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INTRODUCTION

Crossbreeding in sheep has been extensively prac-
ticed for different purposes. Experimental crosses have
been carried out to discover the mode of inheritance of
various traits (Tomhave and McDonald, 1920, Ritzman,
1923, Jones, et al., 1946, etc.). New breeds of sheep
have been developed through the crossing of the older
breeds, while occasional outcrossing has been practiced
for improving the breeds 1n general. Crossbreeding has
also been used widely by sheepmen for commercial lamb
productlion. However, the crosses that have been studied
and reported were mostly between fine-wool and mutton-
type breeds or between two mutton-type breeds.

The present study deals with a cross between two
fine-wool breeds, the American Ramboulllet and the Im-
proved Black Top Delaine Merino.

The American Ramboulllet Breed was derived largely
from the French Ramboulllet sheep imported into this
country as early as 1840. The French Rambouillets were
developed from Spanish Merinos brought to Rambouillet,
France, in 1786 and 1801 from Spain (Dickson and Lush,
1933) .

The Ramboulllet is a very popular breed in the
United States, especially in the western states where

it is used in the range flocks because it combines good
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wool characteristics with mutton qualities unparalleled
by any of the other Merino breeds. Mature Rambouillet
rams weigh on the average about 225 pounds, and mature
ewes, about 155 pounds. The fleece of the Rambouillet
is similar to that of the Delaine Merino (Vaughan, 1948),
but has slightly coarser fibers, and the length of a
twelve months growth of staple 1s about 2% to 3 inches.
The Rambouillets also have smooth bodles, with two or
three neck folds and an apron.

The Improved Black Top Delalne breed was developed
in Washington County, Pennsylvania, from the American
Merino, which in turn originated from the Spanish Merino.
The "Improved Black Top Delaine Merino Sheep Breeders!
Assoclation" was established in 1885. The rams of this
breed weigh“on the average about 180 pounds and the ewes,
about 130 pounds. The Improved Black Top sheep have
smooth bodies and long, or "Delaine," wool. These and
other strains of the Delaine Merinos’are becoming less
popular than they were at the time this experiment was

started.



THE PROJECT?

The objective of the project was to learn more con-
cerning inheritance in the sheep, and if possible to im-
prove the Rambouillet breed. The traits studied were
wool characters (fiber length, crimp, fiber diameter and
unscoured fleece weight), skin folds, and growth during
the first year of life. The animal breeding point of
view was To improve the wool bearing qualities of the
Rambouillet, and to secure a type that combines the long
wool of the Delaine with the growth qualities of the
Rambouillet.

The experiment was started in 1929 by crossing a
registered yearling Ramboulillet ram with 15 Black Top
Delaine ewes of varying ages (from 2 to 7 years old).
Later, in 1931, another registered Ramboulllet ram was
crossed with four Black Top Delalne ewes. Two of these
ewes were from the 15 ewes crossed in 1929. Twenty Fl

sheep were raised. Ten were males and ten were females.

1 proressor H. R. Hunt, the head of the Zoology
Department at M. S. C., started the experiment in 1929,
in collaboration with Prof. G. A. Brown, the previous
head of the Animal Husbandry Dept., for the Michigan
Agricultural Experiment Station. All the wool samples,
fleece and body weights and photographs were collected
by Prof. H. R. Hunt. DMeasurements of the samples were
made by Prof. H. R. Hunt, Prof. C. A. Lawson and the
author. The statistical analysis was performed by the
author.
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1

Five of the males were castrated™ and sold after weaning.

Thus it was possible to obtain yearling data on five Fl
males and 10 Fl females. Figure 1 shows the parental
crosses and the Fl's.

One crossbred (Fl) ram was mated to the 10 cross-
bred females during the period from 1931 to 1937. Another
Fl ram was mated to four F1 females. The total number of
Fe's produced was 45, 27 males and 18 females. Data were
obtained on 22 male and 15 female F2 individuals. Figure

2 shows the Fl matings and the F.!'s produced.

2
Control sheep were used during the experiment.
However, they were all born between 1933 and 1937, in-
clusive, during which period the F2 animals were born.
There were no control sheep in 1930 and 1932 when the F1
animals were born. The control sheep represented the
two parental breeds, l.e., the Rambouillet and the Black
Top Delaine. There were 16 Rambouillet controls (4‘males
and 12 females) and 18 Black Top Delaine controls (7
males and 11 females).
All the animals used during the experiment be-
longed to Michigan State College, and the facilities of

its Department of Animal Husbandry were used for ralsing

and feeding the sheep.

1 Castration was not desirable, but was necessary
due to lack of space in the barn.
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The lambs were docked shortly after birth and
stayed with thelr mothers until weaning time at about
120 days of age. They were raised under barn conditions
until about the end of May, when they were put to pas-
ture. They stayed on pasture untll toward the end of
November, when they were returned to the barn to stay
untlil the next pasture seaébn. Conditions in the barn
were kept constant from year to year as much as possible.
The pasture, however, varled from year to year due to
different precipitation during different years. Table
I shows the annual preclpltation and the precipitation
from April to November ln Lansing during the years 1930
to 1937, inclusive.
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SKIN FOLDS
Llterature

Most sheep of the fine-wool type are character-
1zed by having skin folds or wrinkles. These are caused
by faster growth of the skin in proportion to the other
components of the body during the early stages of life.

Studies on the inheritance of skin folds have
been conducted by various workers. Jones, et Ei.-(1936,
1937, 1938, 1939 and 1940) reported on the inheritance
of skin folds in the Ramboulllet sheep. Their reports
indicate that the number of genes involved is relatively
small, and that the genes for freedom from skiln folds
appear to be dominant. Similarly, Jones, et al. (1946)
in a study of a cross between Rambouillet and Corriedale
(smooth) sheep, concluded that the lack of skin folds
is due to dominant multlple genes. Madsen, Esplin and
Phillips (1943) in a report on skin folds in the Ram-
bouillet showed a relationship between the number of
folds on the dams and on their offspring. The correla-
tion between dams and daughters at yearling age, with
the sire held constant, was + C.l1l7. In another study of
neck folds in Ramboulllet lambs by Terrill and Hazel
(1946), the average heritability was 0.39 ¥ 0.05. They

found significant variations in neck folds between inbred
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lines. In the yearling ewes, the same authors (Terrill
and Hazel, 1943) found that heritability was 0.26 for
neck folds and 0.32 for body folds.

The effects of some environmental factors on skin
folds have also been reported. Carter (1941l) found that
the development of neck and body folds in the Australian
Merino sheep was reduced on a low plane of nutritlion and
augmented on a high plane. Burns (1935) observed a
three to three and a half times increase of skin area
between the ages of one month and twelve months. Madsen,
Esplin and Phillips (1943) also ?ound an increase in
skin folds as the sheep matured. Hazel and Terrill ob-
served that folds were more extenslve on single sheep
and those from mature dams than on twins and those from
2-year-old dams respectively, both at weaning (1945)
and yearling (1946) ages. They also found that ram
lambs had more extensive folds than ewe lambs. Jones,
et al. (1946) also found that males had significantly
greater skin-fold values than females.

Skin folds are in many ways related to wool pro-
duction. However, the older view that the greater the
folds, the heavier the fleece, has been proved mislead-
ing. Fleece from the more wrinkly sheep shrinks more
than fleece from the smoother type according to a study

by Jones, et al. (1944). They did not find a significant
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difference in clean (scoured) wool produced by the wrinkly
and smooth type Ramboulllet sheep. In the same study,
Jones, et al. found a small but significant difference
in staple length in favor of the smooth type. They indi-
cated that there is greater uniformity of fineness of
fibers in the smoother type. The smoother type sheep
are also easier to shear (Madsen, Esplin and Phillips,
1943) and are less susceptible to blow flies, than the
wrinkly type (Jones, et al., 1937).

Material and Methods

Photographlc pictures of the Fl's, the Fa's and
the controls were taken when they were about one year
old, shortly after shearing. Yearling plctures of the
parents were not available since these were at variable
ages when the experiment started. The only plctures of
the parents that were available were taken at different
times before and during the experiment. Some of the
parents were never photographed, and a few were photo-
graphed before shearing, thus hiding the extent of
wrinkling.

An objective method of measuring the skin folds
from the photographs was adopted. The basls for this
method was the length and number of the folds. The

length of every wrinkle was expressed as a fraction of
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the dorso-ventral dimension of the body at that level.
The numerator of this fraction was the length of the
wrinkle on the photograph, and the denominator, the
body width at the reglion of the wrinkle. This fraction
was called the "fold value". The fold values repre-
senting the folds in the neck region as far back as the
shoulder were added together and the sum was called the
"neck value." The "fold values" from the shoulder to
the thigh were added and the sum of these fractions was
called the "body value." The folds on the rump, the
tail-head and the thigh'ran in different directlons
and thus could not be evaluated with reference to the
width of the parts showing the folds. The neck value
and bedy value represented wrinkles on one side of the

animal (the side which appeared in the photograph).
Results

Neck Values:

Table ITI shows the averagesand standard devia-
tions of the neck values of the different groups of
animals for which photographs were avallable. The Ram-
boulllet controls, the Black Top Delaine Controls, the
Fy's and the F,'s averaged 5.61 T 1.43, 4.82 t 2.06,
5.93 ¢t 0.77 and 5.44 + 1.52 respectively.
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TABLE II
AVERAGES AND STANDARD DEVIATIONS

OF NECK FOLD VALUES AT
YEARLING AGE

b e —

Number
Standard
Groups of Average

Animals Deviation
Rambouillet controls 10 5.61% +1.43
Black Top Delaine controls 12 4,82 t2.06
Fy's 14 5.93 to.77
F,'s 32 5.44 ti.52

b e e ————

* Equivalent to 5.61 complete folds.

NOTE: Neck fold values slignify skin folds on the neck.
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The method used to obtain the standard deviation
as described by Snedecor (1946, page 91) was:
sx® = 82 - (sx)%/n

Standard deviation s =\//Sx2/Kn - 1)

sz = The sum of squared deviations from the mean

SX = the sum of the items (neck values in this

case)
SX2 = the sum of the squared items
n = the number of items.
The method used in analyzing the neck fold val-
ues will be described under "Body Values." As seen in
Table II-A, the difference between the means of the

different groups was found not to be significant. Also

the difference between sexes was not significant.

Body Values:

Table III shows the average body values for the
different groups of sheep used in the experiment. The
averages were: 4.30 T 2.46 for the Rambouillet controls,
5.92 + 3.56 for the Black Top Delaine controls, 7.81 +
2.39 for the Fy's, and 5.13 t 2.33 for the F,'s.

For analysis, the technique used was that for
disproportionate subclass numbers (Snedecor, 1946, page

289). The second variable introduced was sex. The

method used in this analysis and others that will follow



ANALYSIS OF VARIANCE OF NECK VALUES

TABLE II-A

15

b e _____________________}]

Source of De§§ees Sums of Mean

Variation Freedom Squares Squares

Groups 3 7.8781 2.63

Sexes 1 0.0313 0.03

Interaction 3 5.0759 1.69

Individuals 60 2.16
]
NOTE: Neck values slignlfy skin folds on the neck.
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TABLE TIIT
AVERAGES AND STANDARD DEVIATIONS

OF BODY FOLD VALUES AT
YEARLING AGE

e . —

Numb

Group A:§£:§s Average g:g?g%ﬁgn
Rambouillet controls 10 4.30 to. 46
Black Top Delaine controls 12 5.92 +3.56
Fi's 14 7.81 t2.39
F,'s 32 5.13 t2.33

NOTE: Body fold values signify skin folds on the body
from the shoulder to the hip.
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in this paper (including also the analysis of neck val-
ues) was as follows:

The data were combined in a 4 X 2 table (Table
IIT-A). Two variables were conSidered: sexes (males
and females) and groups (Rambouillet controls, Black Top
Delaine controls, F,'s and Fags).

Correction term = (387.57)2/68 = 2208.9780

Total sum of squares = 2738.0291 - 2208.9780

= 529.0511
Sum of squares between subclasses
= [(7.07)3/3] + . . . + [(73.09)%/14] - cor-

rection term

il

2328.481 - 2208.9780 = 119.5031

Sum of squares within subclasses
= 529.0511 -~ 119.5031 = 409.5480

Mean square within subclasses
= 409.5480/60 = 6.83 (this is to be used as
the error term for the F-test)

Then a table containing the numbers and means of

both sexes in the four groups of sheep was made (Table

III-B).
kl = pnumber of males
k2 = number of females
El = mean body value of males
X. = mean body value of females

\V)
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W= (Klkz)/(kl + k)
D= El —'32
Sum of squares for sexes
= (SWD)?/sW = (-0.181)2/15.4988 = 0.0021
Sum of squares of sexes from Table III-A
= (159.99)2/29 + (227.58)2/39 - correction
term = 1.6871
Correction for interaction
= 1.6871 - 0.0021 = 1.6850
Sum of squares of groups from Table ITII-A
= (43.03)2/10 + . . . + (164.17)2/32 - cor-
rection term = 92.9209
Corrected sum of squares for groups = sum of
squares of groups from the table - correction
for interaction = 92.9209 - 1.6850 = 91.2359
Interaction sum of squares = SWD2 - (SWD)Z/swW
= 26.5820 - 0.0021 = 26.5799
Then the complete analysis of variance table was
constructed (Table III-C)
The individuals mean square was used as an erropr
term for testing the mean squares for groups, sexes and
interaction.

The following 1s an example of the procedure used

in the F-test:

P __groups mean square - 30.41 _ 4.4
groups 1IndIviduals mean square .83 = ° >
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TABLE IIT-C
COMPLETED ANALYSIS OF VARIANCE OF BODY VALUES

e ]

Source of Degﬁees Sum of Mean
Variation Freedom Squares Square
Groups 3 0l1.2359 30, 41%*
Sexes 1 0.0021 0.0021
Interaction 3 26.5799 8.86
Individuals 60 6.83

—_ ]

*% Tndicates significance at 1% level.

NOTE: Body values slgnify skin folds on the body from
the shoulder to the hip.
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At 3 and 60 degrees of freedom 4.45 is found to exceed
the F value (4.13 according to F-table) needed for reach-
ing significance at the one-per cent level. It is to Dbe
concluded that variance caused by the differences be-
tween group means is significant at the one-per cent
level. This means that only once in every 100 times
can one expect to obtain an F value of 4.13 by chance alone.

When the sums of squares for sexes and interaction
were tested they were found not to be slignificant.

The next step was to test the differences between
each two group means. As an l1llustratlive example the
difference between the Rambouillet and Fl group means is
tested as follows:

The numbers and means of the Ramboulllet and Fl
groups in both sexes are put in a table (Table III-D) as
mentioned by Snedecor (1946, page 290).

-Welghted mean difference
= SWD/SW = 20.3825/5.83 = 3.50

Variance of weighted mean difference

= (Individuals mean square)/(SW)
= 6,83/5.83 = 1.172

s ==V/CI:I?E = 1.08

t = 3.50/1.08 = 3.24%*

At 60 degrees of freedom the t value of 3.24 1is

found to be significant at the one-per cent level (look



TABLE ITI-D
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CALCULATING THE WEIGHTED MEAN DIFFERENCE BETWEEN THE
RAMBOUILLET AND Fq GROUPS

e ____]

Ram- R
bouillet 1
Sex W D WD
kl 'El k2 Ez
Male 3 2.357 4 8.352 l.71 ~5.995 -10.2514
Female T 5.137 10 7.596 4.12 -2.459 -10.1311
5.83 20.3825

e —
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t-table). By performing similar tests, it was found

that the difference between Fl's and Fe's was also sig-

nificant at 1% level. Other differences were found not

to be significant.

Combined Neck and Body Values:

The neck values were combined with the body values
and averaged. The averages and standard devlation as
shown in Table IV were: 9.92 + 3.42 for the Ramboulllet
controls, 10.74 t 4.85 for the Black Top Delaine con-
trols, 13.74 T 2.59 for the F,'s and 10.57 % 3.30 for
the Fa's.

By using the method of analysis described on page
14, the information in Table IV-~-A was obtained. The
groups mean square was found to be significant at the
5-per cent level. The sexes and interaction mean sqguare
were found not to be significant.

Then the t-tests were performed (see page 22) and
the following results were obtalned: The differences be-
tween the Rambouillet controls and the Fl's and between
the Fl's and Fe's were found to be significant at the
one-per cent level. The difference between the Black
Top Delaine controls and the Fl's was significant at 5-
per cent level, while the differences between the Ram-

bouillet controls and Black Top Delaine controls, between
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TABLE IV

AVERAGES AND STANDARD DEVIATIONS OF COMBINED NECK AND
BODY VALUES AT YEARLING AGE

e

Number
Standard
Group of Average s

Animals Deviation
Rambouillet controls 10 9.92 +3.42
Black Top Delaine controls 12 10.74 +i .85
Fi's 14 13.74 t2.59
F2'S 32 10.57 +3.30

——————— e 2

NOTE: Combined neck and body values signify skin folds
on the neck and body.



TABLE IV-A
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COMPLETED ANALYSIS OF VARIANCE OF COMBINED

NECK AND BODY VALUES

B e — . —— ____}

Source of Degrees Sum of Mean
Variation Frggdom Squares Square
Groups 3 118.7643 39.59%
Sexes 1 0.3618 0.36
Interaction 3 16.7630 5.59
Individuals 60 12.85

—

¥ significant at 5 per cent level.

NOTE: Combined neck and body values signify skin folds
on the neck and body.
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the Rambouillet controls and the Fg's and between the

Black Top Delaine controls and the Fg's were found not
to be significant. It is worth mentioning at this stage
that there is an indication of heterosis in the Fl's,

as evidenced by a significantly hilgher average combined
neck and body value than elther one of the parental

breeds (the Ramboulllet and the Black Top Delaine).



WOOL CHARACTERISTICS
Literature

Fiver Length:

The length of the wool fiber is one of its most
importaht characteristics. Wools of the same grade are
classed into combing and clothing wools according to
their staple lengths. The manufacture of fine worsted
material depends on wools of the longer combing classes.
Woolen fabrics are usually made from the shorter cloth-
ing wools. In this classification, staple length is
used in reference to the length of the wool fibers.
Staple length, as differentiated from fiber length, is
measured without stretching the fibers. In measuring
the fiver length, the fibers are stretched to remove
the crimps. According to Hultz (1927), the length of
the stretched fibers are directly related to the length
of the staple. He found that, on an average, the staple
lengths of the Rambouillet, were 66.5% per cent of their
fiber lengths.

Like most of the other economic characters, staple
length is thought to be transmitted from parent to off-
spring through multiple-factor lnheritance (Ritzman and
Davenport, 1926). Hazel and Terrill (1945a) measured
heritability of staple 1ength'1n range Rambouillet
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weanling lambs and found it to be 0.40. In the yearling
Rambouillet ewes, they found heritabllity of staple
length to be 0.36.

Staple length is directly correlated with fleece
weight, according to studies by Spencer (1925), Spencer,
Hardy and Brandon (1928), Lambert, Hardy and Schott
(1938), Pohle and Keller (1943) and Jones et al. (194l4).

Staple length differs according to the part of
the body in which the measurement is taken. Hultz and
Paschal (1930) found that staple length in the shoulder
region was slightly more than staple length in the thigh
reglon of Rambouillet sheep. Similar studies by Ensminger
(1942) revealed that there was an inherent gradient in
length from the fore to the rear part of the body, with
the longest wool on the britch and the shortest on the
head.

Certain factors such as age, sex, plane of nutri-
tion and type of birth tend to influence staple length.
At the age of one year, staple length was found to be
significantly greater than at any of the subsequent ages
up to elght years (Jones, et al., 1944). Lambert, Hardy
and Schott (1938) reported that the correlation between
weanling length of fleece and yearling length was +0.65.
Wilson (1930) found that staple length was greater on a
high than on a low plane of nutrition. Hazel and Terrill
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(1945) observed that ewe-lambs at weanling age had longer
staple than ram lambs, while at yearling age (Terrill,
Sidwell and Hazel, 1948), rams had greater staple length
than ewes. Hazel and Terrill (1946) found that yearling
ewes from two-year-o0ld dams had shorter staple length
than those from mature dams. They also found that sta-
ples of ewes from single births were longer than staples

of twins and twins raised singly.

Fiber Diameter and Crimp:

Fiber diameter 1s the most important of all wool
characteristics. The fine-wool breeds of sheep have
smaller fiber diameters than the medlum-wool or the long-
wool breeds. The systems of standardizing wool grades
are based on the relative fineness (or diameter) of wool
fibers. In the American system, the finest grade is
called “"fine," while the coarsest 1s called "braid."
Fineness is associated with crimp, which causes the wool
to have a wavy appearance. There 18 a negative correla-
tion between crimp and fiber diameter according to stud-
ies by Hultz (1927) and Darlow (1930).

Different methods for measuring fiber diameter
have been studled by Barker and King (1926), Burns and
Kochler (1925), Grandstaff (1940), Hardy (1935), Hardy
and Wolf (1939), McNicholas and Curtis (1931), Pohle
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(1940) , Phillips, Schott, Hardy and Wolf (1940) and
others.

The exact mode of inheritance of fiber diameter
is, so far, unknown, but is believed to be through mul-
tiple factors (Ritzman and Davenport, 1926). Crosses
between fine-wool and medium-wool breeds of sheep pro-
duce blending in the progeny (Burns, 1924).

Fiber diameter differs according to the location
from which the sample is taken. Hultz and Paschal (1930)
obtained a higher average fiber diameter from thigh sam-
ples than from shoulder samples of Rambouilllet sheep.
Ensminger (1942 and 1942a) reported that, in Shropshire
and Southdown sheep, wool ranked from the finest on the
head to the coarsest on the rump and britch. Similar
results were obtained by Pohle and Schott (1942 and 1943)
with Rambouillet sheep. Thelr results indicated a trend
in average fineness from the smallest average diameter
on the wither, shoulder, back and side to larger average
diameters on the rump and belly, To the coarsest fibers
on the thigh.

Certain factors as age and plane of nutrition af-
fect fiber dilameter. According to Pohle, Keller and
Hazel (1945), fiber diameter decreases between six and
eleven months of age, showing a slight increase there-

after. Lambert, Hardy and Schott (1938) found that in
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the Rambouillet, the correlation between weanling and

yearling fineness of wool was +0.40. Jones, et al. (1944)
reported that the yearling fleece was slightly finer than
fleeces at older ages. Wilson (1930) observed that wool
fibers were 26.5 per cent coarser at the base on a fat-
tening ration than on a submaintenance ration.

Fiber diameter is directly related to fleece
welght, according to studies by Spencer (1925), Spencer,
Hardy and Brandon (1928), Jones, et al. (1944) and Slen
(19%9).

Fleece Weight:

Fleece weight 1s a composite character that de-
pends on other wool characters and 1s affected by a
number of environmental conditions. While its inheri-
tance, like the inheritance of other wool characters,
is not clear, it is belileved to be transmitted through
multiple factors. The heritability of unscoured fleece
welghts was found to be 0.28 by Terrill and Hazel (1943)
in Rambouillet ewes. They estimated heritability of
clean fleece weight at 0.38. Rasmussen (1942) estimated
the coefficient of repeatability at 0.56 in range Ram-
boulllet sheep.

Age, sex, type of birth, body weight and plane of

nutrition are some of the factors that influence fleece
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weight. 1In the Rambouillet sheep, Spencer (1925) and

Spencer, Hardy and Brandon (1928) observed that the aver-
age fleece weights increased with the age of the sheep
from yearling age up to three years, and then showed a
decline after three years. Lambert, Hardy and Schott
(1938) found a positive correlation of 0.43 between the
weanling and yearling clean fleece weights of range
sheep. Correlation between fleece weight at one shear-
ing and the fleece weight of the same sheep at the sub-
sequent shearing was found by Lush (1922) to be +0.6149.
Yearling Rambouillet rams produce heavier unscoured
fleeces than yearling ewes, according to Terrill, Sid-
well and Hazel (1948). In the same study, it was found
that single rams had heavier fleeces than twins and twins
raised singly. Rams from mature dams also produced
heavier fleeces than rams from two-year-old dams. Sim-
ilar results were obtained earlier by Hazel and Terrill
(1946) in yearling Rambouillet ewes. On a high plane of
nutrition, Wilson (1930) found that the grease fleece
weight was 343 per cent greater than on a low plane of
nutrition.

Beside being influenced by fiber length and fiber
diameter (as stated above), fleece weight is affected by
body welght, with which it is positively correlated (Spen-
cer, Hardy and Brandon, 1928 and Jones, et al., 1944).



34
Material and Methods

Two samples of wool were taken from each sheep
at yeariing age.l One sample was clipped from the mid-
dle of the shoulder, while the other sample was clipped
from the area directly behind the point of the hip.
Care was taken to clip close to the skin. Each of the
two samples was labeled and inserted in a dry bottle.
The bottles containing the samples were stored in a
dry storage room until they were taken out for measure-
ment.

The lengths of individual fibers were measured.
The wool sample was first soaked in xylol (a fat solvent)
until the grease was dissolved. After drying the sample,
twenty-five fibers were drawn individually at random.
Every fiber was stretched between the jaws of two pairs
of forceps untll the crimps barely disappeared, and then
the length, in millimeters, was measured wlth a ruler on
a black piece of velvet material. The average fiber
length of the sample was then obtained by computing the
mean of the twenty-flve measurements. This was corrected
to a 365-days growth by using linear interpolation. The

following is an example of the method used:

1 None of the parents was less than two years old
at the beglnning of the experiment; fthus yearling samples
were not available for the parents.
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If the age of the animal at the time the sample

was taken was 406 days, and the average length of twenty-
five fibers from the sample was found to be 87.5 milli-
meters, the corrected 365-day fiber length would be

87.5 x 365/406 = 78.7 mm, approximately.

The fiber diameters were then measured. After
dissolving the grease with xylol, the sample was divided
into 10 subsamples. A wisp was taken from each sub-
sample, and all the wisps were put together to form a
combined sample. An attempt was made with each sample
to measure the diameters of those sections of the fibers
that grew during the month of January. It was assumed
that conditions during the month of January in successive
years were more constant than pasture condltions during
the grazing season. The method can be illustrated by
the following concrete example:

Suppose a sample of wool had a staple length of
75 mm. This length of wool grew during about 12 months;
so, the monthly growth was about 6 mm. Suppose the
wool sample was taken from the sheep about the middle
of March. The most proximal sectlon of each fiber must
have grown in March; immediately distal to this was the
section grown in February, followed by January growth.
TIf O millimeters (1% months x 6 mm. = 9 mm.) were cut

from the proximal end of the sample, the cut surface of
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the sample would belong to wool that grew in January.
A sectlon of thils January growth was cut off with scis-
sors, immersed in xylol, placed under a cover glass,
and the diameters measured. A microscope equipped with
a filar micrometer was standardized and used to measure
the fiber diameters. The diameters of fifty fibers were
measured at random. The average fiber diameter of the
sample was then obtained by computing the mean of the
fifty measurements and converted from micrometer units
to microns.

The number of crimps (or curls) per two centi-
meters were obtained from four different places in the
wool sample. The four measurements were then averaged
to represent the average "crimp" of the sample.

The weights of the'unscoﬁred yearling fleeces of
the Fl's, Fg's and controls were obtained. For statis-
tical analysis, the fleece welghts were adjusted to a
365-days growth by using linear interpolation which can
be 1llustrated by the following example:

If the fleece weight was 10.5 pounds and the age
of the animal at shearing time was 400 days, the adjusted
365-days fleece welght would be:

10.5 x 365/400 = 10.36 1lbs., approximately.
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Results

Flber I.ength:

Average fiber lengths of the shoulder and hip sam-
bles were computed for each of the four groups of sheep
used 1n the experiment. Table V shows the averages ob-
tained. The average fiber lengths of the shoulder sam-
ples were 82.86 + 10.82 mm for the Rambouilllet controls,
103.54 + 7.58 mm for the Black Top Delaine controls, 82.49
t 15.09 mm for the F,'s and 92.65 + 9.86 mm for the F,'s.
The average fiber lengths of the hip samples were 64.53

+ 9.82 mm for the Rambouillet controls, 83.42 + 11.66 mm
for the Black Top Delaine controls, 61.37 + 11.84 mm for

the F,'s and T4.17 + 10.73 mm for the F,'s.
An analysis of variance was performed (see page
14) and an F test revealed significant differences among
groups in both the shoulder and hip samples (Table V-A).
By using the t test on the welghted mean differ-
ences (page 22) it was found that, in case of the shoulder
samples, the differences between any two of the four group
means, except that between the Rambouillet controls and
the Fl's, were significant at the one per cent level. The
difference between the Ramboulllet controls and the Fl's
was found not to be significant. In case of the hip sam-
ple the results were similar, as far as significance of

differences is concerned, except in case of the difference
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AVERAGE FIBER LENGTHS OF THE SHOULDER AND HIP SAMPLES

OF A 365 DAYS WOOL GROWTH

Shoulder Hip
Number
Groups of Average Stand- Average Stand-
Animals Piber ard Fiber ard
Length Devi- Length Devi-
in mm ation in mm ation
Rambouilllet
controls 16 82.86  +10.82 64.53 + 9.82
Black Top
Delaine
controls 18 103.54 + 7.58 83.42 +11.66
Fl‘s 15 82.49 +15.09 61.37 +11.84
F,'s 37 g92.65 t 9.86 74,17 +10.73

P
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TABLE V-A

COMPLETED ANALYSIS OF VARIANCE OF AVERAGE FIBER
LENGTHS OF SHOULDER AND HIP SAMPLES

]

De- Shoulder Hip
Source grces
vVari- of
ation Free- Sum of Mean Sum of Mean
dom Squares Square Squares Square

Groups 3 5025.9097 1675.30%% L4794 7781 1598.206%%

-~

Sex 1 1.4574 1.46 436.7923 436.79
Inter-

action 3 321.7300 107.27 440,7393 146.91
Indi-

vid- 78 116.64 112.56
uals

e — 4

*¥¥ significant at one-per cent level
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between the Fe's and the Black Top Delaine controls, which

was found to be significant only at the five per cent level.

Fiber Diameter:

The average fiber dliameters of the shoulder sam-
ples (as shown in Table VI) were: 18.11 + 2.98u for the
Rambouillet controls, 17.57 + 3.24M for the Black Top De-
laine controls, 20.61 + 1.59U for the F,'s and 18.86 +
2.9;/Afor the Fe's. For the hip samples, the averages
were 19.24 + 3.61M in the Rambouillet controls, 18.95 %
3.19 M4 in the Black Top Delaine controls, 21.80 * 1.3541in
the Fl's, and 20.48 + 3.4§A(in the F,'s.

An analysis of varlance was performed in the man-
ner described above (page 14). The F test revealed a
significant difference only among group means of the
shoulder samples (Table VI-A).

A t test was performed for the shoulder sample
only and a significant difference was obtained between
the Fl's and any of the controcl groups or the Fa's.

Other differences were found not to be significant.
Crimp:

The average number of crimps per two centimeters
was computed for the shoulder and hip samples (Table

VII). The average crimp in the shoulder samples of the
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Rambouillet controls was 15.0 + 1l.41, in the Black Top
Delaine control it was 14.7 + 1.82, in the Fy's, 13.6 +
1.26 and in the F,'s it was 14.1 + 1.83. In the hip
samples, the average number of crimps per two centimeters
was 13.0 t 1.55 for the Rambouillet controls, 12.6 + 2.64
for the Black Top Delalne controls, 12.1 + 1l.44 for the

F,'s, and 12.4 + 2.27 for the F.'s.

2
An analysis of variance was performed (see page
14) and the F test showed no significance of difference

in either the shoulder or the hip samples (Table VII-A).

Grease Fleece Welght:

The difference due to sex was found to be signif-
icant in case of grease fleece welght as will be shown
later. Thus Table VIII shows the averages and standard
deviations in both sexes. In the males, the average un-
scoured fleece weight was 7;58 + 2.21 pounds in the Ram-
bouillet controls, 12.95 + 3.21 pounds in the Black Top
Delaine controls, 15.49 + 1.79 pounds in the Fl's and
12.71 t 3.27 pounds in the F,'s. In the females, the
average grease fleece weight was 8.76 + 1.44 pounds in
the Rambouillet controls, 9.78 + 2.29 pounds in the Black
Top Delaine controls, 12.96 * 1.91 pounds in the Fl's
and 9.48 + 1.77 pounds in the Fe's.
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An analysis of variance (see page 14) was per-
formed and by applying the F test the mean squares for
groups and sexes were found to be significant at the
one per cent level (Table VIII-A).

By applying the t test, it was found that the
differences between the Fl's and any of the control
groups or the Fa's were significant at the one per cent
level. The differences between the Rambouillet controls
and the Black Top Delaine controls and between the Ram-
bouillet controls and the F,'s were significant at the
five per cent level, while the difference between the
Fz's and the Black Top belaine controls was found not to

be significant.
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TABLE VIII-A

COMPLETED ANALYSIS OF VARIANCE OF
UNSCOURED FLEECE WEIGHTS

Source of Degrees of Sums of Mean
Variation Freedom Sguares Square
Groups 3 188.6349 62.88%+
Sex 1 121.5595 121.56%*
Interaction 3 39.1560 13.05
Individuals 7 6.13

—_—  — ———— ——  — — ———————_—_—_____—_ ______—_______________________J

**¥ gignificant at one per cent level



GROWTH
Literature

Growth in sheep is a very important trait. It is
only second in importance to wool production in the fine-
wool breeds. Body weight and height are the two measure-
ments generally used as indicators of growth. In this
experiment, body weight only was used to measure growth.

Body weight is a heritable character, which is
believed to be transmitted by means of multiple factors.
The weanling welght of range Rambouillet lambs was stud-
ied by Hazel and Terrill (1945a) and its average herit-
ability was estimated at 0.30. In the yearling range
Rambouillet ewes, the estimate of heritability was 0.40
(Terrill and Hazel, 1943). Nelson and Venkatachalam
(1949) estimated heritability of weaning weight in lambs
at 0.30 + 0.08, using a weighted average of two methods.

Certain factors such as age, sex, type of birth,
and weight at birth influence growth in body weight.
Ritzman (1917) studied growth of lambs 1in body weight
during their first year of life. He found that they
made about 60 per cent of their gain in welght during
the first 3 months, 20 per cent during the second 3
months, 15 per cent during the third 3 months and 5 per
cent during the last 3 months. Jones, et al. (1944)
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reported that body weight increased in the Rambouillet

sheep from birth up to and including the sixth year of
llife, and then showed a decline. Phillips (1936 and
1937) and Phillips and Dawson (1937) observed that the
lambs that were heavier at birth also tended to make
greater gains during thelr first year of life and were
heavier at 3, 4, 6 and 12 months of age than the lambs
that were lighter at birth. Single lambs are heavier
than lambs from multiple blrths (twins or triplets),
both at weaning age (Hazel and Terrill, 1945, and Nelson
and Venkatachalam, 1949) and at'yearling age (Hazel and
Terrill, 1946, and Phillips and Dawson, 1937). Phillips,
Stoehr and Brier (1940) found that single lambs were
heavier than twin lambs, on the average, throughout

the first year. Male sheep are heavier than females

at weaning age (Phillips, Stoehr and Brier, 1940, Hazel
and Terrill, 1945, and Nelson and Venkatachalam, 194G)
and at yearling age (Hazel and Terrill, 1946, and Terrill,
Sidwell and Hazel, 1948). Hazel and Terrill (1945) and
Nelson and Venkatachalam (1949) found also that lambs
from mature dams were heavier at weaning age than those
from two-year old dams. Similar results were obtained
at yearling age in ewes by Hazel and Terrill (1946) and
in rams by Terrill, Sidwell and Hazel (1948). Lambs

that are born earlier in the season are heavier at three
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months of age than late lambs, according to a study by

Phillips and Dawson (1937). Differences between aver-
age welghts of lambs in different years were found to be
significant (Phillips, Stoehr and Brier, 1940, Blunn,
1944, and Hazel and Terrill, 1945 and 1946).

The role that nutrition plays in growth is very
importaﬁt. For literature concerning the effects of
nutrition and management on growth, Morrison's book,

"Feeds and Feeding," (1949) may be consulted.
Material and Methods

The weights, in pounds, of the Fl, the F, and

2
the control lambs were obtained at two-week intervals

up to six months of age, then at four-week intervals

up to yearling age or later. It will be recalled that
each year pure-bred Rambouillets and Delalnes were
selected as controls for the Fl and Fy generations. The
age and sex distribution of the controls corresponded

as nearly as possible with the experimental animals.

The weights could not conveniently be obtained at exactly
the same ages. For analysis, the data were corrected by
linear interpolation to estimate the weights of the ani-
mals at 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 36, 40, 44,
48 and 52 weeks of age. The interpolation was performed

on the assumption that the increase in weight durling the
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interval studied was linear. The following is an exam-

ple of the method used:

Actual age in days Weight in pounds
132 55.5
146 59.5

The weight at 140 days (20 weeks) is computed as
follows:

55.5 + (140 - 132) /(146 - 132) (59.5 - 55.5)

= 57.8 1bs., approximately.

Weights at ages less than six weeks, lncluding
birth weights, were not available in most of the cases,

and thus could not be included in the data.
Results

Body welght was studied at 6, 16, and 52 weeks
of age. In order to reduce the environmental effects of
sex and type of birth (single birth or multiple birth)
conversion factors were used. The conversion factor
for sex was obtained in the foliowing manner:

The average 6 weeks! body weight of all the female
single sheep was divided by that of all the male singles
(29.54/34.23 = 0.863). Then the average 6 weeks' body
welght of all the female twins was divided by that of the
male twins (24.0/26.83 = 0.894). The average of the two
values was obtained ([0.863 + 0.894}/2 = 0.878) and called

the conversion factor for sex.



Simllarly, the conversion factor for type of
birth was obtained by dividing the average body weight
at © weeks of age of all the single females by that of
the twin females (29.54/24.0 = 1.229). Then the aver-

age six weeks' body weight of all the single males was
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divided by that of the twin males (34.23/26.83 = 1.273).

The average of these two values was obtained ([1.229 +
1.273]1/2 = 1.251) and called the conversion factor for
type of birth.

All the welghts were then brought to a single
female basis. The individual weights were multiplied
by the suitable conversion factors for adjustment. A
single male weighing 40.5 1lbs. at 6 weeks of age was
converted to 40.5 x 0.878 = 35.6 1lbs. A twin female
weighing 27.3 lbs. would become 27.3 x 1.251 = 34.2
lbs. A twin male weighing 25.0 1lbs. would become

25,0 x 1.129 = 28.2 1bs.

The same procedure was followed with body weights

at 16 and 52 weeks of age. The conversion factors ob-
tained for those ages were:
Conversion factor for sex at 16 weeks = 0.832
Conversion factor for type of birth at 16 weeks
= 1J00
Conversion factor for sex at 52 weeks = 0.812

Conversion factor for type of birth at 52 weeks
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The averages and standard deviations of body
welghts at 6, 16 and 52 weeks, adjusted to a female
single basls were calculated for each of the four
groups of sheep used in the experiment, and are given
in Table IX.

An‘ordinary analysis of variance (Snedecor,
1946, page 232) with one variable (the differences among
groups) was performed and the completed analyses of
variances appear in Table IX-A.

The F test revealed significance only at 16 and
52 weeks of age. A t test was performed in these two
cases. At 16 weeks, it was found that the Rambouillet
controls were significantly heavier than the Black Top
Delaine controls. The Fl's were significantly heavier
than the Black Top Delaine controls. Other differ-
ences were insignificant. At 52 weeks of age, The Fl's
were significantly heavier (at one per cent level) than
either one of the control groups (another evidence of
he terosis 1n the Fl's). The Fl's were also significantly
heavier (at the one per cent level) than the F2 gT0Up.
Other differences were insignificant.

Growth curves. Growth curves were constructed

for the male singles, the male twins, the female singles
and the female twins for each group, using the original
weights at 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 36, 40,
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4y, 48 and 52 weeks of age. The growth curves are

shown in Figures 3, 4, 5 and 6.
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RELATTIONSHIPS AMONG THE CHARACTERS STUDIES

The

characters

I‘xy

where »r

Xy

SX

SX

SY

SY

SXY

The

Correlations

coefficlents of correlation between the various

studled were computed. The formula used was:

]

H

il

SXY - [(SX)(SY)]1/N

//SX2 - (SX)°/Mm '//SY2 - (SY)°/N

the coefficlent of correlation between the
two characters studied.

the sum of items in one character (inde-
pendent).

the sum of the squared items of the inde-
pendent character.

the sum of items in the second (dependent)
character.

the sum of the squared ltems of the depend-
ent character.

the sum of the products of the two charac-

ters in each individual.

coefficients of correlation were tested for

signifiéance by referring to a convenient table (Snedecor,

1946, page

). The degrees of freedom used in each

case were equal to the number of pairs studied (N) less

one (i.e., the degrees of freedom = N - 1).
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Table X shows the coefficlents of correlation that
were obtained in the Rambouillet controls, the Black
Top Delaline controls, the Fl's and the Fz's. The corre-
lations studied were: Between combined neck and body
value and grease fleece weight, between combined neck
and body value and body weight (at 52 weeks), between
combined neck and body value and fiber diameter, between
combined neck and body value and filber length, between
grease fleece welght and body weight (at 52 weeks),
between grease fleece weight and fiber diameter, between
grease fleece weight and fiber length, between fiber
diameter and body welght, between fiber diameter and
fiber length, between fiber diameter and crimp (number
of crimps per two centimeters), vetween fiber length
and body weight and between fiber length and crimp.

By reference to Table X, it is observed that, in
the control groups, relatively high correlations were
obtained between grease fleece weight and body weight,
between fleece weight and fiber dlameter, between fiber
diameter and body welght and between flber diameter and
fiber length. The correlation between fiber diameter
and crimp was found to be negative in the two control
groups.

In the Fl group, the coefficlents of correlation

differed widely, in many of the cases, from those of the
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control groups. On the other hand, in the F2 group, the
coefficients of correlation approached the average of

the two parental {(control) groups.

Descriptive Statements

General s’catementsl of the Fl and F2 hybrids were

recorded for each individual and are given in the Appen-
dix. These statements further clarify the relations
between some of the characters (body, wool and wrinkles)

of individuals in the Fl and F2 groups.

1 The statements were given by Professor G. A.
Brown.



DISCUSSION OF THE RESULTS
Skin Folds

By examining the difference between the two breeds,
it is found that the Rambouilllet sheep have a higher
average neck fold value than the Black Top Delaine, while
the latter breed has a higher average body value and
combined neck and body value.

The presence of more skin folds in the F. hybrids

1
than in either one of the parental breeds is clearly
indicated by a higher average neck value, body value
and combined neck and body value. Studies by Jones,
et al. (1944) have proved that the less wrinkly type 1s
both more profitable and desirable in fine wool sheep
than the wrinkly type. Thus, the increase of folds in

the F.,'s, being undesirable, is justifiably called nega-

1
tive heterosis. Since skin folds are controlled by mul-
tiple factors, in which the dominant genes are those for
smooth body (Jones et al., 1946), it is evident that the
dominance hypothesis of heterosis cannot be applied. The
gene interaction hypothesils (Rasmusson, 1933) seems to
offer a plausible explanation. It is imaglined, for the
sake of simplicity, that two pairs of genes, A, a, B and
b, control skin folds, A and B being the dominant genes

for smooth body, and a and b are thelr recessive alleles
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for the presence of skin folds. If each of the dominant
genes (A and B) has, by itself, an effect equal to 1,
the effect of both genes (A + B) combined would have an
effect less than 2, i.e., the effect of the dominant
genes A and B is not additive. If it 1s supposed that
one of the parental breeds contained individuals of the
genotypes AAbb, Aabb, and aabb in the ratio of 1 : 2 : 1
respectively, each individual would contain an average
of one dominant gene A, having an effect equal to 1. If
the other parental breed contained individuals of the
genotypes aaBB, aaBb and aabb in the ratio 1 : 2 :+ 1
respectively; each individual would contain an average
of one dominant gene B, having an effect equal to 1.

The hybrids resulting from a random mating between these
two breeds would contain individuals of the genotypes AaBb,
Aabb, aaBb and aabb in equal proportions. The average of
the dominant genes in the hybrids would be [(A+B)+A+B+0]/4,
which causes an average effect on wrinkling equal to
{(less than 2) + 1 + 1 + 0]/4% = (less than 4)/4 = less
than 1. In other words the average effect of the genes
for smooth body in the F;'s is less than that in either
one of the parental breeds. Thils leads to the Increase
in skin folds in the Fl hybrids over the parental breeds.
It was also noticed that in the F's, the standard

deviatibns were lower than those of the parental breeds.
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This could very well be attributed to the fact that most

of the F,'s (10 out of 15) were born during one year,
while the controls representing the parental breeds
were born over a period of five years. The environment
was therefore more uniform for the Fl‘s, leading to less
variation.

In the Fa's, it is observed that the average neck
value, body value and combined neck and body value were
intermediate between the parental breeds but resembled
more the breed with the higher average. This could be

caused by segregation and recombination in the F2‘s.
Wool Characteristics

Fiber Length:

The Black Top Delalines, as expected, were found
to posséss longer‘wool fibers than the Ramboulllets, and
the difference was significant. The average fiber length
of the Fl's was slightly less than that of the Rambouilllet
controls. However the difference was not significant.
Since fiber length is belleved to be, at least partially
dominant, (Ritzman and Davenport, 1926), the decrease of
fiber length in the Fl hybrlds can be explained on the

basis of gene interaction.
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In the Fg's, the average fiber length was inter-

mediate between the parental breeds, an evidence of seg-

regation.

Fiber Dlameter and Crimp:

Another instance of negative heterosis in the
Fl hybrids is the increased average fiber diameter over
elther one of the parental breeds (coarser fibers are
less desirable and hence the term hegative heterosis).
Since coarser fibers are domlnant (Ritzman and Davenport,
1926), either the dominance hypothesls or the gene inter-
action hypothesis of heterosis can explain the observed
phenomenon. Also, the average number of crimps per two
centimeters in the Fl‘s was less than in either of the
parental breeds.

The Fg's had slightly coarser and less crimpy
wool than the parental breeds.

The standard deviations of filber diameters in the
Fl's in both shoulder and hip samples, were less than
either parental breed. This is attributable to the
fact that most of the Flis were born during one year,

while the controls were born over a period of five years.
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Grease Fleece Weight:

The much heavlier unscoured fleece weights in the
Fl's than those of the parental breeds suggest hybrid
vigor or positive heterosis, since heavier fleeces are
more deslrable. Dominance or gene interaction can pro-
vide an explanatibn for the observed hybrid vigor.

In the Fa's, the average of the unscoured fleece
welghts was intermediate between the two parental breeds,
but approached the bpreed with the higher average. The
greater uniformity in the Fl's, as indlcated by a less
standard deviatlion than either parental breed, is prob-
ably caused by the uniformity of their environment as
compared to the controls that were born intermittently

over a period of five years.

Shoulder versus Hip Samples:

It was observed that samples from the shoulder
region of the four groups (the two control groups, the
Fy's and the F2's), had more fiber length, less filber
diameter and more crimp than samples taken from the hip
region. This is in agreement with earlier findings by
Hultz and Paschal (1930), Ensminger (1942 and 1942a) and
Pohle and Schott (1942 and 1943).
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Growth

By studying the average corrected body weights
at 6 and 16 weeks of age, it was observed that the Fq
averages approached those of the heavier Rambouillet
controls. At 52 weeks of age, the Fl's were signifi-
cantly heavier than either one of the parental breeds.
This was another evidence of positive heterosis in the
Fl hybrids which could be explained by the domlnance
hypothésis or the gene interactlion hypothesis of heter-
osis. The study of the growth curves also revealed
faster gains in the F1 females after weaning up to year-
ling age. The slower growth rate in the Fl single males
as compared to the Rambouillet males must have been
caused by experimental error (due to smaller number of
males than females in those two groups).

The delay of the Fl's in exhibiting heterosis until
a later age could be explained by the fact that before
weaning, the weights of the Fl's depended on the milk-
ing abilities of their mothers. After weaning, the growth
of the Fq individuals became independent of the mother's
milking abilities and the heterosis could exhlibit itself.

The F.'s were highly uniform 1n body weights at

1
52 weeks of age, as compared to the parental breeds and
the Fg's. The probable cause 1s that all the Fl's were

born within a period of two years, while the other groups
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were born over longer periods. Another reason could

possibly be a greater genotypic simllarity among the
1
Fl S.

Relationships Among the Characters Studied

The presence of positive correlations between
skin folds (combined neck and body values) and grease
fleece welght, body welght and fiber dilameter, and a
negative correlation between skin folds and fiber length
in the two control groups agrees with earlier findings
by Jones et al. (1944). Also, the presence of posi-
tive correlations between fleece weight and fiber diam-
eter and between fleece weight and fiber length are
supported by earlier studies by Spencer (1925), Spencer,
Hardy and Brandon (1928), Lambert, Hardy and Schott
(1938), Pohle and Keller (1943), Jones et al. (1944) and
Slen (1949). The positive correlations between body
weight and skin folds, grease fleece welght, flber
diameter and fiber length are supported by similar re-
sults obtained by Jones et al. (1944).

In the F, group, the coefficients of correlation

1
varied widely, in most of the cases, from those of the
parental breeds. The fact that the Fl's constituted a

peculiar group, differing from the parental breeds in
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most of the characters, explains the discrepanciles in

their correlation coefficients.

The correlations in the F, group approached the
average correlations of the parental breeds in most of
the cases. This seems to follow the pattern exhibited

by the Fa's throughout the experiment.



CONCLUSIONS

It is not a simple matter to derive positive con-
clusions from the experiment as a whole, in view of its
many limitations (these will be discussed in the next
section). None of the hybrid individuals combined the
better mutton qualities of the Rambouillet with the
longer wool of the Black Top Delaine. The Fl hybrids
were growthy and had heavier fleeces but had inferior
wool qualities to either parental breed and were too
wrinkly. The Fg's were intermediate in most of the
cases and none of them was found to be a superlor indi-
vidual in all the characters examined. These results
point to the possible use of the cross to ralse Fl
hybrids up to yearling age, thus benefiting from the
hybrid vigor in their body weights and fleece welights.
From a breed or herd improvement standpoint, however,

the cross is not recommended until further experimen-

tation shows its value.



POSTSCRIPT

All farm animals, including sheep, constitute

a highly complicated experimental material, as far as

genetlcs research is concerned. The following are some

of the difflculties encountered by the experimental

genetlicist, once he endeavors to work with farm animals:

1.

Falrly large numbers of animals are required for

significant results from genetlcs research. Large

numbers are not easily obtained in the case of farm

animals for the following reasons:

(2)

(0)

(e)

The long gestatlion period of farm animals and
the long time they reguire until they reach the
age of useful reproductive activity.

A relatively small number of offspring is pro-
duced by a single female farm animal (except
the sow) during her lifetime. An average ewe,
for example, can produce her first lamb when
she is about two years old. Even 1f she con-
tinues producing every year, the ewe will not
be able to produce more than 12-15 lambs during
her lifetime. Compared with laboratory animals,
this reproductive rate is extremely low.
Multiple birth is not a very frequent occurrence

in farm animals (except swine), thus denying the
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experimenter of a valuable source of informa-
tion about full brothers and sisters raised
together (full sibs).

In sheep, identical twins, which offer a most im-
portant source of genetic information, are very
rare (Venkatachalam, 1949).

The so-called "economic characters," such as wool
characters, skin folds and growth in sheep, are
apparently controlled by a large number of genes,
and are further complicated by various forms of gene
interaction.

Environmental factors exert unmistakable effects
on the more important quantitative (or economic)
characters. PFarm animals are subjected to various
weather and other environmental conditions (espe-
cially when on pasture) which are impossible to
keep constant from year to year, or from one gen-
eratlon to the next.

Although inbreeding has been practiced in mwany of
the purebred sheep, it has not been practiced long
enough to produce sufficiently homozygous stocks.
To obtain homozygosity, intensive Inbreeding has to
be practiced for a long period of time. This is
complicated, however, by the decrease of vigor ob-

served under such conditilons.
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7. Conslderable financial assistance is needed for

conducting experiments that deal with farm animals,
for such experiments extend over long periods of
time. Such financial assistance is not available
in most cases, especially if the experiment is
purely academic and the results have no immediate
economic advantages.

In the present experiment with fine-wool sheep,
none of the difficulties mentioned above was success-
fully overcome. The shortcomlngs of the experiment will
be immedliately conceived if it is recalled that:

1. The number of animals used in the experiment was too
small.

2. The parents were from a heterogeneous stock as far
as age and breeding were concerned.

3. Very little information about the parents was avail-
able.

4, PRive Fq males were castrated and sold as weanlings
before any of thelr data could be obtalned.

5. Selection was practiced within the Fl males for pro-
ducing Fg's.

6. None of the controls that were used to represent the
parental breeds and compare them with thelir Fl and

F2 hybrids were born during the same year as the Fl's.
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It was practically impossible to plan and execute

a scientifically satisfactory experiment in sheep breed-
ing with the existing limitations in space, labor and

funds.



SUMMARY

Two Ramboulllet rams were crossed with 19 Black

Top Delaine ewes in order to improve the Rambouillet

breed and develop individuals combining the length of

fiber and heavy fleece of the Black Top Delaine with the
mutton qualities of the Rambouillet. Fifteen Fl's and

37 Fa's were ralsed. Their skin folds and wool charac-

teristics at yearling age and their growth during the

first year of life were studlied and compared to those
of 16 Rambouillet and 18 Black Top Delaine controls at
the same age. The following results were obtalned:

1. The Fl's had significantly more extensive skin folds,
heavier unscoured fleeces and heavier body weights
than either one of the parental breeds at yearling
age.

2. The average fiber length in the Fl's was similar to
that of the Rambouillet control group, while their
average fiber diameter was more and thelir average
number of crimps per two centimeters was less than
in elther of the parental breeds.

3. The Fe's occupied an intermediate position between
the parental breeds in most of the characters stud-

led.
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Wool samples taken from the shoulder region of all
the animals studied had, on the average, longer
fibers, smaller fiber diameters and more crimps per
two centimeters than those taken from the hip region
of the same animals.
In the control groups and the Fg's, high positive
correlations existed between grease fleece welght
and body welilght, between grease fleece weight and
fiber diameter and between fiber dlameter and body
weight. There was a negative correlation between
fiber diameter and crimp. The Fl‘s, constituting
an unusual group, differed widely, in most of the
correlations studied, from the other three groups.
Under the limitations of the experiment, positive
conclusions regarding the cross could not be given.
However, it seemed from the results obtained, that
the use of the cross should not be recommended for

breed improvement until further experimentation shows

its value.



APPENDIX

Statementsl about some Fl and F2 individuals are

cited on the following pages. The individuals are iden-
tifiable by sex, number and year of birth. Further

identification can be obtained by referring to Figures
1l and 2.

1 All the statements were given by Professor G. A.
Brown except those for F1 males No. 3105 and No. 3110,
and parts of those for Fj males No. 3102 and No. 3107
which were given by Mr. V. Freeman.



Fl SHEEP
Female No. 3101 of 1930

Body. Wide, deep bodied, short legged, blocky,
stralght top and bottom lines. Well placed on legs,
legs far apart.

Wool. Three-inch length of staple. Good free-
flowing oil. Good surface of fleece. Bright, lustrous
fleece. Considerable kemp on neck wrinkles. Quality
of fleece of low Delaine order because of coarseness
on neck and britch.

Head. Wool extending half-way from eyes to end
of nose. Open under eyes. No wool over eyes.

Wrinkles. Heavy apron. Three neck folds. Heavy

dewlap. Considerable number of pin wrinkles.
Male No. 3102 of 1930

Low, weak back; narrow chest; crooked hind legs;
short fleece; wrinkled body; fair width of body; blocky
head; dense fleece; second choice among the F1 males.

Body. Medium sized. Fairly deep of body but
pinched in heart girth. Low in the back and not as deep
as desirable in the fore flank. Back low in the dorsal

region, very sharp on the shoulder. Knees and hocks



83
close together, slightly sickle-hocked. Fair to medium
width of body.

Wool. Excellent covering on legs and belly.
Extremely dense, very uniform in density. Moderate
length of staple, 2% inches. Heavy, thick sluggish oil.
Fine crimp but lacking in luster. Heavy, gummy surface
on fleece. Rather fine fibers over the body of the
fleece, but the fleece was coarse in the wrinkles with
a large amount of kemp.

Head. Slightly narrow between the eyes, trifle
long on the nose. Wide-spreading horns. Fair covering
of the head with wool within two inches of the nostril.
Wide-spreading horns. Good covering on the ears, ex-
tending to their end.

Wrinkles. Rather heavy apron. Three wrinkles
going entirely around the neck. Heavy dewlap. Several
side wrinkles on the body. Tall rosette. Longitudinal
wrinkles on the hip, and thigh wrinkles. Many pin
wrinkles.

Rather undesirable type because of heavy, shrink-
ing fleece, short staple, narrow chest, and too many

wrinkles.
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Female No. 3103 of 1930

Body. Very low set (short-legged), deep bodied

ewe, with straight top and bottom lines, well placed

legs,

with straight knees and hocks. Heavy boned.

Wool. About 3-1/4 inches long, lustrous, with

free-flowing oll. Good wool covering on legs and belly.

High Delaine quality of wool with moderate density.

Wool 1ight surfaced.

Head. Moderately covered with wool extending

down half-way between eyes and nostrils.

folds
light

short

third

lacks

long;

Wrinkles. Rather heavy apron. Two lower neck
(iﬂg., do not extend over top of heck). Very
dewlap.

Probably the best of the older Fl ewes.
Male No. 3105 of 1930

Narrow body; crooked hind legs; wrinkled body;
fleece; dense fleece; oily fleece; deep chest;

choice among the Fl males.
Male No. 3107 of 1930

Little weak in the back; slightly narrow; fleece
density; large size; fleece long; head medium to

smooth bodied; first cholce among the Fq males.
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Body. Medium sized, good depth of body, fairly
straight top and bottom line. A 1little high at the
shoulder. Well placed on the legs. Both knees and
hocks are straight (not sickle-hocked or knock-kneed).
Falr to medium width of body.

Wool. Excellent covering on legs and belly.
Approximately three inches; clear, whlte oil. Very
short, fine, even crimp with bright, lustrous fiber and
free-flowing oll. Very fine fibers. A light shrinking
fleece. Easlly of Delailne standard from all standpoints.
Practically no surface oil.

Head. Excellent wool covering on head and ears;

wool two inches from opening of nostril. Head broad.
Good length of wool on head. Spreading horns.

Wrinkles. Moderate apron. One neck wrinkle and
a light dewlap. Wrinkles do not extend over top of neck.

A very desirable ram.
Male No. 3110 of 1930

To be eliminated; too slim of body; wrinkled
body; high narrow back; droopy rump; light leg; narrow
throughout; short, blocky head; crooked hind legs; lacks

flesh; very wrinkly; no good.
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Female No. 3114 of 1930

Body. Low-sSet, rather blocky, moderate width of

body, little narrow at shoulders, and between the front

legs.

Wool. A heavy dense fleece, close and compact

on the surface, with free-flowing white oil. About
three inches long. Wool of a low Delaine quality.

Head. Rather wide head, coﬁpletely covered with
wool, ears well covered, and the wool extends to within
1% inches of the nostril.

Wrinkles. Heavy apron. Three neck folds extend-
ing all around the neck. Very heavy dewlap. Two light
folds in the fore flank. Some folds on the thighs. Some
keﬁp on the folds.

A very desirable ewe.
Female No. 3115 of 1930

Body. Deep bodied, short legged, straight top
line, little narrow at shoulder, shallow chested. Short,
steep rump.

Wool. Excellent wool coverling, but staple is

short, 2-1/4 inches long. Very olly fleece with heavy
black surface. A bright, lustrous, fine fleece, but too

short for Delailne quality.
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Head. Short, broad head. Excellent wool covering
on head extending down to two inches of nostrils.
Wrinkles. Heavy apron. Three neck folds extend-
ing clear around the neck. Several body folds. Folds
at the base of the tail and on thighs.
An undesirable ewe from the standpoints of length

of fleece and conformation.
Female No. 3116 of 1930

Body. Medium sized, low set. Stralght top and
bottom lines. Body a little narrow, particularly through
the shoulders. Legs a little close together.

ﬂgg}. Excellent covering of wool. Good length
of staple (3 inches). Free flowing white oil and rather
heavy surface. Good denslty. Iusfrous. Considerable
kemp showing on neck wrinkles and tThighs.

Head. Short and broad, almost typically Ram-

bouillet, with wool extendlng down to within two inches

of nostrils and extending well out on the ears.
Wrinkles. Heavy apron; three neck folds com-

pletely circling the neck; several slde wrinkles on the

body; wrinkles about the tall, head and on thighs.
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Female No. 3117 of 1930

Body. Low-set, deep bodied, good breadth of body
throughout. Well placed legs.

Wool. Excellent wool covering. Moderate length
of staple about three inches long. Free flowing, white
oil, very lustrous fleece. Quality of wool, of the
lower Delaine order.

Head. Well shaped head, with the covering ex-
tending 2/3 of the distance from the eyes to the end of
the nose.

Wrinkles. Moderate apron. Two neck folds that
surround the neck. One light fold in the fore flank.

A very desirable ewe.
Female No. 135 of 1932

Body. Large, rugged, vigorous. Excellent body
conformation. Straight top and bottom lines. Well
placed legs.

Wool. Excellent covering. Good length of staple

- 3-1/4 inches. Clear, white, free flowing oil. Good

surface of fleece. Very lustrous fleece. Extremely

fine. Fair density. Good Delaine quality of wool.
Head. Excellent head covering, wool extending

2/3 of the distance from the eyes to the tip of the nose.



89
Wrinkles. Practically no apron. Very light neck
fold. Very little dewlap.

An excellent ewe.

Female No. 136 of 1932

Same characteristics as for ewe 137 of 1932, ex-
cept (1) that 136 has more head covering with wool ex-
tending down to half-way between eyes and nostrils, and
(2) 136 is not quite as wide in the chest as 137.

An exceptionally good ewe.
Female No. 137 of 1932

Body. Low, thick-set, square bodied. Of excel-
lent body conformation. Smooth shoulder, full chested,
good width of back. Well placed on the legs, which are
wide apart.

Wool. Excellent covering of wool over legs and

belly. Good density. Clear, white, free flowing oil.
Good surface of wool. ILustrous, with short, fine crimp.
Three inches long. Fine grade of Delaine staple.

Head. Practically no wool covering below eyes.

Very little wool on ears.
Wrinkles. Light apron. One medium-sized neck
fold. Very small dewlap.

A very desirable ewe.



F2 SHEEP
Male No. 132 of 1932

Body. Large, vigorous, heavy boned. Excellent
depth of body. Short legged. Straight under line.
Slightly low back of shoulders along the top line. Well
placed legs, a little crooked at the hocks.

Wool. 3-3/4 inches long. Free flowing oil. A
light surface for the fleece (moderate amount of oil)
about right for the surface. Fleece very dense. Wool
bright and lustrous. Belly and legs well covered. A
Delaine fleece.

Head. Head rather long. Face rather long and
narrow. Wide spreadlng horns. Open faced, practically
no wool below the eyes. Ears well covered with wool.

Wrinkles. Heavy apron. One wrinkle extends
around the neck. Heavy dewlap. No body folds. Slight
wrinkle at the tall head.

Save for breeding with F2 ewes.
Female No. 139 of 1933

Body. Medium sized for her age. Short legged.
Somewhat narrow of body. A little low back of the

shoulder.
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Wool. Medium length of fleece, about 2-1/2 inches.
Density fair. Wool too short for Delaine quality.

Head. Wool covering extends about one inch below
eyes.

Wrinkles. Rather heavy apron. Two complete
neck folds. Heavy dewlap. Several side wrinkles on
body. Wrinkles on thighs and about the tail.

Save for breeding.
Male No. 140 of 1933

Body. Medlum to small size. Straight top and
bottom lines. Rather narrow body. Somewhat fine boned.
Short neck.

Wool. Good length of staple. Light oll. No
surface of fleece. Wool lacking a little in density
fleece lustrous. Wool would rate as low Delalne. Excel-
lent covering of legs and belly.

Head. A very short, broad head completely cov-

ered with wool over nose and ears. Good spread of horns.
Pypical Rambouillet head.
Wrinkles. Heavy apron, one neck fold, heavy dew-

lap.
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Male No. 141 of 1933

Body. Rather large. Large boned. A little high
at the shoulder. Stands a little close on his legs.
Good width of body. Slightly crooked hocks. Heart
girth a little small.

Wool. About three inches long. Very light oil.
Practically no surface of fleece. Free flowing oil.
Lustrous fibers. Somewhat lacking in density. Excel-
lent wool covering on legs and belly. Low grade of
Delaine.

Head. Slightly long and narrow. Horns a little
closely spiralled. Excellent wool covering of head and
ears.

Wrinkles. Light apron. One light neck fold.
Light dewlap. No body on tail folds.

A fair ram.
Female No. 145 of 1933

Body. Medium sized. Good depth of body. Medium

to fine boned.

wool. Three inch staple. Medium density. Very
fine wool. Bright, lustrous, with a very fine, even
crimp. White, free-flowing oil. Wool has a light sur-
face.

Head. No wool on head below the eyes.
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Wrinkles. Practically no apron. Only a trace of
neck folds.

A very desirable ewe. Save for breeding.
Male No. 146 of 1933

Body. Rather small, narrow body. Legs close to-
gether. Falrly stralght top and bottom lines. Slightly
long of neck.

Wool. Good wool covering on legs and belly;
very little wool below eyes. Fair length of staple,
about 2-3/4 inches. Clear, white, free-flowing oil with
lustrous staple which was medium in density. Light
surface of fleece. High grade Delalne quallty of wool.

Head. Rather pointed nose. Horns rather closely
spiralled.

Wrinkles. Light apron. Light neck fold and dew-
lap. No body folds.

Not a good combination of characters.
Male No. 119 of 1934

Body. Large, growthy lamb. Slack in heart girth
(flat-ribbed and narrow-backed at the shoulder). Rather

sloping at the rump.
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Wool. Well covered head (too much covering; a
Rambouillet covering). A very dense, heavy, olly fleece,
lacking a it in quality of fleece.
Wrinkles. Very heavy apron. Three neck folds.

Wrinkled 1in the flanks; also at the tail.

Discard him because he 1s too wrinkled an animal.
Male No. 120 of 1934

Body. A trifle narrow in the body. A 1little
sloping in the rump. Falr growth.

Wool. Lacks character in the fleece.

Head. Short, broad, Ramboulllet head covered to

within 1% inches of the end of the nose.
Wrinkles. Heavy apron. Two neck folds. Wrinkles
at the tall head.

Keep for possible breeding.
Female No. 121 of 1934

Body. Rather large and growthy with a wide, deep
body.

Wool. Fleece wilth good density, good length, and
a very desirable Delaine quality.

Head. Open face. Wool 1/2 inch below the eyes.

Wrinkles. Body 1s smooth.

Keep for a breeder.
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Male No. 122 of 1934

Body. Low set and compact; fair width of body.

Wool. Excellent length of fleece; good covering;
fair quality; fleece a blt lacking in density and oil.

Head. Very short, broad, well covered head with
wool to within two inches of the end of the nose.

Wrinkles. One slight fold on the neck; otherwise
the body is smooth.

Keep for possible breeding.
Female No. 123 of 1934

Body. Rather flat-ribbed and narrow-chested. A
little sloping on the rump. Small in size.

Wool. Very desirable fleece; excellent density;
good quality, but a little heavy shrinkage. Fleece a
little bit like that of Merino.

gggg. Rambouillet head covering to within one
inch of the end of the nose.

Wrinkles. Rather, heavy apron and lower neck
folds. Wrinkles in flanks.

Should be discarded.
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Female No. 124 of 1934

Body. Rather small in size. ILacking in wildth or
spread of body. Very crooked on hind legs. Short in
both middle and quarters.

Wool. Rather open fleece but with excellent

length and quality.

Head. Very complete head covering like Rambouillet.

Wrinkles. Smooth body.

Keep for a breeder.
Male No. 126 of 1934

Body. A rather growthy lamb. Rather narrow body.

Wool. Short, dry fleece, lacking character.

Head. Short, broad head; well covered to within
two inches of the end of the nose.

Wrinkles. Very heavy apron. Three complete neck
folds. A fold at the tail head. He 1s too heavily
wrinkled.

Discard him.
Male No. 139 of 1935

Very small; undersilzed; narrow and shallow chest;
drooping rump; thin pointed head and slender neck. Very
inferior animal.

Discard.
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Female No. 140 of 1935

Looks unhealthy; very thin; fair boned; straight

back, extremely thin and emaciated.
Male No. 141 of 1935

Rather large and rugged; heavy boned; growthy;
discarding because he is light in the chest and very

drooping in the rump. He is a fairly good ram.
Discard.

Female No. 142 of 1935

Medium growth; back is straight; medium boned; a
good head with wool down to just below the eyes; very

thin in flesh.
Male No. 143 of 1935

A large, rugged, heavy-boned ram; deep chest;
reasonably straight top (back); a little narrow in the
forehead, rather crooked at the hocks; a fairly good
animal. It had been sheared before this description was
made.

Keep this animal.
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Male No. 149 of 1935

Medium slzed; straight back; head fairly wide;

body extremely narrow; flat-ribbed; drooping rump. A

medium good animal.

Discard.

Male No. 150 of 1935

Small; fine-boned; undersized; slim-necked. A

poor animal.

Discard.
Female No. 127 of 1936

Fairly, growthy. Moderately smooth bodied. Good
width of body for a fine wool. Good back. Very good
head. A little steep on the rump.

Female No. 129 of 1936

Rather small. Narrow head and face. Rather shal-~
low chested. A little short in her quarters. A little

long in the neck.
Male No. 131 of 1936

Good sized; growthy. Good width of body, wide chest
floor, fairly square quarters. A little sharp at the with-
ers. Good depth of body. "A pretty decent sheep.”
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Male No. 132 of 1936

Large, growthy animal. Good depth of body. Lacks
wldth, being sharp at the shoulders. A little flat of

rib. Long and narrow head.

Male No. 133 of 1936

Rather small. Somewhat narrow chested. A little
flat-ribbed. Lacks width of body throughout. A typical
Merino. Short, broad head; head well covered wlth wool,
and ears well covered with wool. Heavily folded on the

neck. Heavy apron and two heavy neck folds.
Female No. 134 of 1936

A large growthy ewe. Good depth of body. Lacking
somewhat in width of body. A little crooked in the hocks.
A bit long in the neck.

Male No. 10 of 1937

Smooth bodied. Heavily folded neck. Head cover-
ing extends two lnches below the eyes. The fleece is

very fine, and does not have too much oil.



100
Female No. 11 of 1937

A rather small ewe, lacking in body width. Wool
comes only down to the eyes. The fleece 1s only of the

Delaine density. Moderately heavily folded on the neck.
Male No. 12 of 1937

Would pass for a Black Top Delaine. A rather
growthy, smooth~bodied ram, free of wrinkles. Wool cov-
ering extends to about an inch below the eyes. Has a

typical Black Top fleece.
Male No. 13 of 1937

Smooth bodied; there are a few light folds on the
neck. The head covering and character are very similar
to the Rambouillet. Rather narrow bodied. Fleece 1s

rather dry and lacking in density.
Male No. 14 of 1937

Of B Merino type. Heavily folded neck and a good
many body wrinkles. Rather small, fine boned, and nar-
rower bodied than the Ramboulillet or Delaine. A tThrow-
back to the American Merino type. Has a very short, fine

fleece. Completely covered on the head with fleece.
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Female No. 15 of 1937

A rather small ewe; not growthy. Somewhat fine
boned. Short and compact. Heavily folded on the neck.

A very fine fleece of somewhat greater density than the

Delaine.

Male No. 16 of 1937

A rather growthy, very smooth-bodied ram. Has a
Delaine~-type head. Lacks width of body. Has very open,

dry fleece, lacking in character.
Female No. 17 of 19037

A rather large, strong-bodled ewe. Has folds on
the neck. Very complete head coveriling. Fleece 1s of
good length, is extra fine, and of fair density. The
fleece 1s intermediate between a Rambouillet and Delaine

in density. Lacking a little in body width.
Female No. 18 of 1937

A very large, smooth-bodied ewe, free of wrinkles.
Fleece extremely fine. Density of fleece like the De-
laine. Has extreme head and leg covering, like the

Rambouilllet.
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Female No. 19 of 1937

A rather low, thick ewe. Head and leg covering
of the Rambouillet. Extremely fine, very dense fleece
of Rambouillet density. A good many pin wrinkles which

are large on the body.
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