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SELECTION FOR BODY WEIGHT
IN SYNTHETIC MONOPAROUS POPULATIONS OF MICE

INTRODUCTION

Cattle are mainly monoparous in their reproduction,
i.e., the females generally produce not more than one off-
spring per mating. Due to failure of fertilization,
losses in the uterus, and death of some of the young, the
net final reproduction rate is less than one offspring per
mating. Therefore, it can be considered that if the num-
ber of offspring produced is 80 per cent of the females
in any one mating group, the mating group is average or
above in fertility (1) (17).

An importent factor in practical menagement of beef
cattle is the greater economic value at slaughter of
steers as compared with bulls. The problem of selecting
bulls within a herd is eliminated if all of the male
calves are castrated and the bulls are purchased from
purebred breeders. However, some ranchers find consider-
able personal satisfaction and economic advantage in breed-
ing and developing their own herds closed to other genetic
material but et the same time obtaining income from selling
castrate males for beef production. In order to obtain a
high selling price, there is a need 1o castrate males at
one to three months of age in order to have steers of

satisfactory appearance to meet market competition. There
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is also a need not to castrate males until all have had a
chance to develop and express their individual economie
and aesthetic values as breeding animals. In this case
there is an economie barrier to selection of males which
needs to be broken either by removing the need for early
castration of market animals or by providing a satisfactory
basis of decision as to which animals should be retained
for breeding and hence not castrated at an early age.

A possible method of deciding which enimals should
not be castrated at an early age would be to select males
because they were sons of females with sufficient genotypic
information available to estimate satisfactorily the per-

formance of the son. The purpose of this investigation

was to select males for breeding purposes solely on the
basis of the phenotypie merit of their dems and to compare
the effectiveness of the selection with aélection of males
on their own phenotypie merit in a monoparous population.
For this purpose a synthetie monoparous population of mice
was designed to approximate the situation existing in a
breeding program with beef cattle. In order to facilitate
the interpretations, selection was practiced for large

and for small 45-day body weights,



MATERIALS AND METHODS

Experimental Animals: Source and Statistical Description

The animals for this experiment were obtained by
mating together mice of the four strains 0, V, 4, and C
which have been partially described by Bogart et al. (2)
and by Mason et al. (15). The 45-day body weights of
these strains and the F crosses produced simultaneously
by a diallel mating plan are presented in table 1. The
plan for producing the Fj offspring was to mate each of
seven males from each of the four strains to four females,
one from each of the four strains, i.e., four litters
would have been produced from each male or 112 litters
from 112 females of which 28 were from strain 0, 28 from
strain V, 28 from strain C, and 28 from strain A. Actually
113 litters were produced from 29 sires and 105 females.
There was differential fertility in the strains which re-
sulted in disproportiocnate numbers of offspring in the 32
groups of table 1. Therefore the analysis presented in
table 2 for general combining ability, speecific combining
ability, ete., was run on the means according to the
method of Snedecor (19, p. 385-387) using the within sub-
elass sum of squares divided by the harmonic mean of sub-
eclass numbers as the error sum of squares. The harmonie

mean of the subclass numbers was 10.59. The general plan



Average 45-Day Body Weights of Mice Produced by Crossing the Four Strains

Table 1

Ay C,0 and V

Strain of Female Parent and Sex of Offspring

Strain of 0 v A C Ave.

Male Parent M F M P i F M F M F

0 24.5 21.9 18.5 18.1 22.0 19.2 18.2 16.9 20.8 19.0
Ave. 23.20 18.30 20.60 17.58 19.91

v 22.5 20.2 19.2 17.5 18.5 ' 17.3 17.1 15.9 19.3 17.7
Ave. 21.36 18.35 17.90 16.50 18.53

A £23.5  £0.7 22.1 18.8 21.2 18.0 13.8. 17.2 20.2° 18.7
Ave. 22.10 20.45 19.60 15.50 19.41

c 25.5 - 18.8 21.9 18.7 21.9 19.4 19.5 16.2 21.7 18.3
Ave. 21.15 20.30 20.65 17.85 19.99

Ave. 23.5 20.4 20.4 18.3 20.9 18.5 178 18.6 20.5 18.4
Ave. 21.95 19.36 19.69 16.85 19.46




TABLIE 2

Analysis of Variance of Wh5-Day Body Weighte of Mice
Produced by Crossing the Four Strains A, C, O amd V

Degrees cf Mean

our riatio —Freedom _  _Squere
general combinimg ability 3 18,8261
specific combining ability é 1.0911
reciprocal effects € 11,9963
sex 1 34,2378
sex x general combining ability 3 0.2544
sex x specific combining ability 6 1.5261
sex x reciprocal effects 6 2.4329
strain of dams 3 34.8695
strain of sires 3 3.6253
sire strain x dam strain 9 2.1686
sex x sire strain 3 1.6653
sex x dam strain 3 4.2357
sex X sire strain x dam strain 9 0.7571
error 405 0.5569
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of the analysis was method 1, lModel 1 outlined by Griffing
(8).

An attempt was made to produce all of the 256 vari-
eties of crosses, reciprocal crosses and back crosses in
the Fy generation, and from these the four-way crossbreds
were to be used for this experiment. Because of low fer-
tility in some of the crosses, not enough four-way cross-
bred mice were produced to form the foundation stock and
therefore, three-way crossbreds were used to complete the
numbers required. The three-way crossbreds were chosen
so that the qualitative contribution of each of strains
0, A, V and C to each treatment was equalized, and in
addition, pure strain mice were excluded as the parents of
the three-way crossbreds used for the experiment. For
example, a three-way cross of OVC was used if it was pro-
duced by mating an OV crossbred mouse with a VC crossbred
mouse, but was not used if it was produced by mating an
OV crossbred mouse with a pure C strain (CC) mouse.

Five groups of 20 females each were formed from forty
litters of 3 and 4-way crossbred mice which were divided
within litters so that the groups were as similar as pos-
sible from the standpoint of their genetic history. The
treatments were assigned five 4-way crossbred males in a
menner similar to that deseribed for assignment of the

females to each treatment. In an attempt to reduce random



genetie Arift, the fifth treatment or control group was
assigned 20 males, of which 7 were 4-way crossbreds. These
3 and 4-way crossbred mice were the offspring in "mat ing
year" zero and the parents in "mating year" one. The term
"mat ing year" is defined on page 9.

The five treatments of this experiment were: I, se-
lection of large males and large females accoré&ing to
individual 45-day body weights; I1I, selection of small
males end small females according to individual 45-day
body weights; III, selection of males whose mothers had
large 45-day body weight s together with selection of fe-
males whieh had large individual 45-day body weights; and
IV, selection of males whose mothers had small 45-day body
weights coupled with seléction of females which had small
individual 45-day body weights; and V, no intentional

selection for either large or small body sizee.

Experimentsl Plan:
Selection for large 45-day body weight was pract iced

in treatments I and III and for small 45~-day body weight
in treatments II and IV. Treatment V was the control.
Breeding groups of all selection treatments consisted of
20 females and 5 maleaQ Five males were used in order to
minimize inbreeding whieh would be consistent with a large

beef operation. However, breeding groups of the control
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contained 20 males as well as 20 females in an attempt to
further minimize random genetic dri;t. It is recognized
that genetiec d:ift might be expected in the selected lines
in which only 5 males were used. It was considered that
selection in these lines would largely control the direc-
tion and amount of genetic change.

In the selection treatments, 20 females which had
either the largest (treatments I and III) or smallest
(treaxmants II and IV) body weights at 45-days of age were
used for breeding. There was no intentional selection for
any inherited characteristic other than 45-day weight and
all animals not selected for breoding at the beginning of a
mating year were discarded. There was, as will be describ-
ed below, minor selection o; younger animals in favor of
older ones. Henceforth, whenever body size is mentioned
it refers to 45-day body weight.

Individual selection of males for large 45-day
weight 8 was practiced in treatment I and individual selec-
tion of males for small 45-day Sody weights was practiced
in treatment II. In individual selection, the 5 males
were used for breeding which had the largest or smallest
45-day body weights.

Mother selection of males was practiced in treatments

III and IV. In mother selection the 5 males were used for
breeding whose mothers had either the largest (treatment
"III) or smallest (treatment IV) 45-day body weights. The
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individual 45-day body weights of males were disregarded in
mother selection.

Every attempt was made in the experimental plan to
mimie the conditions of a beef cattle population. DBeef
cattle are generally managed so that events are repeated
yearly. For instance the breeding season is limited to a
certain period and consequently calves are weaned on
approximately the same date each year, etc. A "mating
year" of 81 days and allowing for 15 days for mating, 21
days for gestation, 21 days for lactation and 24 days for
post-weaning growth was devised to correspond to a calendar
year in beef cattle. Mating years were simultaneous for
all five treatments.

Another importent characteristic of a beef cattle
population is that it is monoparous and therefore, in
mating year one and subsequently, each litter was ad justed
at birth to contain four individuals and one of these,
chosen at random, was identified by removing one toe.

This marked individual was the only one which could repre-
gsent the litter following weaning. Thus a monoparous
situation was simulated in all treatments except in the
econtrols. In the controls another of the opposite sex
was randomly chosen at weaning. The purpose for inten-
tionally retaining a member of each sex within each litter
in the controls was to mihimizo the probability of genetic

drift so that better estimates of selection response in
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the selection treatments could be obtained.

Zach mouse previously selected randomly at birth was
assigned a number for identification when weaned from its
mother at 21 days of age and then kept in an individual
cage until mﬁting at 45 to 60 days of age. Forty-five-day
body weights were recorded to the nearest one-half grame
At the beginning of mating year two and all subsequent
mating years, mice in treatments I, II, III, and IV were
ranked within sex by 45-day body weight from largest to
smallest or from smallest to largest according to the
trestment requirements end females ranking within the
deéirad 20 or males ranking within the desired 5 were
kept, and all 6ther animals were discarded. Of.course,
in treatments III and IV the males were not ranked;
instead the mothers of the males were ranked and the
males whose mothers ranked within the desired § were kept,
and the remaining ones were discarded.

| In renking the animals, whenever analogous weights
occurred, the younger animal was ranked higher than the
older animel. Thus, if the duplicate weights were such
that there was a tie for twentieth plaece in the females
or for fifth place in the males, the older animal was
discarded. If the tie inwlved two animels of the same
age, 1.e., those born in the seme mating year, the

decision as to which to save was made by the toss of a
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coine

Subsequent to mating year one, there were, at the
beginning of each mating year, about 30 females in each of
treatments I, II, III, and IV from which to select 20 for
the breeding group. These approximately 30 females were
made up of the surviving females of the 20 in the breeding
group of the previous mating year in addition to about 10
virgins ageing from 45 to 60 deys. Likewise there were
about 15 males, § older ones plus 10 younger ones from
which to select 5§ for the breeding group. In the same way
there were, in treatment V, about 40 mice of each sex, 20
older ones plus about 20 younger ones, from which to
- obtain at random 20 of each sex for the breeding group.

liatings, vhich were simultaneous for all treatments,
were made within treatments by randomly assigning four
selected females to each selected male, or in the control,
one female was randomly assigned to each male. The time
of mating was when the youngest mouse born in the partieu-
lar mating year had reached 45 days of age. liales and
females were left together for two weeks; therefore, age

at first mating ranged from 45 to 60 days.

Invironment:

The animals were housed in an insuiated quonset hut

with windows on the east side only. During the winter
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months the temperature in the building was thermostatically

controlled at approximately 70°F. During the warmer months
there wes no teumperature control.

Tach mouse was caged individually from weaning at 21
days of sge until mating at 45 to 60 days of age. during
the mating period four females were placed with a single
male in one cage for two weeks or in the control line one
femele was placed with a single male. Following the
mating period of two weeks the males and females were
separated and each wes placed in an individual cage. After
the weaning of the litters, adult females were kept
together in pairs for 24 to 29 days until the next mating
period. Except during the mating period of each mating
year, all males were kept in individual cages.

The cages were made from one pound coffee cans and
wire screen. Wood shavings were used for bedding. At
least onece daily all water bottles were checked and those
which were empty were refilled. A diet purchased from
Crown Mills, Portland, was fed free choice during the
first five mating periods. This diet consisted of the
following ingredients in the indicated proportions:

Wheat mill run 70 lbse.
Ground yellow corn 50 1bs.
Dehydrated alfalfa meal 10 lbs.
Dried skim milk 20 lbse.
Herring meal (70%) 20 lbs.
Irradiated yeast 4 1bs.
Wheat germ meal 4 lbs.
Ground limestone 1l lbs.
Iodized salt 1l lbs.
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During the period whieh should have been the sixth
mating year, a ration purchased from a different mill was
fed. This ration supposedly consisted of these same in-
gredients and was thus supposedly identical, but it re-
sulted in complete failure of reproduction as well as some
death loss of mature animals. Therefore, the matings of
the sixth mating year were repeated, with some missing
pairs, after changing the diet to the Rocklend mouse diet
which was fed free choice for the remainder of the experi-

ment.

Analysis of the Data:

In order to facilitate analysis and interpretation of
the data and to provide a means whereby data on the two
sexes could be combined, 45-day body weights were adjusted
to a mid-sex basis according to the method of lason ef al.
 (14). These workers have shown that differences between
the sexes are not constant, as the differences become
more marked in larger mice than in smaller ones. After
making this ad justment, sex was igunored as a variable.

Mason et al. (14) adjusted females to a male basis
on the assumption that females and males were genetically
equivalent in terme of standard deviations from their
respective means. In other words a female one standard
deviation below the mean of females was considered

equivalent to a male one standard deviation below the
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mean of males. In converting male and female valuss to a
mid-sex basis, males and females of the same standard mea-
sure are also considered equivailent. The absolute value
assigned to a partlicular male (female) in terms of grams
of body weight was the average of his (her) actual 45~
day body weight and the body weight of females (males)
the same nuuber of stundard deviations away from the mean
of femalee (males). The assuned relationsiips between
meles and ferales are derived from the data preseanted in
table 3. For example, a male weighing 27.29 grams (24.51
42.78) was considered equivelent to a female weighing
22,79 grams (20,72 + 2.07). The value assigned to the
~ 27.29 gram male for analysis of the Jdata was 25.04 grams
or (27.29 '+ 22.79)/ 2. Likewise, & female whose actual
45-day body weight was 22.79 grams was essigned a value
of 25.04 grams for analysis of the Gata.

It was congidered necessary to make the adjustment
for sex because the number of animals in the subelasses,
i.e., the number of animals of a particular sex, in a
given treatment in a given meting year, was small (table
7). Adjusting for sex essentially doubled thalnumbar of
animals in a subelass and 4id reduce the number of sub-
classes by half.

Heritability was determined in two ways: (1) from



TABLE 3

Average b5~ Day Body Welghts, and Sums of the Squared Deviatea for
i d 1gel : )

Mating
Xear & | Ay S Ay £.S
1 13 22,12 45,08 19.04 56.23
2 16 22.75 266.50 19.91 73.61
3 15 24,70 67.90 20.13 47.23
4 11 23.82 18.1%4 20.23 26.68
5 14 25.32 124,30 21,64 74.71
6 8 26,00 38.50 22,00 17.50
7 12 26.83 72.67 22,08 55.42
Total 89 171.54 633.09 145,03 351.38
Average® 24,51 20.72
2,07

Stendard Deviste** 2.78
e 1:7""1".' 55 9:7' e 165.037 7

## The square rcots of 633.69/82 and 351.38 /82

ST
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the regression of the 45-day body weight of the offspring
on the average 45-day body weight of the parents (10, pe
291-292) and (2) from the two-way selection differentials
and responses (6, pe 478).

Since breeding groups were composed of 20 females and
since fewer than 20 females in each breeding group produced
offspring, there existed a possibility of natural selection
within breeding groups for either large or small 45-day
body weights coinciding with low fertility. The extent of
this type of natural selection’was evaluated by comparison
of the actual parental means with the expected parental
means had all 20 females in each breeding group reproduced.
Failure to have differential fertility within groups does
not imply that all groups are equal in fertility. Fertil-
ity of the groups can be obtained directly from table 7
where the number of offspring are recorded, and from
Appendix tables 4-8 where the numbers of females which
were mated are recorded. Fertility in a monoparous popu-
lation is all or none, therefore the number of offspring
and the number of females which reproduced are the same.

A femele was not considered to have reproduced unless
her offspring reached 45 days of age.

In other words, for the purposes of this investiga-
tion, a female, or a mating, was considered unsuccessful

and therefore infertile, unless the offspring which was
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chosen randomly at birth resched 45-days of age. The
proportion of females, or matings, in a given treatment-
mating year breeding group which was fertile can be
obtained by dividing the number of offspring recorded in
table 6Iror that treatment and that mating year by the
number of females in the corresponding breeding group.

For example, the number of females in the breeding group
in treatment IV, mating year seven, was 13 (from either
table 4 or Zppendix teble 7) and the number of offspring
produced by this breeding group was 2 (from table 7);
division of 2 by 13 gives 0,154, the proportion of females
in the breeding group which were considered fertile.
There is a discrepaney for the controls, treatment v,
between the number of offspring recorded in table 7 and
the number of females which waré considered fertile. This
diserepancy is partially due to the faet that one mouse
of each sex was not elways present in the litter at wean-
ing, in which case two of the same sex were kept, and
partially due to the fact that ocecasionally one mouse
only reached 45 days of age. The number of femsles whieh
were considered fertile in treatment V in mating years
1«7 inelusive are respectively: 16, 17, 18, 15, 17, 14
and 16.

Five kinds of two-way selection differentials are

considered. These are designated as (1) maximum
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expected; (2) attempted phenotypie; (3) realized pheno-
typie; (4) attempted standard; end (5) realized standard.

In ordef to get some idea of the amcunt of progress
that would have been possible under ideal conditions, the
maximum expected selection differentials under a constant
environment were calculated on the basis of: (1) 80%
fertility which was determined from the nuwnber having
litters compared with the number bred in the controls
over the time of the experiment; (2) a sex ratio of 1
male to 1 female which was close to the average sex ratio
of 1.03 males to 1 female over the time of the experiment
for the selection treatments; (3) a regression coefficient
of male 45-day body weights on their mothers' 45-day body
weights of 0.2 which is near the common regression
coefficient calculated by lason et al. (13) and is also
about one half of the heritebility estimates in mating
years 0-3 inclusive; (4) a variance of 5,68 for off-
spring born in all mating years and which was calculated
from the offspring born in mating years ‘-2 inclusive;
(5) no loss of animels from death or other causes after
they once reached 45 days of age; and (6) e heritability
of 0.40. All of these conditions are ideal. The detailed
calculations are given in the Appendix.

Attempted phenotypic two-way selection differentials
were calculatbd by subtracting the average 45~day body



weight of the mice in a small selected breeding group of
either individual or mother selection from the average
45-day body weight of the corresponding breeding group
selected for large s ize.

Reallzed phenotypic two-way selection differentials
were calculated by subbtracting the average 45-day body
weight of the mice in a small selected parent group of
either individual or mecther selection from the average
45-3ay body weight of the corresponding parent group
selected for large size. Parent groups are derived from
a breeding group; they may be the same as the breeding
group, but most often are not because fewer animals be-
come parents than are bred. In thié experiment, fewer
females reproduced than were bred in each and.every

breeding groupe. '
Standard selection differentials corresponding to
attempted and realized phenotypic selection differentials
were calculated in terms of_gtandard deviations of each
animal from the mean of the animals born in the same
treatment-mat ing year classe. The standard deviations
were then altered up or down aeoofding to the number of
gtandard deviations a treatment-mating year offspring
mean was expected to deviate from the original mean of

the foundation animels on the basis of 40% heritability

19
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and the selection differential of the parents. The stan-
dard deviation values calculated in this way approximate
deviations from the original mean had the environment
been constant. These values are not free from environmental
influences. They contein unmeasured amounts of any effects
on the 45-day body welght of the offspring which are associ-
ated with the age or the generation of the mother. There
was not enough information to get any estimstion of the
magnitude of these effects and neither was it possible,
beceuse of small numbers, to calculate standard selection
differentials within mating years, within treatments,
within age of dam, within generation of dam. These wvalues
may be taken as a better éstimate of an animal's relative
genetic worth than an animal's ectual 45-day vody weight,
and perhaps more important, although not necessarily for
this investigation, they pfovido a means of estimating
the effective amount of selection practiced in each treat-
ment. The selection differentials, in standard deviations,
were converted to grams by the standard deviation of 2.38
which was the pooled estimate of the population standard
deviation calculated from the offspring born in mating
years 0«2 inclusive. These selection dirferogtiall are
henceforth called standard selection differentials.

The effectiveness of mother selection as compared



21
with individuasl selection can be stated in terms of two-way
selection different ials and also in terms of differences in
45-day body weights of contemporary offspringe LEffective-
ness was calculated for the maximum expected two-way selec~-
tion dirferentials, the attempted and realized phenotypiec
two-way selection differentials, and the attempted and
realized standard selection differentialse. Attempted
selection aifferentials are based on the animels in the
breeding group, whereas the realized ones are based on
the enimels which were actually parents. Effectiveness
was elso caleculated for differences between the 45-day
body weights of the offspring. Effectiveness is sinmply
the two-wey selection differential in mother selection,
for a given mating-year, divided by the corresponding
two-way selection differential in individual selectione
In the case of the offspring, effectiveness is simply
the average 45-day body weight of the offspring born from
mice selected for large size minus the 46-day body weight
of the offspring born from mice selected for small size
in mother selection in a given mating year dividﬁd by
the corresponding difference in individual selection.
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DATA; INFERENCE; DISCUSSION

The Breeding Groups:
All 45-day body weights referred to henceforth have

been adjusted to a mid-sex basis.

The averagze 45-day body weights of the mice in the
breeding groups and the standard selection differentials
which are presented in table 4 are weighted for the nuaber
of times each mouse was expected to be a parent. Since
this was a monoparous population, except in mating year
gero, the expected number of times that any female would
be a parent in any mating year is one, but each male in
treatments I through IV inclusive was used four times. 1In
the econtrol, treatment V, each mouse, male or female, was
expected to leave two offspring and therefore no weighting
was required. The variances given in table 4 are those of
the expected parental mean values. Ain expected parental
meen value is obtained vhenever a female is mated, by
averazing her 45-day body weight with that of the male.
The number of such wvalues is indicated in fhe table and 1t
is the variance of n such observations which is given in
conjunction with the weighted mean of any breeding groupe.

It is obvious that over the mating years the 45-day
body weights of the mice in the selected breeding groups

inereased or decreased in accord with the direction



TABLE &

Averages and Variances of {ho Average 45-Day Body Weights of Pa%rs of Mice in the
sl and Sta zed Values © e Mes ams

B iing naary aluasg oOf : = in Gram
Treatment
Mating 2 11 S + » 1V v
dear I 25 3 L b s2 B y 82
o* 19.7 4.6 20,17 8.7 20,2 2.5 19.7 - 9.2 19.5 4.9
1% 19.9 4.8 20.7 8.6 18.0 4.6 18.2 4.0 19.7 6.9
0.36 1.13 -1.62 -1.43 0.15
2%* 21,7 - 1.8 18.4 5.6 220 2.9 19.3. 3.2 20.2 6.2
1.59 -1.76 1.02 -0,.81 0.02
S Rt 22.9 0.7 18,0 4,1 .4 ).2 19.0 3.1 2y  sAa
iy g , -2.89 1.67 -1.07 0.36
l‘** 2“.3 008 17.3 3.6 22.“ 1.“ 18.1" 1.5 22.0 5.0
3.52 -3.28 0093 "202"’ 0'67
5** i 2“.8 0.7 17.“ 2.“y 23.0 0.6 18.6 1.3 21. 3.7
4007 -30u3 2.38 -20‘."8 O.&’
6 25.4¢ 0.5 17.88 4.1 23.6P 0.5 19.14 1.6 22.6% 1.9
3.5 -3.78 1.95 -5.28 0.07
5 25 ,2%% O 4 18.62 7.3 23.0%% 1.0 19.0¢ 0,9 23.,4%% 2.8
&.93 -304§2 1_;07 "5|3§_ oo‘g,i

b

n =17 °n=-19 .

*n & 25 *¥p =20 Zp - 16 Nald “pails
for all for all
five five
groups groups ;
1 T"g gu?be of palirs 1n the various groups of mating years 6 and 7 was not constant
u octnotes a to e are used to show the number, n, for each group.
2 Standardized attempted selection differentials from 19.56 grams, the unweighted mean
of all animals in the breeding groups of mating year one.

N
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selection was being practiced. This is even more striking
when one observes the standardized values. In all of the
treatments, except treatment II where selection was indi-~
vidually for small size, the variance of the selected
breeding groups also decreased as would be expected. The
variance in treatment II was large because two extreumely
small males weighing 11.3 and 12.6 grams were used in all
mating years. No sueh extremes were involved in the other
breeding groups.

A remarkebly unexpected happening was the continuing
inerease in the 4b6-day body weights of the control mice.
This appears to be largely an accumulation of the effects
of reducing the litters to 4 in number at birth since the
standard selection differentials, both the attempted ones,
table 4, and especlally the realiéed ones, table 5, were
essentially zero in the controls

At the coneclusion of the selection experi-
ment in Cctober 1957, ell mice in the selact-
ed treatments were discaerdsd. However, the
mice in control were kept and have been
maintained continuously by mating 20 males
with 20 femsles every 8l days. DBeginning
with the first litters born after the con-
c¢lusion of the selection experiment, reduc-
tion to four in number at birth was no
longer practiced and the females have been
allowed to raise all mice to which they
gave birthe. Replacements have been chosen
so that all litters have been represented
in the next generation. No intentional
selection for any characteristic has been

practiced. The average 4b-day body weight
of 104 mice which descende”® from the controls



of this experiment amd which were mea=-
sured between November 1, 1958 and March
1, 1959 was 21 grams, The average of
the F; and Fp generations, in which all
mice born were raised was 19.7 grams, a
difference of 1.3 grams between the two
periods.

It is noteworthy that the ¢ strain mice
measured from November 1, 1958 to March
1, 1989 averaged 22.6 grams in 45-day
body weight as compared with 23.2 grams
in 1985; the strain V mice now weigh
20.1 grams as compared with 18.4 graus
in 1985; the A strain now weighs 23,2
grams as compared with 19.6 grams in
1956« The C strein hes been lost in
the interim due to its low fertility.
At no time heve litter numbers beon
reduced in these strains and from Sept-
teumber, 1955 to date the strains A, V
and 0 have been maintained by keeping
about 10 femsles and 10 meles to mate
together frequently to awvoid the loss
of genetic material due to death losses
from old age or the infertility accom=
penying old age. Since September 1958,
30 males and 40 females have been main-
tained in each straine. Matings have
been made between 10 of each sex every
three weeks and the miee have averaged
about 60 days of age when they were
first mated., Females which did not
raise a litter have been kept and re-
mated to minimize genetie drift.

Both the V and the A strains are larger
than previously and it is proposed

that the change to the Rockland mouse
diet has led to this inereacse in 45-day
body weights through alleviation of

some of the inherited vitamin deficiency
syndromes reported by Mason et al. (12).
It is also proposed that some ol the
1.3 grams difference between the 45-day
body weights of the controls now and of
the ¥; and Fp generations is due to the
change in ration.
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If it is accepted from the above analysis that an in-
erease of l+J3 grams in the controls in mating year seven
is due to the better ration, then the remaining inerease
in 45-day body weights of 3.2 grams (from table 8) could
be ascribed to the reduction in litter size. No other
explanation seems feasible. Thus there were two apparent
factors, reduction of litter size and a change of ration,
operating upon all mice to increase 4b-day body weights,
and there is evidence, from the fact that the 0 strain is
slightly smaller but the A and V strains are larger at the
present %ime than when they were fed the original ration,
that the ration change interaeted with the genotypes

undergoing selection.

The Parent Groups:
The data presented in table 5 require 11ttl§ elucida~

tion in light of the above disecussion on average 45-day
body weights of the mice in the breeding groups. These
data, table 5, are the weighted averages of the 45-day
weights of the mice which were successful in reproduction,
and the variances associated with the means are, in con-
trast to those in table 4, variances of actual parental
mean values. 7The mean and variance of any mating year-
treatment class are based on the total number of offspring

for that class or the sum dr the male and female offspring,



TABLE 5

Averages and Variances of the Average 45-<Day Body Weifhts of the Palrs of Mice in the
Breeding Groups Which Were Successful in Reproduction! and Stendasrdized Values of the
Mean< in Crams

Tresa t
Mating — il Iii A v
Year g g2 4 g2 v g2 ¥ 82 y g2
0 19.7 4.6 20.1 3.9 20,2 2.8 19.7 3.2 19.5 4.9
1 20.1+ 5.0 20,9+ 10,0 19.1+% 1.7 18.5+ 4.1 20.5+ 4.6
0050"’ 1.“04’ -0026“'* ‘0093+* 0083+
2 21.8+ 1.5 18.7+ 5.1 Y B8 19.3 3.7 20,5+ 5.0
1.74%+ -1.29+ 0.93- -0.81 0.31+
3 22.9 0.7 18.2+ 5.5 21.7+ 1.2 19.2+ 3.5 21.7+ 4.5
2.67- -3.07-% 0,98-# -}.07 0.48+
4 24,1~ 0.4 17.1- 3.1 2.8 1.8 18,6+ 1.3 21.8- 4.0
3.26- ~3.264 1.19+ -2.17+ 0,48~
5 24 4~ 0,6 17:2- 1.7 23,0 0.6 18.2- 1.3 22.0+ 3.8
6 25.“’ 1.0 1609"’ 3.’4 23.9" o.h 19-5+ 005 2206 1.9
3'57"‘ -u.83"‘ 1.93. -2.21+* OQOO‘
? 2500 O.8 18.7'.‘ 907 23¢3+ 009 18.5- 003 23.5+ 2.2
3.28"’ -3.6? 1.17‘* ‘3.2“** o.lll'-

1 For the value of n associated with each mean see table 7 and sum respective values

for males and females.

2 Reallzed Standard selection differentials in grams from 19.56 grams, the mean of all

animals in the breeding groups of mating year cne.

* See text

x4
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the numbers c¢f which are presented in table 7. The aver-
age 45-day body weights of the mice which were successful
in reproduction, or the standard values of these averages,
differ little from those of the mice in the breeding
groups. In only three mating year-treatment classes 1s
the difference in average 45-day body weight more than
0.5 grams and the standard velues of these means differ
by this much in only 8 such classes. In table 5 the neans
that differ from the respective means in table 4 are indi-
cated by + or - signs and those which differ by more than
0.5 grems are indicated by asterisks. Since the plus and

minus signs are sbout the same in number, differential

fertility within groups seems to have been minors

Selection Differentials:

The maximum expected two-way selection differentials
(table 6) are different for mother selection and for indi-
vidual selection.

As would be expected, from comparison of the means
in taeble 4 with the respective means in table &, realized
phenotypic two-wey selection differentials differed little
from attempted ones or from the standard ones., If a

realized two-way selection differential is less than the

corresponding attempted one, this is indicated by a minus
sign in table 6, and likewise if a realized two-way



TABLE 6
Expected Maximum (EMSD), Attempted Phenotypic (APSD), Realized Phenctyple (RPSD),
Attempted Standard (/SSD) and Realized Standard (RSSD) Two-way Selection Differ-
entlals 1in Grams in Individual Selection (I-II and in Mother Selection (III-IV)

I-1I 1111V
Mating Individual Selection Mother tion
Year EMSD APSD 'BPSD ASSD SSD EMSD APSD RPSP ASSD R3SD
0.00 20,86 -0,86 -0.77 -0.90+ 0.00 -0.19 0,614+% 0,19 0,67+*

3.8 - 3.2 3,07 3.35 3.03-% 1.52 1.76 1.82¢+ 1.8% 1.7%-
5.20 4,94 4,74~ 5,28 5,744% 2.3% 2,82 2.52+ 2.74 2,05-%
6.38 7.00 7.04+ 6.80 6.52- 2.96 3.98 3.79- 3.17 3.36+
T-25 “7.38 7.20«  2.30 7.8 3.46 4.44 5,19- 4,86 3.81-%
8.02 7.60 8.53+% 7.33 8,404% 3.86 5,59 4.47- 7.23 4, 14%
8.60 6.63 6.34- 6,60 6.95+* 4.22 4,00 4.824* 6,43 b 41-%

N 0N FWwON W

* See text.
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selection di fferential is greater than the attempted one,
this is indicated by a plus sign. In only three cases is
the difference between the attempted and the realized
phenotypie two-way selection differential greater than 0.3
grams and these three cases are indicated by asterisks.
Nine of the realized standard two-way selection differ-
entials differ from the attenpted onesAby more than 0.3
grams and these are also indicated by asterisks.

It is necessary, in individual selection, to consider
departure of the attempted or realized two-way selection
differentials from the expected ones only in the lest
mating year, wherees, in mother selection, similar depart=-
ures over the entire experiment need to be considered.
Referring to table 4, it is obvious that in individual
selection for small size (treatment II), further pheno-
typic progress was not made after the fourth mating year.
Reasons for this are: (1) with two factors acting to
inerease 45-dsy body weights, young mice were larger
than their parents and (2) death of some of the older,
smaller animals forced the use of more of the young.
Standerd selection in treatment 1I, however, continued
to be effective through meting year sixe. Phenotypie
selection in treatment I was effective through mating

year six, but standard selection was (ecreased in mating
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years six and seven. Thus the failure to reach the expected
selection differentials was due to the experimental plan,
which failed to recognize in any way possible environmental
variation affecting the values of the animals selected, and
partially because the method of calculating the maximum
selection differentials ignored death loss.

In all of the selection treatments, the sattempted
selections in mating year seven were less than those of
the previous mating year. The reason for this is that it
was necessary to use all of the offspring born in mating
year six to (1) replace the mice that died from the ra-
tion change and (2) to replace some of the remaining
foundation females which were too old to breed. Replace-
ment of old females by younger ones was made in treatment
III, where selection was for large size. In treatments
II and IV, where selection was for small size, the death
losses were so great and the fertility was so low in
mating year six that it was even impossible in mating
year seven to bring the number of females in the breeding
groups up to 20, Both the death losses and the low fer-
tility in these treatments in mating year six could be a
consequence of 0ld age (Appendix tables 4-8) as well as
small size.

The foundation females in treatment IV were, by

chance, smaller than average (table 4). liany of the
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foundation femeles in treatment IV, where selectiion was for
small size, were kept for several mating years and full
advantage was taken in treatment III of the increasing body
size which was apparently caused by ration change and
litter size adjustment. Thus the expected phenotypile
selection differentials were exceeded. AB a consesquence
of using the older femeles longer end saving & smaller
proportion of the young femeles born each mating year, the
standard selection differentials in treatment IV where
selection was for small size were muech greater than ex-
pecteds The standard selection differentials in treat-
ment III where selection was for large size were, as &
consequence of saving too many young females, less than
expected, but the net result in mother selection was to
inerease the standard selection differentiale since the
inerease in treatment IV was of greater megnitude than the
decrease in trestment III, The number of aﬁimals horn in
each mating year which were used in succeeding mating

years ere presented in Appendix tables 4-8.

Forty-five Day Body Veights of the Offspring:

The 45-day body weights of the mice in the various
treatment s which are presented in table 8 appear to have
responded fairly well to selection as indicated by diver-

gence between the large and small selection treatments.



TABLE 7

The Number of Cffspring by Sex, Treatments, and
Mating Years 2nd the Total Number of
Cffspring in Each Treatment Each Mating

ST {1 | .
Treatment and Sex

Mating : ¥ 11 T11 1V S

_Year M__F T W e, CRB S SRS, XN__F 7T B F ¥
1 T U e G e TR LT Tl T TR | i o | i OB TR
2 8 9 17 R B | L e s T 6°3% 17 18 16 W
3 IR e | GRS SRR RER SRR MRS Tm o uh7 RE T (RO
4 5 11 16 9 4 13 9 15 B 6 "1k V-2 29
5 6 8 14 & 7 B £ 8 14 9°n&-" 158 37 16 '®
6 , AR I 3 3 6 ) b4 38 3 0 3 1§ 10 25
7 ¥ v S St R e I R R Sk I
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Averages (J) and Variances (s?) of 45-Day Body Welghts in Grams of the Offspring in the

TABLE 8

Various Treatments by Mating Years and the Amount in Grams by Which the Averages are
Expected to Deviate From the Controls on the Basis of the Standard Selection Differen-

tial of the Psrents 2nd 40 P Cent Heritability
- : ST i
Mating T 11 11 1V v
Year 3 22 Ypiehuiay . FRLWD AR, SR y s
0 20.5 13.8 22N 128 18.0 7.3 18.4 11.5 19.7 11.8
1 21.2 5.3 20,7 14.1 22.0 4.6 20.8 4.3 21.0 5.1
-0,23 0.23 -0. 44 -0.74
2 20,9 3.8 21,2 3.3 22,0 2,7% 20.9 3.2 21.5 9.9
0057 -006!‘ 0.25 -0045
3 23.0 h.8®* 9.5 5.8 22.6 4.4 21.6 9.5 22,1 b.b
0.88 L M2 0.20 -0.64
4 22.5 h,i#* 21,0 4.7 22.6  Mh.2 21.8 6.7 22.2 3.2
1.11 ‘1.50 0.28 ‘0083
5 24,5 5.4 22.2 4.2 23.2 2.y 22.1 4,7 23.6 6.5
1033 "'1.6“' 0.38 -1.02
6 24,0 2.9 23,0 28.4 22,9 6.8 19.9 1.0 24 .4 4,3
1.43 -1.93 0.77 -] .02
7 23.5 73 .Y 4.6 23.3 3.0 22,9 0.9 24,2 5.6
2 =1.52 0,541 =1,08

* P lees than 0,05
#% P less than 0.01
1 Contemporary means in treatment I have been compared with those in treatments II

and III, and contemporary means in treatment II have also been compared with
these in treatment IV.
III or between treatments II 2nd IV.

asterisks.

No comparable differences exist between treatments I and
Contemporary differences which are recognized
between trestments I and II and between treatments III and IV are indicated by

W
+
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Comparison of the 45-day body weights of the contemporary
cffspring in treatments I and III with those of the controls
indicate no differences, i.s., selection for large 45-day
body weighte appears to have been ineffective. The off=-
spring in treatments 1I and IV were generally well below
those of the controls or of the large selected lines, i.e.,
selection for small size appears to have been effective.
If the eontrol data (table 8) are used as standards it
seems that no progress was male toward increasing 45-day'
body weights but that all of the response was in the small
selection lines. This may be the same type of asymetrie
response encountered by Faleoner (7, p. 180-181}), i.e.,
higher herftability for small bod§ gize than for large
body size; however, since the standard selection differ-
entials for small body size (table 5) were generally
greater than those for large body size, the offspring in
the small selected treatments (II and IV) would be expect-
ed to show a greater response. Unfortunately, since the
controls increased in 45-day body weight, even in the
virtual absence of selection, it is impossible to make
any decision as to the differential responses because
the main environmental factor which seems to be involved
is associated with the age and gensration of the mother,
and neither the average age nor the distribution of the

ages of the mothers in any mating year-treatment class
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are sufficiently similer to those of the respsetive control
eclass for comparisone

The object, here, is not however, to be concerncd with
whether selection for large size is mére or less cffactive
than selection for'sméll size, but to compare mother selece
tion with individual selection. For this ecomperison .
it is only necessary to be able to assume that aseritability
for large size was the same in both treatments where selec~
tion was for large size and that the heritability was the
same in both treatﬁenta whiere selection was for small size,
Selection differentiels have been established, and it is
necessary to determine whether difrerenées in the offspring
were realized. Differences between offspring groups can
be obtained from table 8, and the di fferences pertinent
to evaluating mother selection are presented in table 9
‘together with 25 per cent confidence limits.

The differences in average 45-day body weight of the
contemporary offspring in mother selection are not expect=-
ed to become great enough to reach statisticelly signifi-
cant levels. On the basis of 16 offspring per treatment
per mating year and a variance of 5.68, a difference
between offspring in a large selected treatment and'a
small seiected treatwent of 1.79 grams would be required
for statistical significance at the 0,056 level. The
maximum difference expected (Appendix table 3 ) between

treatments III and IV is 1.76 grams. In individual



TABLE 9
Begression of 45-Day Body Welghts of Offspring on Mid-Parental

Average 45-Day Body Welghts, or Heritability Estimotes

Mating ; Common Estimates and
Year wa —~7- ngatming v "5_; 95% Confidence Limits
0 0.57 0.31 0.49 -0,04 0,54% 0.0 * 0,18
1 0,42 0.57* 0.07 0.05 0,48%# 0.35 * 0.20
2 0,78% 0.49 0.46* 0,.57% 0,28 0.42 * 0.24
3 0,62 -0,48%* 0.25 0,87% 0,09 0,11 * 0,26
b 0.36 -0,41 0,42 -0.16 0,4o%# 0.25 * 0,28
5 1.56% 0,hk 0.59 -0.77 0,18 0.19 * 0,34
6 0.  -2,42% 0,53 1.50  =0.10 -0.54 T 0.58
7 -0.54 0.21 0.89 ~1.68 «-0,21 0,03 ¥ 0.9

Common or

Poocled for

Mating Years

2-7 Inclusive 0.55* -0,17 0,43% 0. 4y»s -

% P less than 0.05
#%* P less than 0,01

L€
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selection, statistically significant differences or differ-
ences exceeding 1.79 grams were expected between the off-
spring of treatments I and II which were born in mating
year three and in all subsequent mating years. At no time
were statistically significent differences expected be-

tween either treatments I and Il1I, the treatments where

selection was for large size or between treatments II and
IV where selection was for small sizes

Statistically significant differences were observed
between the offspring of treatments I and II (individual
selection) in each of mating years three, four and five.
On the basis of the standard selection differentials and
40 per cent heritability significant differences should
also have been observed in mat ing years six and seven.
Heritabiliﬁy will be considered below; the differences
between the average 4b-day body weights of the offspring
in the comparable groups are about as expected (table 9).
However, non-genetic effects associated with the age and
generauoﬁ of the dam may be important in the differences
between eontemporary groups selected for large and small
body size since the tendency was to keep young females
in selection for large 45-day body weight and older
females in selection for small 45-day body weight
(Appendix tables 4-8).
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Heritability:

Heritability and the regression coefficient of off-
spring values on the mid-parental average values are one
and the same (10, p..291-292). The regression ecoefficients
or heritability estimates within each treatment, each
mating year, are presented in table 9 together with
common estimetes for each mating year and for each treat-
ment over the last five mating years. Very few of the
within treatment-within mating year values are statis-
tically significently different from zero.

Heritability within treatment I was not different
then heritebility within treatment III, i.e., heritability
was the same for large size in individual selection as in
mother selection, the common estimate with 95 per cent
econfidence 1imits being 0.48% 0,30. Heritebility with-
in treatment IV was significantly greater than heritabil-
ity within treatment II, i.e., heritability was higher in
mother selection for small size than in individual selec-
tion for small size. As noted previously, two extremely
small males were used extensively in treatment II. One
male was used throughout the experiment and another one
was used in the latter six of the eight mating years.
These two mice were extremely valuable phenmotypically
but as breeding animals they were useless for repro=-

dueing their valusble phenotypes. Theoretically, it
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was not known that these two were undesirable males to use
because supposedly the femeles were mated randomly to the
males as would be done in a large commercial cattle opera=-
tion where several bulls roam freely with a large number
of cows. Under these conditions it is impossible to know
which calf is sired by whiech bull. The dogged use of these
two males with the consequent negative heritabilities and
failure to make progress toward the intended goal is a
good example of the fallacy of making too much use of bulls
of superior phenotypes unless it is known that the calves
sired are inheriting the superior phenotypes.

Heritability was significantly greater in treatments
I end III where selection was for large size than In treat-
ments II and IV where selection was for small size. As
mentioned ahove, the common estimate for heritability for
the large selection treatments was 0.48% 0.30. The
common estimate with 95 per ecent confidence limits for
the small selection treatments was 0.04% 0.24, but of
course the di fference between the estimates for large and
small selection was entirely due to treatment II, as can
be observed from table 9. The heritability estimate in
mother selection together with 95 per cent confidence
1imits was 0.44% 0.26 and this was significantly greater
than the estimate of -0.022 0.26 for individual selection,
but again the low estimate for individual selection was
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entirely due to treatment II. A common estimate of herit-
ability was also calculated by pooling all of the data for
mating years 0-2 inclusive. This estimate together with
its 99 per cent confidence limits was 0.39::0.15.

Herjitability estimates obtained from the two-way selec~
tion differentials and responses are presented in table
10 for mating years two to seven inclusive. The arithmetie
averages of these estimates for mother selection and for
individual selection are also given together with their
95 per cent confidence limits. In each comparison, eg.,
mother selection (III-IV) versus individual selection
(I-II) under R/ASSD (response divided by attempted stan-
dard selection differential) or mother selection (III-
1V) versus individual selection (I-II) under R/RSSD
(response divided by realized standard selection differ-
entials), the heritability estimate is significantly
greater (P less than 0.05) in mother selection than in
individual selection. That is, 0.31>0.25; 0.40>0.24;
0:.36>0.26; and 0.36>0.27.

Effectiveness of lother Selection versus Individual
goIecgion: '
In oxder to be able to compare the two methods of

selection it was necessary to determine (1) whether

responses to selection could be expected, i.e., was there

sufficient genetic variation present; (2) whether



‘ : TABLE 10
Heritability Estimates (R/APSD; R/ASSD; R/RPSD and R/RSSD) in Individual Selection (I
II) and in Mother Selection (III-IV) Besed on Attempted Selection Differentisls (AssD,

APSD) Bemlized Selection Differentisls (RSSD, RPSD) and Responses (R)
Mating ] B/ASSD B/RSSD B/APSD B/RPSD
Year 1-11 I1T-IV =11 TII-IV TJ- 111 =11 JTIT- 1T . 2

-0.22¥1.55 1.09%0.84% -0,07 0,60 -0.07 0,63 -0,07 0.62 -0.07 0.60
3.44%1.65 0.95%1.90 0.65 0.35 0.60 0.46 0.70 0,39 0.73 0.38

2

3

by 1.5131.60 0,61*1,78 0,22 0.19 0.23 0,18 0,22 0.15 0.21 ©,16
. 2,25%1.75 1.04%1.48 0,30 0.21 0.30 0,27 0.31 0,23 0.31 0.25%
6

1.1322.98 3.09t3.62 0.15 0,42 0,13 0,75 0,15 0,67  0.13 0.69
7 1.7722.17 0.4412.86 0.27 0.07 0.25 0.10 0,27 0.11 = 0.28 0.09

Average 0.2 0.9 0.24 0.40 0.26 0,36 0.27 0.36
95 Per Cent ;
Confidence Iimits t0.25 $0.20 *0.23 10.28 $0.26 *0,.25 +0.28 *0.25

4]
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substantial or expected selection differentials were
established; (3) whether the responses to selection were
reasonable, i.e., were the differences established between
offspring groups reasonable.

The genet ic variation was initially and on the average
comparable to that reported by Faleconer (6, p. 479)s With
this level of heritability he was able to bring sbout con-
siderable differences between lines selected for large and
for small size. lNMaximum expected selection differentials
were for the most part exceeded. The differences estab-
lished in the offspring were not disappointing, although
the catastrophe of mating year six may have disturbed
things to such an extent that evaluation in the last two
mating years may be questionables The fact that the con-
trols inereased in size in the absence of selection is
also cause for caution, but since the ages of the mothers
in treatment II and IV are not too different and likewise
since the ages of the mothers in treatments I and III are
similar, comparisons of mother versus individual selee-
tion seem to be in order, since it is not expected that
the mice in the treatments would be effected as much as
the controls by the accumulation of the effects of the
‘reduction in litter size as there were fewer generations

involved.
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In general, mother selection was a bit more effective
in creating a selection differential than was expected
(table 11). In creating a difference between offspring
born from large selected and from small selected parents,
mother selection was often less effective than expected,
but when the wvalues under response in table 1l are averaged,
mother selection appears more effective than expected,
which is consistent with the higher heritability in mother
selection and also with the greater than expected selection
differentials in mother selection. However, it must be
remembered that the experimental error involved with differ-

ences between offspring groups is large (table 10).



TABLIE 11

Effectlveness of Mother Selectlion as a Fraction of Individual Selection in Creating the
Indicated Selectlon Differentials and in Creating Responses or Differences Between Off-

spring Born from Parents Selected for Ierge and for Small Size

% ticn Di ntia

Mating Expected Attempted Realized Attempted Realized Response

Year Effectiveness Phenotyple Phenotypie Standard Standard

2 0.4% 0.54 0.59 0.55 0.57 »
3 0.45 0.49 0.53 0.52 0.36 0.28
4 0.46 0.57 0.54 0.47 0,52 0.40
5 0.48 0.60 0.58 0.65 0,51 0.46
6 0.48 0.60 0.52 0.99 0.49 2.73
7 0.49 0.60 0.76 0,97 0.63 0.25

Average 0.467 0,567 0.587 0,692 0.513 0.824

*»

A negatlve response to selection was observed in individual selection in mating year 2.

&
W



GENERAL DISCUSSION

Considerations for Synthesizing a lLionoparous Population of

ce:
e e

The analysis presented in table 2 would indicate the
litters should not be adjusted to a common size in experi-
ments where synthetic monoparous populations are used.

The only necessary criterian for synthetiec monoparous pop-
ulation is that one mouse be randomly selected and identi-
fied at birth. The mother could just as well be allowed
to raise the entire litter as to be allowed to raise only
four. Further,the remaining members of the litter could
be used to advantage for such things as: (1) determining
the degree to which the chosen individual represented the
litter from which it came or in other words, how well it
represented the heritable portion of its parents pheno-
type or genotype; (2) obtaining estimates of actual
genetic variation; (3) making more reliesble sex adjust-
ments; (4) determining the effects of the age and the
generation of the dam; and (5) in genersl, verifying and
investigating problems that arise in selection in a mono-
parous population.

The works of Faleomer (5) (7, p. 191-194), MacDowell
et al. (11), Parkes (16), Chai (4), and Butler and
Metrakos (3) indicate that alteration of litter size might
cause an increase in 45-day body weight as was encountered

in this experiment. In general these people have shown
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that larger females have larger litters and produce more
milk then smaller females; and that reduction of the num-
ber of mice in the litter results in the remaining members
being larger than they otherwise would have been and con~
sequently females raised in reduced litters tend to have
larger litters and to produce greater amounts of milk than
they otherwise would. From this investigation it appears
that repeated reduction of litters in succeeding genera-
tions results in further gain. It is not known how many
ganerations of raising mice in reduced litters would be
required before a new steady state was reached, but it
would appear from this investigation that several genera-
tions might'be involved.

A final consideration is that there is a possgibility
that after several generatiohs of management of mice
under monoparous conditions, the number of mice born per
litter would become fewer since litters of only one or
two have an equal chance of representation in the next
generation with litters of, for example, ten or twelves
The eonsequences of this, through genetic association
with other characteristics such as 45-day body weight,
might be important.

Inference to Beef Cattle Populations:
This experiment was designed with the thought that



the environmental effects would be randomly distributed,

a condition which was not fulfilled. It is doubtful
whether environmental effects are, in fact, randomly dis-
tributed in any beef cattle herd. For instance, the
science of nutrition is continually operating to drive the
phenotypes of beef cattle in the same direction as is the
science of genetics. Of course, the commercial rancher
has to take advantage of all scientific advances and,
theraforo. cannot maintain a constant environment. It is,
therefora, desireable to devise some plan which will allow
for making genetic gains while at the same time capitaliz-
ing on other scientific advances. As indicated from this
experiment, strict selection on phenotype can cause diffi-
culty, eg., low standard selection differentials in treat-
ment III, and negative heritability in treatment II. 1In
beef cattle or synthetiec monoparous populations a more
suitable method of selection might be to select about one-
half of the heifer calves, or females, born each year.
Bull calves, or males, could, at least initially, as indi-
cated from this investigation, be chosen solely on the
basis of their dams' records. This would easily reduce
the number of males that would have to be kept to older
ages for evaluation on their own merit, or might even
render individual evaluation 'of males not worth while.

0f course, the success of mother selection of males de-

pends upon how well the record of the dam predicts the
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breeding value of her son. In general the higher the herit-
ability of the trait, the better this prediction will be.
For oeitain characteristics which are important in a beef
cattle operﬁtion. such as mothering ability, mother or
daughter selection of males is a necessity.

An animal selected solely because of an outstanding
phenotype need not necessarily have a good genotype, as
borne out by this investigation, especially in treatments
II and III. However, the chances that an animal with a
very outstanding phenotype; in relation to the phenotypes
of comparable animals, would also have a very poor geno=
type are probably small. Consequently, in a herd of beef
cattle in whieh it is not known which bull sired which
calf, that is, where it is impossible to know the genotype,
the overuse of bulls with outstanding phenotypes but poor
genetypes'can,be avoided by rapid turnover of bulls.

Although another investigation with laboratory animals
would be desirable for verification, since the results of
the present investigation are only indicative, it is
proposed that genetic progress in a closed commercial herd
of beér cattle can be made if bull calves are selected
from the most outstanding young cows, and for greater
assurance of success it is proposed that each bull should

be used for only one or two years.
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SUMMARY

A selection experiment was conducted with synthetiec
monoparous populations of mice for the purpose of inferring
as to the relative effectiveness of two methods of select-
ing bulls for breeding purposes. One method of selection,
designated as individual selection, incorporated the selec-
tion of males on their own merit, whereas the other method
of selection, designated as mother sslection, 1ncérporated
selection of males solely on their mothers' merit. Selec~-
tion was practiced by both methods for large and for small
45-0ay body weights for the equivalent of six years in a
beef cattle operation.

With 99 per cent confidence, heritability of 45-day
body weights expressed as the regression coefficient of
offspring on mid-parent was, initially, C.59t0.15. The
corresponding heritability estimates (pooled for the six.
years of selection) were: 0.55 for individual selection
of males for large 45-day body weights; -0.17 for indi-
vidual selection of males for small 45-day body weights;
0+43 for mother selection of males for large 45-day body'
weights; and, 0.44 for mother selection of males for
small 45-8ay body weights. Ixpected maximum selection
differentials, under ideal conditions, were estimated

and reasonably approximated the realized selection
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dirrerpntials. However, slightly greater than expected
selection differentials were attained in mother selection

The responses to selection indicated by the observed
differences in 45-day body weight between offspring born
from large and from small selected parents in individual
selection, and also in mother selection, were reasonably
close to the differences expected on the basis of the
estimated maximum selection differentials and a heritability
of 40 per cent.

Realized heritability, based on two-way standard
selection differentials and responses, averaged 0.24 in
individual selection and 0.40 in mother selection.

The expected effectiveness of mother selection, rela-
tive to individual selection under ideal conditions, was
estimated to average 0.48 over the six mating years of
selection. The observed effectiveness in terms of standard
selection differentials averaged 0.69, whereas the observed
effectiveness in terms of responses averaged 0.82.

Although the results of the present investigation are
only indicative, it is proposed that genetic progress in
any trait of sufficiently high heritability could be made
in a closed commercial herd of beef cattle if bull calves
.wera selected from the most outstanding young cows, and for
greater assurance of success, it is proposed that each bull

should be used for only one or two years.
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DESCRIPTION AND EXPLANATION OF APPENDIX TABLES 1 TO 3, AND
DETAILS OF CALCULATIONS

In appendix table 1, under selection of mothers, the
number of females supposedly available from which to select
the 20 for a breeding group are given under the heading
"Total™. For example, 20 unselected females were randomly
assigned to each treatment in mating year one. From these
20 femeles, 16 offspring were expected to be produced, of
which 8 were expected to be females. These 8 are tabulated
under the heading "Increase" for mating year 2. There
were expected to be 28 females, the 20 older ones plus the
8 younger ones, availeble in mating year two, from which
to select 20. The fraction 20/28 is recorded under the
heading "Fraction" for mating year two. This represents
the expected proportion of the females available which
were selected for any breeding group in mating year two.
If the per cent of the total animals which were selected
is known, the mean of the selected group in standard devi-
ations, or in other words, the standard selection differe
ential, can be obtained (6, p. 475-477) (9, p. 112).
The standard selection differential of 0,47 which is asso-
ciated with the fraction 20/28 is recorded under the head-
ing "Average". REight more females were expected to be
born in mating year two, making a total of 36 from which
to select 20 in mating year three for a standard selection
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differential 0.71, ete., through mating year seven.

The only di fference from the above for obtaining the
expected standard selection differentials fof males in
individual selecticn is that only 5 males were made avail-
able in mating year one, thus meking the "Tctal™ 10 less
for males then for females in each meting year, and of
course, since only 5 males were used each meting year, the
fractiocns are 5/x rather then 20/x, where x represents the
expected totel in each mating year.

In matingvyear one, 5 unselected males were mated to
20 unselected.females, therefore the average expected devi-
ation of the matings was 0,00 which is recorfed in Appendix
table 1 under the heading "Matings". In mating year two,
females expected to aver&ée 0.,47 standard deviations were
mated to males which were expected tc average 0.99 standard
deviations, and the average of the metings was expected to
be 0.73 standard deviations above or below the mean depend-
ing upon the direction of selection.

In mother selection of males, five males were initially
assigned to the treatments. Twenty unselected females were
mated to unselected males. IFrom these 20 females 8 males
were expected to be produced. Thus a total of 13 males
were expected from 25 females; the 20 in the breeding
group plus the 5 mothers of the foundation males These

13 males were expected to distribute evenly as sons from
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the top ranking female to the bottom ranking female, and it
was’expected that § males would be born from the top 9.6
females; thus the expected standard selection differential
for the mothers of the males selected in mot her selection
in mating year two is based on the fraction 9.6/25. On
the basis of a heritability of 40 per cent or regression
coefficient of male offspring 45-day hody weights on the
mo ther's 45-day body weights of 0.20, only %wo tenths of
the selection differential in the mothers is expected in
sons which were actually saved for breeding. Thus the
expected seleétion differential of the meles used for
breeding in mother selection in mating year two was 0.20
standard deviations, and the expected average selection
differential of the animals in the breeding group was
0434, or 0.47 plus 0.20 divided by #. In mating year three
33 possible mothers were considered, of which only the
highest ranking 20 were mated. The 33 possible mothers
consist of the mothers of the 5 foundation males, the 20
foundation females, and the 8 females supposedly born in
mating year one. Of the 20 which wore mated, only 16 were
considered, on the basis of 80 per zent fertility, to have
reproduced, and, on the basis of a 30 per cent sex ratio,

only 8 male offsoring were considersd to have been pro-

duced. These 8 male offspring were considered to have
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been equally distributed from the highest ranking to the
lowest ranking of the 20 females which were mated. 1In this
way, on the average, © males could have been chosen from
the top 12.5 of the considered 3% females. The same con-
gsiderations apply to mating years four through seven,
except that more possible mothers are considered in each
succeeding mating year.

In Appendix table 2 the expected maximum selection
differentials in grams, the expected deviation in grams
of the offspring born, and the expected deviation in
grams of the accumulated population from the original
mean of the foundation animals, are given for each mating
year for individual seleetion of males. The foundation
population consisted of 25 animals with a mean, u. The
mat ings were made without selection, therefore the expeect-
ed mean of the selected animals and offspringz born was
also us On the basis of 80 per cent fertility, 16 off-
spring with the mean of u were expected to be added to
the original 25 with a mean of u. Thus there were expedt-
ed to be 41 animals with a mean of u in the accumulated
populat ion at the beginning of mating year two. Trom
Appendix table 1, under the column headed "idatings" and
under individual selection of males it is found that the

expected selection differential in stenderd deviations in
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mating vear two is 0.73. lultiplication of 0.72 by 2.38
grems, the standard deviation of the population, gives a
value of 1.74 grems for the emount by which the mean of
the animals selected for a breeding group in individual
selection in mating year two is expected to be greater than
u. Of eourse, if selection was for small size the mean
breeding group would be expected to be 1l.74 grems less
than u. On the basis of 40 per cent heritability the off-
spring producéd by the mat ing group would be expected to
average 0.70 gfama above the mean, u, or in the case of
small selection, that much below u. On the basis of 80
per cent fertility, 16 offspring averaging u+0.70 grams
are expected to be produced. Thus, average 45-dey body
weight of the 57 animals in the accunulated population
at the beginning of mating year thres is u +0.20 grams
end the detaila for obraining this value are, &8 in Appen-

dix table 2, 4l u +~%$(“4'0'70) « Referring again to
Appendix table 1, it is found that snimals selected for

& breedinz group in mating year three are expected to
average 1.01 standard deviations abcve the mean, u+ 0.20,
for all in the accumulated populaticn. As above, 1l.01

is multiplied by 2.38 to give 2.40 grams as the amount by
whiech the enimals selected for a dreeding group are expect-
ed to deviate from the mean of the sccumulated population

at the beginning of mat ing year three. Thus, since the
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mean of the accumulated population is u+0.20, the average
45-day body weight of the animals in a breading group in
individual selection in mating year three is expected to
be u plus 2.60 grams, etec., through mating year seven.
Exactly the same procedures were followed in obtaining the
values In Appendix teble 3, except that in obtaining the
'selQQtion differentials in standard deviations, Appendix
table 1 was entered under mother selection of males.

Only positive values are given in Appendix tables
1-3 inclusive, therefore, where selection is Tor large
silze, these values cen be taken at face velue; but where
selaction is for small size, the standard deviations in
Appendix table 1 are negative rather than positive, as

are gram deviations In Appendix tables 2 end 3.
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APPENDIX TABLE 1

The Number of Animals One Mating Year of Age (Yearlings) the
Total Numbers of Animals Available From Which Selection Can
Occur (Total), the Fraction of the Aveilable Total Which is
Selected (Fraction), the Average Standard Deviation Value
of the Fraction Saved (Ave.), 0.2 Times the Average Standard
Deviation in the Case of Mother Selection of lales, and the
Average Standard Deviation Value of the Elected lMMales and
of the Selected Females (Matings) for Bach Weting Year

(Year), and for Tach Method of Selecting Males

Selection of lothers

Year Yearlings Total [raction Ave. OU.2Xive, iatings
- 2 - —

2 8 28 20/28 C.47 - -
3 8 36 20/36 0.71 - -
4 8 44 20/44 0487 - -
5 8 52 20/52 DePY. ew -
6 8 60 20/60 1aUd | == --
7 8 68 20/68 1417 e --

Individual Selection of iales

Yoar Veariings Totas Irection Lves Us.SXAve. Nabings
1 e 5 573 0000 - U.OO
2 g 13 5/13 0.99 -u 073
3 8 21 5/21 1.%0 - 1.01
4 g 29 5/29 1.48 - 1.18
5 8 37 5/37 1.60 .- 1,30
€ g 45 5/45 170 . e 1.40
7 8 53 5/53 1.76 - 1.47

Mother Selection of lisles

ear vYeariings Total Fraction AVEs O.oxAVe. MALINgS
1 - 5 5/6 TTRRT“TﬁRRT“‘“‘UTU%ﬁ'“
2 8 25 9.6/25 0.99 0.20 0.34

3 8 33 12.b/63 1,00 0,80 Ce46

4 8 41 12.5/41 1.1 0423 055

5 8 49 12.5/49 126 0,25 0.62

6 8 B7  12.5/87 1.34 0,27 0.68

7 8 65 12.5/65 1.42 (.28 0.73




APPENDIX TABIE 2
Maximum Expected Selection Differentials in Crams in Individual Selection of
Melee for Large Size, the Expected Average of all Animals Born in all
Time, and the Expected Aversge Deviation From the Criginal Mean (u)
of all Animals Born in Each Mating Year. Individunal Selecticn of
Meles for Small Size is Expected to Cause Devistions Relow the

Mean by ILike Amcunts

Mating n Mean of all Animals Bornm Mean of the Animals Mean of the Animals
lear in all of the Time Selected Born
1 25 u u u
2 41 u ou o+ 1.74 u+ .70
3 57 d+16 '5 9)=u+,20 (u+.20)42,40=u+2.60 u+ 1.04
B 73 2,20 ;g 1.0%)=u+.38 (u+.38)+2,81=u+3.19 u+ 1.28
5 - 89 = 2 g : 1_28 =L 3 (u+.54)43.09=u+3.63 u+ 1.45
6 105 59(ut.54)+16(us1 . B5)=ut.68 (u+.68)+3,33=us’.01 L omeE1, 88
105
7 121 105(u+.68)410(ut1.60)=u+,80 (4, 80)43.50-ush. 30 u+ 1.72

19



: APPENDIX TABLE 3
Maximum Expected Selection Differentials in Crams in Mother Selection of Males
for Large Size, the Expected Average of 211 Animals Born in all Time, and
the Expected Average Deviation From the Original Mean (u) of 211 Animals
Born in Each Mating Year. Mother Selection of Males for Swmall Size
is FExpected to Csuse Deviations Below th Mean by Iike Amcunts

Mating n Hean of all Animals Born Mean of the Animsls Mean of the Animale
Jear in 2ll of the Time Selected Born

1 25 u - u u

2 41 u : u + .81 u o+ .32

3 57 El&ilél&i&?%l:.ﬂi;gﬂ (u+.09)+1.09=u+1.17 u o+ .47

b 73 52123‘221i%%£33*221333‘l2 (u+.17)+1.31=u+1.,48 u+ .59

5 89 u+ +lg =Ute2 (u+.25)+1,48=u+1.73 u+ .69

6 105 S87(u:.2 1%? +.69)=us. 31 u + .3141.62=u+1.92 . 4+ 377

7 121 10§§u+.31)+16§u+.7?1=g+.37 U+ L 374).74=u42.1 u+ .84
2

g9



. APPENDIX TABIE &
Number Femeles Born in Each Mating Yeor; the Number From Each Mating Yesr Which Were in
the Breeding Groups (B) of Esch Succeeding Year; Zhe Nuamber which Were Parents in Each
Succeeding Mating Year (P); the Number of Death Tosses (D) From the Preceeding Mating;
the Total Number of Females in the Breeding Croups by Mating Yeare; the Tctal
Number which Were Parents by Mating Years; The Total Death Ioss by Mating
Years; the Aversge Age in Mating Yeare of the Females in the Breeding
Groups (A!;raﬁe of B?; and the Average Age in Mating Years of the
@ W 0 ; osren ney. age of P A . for Treatmen ;

L

Mating ﬁ;;béf

Year of Hg;;gg Year

Femsles _1 2 3 5 B o

m::»_r*@ T L F b CEYT P BT D N EN D NS
0 20 20 14 1 1310 0 9 8 o 8 & 0 6 2 1 3 0 O 2 09
1 9 7 7% 5 § 0 2 3. 9 2-1.0 o 0 0 g 80
2 9 6§ 5 1 5 4 0 2% B 0 0 O 0 0 0O
g 9 6 5 0 -5 Q 3 7.9 Ty B

11 s & 0 $. 39 5959
5 8 8 -0 5 s 1
I3 4 b, 2 B

ol

Tctal 20 ih 1 20 éz 9 20 18 ] 016 0O 0 14 39110 20 }g
LAverage of B 1.65 2.50 2.60 2.8§ 3.20 3.65 :

Aversge of P 1 1.59 2.17 2.50 2.43 2.82 3.65

¥ Feunles are one mating year clder thasn indicated except for those born in mating yeer 6.

29



: APPENDIX TABIE §

Number Females Born in Each Mating Year; the Number From Each Mating Year Which Were in
the Breeding Groups (B) of Each Suoceedlng Year; The Number Which Were Parents in Each
Succeeding Mating Year (P); the Number of Death Tosses (D) fréam the Preceeding Mating;

the Total Number of Females in the Breeding Croups by Mating Years; the Total

Number Which Were Parents by Mating Years; the Total Death Loss by Mating

Years; the Average Age in Mating Years of the Females in the Breeding
Groups (Average of B) and the Average Age in Mating Years of the

Mating Number

Year cf Ma a
Females 1 2 3 E 5 6% 7"
Born = o
i i o RS Bt o . 2.0 B P D Bl B P D
) 20 20 16 0 157 0 119 1 £ h1 £.2..0 S S i | 1 0 0
1 - o5 513 0 52 9 5.9 2 N 20 > 5 .3 2 -0 0
2 6 b 3 0 3 5.0 -E% e 293 2 0 0
3 8 8 & 2, 85 0 P 1 5 3 2
i i %92 0 - e R 2 -3 .0
5 7 g & - G W
6 3 _ 22 3
Total 20 16 © 2010 0 2038 3 260315 -8 28 14 . 4. .-16 6 6 169 9
Average of B 1 1.75 2.35 2.30 3,05 4,00 $
Aversse cof P 3 2.70 2.4 2,85 B A 3.17 3.11

¥ Females ore one mating year clder than indicated excevt “for ihoee born in mating year
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: APPENDIX TABIE 6
Number Females Born in Esch Mating Yesr; the Number From Each Mating Year Which Were in
the Breeding Croups (B) of Esch Succeeding Yesr; the Number Which Were Parents in Each
Succeeding Mating Yeer (P); the Number of Desth Loeses (D) from the Preceeding Meting;

the Total Number of Females in the Breeding Crecups by Meting Yeers; the Total

Nraber Whick Were Parents by Mating Yesrs; the Total Death Loss by Mating

Years; the Average Age in Mating Years of the Females in the Breeding
Groupe (Average of B); =nd the Aversge Age in Mating Years of the

Females which Were Parents SAveragg of P), Data_ for Treatment III

Mating Number

Year of Hgginxt!sar
Females 1 2

2 3 5 &* ' g
Born AR FRa T b
B P D BB R o8 ¥ 8 B P D B_P D B P D BFR
0 20 20120 108 0 6 4 0O . B 1, | e 3 .9 D %% 0 0 0
1 10 109 0 R T | $ T 9 5§ 4 0 20 = 89
2 5 5 4.0 § 98 5 1.0 ¥ 0.2 0 @
3 9 . 8 6 2 5 3 0 A58 B | e
b 9 6 5 0 5. B0 b 2 o
5 8 6 5 1 6 3 0
6 b , 4 & o0
Total 20 12 0 20330 2018 3 B L 9. o1k 0 12 B .6 _203%F &
Average of B 1 1.5 2.08 2.15 2.65 3.30 3.65
Average of P 1 1:87 .. “a.00 2,20 2.59 2.75 2.55

* Females ere one mating yeasr older then indicated except for thoee born in mating year 6.
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APPENDIX TABLE 7
Number Females Born in Eseh Meting Year; the Number From Each Mating Yesr Which Were in
the Breeding Groups (B) of Eaech Succeeding Year; the Number Which Were Parents in Each
Succeeding Msting Year (P); the Number of Death Losses (D) From the Preceeding Mating;
the Total Nuamber of Females in the Breeding Groups by Mating Years; the Total
Nuzber Which Were Parents by Mating Yeare; the Total Death ILoss by Mating
Years; the Average A in Mating Years of the Females in the Breeding
Groups (Average of B?? and the Average Age in Mating Years of the
Femal ] h _Were Parents (Ave s for T .} ¥
Mating Nuaber

Year cf Hg;;nﬁ Year
Females 1 2 3

5 6 * 7%
Born __ O
B ... B 2D B PD B PFD B PP B P D T a2
0 20 20170 15130 -1 -0 109 .86 308 o 4 1 5 5 1 0
1 6 54 0 Lo 8 115N B s 8D o 0 1
2 11 7 .y § $:8 9% & 5 0 1 5 0 0
3 6 3 1.0 X 2 23 D 2. 0.1
4 6 220 2 0 0 205
5 6 e T B e
6 0 o0 0 0
Total 20220 20370 20360 20140 20383318 3 £ 3% 5 9
Average of B 1 1.75 2.25 3.40 3.95 5.0 6.0
Average of P h ¢ 2,38 3.00 40 5.33 5.50

* Females are cone mating yesr clder than indicated except for those born in mating year 6.
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APPERDIX TABIE 8

Buaber Females Born in Each Mating Year; the Nusber From Each Mating Yesr Which Were in
the Breeding CGroups (B) of Each Succeeding Yesr; the Nusber Which wWere Parente in Each
fucceeding Mating Year (P); the Nuamber of Deasth Losses (D) From the Preceeding Mating;

the Total Humber of Females in the Breeding Orcupe by Hating Years; the Total

Humber Which Were Parents by Mating Years; the Tote)l Death lces by Hating

Years; the Average A§c in HMating Years of the Females in the Breeding
’

Orcups (Average of B 2nd the Average Age 1n Mating Years of the
#bich Were Pargnte (ﬁv5::::.22_Ei;..aasla.lez;zznzissgs :

ating Huaber

Year of xagggg Yeer
Feasles 1 5

2 3 & 7%
Born

TN NI 3D -F¥F ¥ T VL 3y

0 NI WY S 8 % T 256 100 '8
1 17 o 0 2R 8 2 1B i 2% 3 ES.% el
2 18 IR0 8 80 F 2% Y88 YY S
3 19 7 6 0 3 20 2.0 O 0 0 O
i 17 80 2. %3 3t a9
5 17 0 9-¢. 9 88
£ 15 6 6 0
Total 20160 20171 20 18 0 2015 1 2012 1 12 182 20 0

Average of B 1 1.65% 1.70 2.3% 2.40 3.18 3.10

Avernge Cf P 1 L.é.i_f 1262 2.29 2 2.86 2.39
* Females ore cne asting year cider than indlonted except for thoee boern in mating yeer 5.
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