear influence of birth weight 

was non-significant. 

The repeatability estimates calculated from the adjusted data in 

part I varied considerably depending upon what factors were considered 
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in the adjustment of the data. When the data were adjusted for differ

ences due to the sex and rearing type of the lamb and the year the record 

was made, the repeatability estimates for birth weight, 70 day weight and 

rate of gain from 70 to 140 days were 0.369, 0.234 and 0.137 respectively. 

These repeatability estimates were rather low consequently it would be 

desirable to have more than one record available in evaluating the ewe's 

performance. 

In part II the data were collected over a two year period on 141 

Dorset x Western crossbred ewes. The cumulative milk production of the 

ewe per lamb reared was estimated at weekly intervals from one to 10 

weeks following the birth of the lamb(s). In the analyses of these 

data on a within year basis, several sources of variation in the milk 

production of the ewe were considered. The sex of the lamb may be an 

important factor in the milk production of the ewe during the lactation 
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period but the results of this study were not conclusive on this point. 

The rearing type of the lamb was not a significant factor in the cumulative 

milk production of the ewe per lamb reared until the latter half of the 

lactation period. The ewes rearing twin lambs produced about 30 percent 

more total milk during the 10 week lactation period than the ewes rearing 

single lambs. Age of ewe differences were important. However, the 

relative differences in the cumulative milk production per lamb reared 

among the age of ewe groups were not conclusive. The breed of sire of 

the lamb appeared to be an important source of variation in the cumula

tive milk production of the ewe during the latter stages of the lactation 

period. The sex by rearing, sex by age of ewe and rearing by age of ewe 

interactions were non-significant. Within season time trends as estimated 

by lamb birth date and birth date squared during the second season were 

unimportant. Lamb net gain and lamb body weight were highly correlated 

with the cumulative milk production of the ewe per lamb reared. In 

general the average level of milk production of the ewe per lamb reared 

at 10 weeks was rather small which indicated that the milk production 

of these ewes a~er 10 weeks would be a minor source of nutrients to the 

lamb. 

The results of the various prediction equations which were calculated 

to estimate the milk production of the ewe indirectly based on the growth 

of her lamb indicated that the lamb must be at least three weeks old 

before these equations were very reliable. A comparison of the predic

tion equations for estimating the cumulative milk production of the ewe 

per lamb reared at various weeks indicated that lamb net gain or lamb 



body weight was the most important factor in these equations. The 

simple linear regression equations using lamb net gain or lamb body 

weight to predict the cumulative milk production of the ewe at three 

to six weeks compared favorably with the multiple regression equations. 

As the lactation progressed other factors also contributed to the 

variation in the milk production of the ewe. The results of these 

prediction equations indicate that it is possible to obtain a fairly 

reliable estimate of the milk production of the ewe based on the growth 

of her la.mb(s). 
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Intercept 
Sex (Male) 
Rear. (SS) 
Rear. (TS) 
Year (55) 
Year ( 56) 
Year ( 57) 
Year (58) 
Year ( 59) 
Ma.le X SS 
Male x TS 
Male x 55 
Male x 56 
Male X 57 
Male x 58 
Male x 59 
SS X 55 
SS X 56 
55 X 57 
SS X 58 
SS X 59 
TS x 55 
TS x 56 
TS x 57 
TS x 58 
TS x 59 
Birth Date 
Bth. Date 3q. 

* P < .05 
** P < .01 

TABLE 29 
PARTIAL REnRESSION COEFFICIENTS 

AND STANDARD ERRORS FOR BIRTH WEIGHT IN PART I 

Equation 2 
Reg~ Std. 

Coef~ Error 

-31.194 
0.346** 0.084 
1.256** 0.106 

-0.793** 0.175 
-1.791** 0.203 
-1.210** 0.200 
0 • .358 0.240 
o.687** 0.186 
1.179** 0.170 
0.072 0.099 

-0.133 0.168 
0.095 0.160 

-0.067 0.109 
0.095 0.123 

-0.120 0.105 
-0.007 0.104 
-0.326 0.232 
-0.209 0.218 
-0.101 0.253 
0.164 0.201 
0.289 0.193 
0.287 0.343 

-0~324 0.379 
0.115 0.448 

-0.233 0.340 
-0.014 0~314 

0~226 0.216 
..;.0.003 0.004 

Equation 4 
Reg. Std. 

Coef. Error 

7.689 
0.353** 0.093 
1.235** 0.107 

-0.786** 0.180 
-1.636** 0.203 
-1.233** 0.203 
0.519* 0.241 
0.462* 0.184 
1.111** 0.172 
0.065 0.100 

-0.068 0.170 
0.080 0.162 

-0.071 0.111 
0.118 0.125 

-0.098 0.106 
0.026 0.106 

-0 • .338 0.236 
-0.205 0.221 
-0.115 0.256 
0.268 0.203 
0.275 0.196 
0.168 0.345 

-0.224 0.384 
0.056 0.455 

-0.265 0.345 
0.034 0.319 

Equation 6 
Reg. Std. 

Coef. Error -
-33.504 

0.374** 0.051 
1.265** 0.097 

-0.805** 0.161 
-1.898** 0.162 
-1.101** 0.110 
0.341** 0.126 
o.807** 0.111 
1.140** 0.105 

0.243 
-0.004 

0.213 
0.004 

Equation 8 
Reg. Std. 

Coef. Error --
7.664 

0.365** o. 052 
1.261** 0.308 

-0.787** 0.163 
-1.742** 0.161 
-1.153** 0.110 
0.513** 0.123 
o.619** 0.106 
1.067** 0.105 

I-' 
I-' 
I-' 



TABLE .30 
PARTIAL REGRESSION COEFFICIENTS AND STANDARD ERRORS 

FOR 70 DAY WEIGHT. EQUATIONS 1 THROUGH 4 IN PART I (CONTINUED IN TABLE .3l) 

Equation 1 F,quation 2 F,quation 3 F,quation 4 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coef. Error Coef. Error Coer. Error Coer. Error 
Intercept -.35.470 -107.348 29.359 48.900 
Sex (Male) 1.8.36-H 0 • .3.36 2.666** 0 • .364 1.902** 0.352 2.679** 0.418 
Rear. (SS) 3 • .308** 0.420 6.257** 0~462 .3.772** 0.4.36 6.431** 0.474 
Rear. (TS) 0.818 o.658 -1.099 0.77.3 0.601 0.689 -1.147 0.815 
Year (55) -2.122** 0.78.3 -6.46.3** 0.882 -.3.441** 0.805 -7.103** 0.920 
Year (56) -0.607 0.749 -3.511** o.871 -0.691 0.785 -3.412** 0.919 
Year (57) 0.580 0.877 1.431 1.044 -0.452 0.9ll 0.674 1.090 
Year (58) 4.018** o.688 5~693** 0.811 5.538** o.698 6.596** o.a32 
Year ( 59) -1.010 0.645 1.840* 0.742 -0.258 o.669 2.219** 0.778 
Male X SS -0.701 0.363 -0.580 0.429 -0.657 0 • .380 -0.565 0.45.3 
Male x TS 1.810** 0.61.3 1.536* 0.730 1.408* 0.641 1.301 0.768 
Male X 55 -0.786 0.584 -0. 5.32 o.695 -0.638 0.612 -0.4.3.3 0.733 
Male X 56 -0.144 0.401 -0.247 0.474 -0.155 0.421 -0.253 0.501 
Male X 57 -0.677 0.450 -0.491 0.535 -0.767 0.472 -0.564 0.565 
Male X 58 0.000 0.38.3 -0.289 0.456 -0.184 0.401 -0.402 0.481 
Male x 59 o.~78 0.381 0.438 0.454 0.264 0.399 0.299 0.478 
SS X 55 0.495 0.850 -0.219 1.010 0.46.3 0.891 -0.212 1.066 
SS X 56 -0.274 0.803 -0.633 0.947 -0.3.37 o.s42 -0.64.3 1.000 
SS X 57 -1.1.31 0~925 -1 • .352 1.103 -0.868 0.966 -1.099 1.160 
SS X 58 -0~907 0.73.3 -0.554 o.87.3 -1.571* 0.764 -1.028 0.916 
·SS X 59 -0~326 0.714 0.225 0.840 -0.263 0.748 1.993 o.886 
TS x 55 -1.139 1.252 -0.481 1.492 -0.07.3 1.302 0.279 1.563 
TS x 56 -0.475 1 • .389 -1.337 1.651 -1.330 1.451 -1.917 1.738 
TS x 57 1.39.3 1~640 1.575 1.952 1.588 1.717 1.615 2.058 
TS x 58 2.1+14 1.243 1.914 1.480 2.673 1 • .302 2.152 1.557 
TS x 59 -1~074 1~153 -0~984 1 • .368 -1.328 1.208 -1.128 1.445 
Bth. Date 0;589 0~789 l~l.30 0;940 ..... --- --- --- --- ~ a Bth. Date Sq. -0~124 0~129 -0 • .302 0.153 --- ---
Bth~ wt. 3.109** 0.068 --- --- 0.29.3** 0.071 
Bth. Wt. Sq.a -0.046 0.040 --- -- -0.047 0.043 

* P < .05 aShirt two decimal places to the left 

** P < .01 



Intercept 
Sex (Male) 
Rear. (SS) 
Rear. (TS) 
Year (55) 
Year (56) 
Year (57) 
Year (58) 
Year (59) 
Bth. De.te · a 
Bth. De.te Sq. 
Bth. Wt. · 8 
Bth. Wt. Sq. 

** P < ,01 

TABLE 31 
PARTIAL ROORESSION COEFFICIENTS AND STANDARD ERRORS 

FOR 70 DAY WEIGHT·. EQUATION 5 THROUGH 8 IN PART I (CONTINUED FROM TABLE 30) 

_ Eg.uation 5 
Reg. Std. 

Coef. Error 

-4o.093 
1.094** 0.197 
3.009** 0.390 
1.038 . 0.603 

-1. 766** 0.654 
-0.368.. o.428 
-0.161 o.468 
3.099** o.422 

-0.316. o.415 
0.616 0.787 

-0.129 0.128 
o.3ll** o.o66 

-0.047. 0.039 

Equation 6 
Reg. Std. 

Coef. Error 

-l16.661 
1. 966** O. 226 
5;945tt o.419 

-0.876.. 0.702 
--6.317** o.7o8 
-2.950** o.478 
0.665__ 0.551 
5.016** o.483 
2.383ff o.458 
1.192 - 0.931 

-0.212 0.152 
---

8 Shift two decimal places to the left. 

Equation 7 
Reg. Std •. 

Coef. Error 

29.613 
1.245** 0.205 
3.331ff o.4o6 
·o. 786. .. 0.630 

-3.226** 0.661 
-0.178 .. o.446 
-1.210** o.473 
4.389** o.4u 
o. 450 o.-4-24 

._....... -·--· 
0.290** o.o69 

-0.046. ... 0.041 

Equation 8 
Reg. Std. 

Coef. Error 

48.965 
2.028** 0.229 
6.022** 1. 342 

-o. 936_. o. 712 
•7.o83** 0.701 
-2.665ff o:481 
-o.o8o. 0.537 
5.149** o.461 
2 ,r77** 0. 458 
---· ----·--· 
-···-· ----

E 



TABLE 32 

PARTIAL Rl!nRESSION COEFFICIENTS AND STANDARD ERRORS FOR RATE 

OF GAIN JIRCII 70 TO 140 DAYS. ~UATIONS 1 THROUGH 4 IN PART I ( CONTINUED IN TABLE 33} 

Equation 1 Equation 2 Equation 3 Equation 4 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coef. Error Coef. Error Coef. Error Coef. Error 

Intercept 5.868 5.401 0.471 0.516 
Sex (Male) 0;026** 0;005 0;030** · 0.005 0.024** 0.005 0.029** 0.005 
Rear. ~ss) -0;011 0;006 0~006 0~006 -0.017** o.oo6 0.002 0.006 
Rear. TS) 0;014 0;010 0~005 0;010 0.017 0.010 o.006 0.010 
Year (55) -0~026* 0~012 -0;048** O~Oll -0.012 0~012 -0;034** 0;012 
Year (56) 0.017 0;011 0.002 o;on 0;018 o.on 0.000 0~012 
Year (57) -0;014 0~013 -0.009 0.013 -0.001 0.013 0.007 0.014 
Year (58) 0~027** 0~010 0~035** 0.010 0.010 0.010 0.016 0.010 
Year (59) -0~017 0~010 -0.002 0.009 -0.026** 0.010 -0.011 0.010 
Male x SS -0~002 0.005 0~000 0.005 -0.003 0.006 -0.000 0.006 
Male x TS -0~001 0~009 -0.001 0.009 0.005 0.009 0.003 0.010 
Male X 55 o;ooo 0;009 0.001 0.009 -0.000 0.009 -0.002 0.009 
Male X 56 -0~005 0;006 -0.008 0.006 -0.005 0.006 -0.007 0.006 
Male x 57 -0~004 0~007 -0.002 0.007 -0.003 0.007 -0.000 0.007 
Male x 58 0;003 0~006 0;001 0.006 0.005 0.006 0.004 0.006 
Male X 59 0~001 0;006 0.001 o.006 0.003 0.006 0.004 0.006 
SS X 55 0~003 0;013 -0~003 0.013 0.004 0.013 -0.003 0.013 
SS X 56 -0~002 0;012 -0.001 0.012 -0.002 0.012 -0.008 0.013 
SS X 57 -0;012 0~014 -0;014 0;014 -0.018 0.014 -0.020 0.015 
SS X 58 0;006 0;011 0.010 0~011 0.015 0.011 0.020 0.012 
SS X 59 -0~005 0;011 0;002 0~011 -0.005 0.011 0.003 o.on 
TS X 55 0;001 0;019 0;005 0;019 -0.015 0.019 -0.012 0.020 
TS x 56 -0;018 0;021 0;020 0~021 -0.007 0.021 -0.007 0.022 
TS X 57 0;003 0;024 o;ocr, 0~025 0.004 0.025 0.007 0.026 
TS X 58 o;oos 0;018 0;004 0;019 0.003 0.019 -0.002 0.020 
TS X 59 -o.cm 0~017 0~004 0~017 0.009 0.018 0.006 0.018 ..... 
Bth; Dat.ea - b -3.705** 1;168 -3;418** 1;198 ~ 
Bth; Date Sq. o.635** 0.190 0.594** 0.195 --- --
Bth. wt.a --b -0~058 0~100 -- --- -0;043 0.103 
Bth. lit •. Sq •. __ .0.119* ... O.o6o. - --- 0.122 0.061 

- .. --
* P < .05 8shitt two-decillalplacea.to.the-lef't. 

** p < .01 bs~ tour decillal. places to the left 



TABLE 33 
PARTIAL REGRESSION COEFFICIENTS AND STANDARD ERRORS FOR RATE 

OP GAIN FROM 70 TO 140 DAYS. EQUATIONS 5 THROUGH 8 IN PART I ( CONTINUED PROM TABLE 32) 

Intercept 
Sex (Male) 
Rear. (SS) 
Rear. (TS) 
Year (55) 
Year (56) 
Year (57) 
Year (58) 
Year (59)a 
Bth. Date a 
Bth. Dat1 Sq. 
Bth. Wt. b 
Bth. Wt. Sq. 

* P < .05 

** p < .01 

Equation 5 Equation 6 
Reg. Std. Reg. Std. 

Coef!. Error Coef. Error 

5.776 5.255 
0.024* 0.003 0.030** 0.003 

-0.013* 0.006 o.006 0.005 
0.015 0.009 0.005 0.009 

-0.024* 0.010 -0.048** 0.009 
0.025** 0.006 0.010 0.006 

-0.019** 0.007 -0.014* 0.007 
0.024** 0.006 0.034** 0.006 

-0~019** 0.006 -0.004 0.006 
-3.645** 1.148 -J.322** 1.189 
o.625** 0.187 0.579** 0.194 

-0.064 0.096 --- ---
0.125* 0.057 --- ---

aShift two decimal places to the left 

b Shift four decimal places to the left 

Equation 7 Equation 8 
Reg. Std. Reg. Std. 

Coef. Error Coef. Error 

0.469 0.514 
0.022** 0.003 0.02811* 0.003 

-0.017** 0.006 0.004 0.017 
0.018* 0.009 0.006 0.009 

-0.007 0.010 -0.032** 0.009 
0.022** 0.006 0.009 0.006 

-0.007 0.007 0.001 0.007 
0.010 0.006 0.019** 0.006 

-0.029** 0.006 -0.012* 0.006 

-0.044 0.099 
0.125* 0.059 

..... ..... 
\J\ 



TABLE 34 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTIMATES 

OF 70 DAY WEIGHT AND RATE OF GAIN FROM 70 DAYS 
TO 140 DAYS WHEN DATA ADJUSTED FOR SEX OF LAMB, 
LAMB BIRTH AND REARING TYPE, YEAR RECORD WAS 

MADE, SEX BY REARING, ·sEX BY YEAR AND REARING 
BY YEAR INTERACTIONS, LAMB BIRTH DATE, LAMB 

BIRTH DATE SQUARED, LAMB BIRTH WEIGHT AND 
LAMB BIRTH WEIGHT SQUARED. (~UATION 1) 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

70 Day Weight 

652 
175 
449 

Mean 
Square 

26.25 
36.31 
24.(1'/ 

Repeatability• 0.121 Standard Error• 0.031 

Gain 70 Days to 140 Days 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

652 
175 
447 

Repeatability• o.cr,4 Standard Error• 0.032 

Mean 
Square 

0.00614 
0.0(1'/71 
0.00594 

116 



TABLE 35 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTIMATES OF BIRTH 

WEIGHT, 70 DAY WEIGHT, AND RATE OF GAIN FROM 70 TO 140 
DAYS WHEN DATA ADJUSTED FOR SEX OF LAMB, LAMB BIRTH 
AND REARING TYPE, YEAR RECORD WAS MADE, SEX BY REAR

ING, SEX BY YEAR'AND REARING BY YEAR INTERACTIONS, 
LAMB BIRTH DATE, AND LAMB BIRTH DATE SQUARED. 

(:FX2UATION 2) 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Birth Weight 

652 
175 
449 

Repeatability• 0.351 Standard Error~ 0.025 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

70 Day Weight 

d.f. -
652 
175 
449 

Repeatability• 0.221 Standard Error• 0.028 

Source of 
Variation 

Gain 70 to 140 Days 

Mean 
Sguare 

Mean 
Square 

39.36 
64.96 
31.84 

Mean 
Square 

117 

Total 
Among Ewes 
Lambs within Ewes 

652 
175 
449 

0.00661 
0.00888 
0.00614 

Repeatability• 0.109 Standard Error• 0.031 



TABLE 36 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTIMATES OF 70 DAY 

WEIGHT AND RATE OF GAIN FROM 70 TO 140 DAYS WHEN DATA 
ADJUSTED FOR SEX OF LAMB, LAMB BIRTH TYPE AND REARING, 
YEAR RECORD WAS MADE, SEX BY REARING, SEX BY YEAR AND 

REARING BY YEAR INTERACTIONS, AND LAMB BIRTH WEIGHT 
AND LAMB BIRTH WEIGHT SQUARED. (~UATION 3). 

Source of 
Variation 

Tota.I 
Among Ewes 
Lambs within Ewes 

70 Day Weight 

652 
175 
449 

Repeatability• 0.120 Standard Error• 0.031 

Source·or 
Variation 

Gain 70 to 140 Days 

Mean 
Square 

29.47 
40.64 
26.95 

Mean 
Square 

118 

Total 
Among Ewes 
Lambs within Ewes 

652 
175 
449 

0.00667 
o.oosss 
0.00623 

Repeatability• 0.103 Standard Error• 0.031 



TABLE 37 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTIMATES OF BIRTH WEIGHT, 

70 DAY WEIGHT AND RATE OF-GAIN FROM 70 TO 140 DAYS WHEN DATA 
ADJUSTED FOR sEX·or LAMB, LAMB BIRTH AND REARING TYPE, YEAR 

RECORD WAS MADE, SEX BY REARING, SEX BY YEAR AND REARING 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

BY YEAR INTERACTIONS. (!X2UATION 4). 

Birth Weight 

652 
175 
451 

Repeatability• 0.362 Standard Error• 0.024 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

70 Day Weight 

652 
175 
451 

Repeatability• 0.210 Standard Error• 0.029 

Source of 
Variation 

qain 70 to l~O Days 

Mean 
Square 

Mean 
Square 

40.84 
66.19 
33.36 

Mean 
Square 

119 

Total 
Among Ewes 
Lambs within Ewes 

652 
175 
451 

o.00'{29 
0.01034 
0.00652 

Repeatability• 0.136 Standard Error• 0.031 



TABLE 38 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTIMATES OF 70 DAY 

WEIGHT AND RATE OF GAIN FROM 70 DAYS TO 140 DAYS WHEN DATA 
ADJUSTED FOR SEX OF LAMB, LAMB BIRTH AND REARING TYPE, 
YEAR RECORD WAS MA.DE, LAMB BIRTH DATE, LAMB BIRTH DATE 
SQUARED,LAMB BIRTH WEIGHT AND LAMB BIRTH WEIGHT SQUARED. 

(~UATION 5) 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

70 Day Weight 

652 
175 
464 

Repeatability• 0.154 Standard Error• 0.030 

Source of 
Variation 

Gain from 70 to 140 Days 

Mean 
Square 

27.76 
40.01 
23.91 

Mean 
Square 

120 

Total 
Among Ewes 
Lambs within Ewes 

652 
175 
464 

0.00626 
O.OCY'/72 
o.005s9 

Repeatability • Standard Error• 0.032 



TABLE 39 
ANALYSES a, VARIANCE FOR REPEATABILITY ESTIMATES-OF BIRTH WEIGHT, 

70 DAY WEIGHT AND RATE a, GAIN FRO( 70 TO 140 DAYS WHEN DATA 
ADJUSTED FOR SEX OF LAMB, LAMB BmTH AND REARING TYPE, YEAR 
RECORD WAS MADE, LAMB BIRTH DATA AND LAMB BIRTH DATE SQUARED 

(EQUATION 6) 

Birth Weight 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Repeatability• 0.352 

652 
175 
466 

standard Error • 0.025 

70 Day Weight 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Source or 
Variation 

Repeatability• 0.235 

652 
175 
466 

Standard Error• 0.028 

Mean 
Square 

Mean 
Square 

41.49 
68.81 
.32.21 

Mean· 
Square 

121 

Total 
Among Ewes · 
Lambs within Ewes 

652 
175 
466 

0.00105 
0.00919 
0.00642 

Repeatability• 0.104 Standard Error • 0.0.31 



TABLE 40 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTIMATES OF 70 DAY WEIGHT 

AND RATE OF GAIN FROM 70 TO 140 DAYS, WHEN DATA ADJUSTED FOR 
SEX OF LAMB, LAMB BffiTH AND REARING TYPE, YEAR RECORD WAS 

MADE, LAMB BIRTH WEIGHT AND LAMB BIRTH WEIGHT SQUARED. 
(~UATION 7) 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

70 Day Weight 

652 
175 
466 

Repeatability• o.149 Standard Error• 0.030 

Source of 
Variation 

Gain from 70 to 140 Days 

Mean 
Square 

31.09 
44.31 
26.85 

Mean 
Sguare 

122 

Total 
Among Ewes 
Lambs within Ewes 

652 
175 
466 

0.00680 
0.00893 
0.00616 

Repeatability• 0.108 Standard Error• 0.031 



123 

TABLE 41 
ANALYSES OF VARIANCE FOR REPEATABILITY ESTlMATES OF BmTH WEIGHT, 
70 DAY WEIGHT AND RATE OF GAIN 70 TO 140 DAYS, WHEN DATA 

ADJUSTED FOR SEX OF LAMB, LAMB BmTH AND REARING TYPE 
AND YEAR RECORD WAS MADE (~UATION 8). 

Source or 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

B1:-rth Weight 

652 
175 
468 

Repeatability• 0.369 Standard Error• 0.024 

70 Day Weight 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Repeatability• 0.234 

652 
175 
468 

Standard Error• 0.028 

Gain trom 70 to 140 Days 

Source or 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Repeatability• 0.137 

652 
175 
468 

Standard Error• 0.031 

Mean 
Square 

Mean 
Square 

1+2.65 
70.55 
.3.3.04 

Mean 
Square 

0.00748 
0.010.39 
0.00654 
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TABLE 42 
ANALYSES OF VARIANCE FOR REPEATAf3ILITY ESTIMATES OF BIRTH WEIGHT, 

70 DAY WEIGHT AND RATE OF GAIN FROM 70 TO 140 DAYS WHEN DATA 
WERE IN ITS UNADJUSTED FCRM (F,QUATION 9). 

Birth Weight 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Repeatability• 0.195 

652 
175 
477 

Standard Error• 0.029 

70 Day Weight 

Source of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Repeatability• 0.166 

652 
175 
477 

Standard Error• 0.030 

Gain 70 to 140 Days 

Souree of 
Variation 

Total 
Among Ewes 
Lambs within Ewes 

Repeatability• 0.111 

652 
175 
477 

Standard Error• 0.031 

Mean 
Square 

Mean 
Square 

84.99 
123.27 
70.95 

Mean 
Square 

o.00866 
0.01128 
0.00770 



Mean 
Sex (Male) 
Rear. (SS) 
A. of Dam (1) 
A. of Dam (2) 
A. of Dam (3) 
B. of Sire (D) 
Suffolk 
Hampshire 
Sex x Rear. 
Male x 1 
Male x 2 
Male x 3 
Rear. x 2 
Rear. x 4 
Dam Bdy Wt. 
Dam Cond. Sc. 
Lamb Bth. Wt. 
L. Bth. Wt. Sq. 

* P < .05 

** P < .01 

TABLE 43 
PARTIAL REGRESSION COEFFICIENTS AND STANDARD 

ERRORS FOR TOTAL LAMB GAIN 1960-61 DATA IN PART II 

Week 1 Week 2 Week 2 Week 4 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coef. Error Coef!. Error Coef. Error Coef. Error 

-3.073 -4.990 -4.071 -3.512 
0.052 0.115 0.090 0.174 0.127 0.229 0.185 0.279 
0.906** 0.329 2.385** 0.525 3.268** 0.692 4.171** 0.844 

-1.477** 0.434 -3.519** 0.670 -4.784** 0.878 -5.456** 1.071 
0.283 0.315 0.590 0.477 o.866 0.630 1.025 0.768 
0.756* 0.291 1.653** 0.444 2.189** 0.585 2.603** 0.713 

-0.267 0.274 -0.800 0.368 -1.157* 0.487 -1.602** 0.594 
0.001 0.336 0.185 0.509 3.329 0.672 0.853 0.820 

-0.310 0.314 -0.735 0.4.75 -0.848 0.627 -1.036 0.765 
0.154 0.121 0.150 0.184 0.098 0.242 -0.125 0.295 

-0.524 0.256 -0.676 0.392 -0.695 0.517 -0.397 0.630 
-0.261 0.191 -0.262 0.289 -0.264 0.383 -0.306 0.466 
0.355 0.186 0.400 0.281 0.387 0.371 0.385 0.452 
0.190 0.262 0.680 0.409 0.964 0.541 1.446* o.659 
0.102 0.282 0.442 0.443 0.555 0.586 0.758 0.714 
0.010 0.012 0.013 0.018 0.019 0.024 0.038 0.029 

-0.063 0.115 -0.107 0.174 -2.209 0.230 -0.202 0.280 
1.267* 0.542* 2.539** 0.818 3.063** 1.086 3.058* 1.324 

-0.071* 0.033* -0.135** 0.050 -0.154 0.066 -0.142 0.081 

Week~ 
Reg. Std. 

Coef. Error 

-2.603 
0.261 0.326 
4.944** 0.986 

-6.451** 1.251 
0.922 0.898 
3.093** 0.833 

-2.226** 0.694 
1.499 0.958 

-1.672 o.894 
-0.164 0.344 
-0.354 0.736 
-0.358 0.545 
0.404 0.529 
1.644* 0.770 
1.054 0.834 
0.041 0.034 

-0.217 0.328 
3.675* 1.548 

-0.169 0.094 

..... 
I\) 

"' 



Mean 
Sex (Male) 
Rear. (SS) 
A. of Dam (1) 
A. of Dam (2) 
A. of Dam (3) 
B. of Sire (D) 
Hampshire 
Suffolk 
Sex x Rear. 
Male x 1 
Male X 2 
Male X 3 
Rear. x 2 
Rear. x 4 
Dam Bdy. Wt. 
D. Cond. Sc. 
Lamb Bth. wt. 
L. Bth. wt. Sq. 

* P < .05 

** P < .01 

TABLE 44 
PARTIAL RIDRESSION COEFFICIENTS AND STANDARD 

ERRORS FOR TOTAL LAMB GAIN 1960-61 DATA IN PART II 

Week 6 Week 7 Week 8 Week 9 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coef. Error Coef. Error Coef. Error Coef. Error -
-1.184 0.009 0.081 -0.211 

0.493 0.356 0.711 0.394 0.946* 0.428 1.164* 0.450 
5.299** 1.076 5.652** 1.192 6.197** 1.295 6.902** 1.359 

-6.385** 1.366 -6.652** 1.511 -6.892** 1.644 -7.336** 1.725 
0.655 0.980 0.754 1.085 1.375 1.179 1.919 1.237 
3.184** 0.9(19 3.210** 1.007 3.048** 1.094 3.123** 1.148 

-2.644** 0.758 -2.966** 0.840 -3.114** 0.912 -3.184** 0.957 
1.832 1.045 1.984 1.158 1.669 1.258 1.836 1.321 

-1.861 0.975 -1.699 1.081 -1.363 1.174 -1.054 1.232 
-0.171 0.'.376 -0.395 0.416 -0.436 0.452 -0.468 0.474 
-0.382 0.803 -0.337 0.890 -0.358 0.967 -0.233 1.015 
-0.318 0.595 -0.416 0.659 -0.304 0.716 -0.518 0.751 
0.357 0.577 0.269 0.639 0.270 o.694 0.250 0.729 
1.744* 0.840 1.941* 0.931 2.133* 1.016 2.472* 1.062 
1.362 0.911 1.358 1.009 1.777 1.096 2.241 1.150 
0.047 0.037 0.050 0.041 0.066 0.044 0.074 0.046 

-0.(196 0.357 -0.096 0.396 -0.085 0.430 0.017 0.452 
3.801* 1.689 4-452* 1.871 4.735* 2.033 5.209* 2.133 

-0.167 0.104 -0.205 0.114 -0.210 0.124 -0.230 0.131 

Week 10 
Reg. Std. 

Coef. Error 

0.548 
1.129* 0.531 
7.818** 1.605 

-8.772** 2.037 
2.185 1.461 
3.630** 1.356 

-3.169** 1.130 
2.085 1.559 

-0.912 1.455 
-0.540 0.560 
-0.460 1.198 
-0.674 0.887 
0.613 0.860 
2.769* 1.253 
2.621 1.358 
0.078 0.055 

-0.081 0.533 
5.640* 2.519 

-0.241 0.154 

..... 
I\) 

°' 



Intercept 
Sex (Male) 
Rear. (SS) 
A. of Dam (2) 
A. of Dam (3) 
A. of Dam (4) 
B. of Sire (D) 
Hampshire 
Suffolk 
Sex x Rear. 
Male x 2 
Male X .3 
Male X 4 
8S X 2 
SS X 3 
SS X 4 
Dam Bdy wt. a 
D. B. wt. Sq. 
D. Cond. Sc. 
D. C. S. Sq. 
Lamb Bth Dte. · a 

. L. Bth. D. Sq. 
Lamb Bth. Wt. 
L. Bth. wt. Sq. 

TABLE 45 
PARTIAL RFnRESSION COEFFICIENTS AND .STANDARD 

ERRORS FOR LAMB BODY WEIGHT 1961-62 DATA IN PART II 

Week 1 Week 2 Week 3 Week 4 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coe:r. Error Coer. Error Coef'. Error Coef'. Error 

.3.6(17 16.924 15.868 15.067 
0.120 0.100 0.234 0.175 0.367 0.243 0.415 0.286 
0~745** 0.132 1 • .324** 0.235 2.147** 0 • .332 2.838** 0.381 

-0.222 0.230 0.644 0.415 -1.386* 0.560 -1.784** 0.630 
-0.258 0.220 -0~169 0.36.3 0.612 0.505 1.100 0.581 

0~256 0.192 0~629 0.326 0;898 0~460 0~769 0~566 
-0~3.36 0.184 -0~447 0.320 -0.373 0~462 -0.284 0.556 
-0 • .3.38 0~200 -0.423 0.342 -0.454 0.486 -0.391 0.567 
0~144 0~323 0.065 0.555 0~089 0.816 0.590 0.956 
0~004 0~109 0.205 0~191 0.244 0~267 0.287 0.314 

-0~104 0.182 -0.244 0.318 -0~544 0.441 -0.792 0.521 
0~093 0~190 0.169 0.328 0.316 0.458 0.544 0.543 

-0~020 0~179 -0~015 0~306 0.044 0.426 0.099 0.500 
-0.046 0~196 -0.26.3 0.338 -0.575 0.479 -1.086 0.573 

0~171 0~191 0.243 0.326 0~226 0.459 0.212 0.580 
-O~ll8 0~193 0~149 0 • .331 0.275 0.496 0.948 o.6o1 
-0~129 0~090 -0.136 0~145 -O.ll7 0.227 -0.020 0.325 

0~046 0~030 0~053 0~048 0.056 0.081 0.016 0.113 
0.627 0~662 0~118 1~037 0~430 1.093 0.645 1.401 

-0~041 0.060 -0~004 0~094 -O~OS1 0.104 -0.031 0.128 
0~054 0.040 0~012 0.069 0~032 0.101 0.045 0.116 

-0~010 O~OCY'/ -0.007 0~013 -0.012 0.018 -0.020 0~021 
1;137** o;oso 1.351** 0~139 1~ 544** 0.20.3 1.732** 0.231 

-0.008 .0.015 -0.013 0.026 -0.012 0.037 -0.003 0.043 

a Shi.ft.decimal two places to left 

* P < .05 

** p < .01 

Week 5 
Reg. Std. 

Coef'. Error 

.35.495 
0.410 0 • .354 
2.501** 0.522 

-2.084* 0.797 
0.923 0.713 
1.260 0.658 

-0.517 0.659 
-0.039 0.708 
0.560 1.131 
0.263 0.383 

-0.995 0.636 
0.600 0.676 
0.537 0.620 

-1.238 0.692 
0 • .372 o.685 
0.769 o.686 

-0.026 0.299 
0.019 0.101 

-0.469 1.258 
0.027 0.124 

-0.056 0.139 
0.004 0.026 
2.061** 0.281 
0.016 0.053 

- ..... 
I\) 
~ 



Intercept 
Sex (Male) 
Rear. (SS) 
A. of Dam (2) 
A. of Dam (3) 
A. of Dam (4) 
B. of Sire (D) 
Hampshire 
Suffolk 
Sex x Rear 
Male X 2 
Male x 3 
Male x 4 
SS X 2 
SS X 3 
SS X 4 
Dam Bdy. Wt. a 
D. B. Wt. Sq. 
D. Cond. Sc. 
D. C. Sc. Sq. 
Lamb Bth Dte. a 
L. Bth. D. Sq. 
Lamb Bth. Wt. a 
L. Bth. Wt. Sq. 

TABLE 46 
PARTIAL ROORESSION COEFFICIENTS AND STANDARD 

ERROR FOR LAMB BODY WEIGHT 1961-62 DATA IN PART II 

Week 6 Week 7 Week 8 Week 9 
Reg~ Std. Reg. Std. Reg. Std. Reg. Std. 

Coef. Error Coef. Error Coef. Error Coef. Error 

65.928 66. 775 62.160 27.214 
0.367 0.360 0.464 0.442 o.817 0.488 0.960 0.521 
3.430** 0.472 3.204** 0.645 3-743** 0.710 4.213** 0.710 

-2.679** 0.820 -3.259** 0.998 -3~~89** 1.057 -4~680** 1.128 
2.473** 0.790 1.511 0.870 2.083* 0.938 -2.344* 1.033 
0.816 0.703 1.817* 0.841 2.231* 0.951 2.540* 1.000 
0.060 0.707 -0.751 0.828 -0.674 0.878 -0.841 0.976 
0.288 0.718 0.372 0.884 0.730 1.000 1.255 1.010 
0.533 1.167 0.153 1.450 -0.001 1.567 -0.102 1.665 
0.094 0.399 0.245 0.483 0.516 0.528 0.479 0.577 

-1.212 0.661 -0.922 0.806 -1.064 o.861 -1.309 0.941 
0.828 o.687 0.401 0.841 0.356 0.909 0.252 0.977 

-0.064 0.633 -0.071 0.778 -0.051 o.858 -0.126 0.910 
-1.561* 0.709 -1.400 0.878 -1.406 0.919 -1.609 1.012 
0.252 0.100 1.286 0.853 0.887 0.913 0.707 0.998 
1.118 0.714 0.514 o.868 1.262 0.990 1.206 1.059 

-0.281 0.369 -0.271 0.452 -0.035 o. 528 0.236 0.474 
0.134 0.125 0.094 0.150 0.026 0.174 -0.058 0.160 
0.589 1.294 1.221 1.743 0.538 2.220 -0.492 2.110 

-0.196 0.122 -0.144 0.151 -0.150 0.200 -0.072 0.188 
-0.131 0.143 -0.116 0.174 -0.155 0.187 -0.097 0.205 
0.006 0.027 0.006 0.032 0.001 0.035 0.013 0.038 
2.023** 0.302 2.212** 0.361 2.334** 0.394 2.430** 0.416 
0.023 0.055 0.067 0.086 0.018 0.072 0.009 0.079 

a 
Shift. decimal two places to left 

* P < .05 

** P < .01 

Week 10 
Reg. Std. 

Coef. Error 

71.291 
o.853 0.582 
3.507** 0.741 

-4.469** 1.251 
2.215 1.163 
2.368* 1.116 

-0.676 1.097 
1.769 1.223 

-0.587 1.928 
0.410 0.633 

-1.299 1.056 
0.055 1.098 
0.121 1.023 

-1.253 1.129 
0.944 1.140 
1.219 1.178 
0.013 o.667 

-0.000 0.224 
-1.133 2.690 

0.065 0.242 
-0.252 0.231 
0.039 0.043 
2.793** 0.470 
0.015 0.087 

I-' 
l\) 
0) 



TABLE 47 
SIMPLE CORRELATIONS BETWEEN THE COVARIABLES 

AND NET LAMB GAIN AT ONE THROUGH TEN WEEKS 196o-61 DATA PART II 

==-

Week l ~ .1 !± .2 .2 1 ~ 

Dam Body wt. a 0.25a 0.240 0.234 0.250 0.254 0.261 0.256 0.261 
a Dam Cond. Score -0.002 -0.015 -0.029 -0.009 -0.011 0.006 -0.012 -0.005 

Lamb Bth. Wt. 0.403 0.497 0.533 0.552 0.555 0.583 0.568 0.575 

Lamb Bth. Wt. Sq. 0.407 0.502 0.541 0.562 . 0.562 0.590 0.571 0.576 

8.rhe ewes were weighed and scored about three weeks prior to lambing. 

Level of Significance r • 0.216 P < .05; r • 0.282 P< .01 86 d.f. 

2. 10 

0.260 0.263 

0.008 -0.006 

0.576 0.578 

0.577 0.588 

t-' 
I\) 

'° 



TABLE 48 
SIMPLE AND PARTIAL CORRELATIONS BETWEEN COVARIABLES 

AND LAMB BODY WEIGHT AT ONE THROUGH TEN WEEKS 1961-62 PART II 

-
~ 1 2 l 11 .2 .2 1 ~ i 1Q 

Dam Body Wt. a 0.196 0.213 0.194 0.271 0.297 0.287 0.219 0.223 0.205 0.209 
-0.157 -0.103 -0.057 0.007 -0.010 -0.084 -0.066 -0.007 0.055 0.002 

Dam B. wt. Sq. a 0.214 0.231 0.213 0.291 0.315 0.307 0.236 0.236 0.225 0.226 
0.168 0.121 0.078 0.016 0.020 0.117 0.069 0.017 -0.040 0.000 

a Dam Cond. Score 0.219 0.302 0.223 0.118 0.343 0.181 0.258 0.170 0.158 0.215 
0.104 0.016 0.043 -0.051 -0.040 0.050 0.077 0.027 -0.026 -0.046 

Dam C. Sc. Sq. a 0.222 0.311 0.234 0.133 0.385 0.171 0.266 0.171 0.183 0.235 
-0.075 -0.005 -0.086 -0.026 0.024 -0.173 -0.105 -0.082 -0.042 0.030 

Lamb Bth. Date 0.172 0.099 0~079 0.076 0.070 0.060 0.057 0.056 o.007 0.079 
0.148 0.019 0.036 0.043 -0.045 0.101 -0.073 -0.091 -0.052 -0.119 

Lamb Bth. D. Sq. 0~196 0~1.31 0.111 0~111 0.112 0.103 0.101 0.103 0.131 0.133 
-0.154 -0.058 -0.074 -0.106 -0.019 0.027 0.022 0.032 0.039 0.100 

Lamb Bth. Wt. 0~888 0~817 0~780 0~763 0.763 0.743 0.728 0.736 0.726 0.726 
o.884 0.732 0.643 0.638 0.630 0.595 0.559 0.547 0.542 0.549 

Lamb Bth. wt. Sq. 0~3.31 0~299 0~298 0~299 0~306 0~301 0.290 0.293 0.280 0.292 
-0.057 -0.053 -0.037 -o.oos 0.032 0.045 0.009 0.027 0.012 0.019 

a Based on weights and scores closest to the adjusted age of the lamb 
~ . . ' .. - . 

Level of Significance Simple cor. r .. 0.194 P < .05 r • 0.250 P < .01 104 d.r. 
I-' 

Partial cor. r • 0.217 P < .05 r • 0.283 P < .01 so d.r. 
\J,) 

0 



TABLE 49 
WITHIN AGE OF EWE AND LAMB REARING TYPE MEANS AT DIFFERENT WEEKS FOR 

LAMB BODY WEIGHT AND EWE MILK PRODUCTION (LBS. PER WEEK) PER EWE. 1960-61 DATA 

Age Lamb Week 
of Rear. No.of 
Ewe Type Lambs 1 2 1 l± .2 ~ 1 8 2 10 

1 83 11 L. Bely.Wt. 10.0 13.0 16.6 20.0 23.4 28.0 32.1 35.9 40.0 42.9 
1 ss 11 Milk Prod. 12.5 15.0 12.9 10.0 9.8 8.4 6.8 5.4 4.1 2.4 

2 ss 10 L. Bely.Wt. ll.5 16.5 21.0 25.4 30.1 34.2 38.7 43.3 48.2 52.1 
2 ss 10 Milk Prod. 16.4 21.2 19.0 18.4 18.3 13.9 11.6 11.0 9.8 7.1 

3 ss 10 L. Bely.Wt. 15.1 20.9 26.4 31.8 36.8 41.4 46.o 50.7 55.6 60.7 
3 ss 10 Mille Prod. 21.8 23.9 23.7 21.5 19.2 16.2 14.1 12.6 10.7 8.2 

4 ss 10 L. Bely.Wt. 14.2 19.6 24.6 29.2 34.1 38.5 43.0 47.1 51.3 56.0 
4 ss 10 Milk Prod. 20.7 23.2 21.3 19.4 20.4 17.1 14.5 12.3 12.3 8.9 

2 TT 10 L. Bely.Wt. 9.5 12.7 16.0 19.7 23. 5 27.1 31.3 35.0 39.0 41.8 
2 TT 10 Milk Prod. 24.3 27.3 23.5 24.4 21.7 18.9 16.4 15.3 12.3 8.4 

3 TT 17 L. Bely.Wt. 12.0 15.6 19.3 23.2 27.2 31.5 35.7 40.0 44.5 48.1 
3 TT 17 Milk Prod. 29.1 28.2 26.8 22.6 21.2 15.1 10.6 8.8 7.9 5.1 

4 TT 20 L. Bely.Wt. 11.3 15.2 19.0 22.9 27.1 31.4 36.0 40.2 44.6 48.5 
4 TT 20 Mille Prod. 30.2 33.8 31.4 26.9 25.4 19.9 16.5 15.4 12.1 7.9 

Within Age of Ewe Group Milk Production Ratios: Twins to Singles 

2 148 129 123 132 118 136 141 139 126 119 
3 133 117 113 105 110 93 75 70 74 62 

146 146 116 
I-' 

4 148 139 125 114 125 82 88 v,) 
I-' 



TABLE 50 
WITHIN AGE OF EWE AND LAMB REARING TYPE MEANS AT DIFFERENT WEEKS FOR 

BODY WEIGHT AND EWE MILK PRODUCTION (LBS. PER WEEK) PER EWE. 1961-62 DATA 

Age Lamb Week or Rear. No.of 
Ewe Type Lambs ! ~ 1 !! 2 ~ 1 ~ .2 10 
2 ss 16 L. Bdy.wt~ 13~8 18~0 21~9 25~8 29~9 33.9 37.9 42.2 46.7 50.0 
2 ss 16 Milk Prod. 19.0 20.1 19.3 21.1 18.8 17.0 15.7 13.4 1.3.3 10.2 

3 ss 13 L. Bdy.wt. 15.1 20.6 26.0 .31.3 36.3 41.4 46.5 51.2 56.0 61.2 
.3 ss 1.3 Mille Prod. 23.7 26.5 26.0 22.5 21.2 21.5 17.4 14.5 12.4 10.4 

4 ss 8 L. Bdy.Wt. 14.4 19.9 24.9 30.0 34.7 39.4 44.3 48.8 54.4 58.5 
4 ss 8 Milk Prod. 21.2 23.1 22.4 20.7 17.4 15.6 13.1 11.7 11.4 9.1 

5 ss 9 L. Bdy.Wt~ 16~1 21.5 26.6 31.0 36.9 41.4 45.4 50.2 55.3 59.8 
5 ss 9 Milk Prod. 21.5 22.4 22.4 21.8 21.6 18.5 14.2 13.6 11.4 9.0 

2 TT 6 L. Bdy.Wt. 10~6 13~7 16.9 20.3 24.1 27.9 31.3 35.3 39.1 42.6 
2 TT 6 Milk Prod. 32.2 33.3 28.4 28.9 22.9 20.6 17.0 12.0 11.5 11.7 

... . .. 

.3 TT 12 L. Bdy.wt~ 11~1 14~9 18~6 22~4 26~4 30.2 34.0 30.5 42.7 46.8 
3 TT 12 Milk Prod. 35.3 37.7 38.5 29.s 25.0 23.1 22.9 16.8 14.6 13.1 

. . .. 

4 TT 20 L. Bdy.wt~ 12~4 16~5 20~5 24~5 28~7 32~9 37.3 41.8 46.3 50.4 
4 TT 20 Milk Prod. 31.4 35.4 31.8 30.5 29.1 27. 5 21.3 19.7 17.4 13.5 .. . .. . . 

5 TT 22 L. Bdy.wt~ 12~0 15~8 19~4 23;2 27~2 31~0 35~1 39~1 43.2 47.6 
5 TT .. ~2 . Mille Prod. 35.2 35.1 34.8 30.6 28.6 24.6 21.8 17.5 17.0 13.9 

·Witbin·Age·of Ewe Group Milk Production Ratios: Twins to Singles 

2 170 166 147 1.37 122 121 108 90 86 115 
~ 

.3 149 14~ 148 132 118 l(J'f 132 U6 ll8 126 I\) 

4 147 153 142 148 167 177 163 168 152 148 

5 - . . . . . . 164 157 155 140 133 133 15.3 128 148 15.3 



TABLE 51 
PARTIAL REGRESSION COEFFICIENTS AND STANDARD ERRORS 

FOR CUMULATIVE MILK PRODUCTION PER LAMB REARED AT ONE TO FIVE WEEKS 1960-61 DATA 

Week 1 Week 2 Week 3 Week 4 Week 5 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coef. Error Coef. Error Coef. Error Coef. Error Coef. Error 

Mean 1.433 12.033 20.526 29.397 23.937 
Sex (Male) 0.234 0.384 -0.189 0.695 -0.236 0.880 -0.588 1.137 -1.535 1.456 
Rear. (SS) 0.880 1.156 2.284 2.389 4.398 3.030 7.274 3.988 10.499* 5.119 
A. of Dam (1) -1.284 1.562 -1.468 3.168 -3.074 4.007 -9.957 5.102 -15.796** 6.545 
A. of Dam (2) -1.110 1.055 -1.282 1.927 -2.692 2.449 -2.454 3.160 -1.158 4.020 
A. of Dam (3) 1.031 1.017 0.297 1.943 1.755 2.453 4.772 3.162 6.708 4.055 
B. of Sire (D) -0.234 0.820 -0.642 1. 520 -0.419 1.942 -0.276 2. 537 1.171 3.308 
Hampshire 0.360 1.120 o.668 2.036 0~508 2.584 -0.357 3.355 -1.531 4.332 
Suffolk -1.077 1.055 -1.633 1.931 -3~252 2.437 -6.010 3.148 -6.516 4.072 
Sex x Rear. -0.387 0.407 -0.868 0.737 -0.959 0.927 -0.964 1.198 -0.677 1.532 
Male x 1 0.077 0.878 0.740 1.599 0.861 2.007 -0.161 2.566 -1.327 3.277 
Male x 2 0.298 0.645 0.576 1.162 0.558 1.473 0.455 1.900 0.126 2.430 
Male x 3 -0.300 0.634 -0.861 1.140 -0.664 1.434 0.194 1.847 1.566 2.360 
Rear. x 2 0.612 0.876 1.491 1.668 2.792 2.119 3.843 2.768 4.701 3. 534 
Rear. x 4 -0.734 0.941 -0.158 1.784 0.659 2.261 0.804 2.923 0.714 3.751 
Ewe Bdy Wt. -0.027 0.040 -0.047 0.072 -0.007 0.091 -0.149 0.118 -0.167 0.151 
Ewe Cond. Sc. 0.201 0.386 0.562 0.699 0.983 o.887 1.059 1.143 1.581 1.461 
Lamb Bth. Wt. 1.611 1.877 -0.495 3.490 -2.596 4.392 -1.520 5.583 -0.109 7.153 
L. Bth. Wt. Sq. -0.060 0.114 0.090 0.209 0.191 0.264 0.102 0.336 -0.006 0.430 
Lamb Gain 2.253** 0.401 2.908** 0.481 3.412** 0.453 3.387** 0.489 3.298** 0.532 

* P < .05 

** P < .01 
I-' 
l..,J 
v.) 



Mean 
Sax (Male) 
Rearing ( SS) 
A. of Dam (1) 
A. of Dam (2) 
A. or Dam (3) 
Br. of Sire {D) 
Hampshire 
Suffolk 
Sex x Rear. 
Male X 1 
Male x 2 
Male X 3 
Rear. x 2 
Rear. x 4 
Ewe Bd1" Wt. 
Ewe Cond. Sc. 
Lamb Bth. Wt. 
L. Bth. Wt.2 
Lamb Gain 

y 

* P < .05 

** P < .01 

TABLE 52 
PARTIAL REGRESSION COEFFICIENTS AND STANDARD ERRORS FOR 

CUMULATIVE MilJC PRODUCTION PER LAMB REARED AT SIX TO TEN WEEKS 1960-61 DATA 

Week 6 Week 7 Week 8 Week 9 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coef'. Er:r;:or Coef'. Error Coef. Error Coef. Error 

25.082 11.253 1.849 -11.816 
-3.146 1~665 -4.284* 1.840 -5.137* 2.238 -6.343* 2.396 
12.6r,.6* 5.774 13.716* 6.258 15.718* 7.545 14.619 8.105 

-22.978** 7.232 -26.926** 7.804 -33.762** 9.294 -37.379** 9.859 
0.548 4.535 1.981 4.965 2~899 6~009 3.043 6.404 
8~347 4.553 8~707 4~918 10~592 5~825 10.948 6.145 
2~245 3~793 3.688 4~160 4~435 4~978 5.725 5.246 

-3~517 4.931 -6.281 5.392 -6.373 -6.432 -8.287 6.812 
-7~158 4~619 -7.860 5.014 -9~873 5.984 -ll.272 6.302 
-0~377 1.736 0.348 1.909 1.223 2.297 2.215 2.431 
-0~824 3~714 -0.850 4.062 -2.106 4.885 -3.607 5.164 
-1~373 2~751 -2.480 3~013 -3~803 3.619 -3.916 3.836 

2~960 2~670 4~579 2~917 6~375 3.509 7.925* 3.710 
5~522 3~998 6.358 4.377 7.988 5.268 7.087 5.609 

-0~882 4~270 -2.488 4~659 -4.069 5.636 -7.113 6.010 
-0~249 0~171 -0.305 0.187 -0.403 0.226 -0.473 0.240 
1~460 1~651 1.849 1~806 2.113 2.172 1.700 2.297 
1~866 8;076 3;645 8~873 7~691 10~657 ll.342 11.313 

-0~137 0~485 -0~242 0~533 -0~485 0~639 -0~728 o.678 
J.323** 0.555 3.521** 0.549 3.445** 0.609 3.584** 0.613 

Week 10 
Reg. Std. 

Coef. Error 

-22.194 
-6.617* 2.546 
14.403 8.644 

-39.387** 10.659 
4.854 6.897 

10.745 6.618 
6.151 5.542 

-10.054 7.337 
-11.800 6.778 

2.774 2.620 
-3.335 5.572 
-4.503 4.139 
8.163* 4.012 
7.002 6.026 

-8.818 6.477 
-0.515* 0.258 
1.842 2.477 

14.984 12.120 
-0.961 0.728 
3.416** 0.560 

t-" 
\.A) 
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TABLE 53 
PARTIAL REGRESSION COEFFICIENTS AND STANDARD ERRORS FOR 

CUMULATIVE MILK PRODUCTION PER LAMB REARED AT ONE TO FIVE WEEKS 1961-62 DATA 

Week l Week 2 Week 3 Week 4 Week ~ 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coe!!. Error Coef. Error Coef. Error Coef. Error Coef. Error 

Intercept 54.445 26.928 -0.144 -45.837 29.305 
Sex (Male) -0.123 0.346 -0.589 0.560 -1.503* 0.716 -0.777 0.989 -0.420 1.319 
Rear. (SS) -0~427 0.532 -0.137 0~875 -0.661 L186 0.983 1.682 1.591 2.185 
A. of Ewe (2) 0.146 0.792 -0.651 1.329 0.251 1.687 3.216 2.252 3.501 3.070 
A. of Ewe (3) 1.599* 0~759 4.439** 1.147 5~530** 1~481 6.073** 2.023 4.369 2.664 
A. of Ewe (4) -1.454* 0.665 -2.476* 1~054 -4~151** 1~367 -6.482** 1.951 -6.006* 2.488 
B. of Sire (D) -0.020 o.644 1.242 1.023 2.471 1.347 4.106 1.900 5.302 2.448 
Hampshire 0.(170 o.896 0~959 1.090 0.979 1.421 0.516 1.939 -1.565 2.621 
Suffolk -0~031 1.107 -1/365 1~753 -3~421 2.372 -3.292 3.268 -5.871 4.192 
Sex x Rear. -0~367 0~373 -0~605 0~607 -0~637 0~780 -0.939 1.078 -0.154 1.421 
Male x 2 0~132 0.623 0.135 1.0(17 1.376 1.294 3.492 1.801 2.816 2.390 
Male x 3 1.147 0~653 1.016 1~037 -0.498 1.336 -0.338 1.863 -1.907 2.512 
Male x 4 -0~132 0~612 0.109 0.968 -0.402 1.239 -1.552 1.706 0.433 2.294 
SS X 2 -0.438 o.671 -0.918 1.071 0.141 1.405 1.145 1.995 2.596 2.609 
SS X 3 -0.096 0~658 0.346 1.034 0.305 1.337 -1.686 1.978 0.547 2.549 
SS X 4 1.301 0.663 L351 1.048 1.284 1.445 1.469 2.oso -0.765 2.559 
Ewe Bdy. Wt. a -0~355 0~311 -0. 521 0.462 -0~678 0.660 -0.282 1.107 -1.305 1.105 
E. B. Wt. Sq. 0~013 0~010 0~191 0~152 0~262 0.235 0.171 0.387 0.444 0.375 
E. Cond. Se~ -2~001 2~279 0~949 3,~274 -L046 3.180 -2.204 4.784 -0.418 4.660 
E. C. S. Sq. 0~019 0~2<:fl -0~144 0~298 0.040 0~302 0.002 0.435 0.009 0.459 
Lamb Bth Dte~ -0~185 0~137 -0.035 0~219 0~109 0.292 0.275 0.395 0.205 0.513 
L. Bth D; Sq.a 0~039 0~025 0~029 0~041 0~026 0.053 -0.010 0.(173 0.011 0.096 
Lamb Bth. Wt. · -1;640** 0~510 -2~389** 0.643 -3~567** 0~771 -3.892** 0.102 -4.571** 1.337 
L. Bth. Wt. Sq.a 0~051 0;052 0~050 0~083 0~006 0.107 -0.016 0.147 0.023 0.197 
Lamb Bdy. Wt. 2.111* 0.378 2.869** 0.349 3.665** 0.321 3.756** 0.376 4.095** 0.409 

I-' 
\.,.) 

"' a Shirt-decimal two places to the left 

* P < .05 
** P < .01 



TABLE 54 
PARTIAL RIDRESSION COEFFICIENTS AND STANDARD ERRORS FOR 

CUMULATIVE MILK PRODUCTION PER LAMB REARED AT SIX TO TEN WEEKS 1961-62 DATA 

Week 6 Week 7 Week 8 Week 9 Week 10 
Reg. Std. Reg. Std. Reg. Std. Reg. Std. Reg. Std. 

Coer. Error Coer. Error Coef. Error Coef. Error Coef. Error --
Intercept 55.491 110.199 186.637 264.160 161.703 
Sex (Male) -0.831 1.490 -0.749 1.800 -0.784 1.967 -2.089 2.152 -2.092 2.389 
Rear. (SS) 1~935 2.486 6~ 676* 2.973 9.694** 3.256 10.884** 3.439 12.25.3** 3.384 
A. of Ewe (2) 4.077 3.584 5.515 4.288 4.381 4.475 5.505 5.027 7.890 5.446 
A. of Ewe (3) 3.182 3.435 4.063 3~582 6.095 3.829 5.956 4.316 6.593 4.814 
A. of Ewe (4) -6.190* 2.911 -7~830* 3.497 -6.938 .3.894 -8.995* 4.201 -9.801* 4.64.3 
B. of Sire 6.646 2.908 6.68.3 .3 • .365 8.014 .3.493 8.740 3.973 11 • .310* 4.454 
Hampshire -2.917 2.954 -4.625 .3. 578 -7.422 3.977 -9.045 4.129 -8.248 5.014 
Suffolk -7.756 4.801 -4~86.3 5.86.3 -3.582 6.214 -.3.0.32 6.74.3 -7.71.3 7.81.3 
Sex x Rear. 0.749 1~6.39 1.874 1.956 2.790 2.106 .3.238 2 • .347 2.096 2.571 
Male x 2 1~22.3 2~774 1.031 .3.284 -6. 6.3 5 .3.444 -3.316 3.858 1.671 4.316 
Male x .3 -2~959 2.848 -3.910 .3.403 -.3 • .398 .3.608 -.3.049 3.960 -4.311 4.447 
Male x 4 2~422 2~602 3~324 .3~147 4~444 3~40.3 4.004 3.687 4.332 4.142 
SS X 2 3.912 2~999 2.948 3.604 3.412 3.694 .3.606 4.161 3.116 4.605 
SS X .3 2~027 2~878 2.699 3.497 .3.242 3.641 5.482 4.056 2.339 4. 6.3 5 
SS X 4 -2~876 2.980 -3 • .328 3.517 -2.645 3.96.3 -5.098 4 • .322 -2.062 4.800 
Ewe Bdy. Wt •. -1.869 1~522 -1.707 1.831 -2.120 2.092 -2.868 1.924 -0.171 2.701 
E. B. Wt. Sq.a 0~628 0.521 0~622 0.607 0~749 0.690 1.015 0.650 0.074 0.907 
E. Cond. Sc. -1. 520 5~.324 3~210 7.069 5.746 8.806 6.918 8.552 -7.699 9.999 
E. C. S. Sq. 0~217 0~;11 -0~475 0.612 -0.790 0.796 -0.827 0.762 0.4;5 0.979 
Lamb Bth Dte ~ 0.135 0.589 -0.214 0.706 -0.297 0.745 -0.4.39 0.8.3.3 -0.519 0.944 a 0~045 0.109 0.078 0.131 0.055 0.1.38 0.066 0.15.3 0.024 0.173 L. Bth D. Sq. 
Lamb Bth. Wt. . . -4~860** 1~544 -4~067* 1.765 -4.14.3* 0.187 -3.407 2.006 -2.00'7 2.277 
L. Bth. Wt. Sq.a -0~008 0~226 0.024 0.270 -0.069 0.287 0.098 0.319 -0.065 0.354 
Lamb Bdy. Wt. 4.259** 0.454 .3.822** 0.446 .3.672** 0.438 3.428** 0.447 3.304** 0.447 

I-' 
\.JJ 

a Shift decimal two places to the left °' 
* P < .05 

** P < .01 



TABLE 55 
SIMPLE CORRELATIONS BETWEEN THE COVARIABLES AND CUMULATIVE MILK 

PRODUCTION OF THE EWE PER LAMB REARED AT ONE THROUGH TEN WEEKS 1960-61 DATA 

~ 1 2 .l !± .2 6 1 ~ i 10 

Ewe Body Wt. a 0.153 0.119 0.134 0.135 0.148 0.138 0.131 0.126 0.126 0.123 

Ewe Cond. Sc. a -0.024 -0.021 -0.022 -0.019 -0.096 0.011 o.008 0.003 0.000 0.005 

Lamb Bth. Wt. 0.561 0.544 0.527 0.490 0.465 0.449 0.438 0.434 0.398 0.398 

Lamb Bth. wt. Sq. 0.561 0.552 0.542 0.510 0.485 0.471 0.459 0.456 0.441 0.441 

Lamb Gain 0.748. o.a22 o.868 o.s61 o.s52 o.s17 0.802 0.776 0.754 0.759 

a The ewes were weighed and scored about three weeks prior to lambing 

Level or Significance r = 0.216 P < .05; r = 0.282 P < .01 86 d.r. 

~ --a 



TABLE 56 

SIMPLE AND PARTIAL CORRELATIONS BETWEEN THE COVARIABLES AND CUMULATIVE 

MILK PRODUCTION OF THE EWE PER LAMB REARED AT ONE THROUGH TEN WEEKS 1961-62 DATA 

Week 1 i .l !± .2 §. 1 8 .2. 10 

Ewe Body Wt. a 0.299 0.255 0.257 0.295 0.294 0.277 0.240 0.229 0.218 0.206 
-0.126 -0.124 -0.113 -0.028 -0.130 -0.135 -0.103 -0.112 -0.163 -0.007 

Ewe Body Wt. Sq. 
a 0.313 0.270 0.268 0.310 0.309 0.294 0.251 0.240 0.235 0.215 

0.139 0.139 0.123 0.049 0.130 0.133 0.113 0.120 0.171 0.009 
a Ewe Cond. Score 0.373 0.355 0.298 0.178 0.389 0.282 0.335 0.264 0.228 0.271 

-0.097 0.032 -0.037 -0.051 -0.010 -0.032 0.050 0.072 0.090 -0.078 

Ewe C. Sc. Sq. a 0.383 0.359 0.307 0.181 0.422 0.276 0.325 0.249 0.229 0.285 
0.100 -0.053 0.037 0.000 0.002 0.047 -0.086 -0.110 -0.120 0.052 

Lamb Birth Date 0.158 0.165 0.135 0.148 0.137 0.122 0.099 0.079 0.079 0.070 
-0.148 -0.018 0.041 0.077 0.044 0.025 -0.034 -0.044 -0.058 -0.061 

Lamb Bth. D. · Sq. 0.191 0.193 0.150 0.169 0.161 0.157 0.142 0.126 0.130 0.126 
0.167 0.079 0.045 -0.016 0.013 0.046 0.066 0.044 0.048 0.016 

Lamb Bth. Wt. 0.448 0.474 0.456 0.474 0.499 0.499 0.499 0.507 0.505 0.502 
-0.336 -0.381 -0.457 -0.390 -0.355 -0.330 -0.248 -0.239 -0.185 0.097 

Lamb Bth. Wt. Sq. 0.159 0.157 0.145 0.163 0.176 0.178 0.176 0.186 0.191 0.190 
0.110 0.067 0.005 -0.012 0.013 -0.004 0.010 0.025 0.034 0.020 

Lamb Body Wt. o.647 0.751 0.800 o.a10 0.812 0.819 0.797 0.792 0.768 0.752 
0.527 o.675 0.785 0.742 0.744 0.722 0.689 0.682 o.648 0.634 

-
8Based on weights and scores closest to the adjusted age of the lamb t; 

<» 

LeTel of Significance Simple Cor. r • 0.194 P < .05 r • 0.250 P < .01 104 d.f. 

Partial Cor. r • 0.217 P < .05 r • 0.28.3 P < .01 so d. r. 
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