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I. THE PROBLEM
Statement of the Problem

The purpoéévof this study was to compare a visusl
. H .
aprraisal system with a selection index system for seleo-
tion of ewe replacements when both systems were used to

evaluate some fleece and body characters.
Importance of the Study

S8eleotion of replacement ewes 1s important end is
a problem that confronts all sheep growers; whether they
are large commercial growers with 40;00@ head of sheep;
one or two band operators with 2;000 to 4;000 head of
aheep; farm flook opefatora with less than 600 head of '
sheep; or purebred breeders with 200 to 300 head of sheep.

It is a'widespreéd_prgctiee‘forvsheep growers to
save replacement ewes from their own flooks and; as a
matter of pride and pr%nciple; they attempt to seleot
the superior ewe lambs, ' o

Selection of the best ewes on the basis of visual

appraisal of phenotypic fleece and body characters has had
extensive application. This system is quite effective in

maintaining the production of the flock et a high level.
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Unfortunately the.phenbtype is often a poor indicator of
the genotype.

Seleotion systems that might be more effective have
limited application because they are not applicable
where large numbers are involved. This is not true of
the phenotypic method. In aﬁdition to its adaptability
to large numbers it c¢an ba applied at an§ stage of
growth and with a minimum of training and skill,

In large flocks it does not appear that the methed
of seleetién for replaéement éwes will be changing; con-
aequent;y; the rate and amount of génetie improvément
will remain about the same. If any appreciable amount
of ganet1e~1mprovement cceuﬁs in’oommsroiﬁl’flacks; it
will Have t0 be introduced through the rams.

Thus; if a selection system; more effective than
the visual appraisal system'now used; could be applied
to purebred Columbia sheep it could conceivably have far
reaohing effects. Any improveﬁent in rams would be
carried to the commercial flocka sinée Wyoming grown
Columbia rams are used extensively in such flocks.
Terrill (1957) reporteﬁ‘tﬁat studies carried on at the

U, 8. Sheep Experiment Station at Dubois, Idaho showed
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80 to 90 percent of thé gaiﬁs made 1n.§@proving a trait
like fleece welight camglfrom rams and épiy 10 to 20
percent came from ewes. |

8election indexes are-theoretically.the most
efficient method of selection for maximum improvement
in production of several characters. Where several wool
and body characters have to be considered in selection
this fact becomes very important. Lush (1951 b) stated
that selection indexes show promise of incéreasing the
efficiency of selection by at least a few percent and
also inereasing the speed of improvement, ,KoveVer; the
construction of selection indexes require lafge quanti-
ties of data for high accuraoy (Turner; 19563 Morley; |
1951) and are complex to construct when geveral component
characters are included (Lerner; 1958; Falcgner; 1960).
Meeting such conditions limits the extent of utilization
of indexes. ‘

The U, 3. Sheep Experiment Station at Duboia;
Idaho (1952; 1954) has been a pioneer in both construction
and application of seieotion indexes as applied to re-

placement selection of ewes and rems in the Rambouillet,

Columbia and Targhee breeds.
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The e;tent to wpieh_an index developed for one

group can be applied effeotively to another is no$
known. ZLush (1954) stated that heritability may vary

genuinely from one populatipn to another, This Gemands
caution when applying to one population estimatea ‘
derived from another, However; the meager evidence in-
dicates that such variation is ordinarily small between
breeds or varieties kept for much the same economie
puryosé; under environmental conditions not drastically
different and provideﬁ no intengely inbred individuals
or lines are involved. |

Merley (1951) stated that he found some justifioa-
tion for assuming that the results of his study could
be applied to other floocks of Australian Merinos.

It is important to khow if a selection index
developed for one group of Columbia shgap will be effec-
tive for énéther group of Columbia sheep for selecting
replacement ewes and how the effectiveness will oompare
to the syste@ of selection based on visugl appraisal |
of phenotypic fleece and body characters,

Steady genetic iéprovement of the Columbia segment |
of Wyoming's sheep industry could have long range
beneficial effects. This woulé be important to the sheep.

industry of Wyoming which consisted in 1959 of 8,095,000
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sheep with e value of $54,219,000, a wool clip valued
at $9,108,000 and a:lamb erop value of $30,000,000,

L4



II. REVIEW OF LITERATURE

For convenienee the literature revieﬁ 1s'div1aa&
into three main sections as follaws:

A Historioal resume of the development through
selection, of modern day sheep.

3?; ‘Mass seleotion based on visual appraisal of
phenctypio oharaeters.

Ce Development and uses of seleotion 1nﬂexes.

Bistorical aasume of the Bevalapment, through selection,

of Modevn Day SHaep

The m@de&n sheep is the zesult oz a proceas that
was initiateﬁ by man in the remete past and has been
oontinued up to thewpresent time. - Historieal eviaenee
indieates that sheep husbandry was praetice& 7,606 te
8,000 years ago (Faireervia, 1955). Aetua; ﬁamestiaation
probably pre~dates thils as sheep were one of the first
animgls to be tamed (Wenﬁwerth;_lgéa), As a result of
dqmestieatién sheep became less fit for natural survival
and became very dependent on man for care and protection,
Thus successful husbandry practices for perpetutation
of the species develéped a unique relationship between‘

man and sheep. 1t is reasonable to believe that through



this olose association man became very famillar with
fleece and body characters and at a very early date
mafte definite efforts to modify type by breeding and
selecting (Lush, 1945).

In many cases it'appeara that sheep were an ime
portent fector in man's successful migration to, and
4settlement ot; new frontiers. Thus sheep greatly
broadened man's envircnmental adaptation ability(nush;
19458), That the sheep survived and became adapted to
new environments is evidenced by the existence of at.
least 200 important and recognized sheep breeds throughe
out the world (Antonius; 19223 carter; 1956), It ecan
be assumed that man's efforts in giving better care and
protection helped the sheep to survive in the changed
environment, Probably'man'é previous selection efforts
and breeding had oauseé sufficlent diversity in type
that natural selection had some effect in determining
the type that‘oould best survive (Hilzheimer, 1936).
Man, no doubt, made efforts to select the better suited

types once he knew what t hey were,

A significant migration of man to a new frontier
commenced when Columbus discovered the North American
Gontinent in 1492, While no sheep were on the initial

voyage, Columbus, on his second voyage in 1493 brought
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aheeﬁ to,America; Spanish settlefs'bfougﬁt sheep to
Hispano;a and Cuba probably ea:ly in the sixteenth
century., English gheep were brought into the English
settlements almost as soon as they were seﬁtled; Sheep
were b#ought toANew York from Hélland in 1625 while
Sﬁedish sheep Qere bréught‘to‘ﬂew Jerséy and Deiware;
The first Spaﬁish Merino flock was not establishéd in
the Colonies until 1801 (Garmsn; 18923 antwarth; 1948;
Allen;;1951); This influx of Merino bleod‘£h$o~the'
common sheep of the day produced a much more desirable

animal.

Sheep were always in the frontier movement in the
migration from the Atlentic Ocean to the Pacific Ocean
in North America. Vast areas of the west proved suited
to sheep and vast flocks of Merino and Eambouilley
crossbred type; some over 100;000 head; developed.
Wyoming*s vast desert areas in combination with the -
mountains proved adaptable for a new type of large iangeﬁ
floeck operation; Purebred flocks:and farm flooks also
developed., Successful husbandry -practices became -
established largely by trial and error. Settlers from

many areas with different types of sheep, had many
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ideas; Out of it all came a rather stable sheep ine
duatry (Wentworth; 1948),

During the time of the western migration other
great movements were: being madeAto Australia, to South
Arrioa, and to South America. These were the more ime
portant and abouﬁ the 1aat migratlons of man and sheep
to new frontiers, In;these areas sheep probabiy have
roached a higher degree of apeoialization for wool than
heretofcre aohieveﬂ.,"' - .

What husbandry yraetiees were usea and what prin-
oiples were applied through the ceaturies to success~

fully perpetuate and 1mpreve sheep in the many varied

environments is 1argaly a matter of conjecture., That
they were effective is evident from the fact that today
sheep are found in all parts of the world and are a

-highly specialized animal (Antonius, 1986).

Masg Seleotion Based on Visual Appraisal of Phenotypie

Charaoters

Kelley (1949) stated that in the beginning, the
selection practiced by all congtructive breefers must
have been phenotypic, based on the appearance of the

animal, since they had no other guide at that time.
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Lush {1948) described mass selection as the kind which
would be practiced if thé individual's breeding values
were predicted entirely from its own phenotype. This
would necessarily be the case in a population in which
the pedigrees were not even known, 'mhss selection '
accounts for much of the improvement that has bsen
achieved in the past but it has undeubtedly been sup-
plemented by observed pedigree record and progeny test
type information even though no records were kept as
such nor the genetic 1mplicapion understood, Thia_type
of supplementation to mass selection was probably an
important factor in small flocks: It probably also
played & very important part during the development of
bi‘-eeés(l.ush; 1945),

Applying mass éelectien to the large flocks that
grazed over the plains in wyeming presented problemé
that man had not been confronted with before. After
management practices were fairly well established
attention was turned to methods of improving wool and
lamb prédgction.‘ Fortunafaiy for Wyoming; the 1éte
Dean J. As Hill had joined the staff of the State Exper=

iment Station (about 1907) and recognized the problem

confronting one of the state's important industries
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(Bnrns; 19575. ﬁ;ll (1921 éb) éét up thrég studies (Sinoé
these are 80 basie to the establishment of eelection prao-
tioes, they are being reporte& in more than usual detail )
to 1nvestigate whether or not selection mathods similar |
to those used in dealing with poultry and dairy cattle
might be applied to sheep.

The first study was designed to examine the varia~'
bility in the weight of fleeces produced by.range gheep.
Six floek e&nars aooperateq; One hundred flesces from

%

each flock were weighed. In four flooks the range in grease
fleece weight was . from ‘4 to 1) pounds with an average of

about 7 1/2 pounds, zn the two other flooks studiea, one
had a‘range‘frOmzaita 14 pounds and the other a range from
8 to 18 pounds. Table 1 shows how such a system of seleot-
ing could have worked in & representative flook of sheep.
ordinarily grazed in Wyoming about 1921, -

The table was 80 constructed as to show the average
production per head iﬁ each of two groups; one of which “
was called the cull group and the other the select group.
Each line agrosa the‘table shows what the aver&ge produc~
tion would be in the two groups divided on the basis of
the fleece weight sﬁated in the first column, For

example, if all the sheep from the representative flock
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TABLE 1, EFFECT OF DIVIDING A REPRESENTATIVE FLOCK INTO
 ANY TWO GROUPS POSSIBLE ON THE BASIS OF
FLEECE WEIGHT TO THE NEAREST POUND

§%§hgg§13é§§§§ gﬁi? gé%gbt ?géegz’ ggéesz..
Lbs. ) @roup. - Group Cull Select
P 1 09 | 4,0 7.9
5 2 - 98 4,5 7.9
6 14 86 5.8 8.2
7 37 63 645 8.6
8 70 30 7.2 9.3
9 92 - 8 7.5 10,3
10 99 2 7.8 11.0
11 100 —_— 7.9 . —

with fleeces that were recorded ss weighing not more than
6 pounds had been placed in the oull group; then this
group would have contained 14 percent of the sheep in the
flook and thelr average welght of fleece would have been
5.8 pounds. The select group made up of those sheep with
fleeeéa that wore recorded as weighing more than 6 poundé
would have contained the rgmaining §6 percent of the

floek with an average of 8,2 pounds.



B £

4As a further example of the use of the table; 1t
is inéeresiing to note that if the 37 percent that are
shown in the table as shearing 7 pounds or 1ess; had been
placed in the éull group; then the averaée £1eeée weight
qflthe select group remaining would have been 8,6 p@ﬂnds;
whidh.ié alnost threé-quarters of a pound more than the
average fleece weight of the original flock whioh waa 7.9
pounds. It is evident from Table 1 that if the minimum
Tleece welght necessary for profitable operation ;s7knéwn
then the grower will know what percent to seleot toimaet
this minimum. These findings; eonsi&eriﬁg the daﬁeiot
the stuﬂy; were rather revealing and were enggesﬁivé of
the effe@ﬁ'wnich«systematic gelection would have on wool
production in range flocks not only in Wyoming dbut in
the entire west,

No matter how wide the range of variation in fleece
weight might be; geleotion as it has to be carried out
in sheep husbandry would be of no effect 1? @ature sheep
that were high producers one year did not continue to be
relatively high producers the remainder of théir liven.
For this reasson a study was undertaken to determine the
sorrelation between the amount of wool whioh a sheep

produoces one year and the amount produced during the
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subsequent years of 1ts life. The fleocces of thirty
wethéré were studieq for 4 yearé; The ﬁéthgrs were two
‘ana three years 0ld., Their individual grease floeeces
.ﬁere scoured geparately and the clean fleece weightas
detexmined. .

The correlation between the weight of scoured w00l
in the fleece which each sheep groduce& on the range with

the average'weight of scoured wool in the three fleeces

produced while on the feed 1obs was £ 0. 51 £ o.oa,‘ The
glean wool carrelatien between the first year cn the feed
lot with the two subsequent years on the feed lot was

# 0,70 é 0.07. These correlations strongly éuggeste&
that the effeat of selection would not all be lost after
the first year,

Hill (1921 ab) maintained that if selection wag
practiced under conditions where large numbers were in-
volved it would have to be done on the basis of the
estimated value of the wool while it was still on the

sheep's back rather than after it was removed. 3inece

lengths of 2 1/4 inches or longer, brought more per pound .

than aghorter wool and since length was ons Of the ime
portant factors that controlled the amount of wool in a

fleece, the third study investigated the effect of these
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factors, Fleeees that had beea graded oommercially at
shearing time into combing woola, 2 1/4 inches or over,

and olothing wools, less than 2 1/4 1nehers, were used.

Thirty fleeces taxen from the combing bin averaged 11,7
pounds in weight while 39 taken from the clothlng bin

averaged 10 0 pounds in weight. On the basis of Boston.
Aprioes for 1921 the 39 elething fleeces had a raneh

value of 25& eents per grease pound baged on an eetimated
64 percent shrinkage and a Boston price of $1 @G per oclean

pound which resulted in an average value of $2.98. The

39 elothing fleeces had a grease value er 16 cents per
pound at the ranch. a shrinkage estimation of 64 pereent,
a elean value of 81, 17 which resulted in an average fleece

value of $0.60 (Cost of freight and selling was estimated
at 5 cents per pound), This investigetion indicated that

staple was a‘most 1mportant faotor in determining the
weight and value of the fleeee. Oonsequently, staple
length was en 1mportant factor in seleotion, espeoially

with large numbers, since it could be determined on the
sheep,

Hill (1921 ab) stated that the conelusions to be
drawn from the three foregoing investigations were not ag

trustworthy as they would be if they were based on larger
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numbers of sheep within the flocks and more flocks
covering a wider area; Hﬁwever; they were the initial
basis for the development of a systematic method of
selection in commercial floocks in Wyoming which Hill
applied rather extensively éonsidering the great dise
tanoes; poor roads; inadequate ocars and large flocks of
those early days.

MeWhorter (1921) deseribed the length-weight rew

lationship of about 2,000 fine wool fleeces over a 5

year period, The fleeces less than 1 inches in length
averaged 9.1 pounds and the fleeces 1% inches and longer
averaged 11.5 pounds. This substantiated Hill's findings.
The results of some of the applied culling work
along with some of the methods and techniques which were
found apblioable are discussed in the following paragraphs,
Hultz and Hill (1931) described a system of select-
ing range sheep; the process was one of seleéting the best
ewes on phenotypic appearance and then these ewes were
put into highegrade breeding flocks from which lamb reé-
placement could be bred., The technique consisted of look-
ing over the flock in order to set a standard and then
deciding what percent to remove, ehutes; 50 to 150 feet

long and 3 or 4 feet wide, facilitated the selection
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process. Each sheep'waé éxamined as the operator worked
down through the chute and was evaluated oﬁ the telléwing
characters: density; eoveéing; 1ength; pﬁQlty; and body
size and body type. The Sheep'to be removed were marked
on the back with blue chalk,

'Hill and Fellhauer (1943) desoribed the first sys-
tematic procedure which was started in Wyoming about 1921,
In the initisal phasé; it consisted of remoéing poor pro-
ducers from the matufg flock and then seleeting replace-~
‘ments at weaning time. This was done in ordei to prevent
low producing ewes from gettingAinto the breeding flock,
Indluded in this early study was a 10 yeér ooéperatlée
studyvinvolving a flock of 30;000 shaep; The mean grease
fleece weight increased from 8 to 1l pounds in this
périod of time; The suoceas af this study prompted sim-
ilar work in commercial flocke and by 1940 there were ‘
38 sheepmen, in 14 eounties, with 200 000 sheep 1nvolved.
By 1942 there were 350,000 sheep in cooperative sheep
improvement ﬁork; In many cases the work was carried on
out on the range by cohstructing temporary holding pens
made out of lathe fencing and panel chutes; 3% feet wiqe

by 100 feet long, which held 75 to 125 sheep at a time.
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Double chutes were frequently set up so0 one could be
filled while the other was being worked. The first

step in the program was to cull the ewe flocks when in
full fleece. 1In cases where the inferior sheep were not
disposed or; they were run_separapely and replacements
were not saved from thelr progeny. The second step was
to aelecﬁ replacements at weaﬁing time; and whers possible,
in excess of 10 to 15 percent so further seleotion could
be done at yearlingytime. The factors oons;dered in
selection were body type; size and oont&rﬁationé wooi
density; 1ength; quality end uniéérmity, The first oon-
sideration was to increase tﬁe quantity of wool and later
on to increase selection pressure on un;rormity of graﬁe;
both between fleeces and within fleeces. It was possible
to work from 800 to 1;200 sheep an hour and as meny as
8;000 sheep wefe worked in a day. Thia speeded up pro-
cedure made it possible to work the larger cormercial
outfits where previously no systematic method was 936& in
culling the mature floék or selecting replaecements. Ram
flocks were culléd in a manner similar to that used with
the ewes except a more thorough evaluation was made with
more rigid reguirements. The grower was encouraged to

buy good replacement rams having the wool quelity that
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would improve the wool he was attempting to grow.
Fellhauer (1948) cited several specific cases

where the initial culling in mature flocks resulted in
3 to 4 poundg differential in grease fleace weighta be=
tween culls and seiectsa In 1941 Fellhauer and Hill
culled a flock of 12,000 yearling ewes just before shear-
ing and marked 1,006 head for removal. -The groups were
sheared separately and the 111000 selects averageé 10.62
pounds and the 1,000 culls gheared 9.1 pounds. This
flock had, at one time, consisted of over 100,000 sheep
and the company's headquarters were in Edinburgh.
S8e¢otland., During the same spring; in the eitreme western
part of Wyoming; 1;025 mature ewes were removed from a
flocek of 2;408 sheep. Thqse culled had an average)
grease fleece weight of 8,51 pounds compared to 10,87
pounds for those retained, In northern Wyoming; a
flock of 1;400 fine wooled yeerling ewes were evaluated
and 400 were classed as cull while 1;000 were clasged as
gselects., The two groués were sheared separately and the
culls had an average grease fleece weight of 11.92 pounds
compared to 13.37 pounds for the 1;000 selects.

Hill (1948) described the "touch" gystem and rec-

ommended it as a quick method of discovering and marking
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elimination the mature ewes vhich produéed small; low
value fleeces, He also recommended it as an effeotive
systematio method for seleoting replacements at weanw
ing time year after year. He stated that an experienced
man should be able to cull 800 to 1;000 sheep per hour
if 2 chutes were available and helb was available to
£111 the chutes ana operate the cutting gates as sheép'
were removed,

Fellhauer (1955) sammarized the range 'sheep im=
brovemegt program 1nit1a;ea around 1920 by the late bean
d. A. Hill in Wyoming. From 1937 to 1950 the culling
aﬁd selection program was stepped up to the extent that
there were few grower&'wgé did not obtain direct asgise
tance in flook selssction, The new wool program of 1954
further stimulated improvement work by eulling and selece
tien; In this program the higher the selling priee of a
grower!s WOol. the greater the incentive payment. The
program adapted to range conditions consisted or (1)
Using well-bred heavy wooled, good bodied rams, {(2) Se-~
leoting replacement ewes on size or growthinesa, amount
of woel, and quality of wool. |

Riches and anner {1955) eompared an eye appraiaal

system of selection with selection on wool weight and
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found that eye appralsal at any age was shown to be only
approximately 30 percent effiocient in raising wool
woight per head and approxzimately 45 percent efficient
in raising money return .per head., Selection on wool
weight at 9 months of age wés 80 percent effieient in
raising wool weight per head; and 70 per cent effiocient
in raising money return per heaé; When compared with
selection on wool we;ghtvat,zl months Qf ages, In the
Australian sheep industry breeding ewes are usually_
gelected by eye'appraisal'in the wool from 18 months

to 2 years of age.

_ In,Anstralia; an evaluation of selsction systems
has been made in recent years and the system of "inde~
pendent culling levels"® appeared to offer greater soope
for wide commercial use; provided the number of charace
ters was kept small, This system (C.S,T.R.0, Conference
1954) involved a preliminary selection for "off type"
fleecea; which amountéd to fixing a culling level for
quality. Final selection was then 6n fleece weight,

This aeleetion would be done on ewes as two-tooths,
with a culling margin.le?t for subsequent selection on
reproductive performance, Since wool is of such over~

whelming importance compared to mutton, no criteria for
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the bcdy character was included. Should the importance
shift the system of sg;ecting would have to be recqné
sidered (Turner;Algssg C.3.T.R.0, Gonfergnce’ 1954;
Morley, 1955 a; Riches and Turnef; 1955).‘ New Eexieo

has a problem of selection 1mprovement gimilar to wyoming
in that any gethod of improvement must be adaptable to
large flooks: The naturé of the problem is different
because New Mexico has predominantly finevwool where
Wyoring has 4 different grades in most flaeks; Neal and
Ellis (1941) studied the distribution of fleece weight

in an experhmental flacx ef 1, 200 sheep, a single ranch-
man's herd or 6 000 aheep and 6,000 random samples from
72, 000 sheep. A.wide range 1n tleece welght was revealed,

Next, a stuﬂy of 1ength was made aimilar to Hlll's (1931, .

gb) with very similar findings 1, e.. ths longer stapled
fleeces were heavier. gnd more valuables At shearing time,_
using fleece weight and staple 1ength as eriteria, the
best ewes and the best rams were selected an@ these were
used to raise replaeemants¢' At weaning ﬁime, the~5age
type of éelection was applied to the repléaements‘

Oxley (1955) investigated some fleece and body é¢har-
acter relationships in a farm flock of 550 ewes over a
period of 3 years, This information was used to suppleé«

ment phenotypic se;ection for improvement.
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A mechanical sdueeze machine for estimatingve;ean
fleece weight was developed (Stauder and NEal; 1968;

Real et alu;‘1958). It had a high degree of accuracy
for clean wool prodioction in fine wool and was used in
large flock operations at shearing time in detecting the
low producers which were consequently culled from the
flock.

Gray (1959) carried on an extensive culling pro-
gram using 75 ranchmen. Twenty-eight of these ranchers
practiced selection in whieh desirable mutton and wool
producing qualities were the determing factors while the
remaining 47 ranchers did not practice any oulling. The
28 practicing selection received 7,7 percent more for
their wool,

The studies roviewed indicated that mass selection |
had been applied to both sexes at different stages of
growth, It was applied to situations where large numbers
were involved, It lends 1tse;f to supplementation by pro-
geny test data and other aids, 8everal of the studies
indicated that mass selection was effective in keeping
production of the flock high and in improving erfi&ienéy
of production, This is encouraging sincé methods have
not been fully developed where more effective means of

gelection can be satisfactorily applied to large numbers,
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even though the mechanism of how inheritance operates is.
fairly complete, |
Howevbr; if mass selection is unaided the contri-
bution to improﬁement of the next generation through
heredity may be low and rate of progress slew; A eondi-~
tion that dight alter‘this is the heritability level of
the féctor or factors on which éélection is being made
(Lush; 1945), Turner {1956) and Friﬁéen (1968) indicated
that when correspondence between phenotyye and éanctype
wag high there was littde advantege of going beyond mass
selection whereby the'genetic worth wgé predicted on the
basis of the individuals own phenotype. Lush (1935; 1945;

1948) and Rae- (1956) stated that when the heritability
level of factor or factors was low some form of ald must

be used in conjunction with mass selection if the degres
énd'rate of genetic improvement was to be greatly in-
creaséﬂ. Lush (1945) listed some of the aids as follows:

l; ’Thé use of lifetime averages

2., Pedigree estimates‘

3, Progeny tests

4; More careful control or consideration of

envirénment
Today genetic theory is far in advance of its ap-

plication to prectical animal breeding end selection



a5

situationa; However; there is some evidence that proven
genetic principles are being taken éut of ﬁhe laboratory
into the field of applioatioﬁ (Terrill; 1858, 1960 and
Waddington; 1957). Even though mass selection continues
in many instances as it has for yaars; full use of gene-
tic knowledge available today should make mistakes in
mass seolection fewer., Aids that are genetically sound
should make mass selection ever more effective; espeoci-

ally in instances where large numbers limit application

of more scientifie principles and methods (Lush, 1945),
Development and Uss of Selection Indexes

Lush (Genetics in the 20th Century, edited by Dunn,
1951) introduced his essay on "Genetie and Animel Breed-
ing"” with this paragraph:

The art of animal breeding was already well advanced
before 1900, By countless centuries of trial and
error, certalin prineiples had come to be recognized
as generally a bit more successful than others in
producing aenimals more like the breeder's desire.

Yet only a little was known about why things happened
as they did; the art of animal breeding was far in
advance of the science,

This lag of genetic theory behind animal breeding prac~

tice was considerably narrowed by the monumental works

of Fisher {1918 and 1930) and Wright (1921 and 1931}
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who established the iheorebical basis for genetic studies

that followed,

Smith (1956); Panse (1940) and Hazel (1943) made
rather suocessful attempts in working with genetic and
phenotypie correlations betwsen two or more characters
of the same individual and devised techniques whersby
the kind of selection to be practiced could be defined
in auch a way tha§ maximum improvement in production |
might be obtained.

Hazel and Lush {(1942) compared three methods of -
selection and found a selection index to be more effie
e¢lent than independent culling levels and "tandem" gee
lection, However, the loss in efficiency for independent
eﬁlliné ievels compared with a seleétion index is not
great when the proportion saved is small, Lush (1935;
1945; 1948) developed atatistiocal meéthods for understand-
ing traité'dependént on multiple genes and presented an
objective basis for deterﬁining emphasis on several éraits
in an index by giving emphasis in proportion to their
heritability times their economic importence. Valuable

contributions were made by Lush in bridging the gap be».
tween genetic theory end application to animal breeding.
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Hazel’s work (1945); pre?iously referred to; pre=
sented a method of constructing an index by calculating
a multiple regression equation to prediot the breeding
value of an animal from its various traits. The tralts
of relatives were 1ncluded;‘partioularly-in young males
where seleection was practiced before their own perfoirmande
coulé be méasuredn Oonstants which must be known for each
trait in order to construct the index were the relative
economie value for the different traits; heritability and
standard deviation of each-trait; and phén@typic and
genetic dorrelations between each pair of traite., The
economic value of a trait was obtained by determining the
monetary value of a unit ohange in that trait.

Ah index (1) opéstrucgea as above for Ramboulllet
weanling lambs followsz | |

I® 7 = 15? }-VL } w } 0.4T # 8C » 11N

where F = faoe covering

W= weaning weight in pounds
= staple length in centimeters

L

T = type score
¢ = condition score
N

= neck folds score

The c¢onstant 75 was added to insure that the index would
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be positive and average around 100. Corrections for
measurable environmental factors was made directly to the

index by the use of the following constants:

Twins - : F 9.2
~ Twins raised as singles : £ 1;6

Two year old dams : - £ 2;1-

Agé {Age in days - 130} - 0;34

Inbreeding (Inbreeding ' '
coefficient in percent) ¢ 0,31

Herlitablility estimates and etﬁer vital étatistiea
on Rambouillet weanling lambé were obt&ined at the U; S;
Sheep Expériment Station-éﬁ bﬁbois; Idaho. fﬁis intéfw
mation was used in constructing a selection index by
Hazel (1943) apd the index was applied in i@éé (3ixteenth
Report of U, S, Shéep Experiment Statien; 1953<54).

At Dubois a Qompariscn of the ratio of the seled-
tion differential for lambs saved in 1945 to those savedA
in 1944 indicated that the selection index was only
slightly nore efflcieht than seleotién by general appear-
ance for ram lambs; where a small proportion of the lambs
were selected; but the selection index was considerably
more effléient for ewe lambslwhere a large proportion of

lamba was saved (Hazel and Terrill, 1946).
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Terrill (1950) reported that the use, from 1945-
1948, of a Rambouillet selection for lambs hed the fol-
lowing effeot on the selection differentials as ecompared
to gelection differentials during 1934-1944 when no in-
dex was in uge: (1) Both éexes showed an increase for
face oover and weaning weight; (2) The ewe lambs showed
‘a decline for body type and condition. Seleetion fés:
overall merit as measured by the index was increased
about 18 percent by the use of the index.

At the U. S. Sheep Experiment Station; from 1941
to 1944; heritability estimates and other vital data were
obtained on co;umbia and Targhee sheep from the weanling
lambg produced. Indexes were oonstructed and applied 1n_
the fall of 1951 for Columbia weanling lamb selection (U,
S+ Sheep Experiment Station; Sixteenth Report). The in-
dex applied on the Columbia weanling lambs was as follows:

Ix = 10L = 556C # W £ 6T # 3¢C

where I,= index

L = length in centimeters

8GC & side grade ¢ode (range 1-9 for flecces
grading 70's to 46's respedtively)

W = weanling body weight
T a type score

€ = condition score
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Terrill (1952) indicated that indexes developed tdf
.Hahboﬁillets were found falrly satisfagtory for Taréﬁees.

‘Terrill (1955) stateé that definite gains appeared

to have been made in the Dubois flock in thé periéd from

1948 ﬁo 1954; Gains medasured by ohanges in records of
éll.lémbs weaned over this berioé in é ndnﬁinbred.group
of Rambouillets waéva percent for weaning weight; iB per«
dent for open face and length of staple; and 19 percent
for overall merit as measured by an index,

Morley (1950, 1951, 1952, 1955 a, 1956 b) made ex-
tensive studies determining estimates of phenotypio_and |
~ genetic parametera; repeatebility and heritability esti-
mates for oharacte:s of economic importance in Merino
sheep in Australia, Thesé studies were basic for devels
:opment of selection inéex.sysﬁems and evalﬁation of other
breeding and selestion systems.

Rae (1950) devélopéd thfee selection indexes for
Romnéy Marsh sheép.
Ercanbfaék (1952) construeted indexes for range

Rambouillet, Columbia and Targhee weanling lembs.

Sidwell (1955) developed a selection index for

Navajo crossbred range sheep.
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The small numbefs in most farm flocks and purebred
flocks are not conducive £e reliable estimetes of fleece -
and body parameters neéeasarﬁ for selection index con«
atruction (Hazel, 1943). Gonéequently; these segements
of the sheep Aindustry have received limited attenﬁion;
Bbwever; Karam et al. (1953) developed 4 indexes whioh
inoluded various combinations of boay; staple length and .
face ccvering;' The index comprised of body wéight at
weaning age « 8 x face covering score was the most prac-
tical,

MacNaughton (1957) studied and analyzed Rambeuillet
and Canadian Corriedale records for impcrtgnt fleece and
body characters and concluded from the heritabillty;
phenotypic and genetioc correlations that the most satis=
tacﬁoﬁy method of improving economie¢ charsoters would be
the uze of seleotion 1naexgs at weaning and shearing biméq

Felts et al, (1957) studied records from 32 flocks
in Wisconegin and mede necessary estimates for construg=
tion of a selection index for use in farm floocks,

Paulkner and Botkin (1958) formulated two seleation
indexes, one forvﬂambouillet weanlings and one for

Columbia weanlings. The body characters received about
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2/3 of tﬁe total weight and wool received about 1/3;
While these were not constructed according to the method
of Hazel (1943) it allowed for a systematlic evaluation
of each trait.

Karam (1959) again constructed 3 indexes for aelée-
ting Rahmani sheep, The traits he worked with were hédy
Aweight;'rleece welght and type of birth. The index con=-
structed from all three factors was most efficlent,
Selecting on body weight only was least efficient.

Givens et al, (1960) construoted 5 selestion indexes
for eérly milk fat spring lambs‘and cem@areﬂ thems They
were based on various combinations of daily gein from
birth to weaning; 120 day weight; éna ewe market grade,
Selection on daily gain seemed most §raetieal to ugse and
appeared to give near maximum geﬁetia return in economic
terms., Estimates of heritabilities; genetio and pheno-

typic correclations and economic values were ealculatédc
The U, S, Sheep Experiment Station at Dubois (1960)
issued a list of sale sheep comprised of about 775 sheep
of Rambouillet, Columbia end Targhee breeds. About 275
of these were réms. For the infoﬁmation of the prospeo~
tive buyers pertinent data for each indiviﬁnal,ram,were

listed along with a selection index, This index was
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explained es a combination of the ad justed records of a
ram which gave a numerical estimate of his breeding value.
Emphasis on various traits in the index was based on
heritability;,eeonamio importance and relationship be-
tween/traits. The Columbia ram index was body weight in
pbuads'#vs X type score # 3 x condition score # grease
fleece weight in pounds # 18 x clean fleece weight in
pounds ¢ 2 x staple length ;n centimeters =« 2,5 x ccdedv
fineness in splnning counts. |

The Targhee and Rambouillet rem index was bédy
welght in pounds £ 7 x type se¢ore # 4 x conditlon score =
3 x grease fleece weight in pounds £ 11 % olean fieéée
woight in pounds # staple length in centimeters - 7 x
face covering - 3 x neock folds score, Terrill (1953) i
studied single stud rams sold at public auction at the
Dubois Station from 1946 through 1951 end found while many
faétofs were evaluated by buyers as indicators of merit
the index received some attention, By furnishing the ‘
selection iﬁdai to the buyer the ram breeder was able to

assist the ram buyer in improving his floek through the

seleotiog of rams,
As the studies Just reviewed indicate, seleotion
inéexeé have been applied in a variety of situetions-ih

various countries,s They are one of.the more efficient
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selection tools yet devised as several research workers
agree (Lush, 1943, 1943, 1948; Hazel and Terrill, 1946;
Turner, 1957; Lerner.,i 1958; Rae, 1958; Terrill, 1958),
Thé continued and expanded use of selection indexes
by the sheep industry and research will depend, in part;
on improved teohniques of application. If selection
indexes can be developed that can be applied to similar
situatiegs (the same breed or similar type of sheep) with
results superior to those from selection systems in use,

greatei”utilization wil)l be made of this important tool.



IIX. MATERIAL
Environment

Qata used in this study were obﬁained from the
flock at the University of Wyoming's Archer Sube-gtation
which is located in the southeastern part of WyOming in
Laramie County about ten miles east of Cheyenne, near
U. S. Highway 30. The station has an elevation of 6,011
feet. It consists of about 935 aores;

Precipitation in this area was 14.82 inches for a

43 year average. The type of precipitation and amounts

on a quarterly basig for that period is given below:

Months Form Amount in Inches
September Rain 2.80
October &

November Snow

December Snow 1.01
January

February ,
March Rain 4,82
April &

May Snow

June Rain 6,19
July

August

The average maximum and minimum temperatures foxr

the locality are given below:
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Month . Maximum Temp. Minimum Temp.
| in %2 An OF

. April-September 769 . 409

October«March ; 42° . - 1e°

Summer temperaturses may éeaoh 1000 ¥, for short periods
of time in July and winter temperatures 40° P, below 0°'?;
for short peéiods.

The wind came predominately from tné north,
northwest with a yearly average of about 8 miles per ﬁoui
and ranged from 1l miles per hour in winter to around 3

miles per hour in the summer.
The terrain was fairly flat with slightly rolling
hills and the soil was primarily a sandy loam type, very

fertile and supported a short-grass type. The dominant
netive type was blue grama {boutcloua gracitis) and in

lesser amounts western wheatgrass (agropyron smithil),

buffalo grass {buchloe dactyloides) and many other gpedies

in minor density. Introduceé spocies were crested wheate

grass (agropyron desertorum), Russian wild rye. (elymus

Junceus) and some intermediate wheatgrass (agropyron in-
termedium)., The terrain and flora in the locality of the

station was somewhaet similar to the eastern one-~third of
Wyoming. The amount of rainfall was just on the border

line where dry farming starts to be successful,
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The sheep were usually turned out on pasture
around the middle of May. ©Crested wheatgrass pastures
were utilized until the first of June and transfer was
then made to native grass pasture. The rate was approx-
1mately‘36 sheep days per»aeré up to'Qd gheep days_peé |
acre depending Qn the amount of moisture,

Winter grazing was on native range with the stocke
ing rate about 60 sheep days per acre. Usually there was
enough grass to last until around the middle of December

at which time supplementary feeding was started, if

necessary.
Supplementary feeding consisted of 2% pounds hay,
2 pounds silaege (1f avallable), & pound grain and 0.1

to 0.2 pounds of 20 percent protein pellets of some sort.
If silage wasn't available 3 pounds of hay were fed,
After lambing the hay was usually increased by 1 pound

and the jrain by % pound., Salt was fed free choice all
year long, -Grain and pellets were fed in a trough in the

evening, Hay was fed in the morning on the ground in the
pasture or, if the weather was bad; at a feed rack in t;he~
corral. At noon the silage was fed in feed racks,

The only time housing was used was during severe
storms in the winter and during lambing in March and

April, At night, during lambing, all ewes were kept 4in
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the shed, After lambing all ewes and lambs were kept in,
both day and night, until the lambs were big enough to
stend the weather outside, The shed was fized so that

feeding could be done there if the weather was bad,
Breeding procedure was not unlike that followed in
mogt well operated farm flocks, The ewes were not riushed;
However, they were put on new pastures ét the start of
breeding. The rams were put in the last week of Septeﬁéer
and were left about 6 weeks. After én intervel of a week
a ¢lean-up ram was put in fot-abcgt 3 weeks more. One
ram was used for about 20-40 ewes. The rams were not
given‘an& special care but were well nourished at all

times. ‘ ‘

The lambing procedurs also followed more or less
~ the methods for farm flooks and small purebred flocks.
| All lambs were welghed, ear tagged and given a body socore
at birth (This score was based on a vigual evaluastion of
the body characters of body width, length and depth and
ranged from 1 to 10, The one having the highest merit

received the highest score.). This information was

racorded in a book along with the ewe's ear tag and date
of birth., Bwe and lamb were kept in a small pen, about
3' x 3" where the ewe was fed and watered for several

days., Lambs were ocastrated and docked when they were 10

days to 2 weeks 014, The mortaelity rates at birth were
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not excessive. The sheep were sheared by machine
(Wyomingvspecial‘QOmb or similar type) each year around
13 Mey. Starting in 1960 the shearing date was changed
to February; The same shearer was employed for several
years until hé retired. The adventage of using one
shearer was that it allowed sufficient time to collect
all degired shearing data and it eliminated differences
due te different shearers;

The flock was not subject to disease or parasite
ism, There was constant trouble from town dogs Qnd

coyotes. It presented a problem and at times the death
loss was rather high. Traps, poison and shooting was
employed with varying degrees of success. Boasing at
night helped but some trouble ocourred during the day~
time. Staying with the sheep 24 hours a day was about
the only thing that wofked,

It can be seid that theAmanagement practices
were very simllar to the better practices followed by

the more progressive Wyoming farm flock and small pure=~
bred breeders Probably housing and feeding was above

‘average.
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The Sheep

An experimental flock of sheep was established

at Archer Sub-sfation about 1935. The original ewes were
of a cross-bred white=faced variety and the rams were

Corriedale., With the increased popularity of Columbia
sheep all the Corrledale rams were replaced dy Columbia
Tams.

In the fall of 1951 the Archer flock was reduced
120 breeding ewes. This wé; accomplished by the removal

of ewes with faults in body conformation such as narrow,

shallow bgdies; extremely fine bones) and pinched heart
girth; Ewes with obvious wool faults such as britehiness;
short staple and léek of density were alsc'removed; in
addition to the removal of tge ewes mentioned gbove; an&
small ewes were also removed, The grade of wool was not
a factor in eliminating ewea; This oulling process 1eftv
e rather uniform flock of grade Columbia ewes (Pigure 1).

The writer considered this flook tc be much like the
Columbia type of sheep found in farm flocks in Wyoming;

possibly it was a higher producing flock, especially after
the culling was done, but essentially it was the same type
- of breeding i, e., originally Rambouillet-crossbred swes

bred to Columbia rams for a number of years.



Figure 1., Typical Archer mature ewes,
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Figure 2, Typicel Archer rams, side view,



Figure 3. Typical Archer rams, front view,



FPigure 4. Typical Archer lambs.
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The rams that were used prior to 1951 were from
the University of Wyoming's Columbia pure-bred flook
which was similar to the pure-bred Columbia flocks over
the state. Both the University of Wyoming and the pure-
bred breeders had obtained Columbie stud rams from the

U. &, Sheep Breeding BExperiment Station at Dubois, Idaha,



IV. HETHODS
Grouping

In the fall of 1951 a flook of 120 breeding ewes
was divided into two equal groups by alternate gate out
method. One group was designated as Group I and the

other as Group II.
Identifying Sheep

The original ewes already had numbered ear tags
in their earS'whiep were used f§r identification, 4n
ear tag notch was also placed in the left ear of eath
sheep in Group I and the ¥ight éar of each sheép in Group
II. . . ;

Each year, the new lambs received a numbered

metal ear tag and at birth their ears were notéhed ac-

ocording to thelr respective groups. This notching

faclilitated separation intoc Group I and Group II.
Management Practices

Management practices -for shearing, breeding,
lambing, ewe replacement selection, and separation of
wethers and cull ewes for market were done according to

the pattern for the area. Scheduling of these practices
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waé similar to those used in the area. ‘Phe dates are

glven belows '

Year
19852

1953
1954
1955
1956
1957
1056
1959

1960

Shearing
Dates .
May

9

May
16

May |,
13, 14

Ma

May
9, 10

May

13, 14
Vay

13, 14, 15

May
11, 12
Feb,
25, 26

y , .
16, 17

‘Bvaluation

: o , ‘ {Culling
Breedingl - Lambing® Seoring
In . Out- Start Finigh _Weighing)
Sept. Nov., Peb., May Sept.

25 ‘ 21_ 2&_ 2 ‘ 8 _
Sept. Nov. Feb, Mar. Auge
20 20 14 24 11
Sept. ANOV._ Feb, ‘Harg ' Sept,. L

1 8 14 25 8
Septs ‘Nov. ‘Peb, ‘May Sept.
16 9 19 1} 19
Oct., Nov. Mar., April Sept.
8 11 3 26 19
Oct. Kov. Mar., May Sept.
5 15 3 6 25
Oct, MNov. Feb, April Sept,
4 15 25 7 0
Oct., Nov, ‘Mar. April Bepte
6 15 2 16 9
oct. Nov. Mar, April Aug.

6 18 15 15 10

Selecting by Visual Appraisal of Phenotyple

Fleece and Body Characters

Bach fall ell the ewe lambs in Group I were sep+

arated from the other sheep and placed in a chute

1’I’he practice of using e cléan~up ram was followed,
aA few late lambs resulted from clean-up ram,
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(Figure 5). The writer selected the necessary replace-
ments by using the touch system (terminology Dean Hill
applied to his visual appraisael system) he had learned
while studying and working with the late Dean J. A, Hi11
(Hill, 1921 a, 1921 b, 1948),

Applying the system consisted of working down
through the chute and checking each sheep for wool
density and wool length by gragpiﬁg?q‘hanqlfull of wool
on the back (Figure 6), The boéyfsize; width and length
ﬁas noted. Those considére@ géod:eﬁéugh Qére marked‘én
the head with a colored wax crayon and the ear tag number
was reeorded. The balance were shipped to market with the
wethers, If, after going through the chute the first ,
time, sufficient numbers were not selected as replaeement
a second trip through the chute was made to seleot
necessary aéditional oneé; Phyéiclogioal abnormalities
“were noted%.esnecially Jaw'malformatian which was one of
the ocsuses for rejection. The entire seleotion procedure
was carried out as nearly as possible a8 if 1t were being

done routinely to a commercial flock.
Selecting by an Index

As with Group I each fall the ewe lambs in Group II
were gseparated from the rest of the sheep and placed in

& holding pen adjacent to a smaller pen, where scoring
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Figure 5, Separation of sheep into respective groups
prior to scoring, visual selection and
weighing, (Holding pen, right and eircular
pen, left,)



Figure 6, Select the replacement ewes for Group I
by vis appralsal, using the chute in the
ecenter of the eircular pen.
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was done (Figure 7). The necessary information was taken
in order to apply the Dubois Columbis Weanling Selection
Index (Terrill, 1958). (This index wes described in the
Review of Literature),

This necessary information consisted of body weight,

body type score, condition score, wool length and wool
grade.

The weanling body weight was taken in September
after the lambs had all been subjected to the same water
and feed conditions. Weighing was done in a corate placed
on a large dial scale at the end of a chute (Figure 8),

A few lambs at a time were moved from the larger

holding pen into a smaller pen where scoring was done on
body type and condition, The gcores were the average of

two independent scores made by the writer and one other
sheep husbandryman, The scores were based on 10 points

and the highest merit received the maximum number of
points.

The weanling body score was a subjective evaluation
of body length, depth and width, Such faults as pinched
heart girth, sloping rump, crooked legs and fine bone
were considered in the evaluation, A general smoothness
of body conformation and a symmetry and proportion of

make-up was desired.
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Figure 7. Scoring the yearling ewes in Group II.



Figure 8, Weighing the entire flock in September.
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The weanling condition score was determined by
exanining the degree of fleshing over the shoulders,
ribs, back and loinj for amount of fat, evenness and
mellowness. |

The wool length was measured by opening the wool
and mid side and inserting a plastic rule to the skin,
The spinning count of the wool was also estlmated et the
same time the wool was measured for length. The U, S, D.
A. Wool Standa;ds were the basis ?or'eetimation ot spin-
ning eount ( UfS.D.A,; 1926; 1953; Ghristie; 1939
Von Bergen and Eauersberger; 1948) .,

Corrections for the traits of weanling weight;
gtaple length, and condition seores were mede each year
for the environmental effects of type of birth; age of
dam; and age at Weaning‘(ﬁazel and Terrill, 1946 b).

Index scores were computed and the required number
of ieplacements were selected by taking the ewe with the
highest index; then the one with the next highest index,
ete, until all the replacements were filled., The balance
of the yearling ewes were shipped to market with the
wethers,

Selecting Rams and Breeding Practices

Rams used in the study came from purebred Columbila

flocks in Wyoming but were not of stud quality (Figures 9
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10, 11). They were of the type (elgible for rogistery
but not registered) produced for commercial sheep‘growerSa
They were selected on visual appraisal fo fleece and body
eharacters as would be done in commercial practice.

At the start of the study, sach ram was‘assigned
at random to about 30 ewes., Group I was sube-divided at
random into two equal groups and Group II was sub-divided
at random into two equal groups. Starting in 1955 three
rams were used to breed the entire flock, Care was taken
that no inbreeding took place.

Ram management snd procedure was very similar to
that followed and practiced in well managed farm flocks

and purebred flocks in Wyoming.
Culling the Mature Flock

The numbers of replacements added from year to
year fluotuated between 20 and 30 percent. Once ewes
had been gelected for replacements they were usually left
in the flock so performance data would be avalilable,

Some years the deaths from storms; especially in 1951
dogs; and coyotes made replacements higher than planned.
Normal death logs was relatively low and only a few had

to be discerded becausse of lost ear tags. HNormally the



Figure 9.

Side view of Columbia rams, typical of the
type used in the study, Taken May, 1954,
Identification of rams from left to right,
€810, 170, €227, 1499.
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Figure 10. Front view of rams used in 1953, Identifi-
:agion, left to right, €310, 170, €227 and
499,



Figure 11, Sheared rams., Identification, left to right,
€310, 1499, 170 and C227,
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teeth of medium wooled sheep start to show excessive
wear at about five years and are removed for this cause,
Rams were kept in the flock as long as they were eome
" pletely sound. Some had to be removed at an earlier age

than others, °
Observation of Characters on Which Cempariéons Were Made

Lamb Characters

Detailed lambing records were kept showing dam;
sire, date of birth, weight at birth, type of birth sex
and an explanation for lamb mortality (when possible).
Lamb characters of birth weight; weanling body weight
and weanling staple length were taken for the years 1951

to 1957 inclusive.

Welghing Lambs at Birth. Laﬁbs were welighed to
the nearest tenth of a pound in a sling; using dairy
scales. Lambs born during the night were weighed about
8:30 A.M. the following morning and those born during
the day were weighed about 4:30 P.H, each day.

Determining Body Weight at Weanling Agse. Weanling
body weight was one of the factors used in making up the

index and was described under "Jelecting by an Index.”
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Determining Weanling Staple Length., The procedure

for measuring this factor was desceribed under "Selecting
by an Index" since it was a factor considered in come
puting the index.

‘Determining Grade of Wool on Weanling Fleeces,

This factor was disoussed under “"Selecting by'an Index,”
gince 1t was a character evaluated for computation of .the

index,

Fleece and Body Characters

Certain fleece and body characters were observed
at one year, two years, three years and four years of
age. '

Grading FPleeces at Shearing Time. Bach fleece was
examined and graded py visual inspegtion according to
the U, S, D, A+ Standards (U.S.D.A., 1926, 19523 Hultz
and Hill, 1931; christie; 1939; Von Bergen and Mauersberger,
1948) (Pigure 12), To be as consistent as possible year
after year a U. 8, D: A, Standard (mounted samples of
each grade) was avallable for direct comparison, The
standards were brought up to date as per reoommendations

of the U. 3. D. A. Wool lLaboratory (U.3.D.A., 1958). A

desoription of these standards is shown in Table 2,
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Figure 12, Weighing and graeding an individual fleece.

Note paper sack on fleece containing sample
used for yield and length determination,
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TABLE 2 -U. 8. D. A. WOOL STANDARDS

Blood Grade | Spinhing Count Equivalgnt
Fine _ . 80's 70%s 64's

1/2 Blood 62's 60's

3/8 Blood 68%s 56's

1/4 Blood 54's S50's

Low llg'aiood 48%'s 46'g

Common 44's

Braid ' 40's 36ts

‘Weighing Fleeces. Each fleece was weighed immede
1ateiy after shesring (Figure 12). Weighing was done on

a pair of dairy scaleé to the nearest tenth of a pound.

Determining Clean Fleece Welght, A sample of
about iso grams of grease wool was removed from the mid-
side portion of the fleece as it was shorn; This was
scoured according to standard procedure uged in the Wool
Scouring Laboratory at the University of VWyoming and the
percent yield aetezmined; The individual clean fleece
weight was calculated (Parker; 1951); The side sample

provides a good index of yleld for the whole fleecs
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- {Pohle et al., 1943; Pohle and Hazel, 1944; Pohle, Hazel
and Keller, 1945).

Determining Fleece Value. At the time the study

was initiated the U, S, D, A. Price Support was 1in effect
(U.g.n.a;; 1943). The minimum selling price for graded
territory wool (Those wools that grow west of the Missourl
River but not includinz wools from Texas; caiifornia;
Oregon, Kansas, Oklahoma and eastern Nebraska) was used

as the basis for determining individual fleece value.

This price structure was used for comparative price pur-
poses throughout the study and 1s shown in Table 3
(Kiefer, 1952).

Determining Staglg Length at Shearing Time, The
staple length was obtained from the sample taken for
yield determination, Staple length measurement was done
according to procedure followed in the Wool'Laboratory
at the University of Wyoming (Parker; 1961), In the
laboratory this sample was spread out'and three looks

were removed. Using a plastic rule the locks were meas-

ured to the nearest millimeter (unstretched), A large
megnifying glese was used to increase accuracy in reading

the length. The average of three locks was considered

the length of the flesce. This length measurement for
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TABLE 3, 1952-1953 COMMODITY STABILIZATION SIRVICE PRICE

SUPPORT PROGRAM FOR TERRITORY WOOL

Grade Class Appraisal Value
" {Dollars per Clean Pound)

Pine aéshand finef '
Staple and good French Combing 1,64

Average and good French Combing 1.57
8hort French Combing and Clothing 1,43
One~Half Blood, 60s and finer » '
Staple and good French Combing 1451
Averege and good French Combing ‘ 1l.41
Short French Oombing end Clothing 1.26
Three=Eighths Blood, 56/58s o
Staple and good French Combing 1:,30
Average and good French Combing 1:.19
Short French Gambing and Clothing 1.08
one-Quarter Blood, 48/50s: '
Staple and good French CGombing .17
Average French Combing 1.04
Short French Combing and Glothing +80
Low One-Quarter Blood, 46s :
Staple and good French 1,08

Short and inferior - +90

each fleeea; along with its grade; determined the com=
mercial deseription, The length classification used oore
respanded to that generally accepted by the wool traae as
standard (Van Horn end Hulbert; 1946g.3hqdas;.1952).

Table 4 gives this length classification,
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TABLE 4. LENGTH CLASSIFICATION OF WOOL GENERALLY AOCEPTED

BY THE WOOL TRADE AS STAVDARD

. .

" Length Short French
Staple & Av, & French Combing &
Grade Googd French  Combiang Clothing
Fine 64 mm or under 64 mm 38 mm &
over over 38 mm under
1/2 Blood 76 mm or under 76 mm 51 mm &
’ over over 51 mm under
3/8 Blood 89 mm or under 89 mm 51 mm &
overx over 51 mm under
1/4 Blood 101 mm or under 10L mm 64 mm &
: over over 064 nm under
Low 1/4 ' -
Blood 10) mm or Less than

over 101 mm

I

‘Deternining gggg Weight ot Shearing gigg; After
shearing was completed eaon,May; the entire floeck was
weighed., Care was taken to ensure that the entire flook
had been subjected to the same feed and water conditions
prior to weighing; Weighing was done at the end of a

chute in a crate fastened to the platform of a large
dial scale. ﬂ |

: Fall Body Weight. After scoring was done in
September the entire flock was weighed by.the same Proe
cedure as after shearing (Figure 8).



¥. RESULTS AND DISCUSSION

The Breeding Flock of Ewes

Ages of Bwes in Groups I and II
The ages of the ewes that made up Groups I and XX

are shown in Table 5, The distribution by ages appears
quite normal (Parker; 1963 a). It was very difficult to
keep more or less comparable numbers of the same age in
each group., An unfortunate accident occurred in the
spring of 1951 when several ewes and lambsg died in a
storm right after shearing, A larger proportion of death
occurred in Group I than Group Il sc a larger number of
replacements had to be saved in Group I. Regrduping;
unfortunately; was not done. Death loss from dogs and
coyotes was constantly altering the numberés By 1956 all
the original ewes had been replaoed except for two sevens
year-old ewes in each group. Beginning in 1958 the en-
ti%e lamb crop in both groups was saved. This made it
necessary t0 sell the older ewes, The replacement
selections were made by visual appraisal and selection
index but data for 3 year olds and 4 year olds were not

available for comparison.
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TABLE 5., COMPOSITION OF EWES IN GROUPS I AND IX
AT SHEARING TIME
: : o Ages Total
Year Group 2 3 4 6 8 No,
1952 I 6 18 9 10 4 4 51
I 7 14 13 7 5 6 52
1953 I = 28 5 6 5 7 -4 3 58
II 16 5 12 11 6 4 5 59
1954 1 16 24 3 5 3 4 1 56
II 16 14 3 9 9 6 0 57
1955 1 16 15 20 =2 3 & 2 59
- IX 19 15 15 3 7 6 o . 59
1956 I 14 1% 12 17 1 2 0 59
11 1 14 15 10 3 2 0 60
1957 I 25 14 11 10 5 0 0 65
II . 1% 13 12 13 2 0 0 ' 58
1958 I 13 18 © ©o 0 0 0 31
1z 12 18 0. o0 0 o0 0 29
1959 I 21 19 6 © 0 0 0 46
11 1 14 5 1 0 0 0o 34
1960 1 10 21 19 5 06 0 0 55
II 10 15 14 5 0 0 0 44
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Cmngositioq of Groups I and II by Grades at Shearing 2.‘_;1&

No péprerenee was given to any specific grade of
wool in the visual appralisal system except in an indireot
menner,. The larger lambs were selected for replacement
and they were inclined to be the coarser type, Only very
slight pressure was exerted on grade by the selectlion
index in which the finer grades were favored. There was
a gradual shift toward coarser grades in both groups but
a little more pronouneed in Grcup I as shown in Table 6.
This could have been due, in part, to the faot that
Group II had more 1/2 blood at the bpeginning of the stuﬂy.
The range of grades‘in both groups was‘rather similar to |
the range in some purebred Columbia flocks (Parker; 1953a).
The Columbis Breed Association recognizes 1/2 bléod;
3/8 blood and 1[4 biood.grades for offioial'reglstratien.
It 1g very difficult to maintain a Golumbig flock which

has only two grades of wool in it. Both groups for the
years 1957 to 1960 were more typical of most Columbie

purebred flooks in which the mejority of the grade is

1/4 dbloed with very few fine wool grades.

Some FPhenotypic Parameters of Fleece and Body Charecters

in the Breeding Flocks of Groups I and II

The level of production for Groups I and II was in-

dicated by the means of various economic characters as
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AT SHEARING TIME

_COMPOSITION OF CROUPS I AND II BY GRADES

TMml
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shown in Tables 7 and 8. The produetion figures up to
1958 were indicative of the performance of Groups I and
I1. By 1958'the original ewes had Seen entirely replaced
by "selects", All ewes 4 years old agnd older were sold
in 1958 so that 511 the ewe lambs could be kept. Therefore
at that'date the breeding ewes 1? Groups I and IXI con-
sisted of only 2 and 3 year olds, The one factor which
weas stil; comparable in the two groups was the age com=
position. |

Some very general comparisons can be. made., Com=~
pared to studies conduocted by Parker (lgssinon iange
flocks in Wyoming the general lsvel of performance wag
very high for both groups. The production records for
both groups were as high as most ﬁurebred Columbia
- flocks in Wyoming (Parker; 1955). v, S;'B, A, (1980)
listed the average grease fleece wsightisf 13 westera-
states as 8.9 pounds. Several of the states in the
Rocky Mountain area had greasg'fleece weights of the
following: : |

Wyoming 10.4 1bs.

Montana 10.0 lbs,

Idaho 10,4 1bs,

Colorado 9,0 1lbs, ‘
The average of the United States was listed as 8.6 pounds.



TABLE 7. SOMB PHENOTYPIC PARAMETERS OF FLEECE CHARACTERS OF THE

BREEDING FLOCKS OF EWES I GROUPS I AND IX

m

Characters
o . Grease Fleece Staple Length  Yleld in Cléan Fleece Flseece Value
Numberl Wt. in Lbs, _ in mm, ~ Lbs, ¥t. in Lbs, ~ 4inm Dollars
Year I IX T IX 1 I I I I I I 11
1952 51 52 11,7  13.1 87.3 86.6 43.8 42,3 5.1 5.8 7.16 7,98

1953 58 50 12.0 11,5 86.9  85.7  41.9 4.2 4.8 4.8 .99 7.12
1954 56 57 13.1 15.7 80.8  Bl.8 45,5 44.7 5.0 6.1 8.25 871
1955 59 59 13.6  13.2. - 83.0 ' 81.8 411 40.5 5.5 5.5 771 856
1956 59 60 12.2  11.8 8.5 79.5  47.8 47.8 5.9 5.7 7.4¢ 8,15

1957 65 S8 12.8 13,1 83.0 82,0 44,5 44.0 5.7 5.8  2.07 7,39
1056 31 20 13.9  12.5 107.0 99.5 51.4 48.9 7.2 6.1 = 9,85 7,87
1959 46 34 12,9 12,5 96.8  99.1  48.4 50.2 6.4 6.4  8.34 8,50

1960 55 44 15,2 12,1 82.7 88,9  49.6 54.3 7.6 6.2  6.98 7.70

lnnmber of ewes sheared--numbers may be more at lambing and less when weighed in the
fall because of death loss.

T4



TPIC PARAMETERS OF BCDY CHARACTER3I OF THE
BRYEDIRG FLOCES OF Z¢E3 IX GROUPS I AND 1IX

| %haraetérs
Lamd W&, Body W%, Body Wb, -
' in Lba. in Lbs, in,Lbss. -
L Humbeys _ ‘ et Shearing - 'al
Year I IX | I II X Ix . * ¢
1882 - 81 52 134 10.4 119 128 128.,4 138.%

1953 58 59 11.5 9.8 100 105 149.1 148.2

1954 56 57 10.7 16.0 14 117 138,0 1352
1955 52 59 9.9 10.2 130 138 149.8 144.6
1956 50 60 0.3 10.2 12¢ 19 1516 1500
1957 65 58 10,5 10.6 153.4 155.9
1958 81 20 10.5 10.2 1315 1218 1538 149:0
1959 | 46 34 11.9 1.2

1960 55 44 10.5 10.9 | | | 162.5 1678

Iﬁnmber of ewes gheared--numbers may be pore at lambing and 1esa'whon.woigﬁeé in the
tall bacause of death logs.

G4
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These figures were rather meaningless as comparisons

. for the shrinkage and grade of the fleece were not known.

Graphio Presentation Showing Relationships between the

Means of Soms Pleece and Body Characters for Groups I
and 1L -

Lsamb Weights. The mean birth weight of all lambs
born to ewes in Groups I and I were plotted by years
(1952 to 1960) in Figure 13. The fact that in 1951 a
large number of replacements were needed (There was ex~
cessive death loss from storm.) in Group I apperently
aocounﬁs fer'the deorease in mean birth weights from
1952 to 1956, Nelther selection system solected for
oharaeteré.that would coneeivadbly increase lamb birth
weight., _

Grease Fleece Weights., The means of gresse fleece
woights for Groups I and II are shown in Figure 14, PFew
studies were reviewed that indicated how grease rleeeeu
welght might be expected to vary from year to year in
the same flock of ewes. It is a well known fact that
the contributing ocauses of variation are many. Parker
(1953 b; 1955) studied 13 Wyoming flocks and found fre-
quent instances of a 3 pound range from one year to the

next in the same flock of ewes, Fluctuations in
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purebred flocks (Parker; 1955) were more of the pattern
found in Groups I and II of the Archer flock. Grease
floeece is'a.very‘poor criteria of p:oducbion and musgt be
studied in relation to the shrinkage or yield.

Staple Length, Figure 15 shows the staple length
fluctuations, ‘The length for both groups rluetuatéd
about the same. Both systems of selection considered
length as an important factor but neither group responded;
iﬁ fact, the length became sherter from 1952 to 1957 and
the upward trend in 1858 was probably due to younger ewes
making up the bdbreeding flocks in both groups at that
time, Hewever; the length 15 hoth Qroups was long enough
in most individual instances to bs staple or strictly
combing for the grades and received maximum price as was
ghown in Tebles 3 and 4. This was true in 1954 when the
shortest length occurred in voth groups. The short
length in 1960 was caused by shearing in February instead
of May. 4
Yield. The mean yield was plotted in Figure 16,
Gomparatively speaking the yield was not es high as
was expeocted for the grade and type of sheep. From
getual ocontact with the wool the writer found it to be
rather greasy (probably cauged from a nutrition factor)

thus causing a higher shrinksge. Compared to range
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flocks the yiéld wag higher than 35.6 percent which was
the percent yield found by Parker (1953 b) for 1,688
ewes, Ordinarily the yield increases as the grade gets
| oéarser and length increases. This association held
for the increasing coarsness but not for length. A4s
with grease fleece weight; it is not known how much the
yield might be expected tg fluctuate from year to year.
Llegn Fleece .wght. The clean fleece weight as

shown in Pigure 17 for both group's production was ocon-
siderably above the average of the 1;68§ range ewes

which showed a clean fleece weight of 4,2 pounds (Parker,
195% a). Clean fieece Weights‘ef Groups I and IX com=
pared favorably with the purebred Columbia flooks in
Wyoming., Parker (1953 b) reported clean fleece weight

of ewe flocks for 13 growers for at least 2 years in suce
cession and while the level of production varied from

3,5 to 4,0 poﬁnde of clean wool the ohange from year to
year was slight.

Fleece Value, Figure 18 shows the fleece value
pattern: It would generally be expected that the fleece
value would follow the clean fleece weight, Thié would
always bg true if the grade and staple length remained
constant, When 4 grades are involved 12 different

lengths are involved and 12 different prices per pound.
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The higher level of fleece value in Gfoup I was ex-
Plained by the fleeces being slightly finer in érade;
while the coarser fleeces in Group II were not heavy
enough to off set the price'differential‘ Thisz was
explained by the fact that a 3.1 pound, 1/2 blood staple,
fleece was worth $4.68, To equal the same value a 3/8
blood staple fleece would.have to weigh 3.6 pounds, a
1/4 blood staple fleece 4,0 pounds and a L 1/4 blood
fleece 4.5 pounds, If the length dec:eased 80 that a
1/4 blood fleece falls in the 1/4 blood Prench Combing
class it would take & 4.5 pound fleece to qual the
value of a 3.1 pound }/2 blood staple fleece.

Sheared Body Weight. The sheared body welght

plotted in Figure 19 shows a wide fluctuation for both
groups. The environment evidently was fairly constant
each year for both groups but varied considerably from
year tO year.

Fall Body Weight. The fall body weights for both

groups plotted in Figure 20 show & similar trend upward
from 1954 to 1957. One big decrease for both groups
occurred in 1954. The high weights for both groups in-
dicated considerably more condition at this time than

after shearing.
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Comparisons of Meen Differences in Some Fleece Characters,

Body Cheracters and Lamb Weights in the Breeding Floeks
of Groups I and II |

Table 9 shows the results of testing the difference
of the mean sheared body weight; fall body weight; yield,
elean fleece weight and staple length between Groups I
and II by the "t" test (Snedeoor; 1946; 1956). The
mean welghts of the lambs born to the ewes in Groups I
and II were alsc compared. As indicated by Table 9;
significant differences at the § percent level in 1952
were for sheared body weight; fall body weight; and
grease fleece weight. An anfortungte asccident probably
accounts for the large differences, A heavy death loss
of ewes and lambs in the spring of 1951; right after
shearing; made it necessary to select 28 lambs for re-
placements in Group I. For some unaccountable reason
the death loss was higher in Grogp I. Only 16 replace~
ments were required for Group II. By 1953 growth had
evidently made the difference for sheared body weight
and grease fleece welght so small that they were not
éignifigant. For fall body weight in 1943 the relation=~
ship was reversed and the difference of 7,2 pounds was

significant, This significance was in favor of Group I.
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TABLE 9, COMPARISON OF SOME FLREECE CHARACTERS,
BODY CHARACTERS AND LAMB WEIGHTS IN THE
 BREEDING FLOCKS OF GROUPS I AND II

N . ) " '

. Item Group I = Group II  Hean
Year Compared Mean "~ Mean Difference
1952 Lamb Weight Ld, - 1ll.4 10.4 1.0
1853 Lamb Weight Lb. 11,3 9.8 1.5
1954 Lamb Weight Lb., 10,7 - 10,0 0.7
1955 Lamb Weight Lb, 9.9 10,2 0,3
1956 Lamb Weight Lb, 9.3 0.2 «0,8
1952 Lamb Wt. Shearing 11ll.4 124,86 =13,1%
1953 Lamb WH. Shearing 107.4 107.1 0.
1954 Lamb Wt, Shearing 116,0 1156.2 0.8
1965 Lamb Wi, Shearing 189,7 135,56 «5.8
1656 Lamb Wt, Shearing 122.8 119.0 . 3.7
1952 Body Wt, Fall Lb, 128.4 158.9 «10.4%
1953 Body Wt. Fall Lb, 149.4 142.2 7.2%
1954 Body Wt. Fall Lb. 134.0 135,2 «le2
1955 Body Wt, Fall Lb, 149.8 T 1446 5.2
1956 Body Wt. Fall Lb, 1851.6 150.0 . 1.6
1952 Grease Fleece Wt. 11.7 13,1 «l,4%
1953 Grease Fleece Wi, 12,0 11,5 0.4
1984 Grease Fleece Wt. 13.1 13.7 «0,6
1955 Grease Fleece Wt 13,6 13.2 0.4
1956 Grease Fleece Wt, 12,2 11.8 0.4
1958 Yield 43,8 42,3 LS
1953 Yield L. 41,9 4.2 0,7
1954 Yield 45.5 44,7 0.8
1955 Yield 41,k 40,5 0.6
1956 Yield 47,8 47.¢ =0.2
1952 Clean Fleece Wt, 5,1 ' 5.6 «0.4
1953 Clean Fleeoe Wt. 4,8 4,8 0.0
1854 Clean Fleeoce Wt, 5.9 : 6.1 «0,2
1965 Clean Fleece Wt. 6.1 6.0 0.}
1956 Clean Fleece Wt, 6.2 6.0 . 0.2
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TABLE 9. .COMPARISON OF SOME FLEECE CHARACTERS, BODY
CHARACTERS AND LAMB WEIGRTS I THE BREEDING
FLOCKS OF GROUPS I AND II (CONTINUED)

Item Group I Group II Mean

| Year Compared Mean " Mean Difference
1952 Staple Length .  87.8 86.6 0.7
1953 Staple Length . 86,9 85.7 1.1
1954 Staple Length .  80.8 81.8 «1.,0
1955 8taple Length . 83,0 8l1.8 1.2

1956 BStaple length . 84.5 79.5 5.0

»* o . .
Difference significant at 5 percent level.

By 1956 "selects” had replaced the originial

ewes in both groups with the exception of two sevene
year-0ld ewes in each group; one six-year-old ewe. in
Group I and three six-éear§old ewes 1n Group IX, €1f
either method of selecting replacements were greatly
superior; differences would have begun to develop be=
tween the two groups., This 4id not héppen, chefer;
sheared body weight increééed from 1952 to 1986 i# both
groups (Table 9) as Gid fail body weight; grease ?leeoe
weight; yield and clean fleece weight, Thié would seem
to indicate that the selection index and visual gppraisai

were equally efficient in selecting replacements. A
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project medification required saving all ewe lambs for
both groups in 1957 and comparisons made after that date
hed to be made with the understanding that all ewes 4

- years and oide:é had been aol@. The seleétion ﬁy both
gystems continﬁéd}untii 1960. ' -

While there were no difte&enoes between lemb dbirth
weight that were significanﬁ (Table Q?Zthere was a trend
for decreased birth welight invGroup Ist It dee;eéséd '
from 11.4 pounds in 1952 to 9.3 pounds in 1956. The
large nhmber of replacements that were saved in 1951 was
considered to be & contributing factor in tﬁis situstion.

Staple length deareaséd in both groupa from 1952
to 1956 (Table 9). Since staple length in both systems
- of selection was an important factor and since heritabil-
ity was high (0.42) in a study reported by Hazel and
Terrill (1946 c) some gains should have been made in in-

creasing staple length.

The Ram Flook
Phenotypic Parameters of Some Fleece Characters '
Table 10 shows the actual produotioﬁ of olean fleece
. weights and staple lengths of rams used ih: this study.
The figures compare favoradly to those of Columbia rams
used in commercial flocks in Wyoming {Parker,_isss a)e
The gredes also were typical of Columbia rams. KRo at-

tempt ﬁas made at improvement through ram selection nor
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TABLE 10, PHENOTYPIC PARAMETERS OF
' FLEECE CRARACTERS OF RAMS

. Clean Staple
Ear Age’ _ - Fleece’ Length
Group Year Tag ~ Yrs., Grade  Wt..Lb, _ in mm,
i 1952  C227 2 3/8 7¢5 110
‘ C310 1 Sheared in Jan,
11 ca712 1l - 3/8 8,8 - 110
275 1l - Slieared in Jan, '
I 1953 G227 3 3/8 648 70
0310 8 1/4 87 85
11 1499 2 1/4 9.7 140
' , c4712 2 Died 21 March 1952
I 1954 @227 4 3/8 7.0 50
C310 3. 1/4 10.5 110
i 1499 3 1/¢ - 11:6 138
170 2 3/8 8.2 94
Both Groups
1955 & 2 1/4 9.6 102
170 3 5/8 7.7 85
1499 4 1/4 12.8 130
1956 4 3 1/4 9.5 100
' 149 5 1/4 13.0 - 124
~ 529 1 Sheared in Jan,
1957 4 4 1/4 9.7 96
1499 6 1/4 12,3 125
1200 1

1/2 8.8 iz28
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TABLE 10, PHENOTYPIC PARAMETERS OF FLEECE
CHARACTERS OPF RAMS (CONTINUED)

Clean Staplef

, Ear ~ Age Fleece = Length
Group Year Tag Yrs, Grade Wt. Lb. in om,
Both Groups - :
1958 4 5 1/4 7.3 95
1200 2 1/2 7.8 109
73 1 3/8 9.5 . 154
1969 4 & 1/4 5.5 80
1200 3 1/2 7.2 100
73 1 3/8 8.6 118
200 1l L/e 8.5 110
172 1 3/8 8.9 118
1960 4 7 1/4 4,2 67
1200 4 1/2 5.6 85
73 2 3/8 5.9 104
200 2 1/2 5,8 80
2 3/8 843 90

178




91
were any relationships studied between ram and ewe re=~
Placements, |

Lambing Statisties

Percent of Dry ®wes in Groups I and II

The 10 year average for dry ewes in Group I was
4,17 percent and for Group II 4,58 percent, The year %o

year veriation for the two groups was about the same.

Total Lamb Crop Based on the Number of Ewes that Lembed

The 10 year average lamb crop for Group I wes
134.1 percent and for Group IX 131.2 percent. These

lamb erop percents were good.

Death Loss between Lambing and %eanigg'

For the yearﬁ 1953 to 19656 the averége percent
death loss in Group I wastlz,s percent and for Group
1Y 10.13 percent. This death loss was probably high
for the type of operation and was largely eaused by
dogs and coyotes, This was a problem that was hever

solved satisfactorily.

Comparison of Differences between Fleece Characters,
Body Characters, Lamb Birth Weights and Weanling Staple
Lengths for Group I and II Replacements ' '
Some explanation 135 necessary to understand the
organization of Tables 11 through 17, Table 1l contains
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TABLE 1l.’ OOMPARISON OF REFLACEMENTSZ FOR GROUP I AND IIX
FOR FLEECE AND BODY OHARACTERS OF LAMBS BORN IN

1952 THROUGH 4 YEAR OLDS

Iten Group I Group 11 Mean
Gompared : Mean' = Mean ~_ Difference
Birth Weight--Lbs, 11,53 10,53 1,00
Weanling Weight-~Lbs, 95,00 96,13 «1.13
Weanling Staple B o .
Lengthewemn, 7843 60,0 12,3*
Grease Fleece Weight--Lbs,’ ‘ o
1 year old 12.83 12,35 0,48,
2 year old 15,20 14:30 0,9
3 year old 15.01 13,96 1,05
4 year old 13.2 12.1 1.1
Clean Fleece Weight-~Lbs, = T
1 year old 5,73 "Be5L 0:282
2 year old 72 6.9 0:3
3 year old 8.98- 6437 0456
4 year old 6,0 8.9 0.1
8taple Lengthe-mm. o -
1 year old 112,94 115,25 ~6 31
2 year old 05,13 86,38 8275
3 year old 92,60 89,13, 3.47
4 year old 87.25. 80.87 6.38
Body Weight Sheared-<Lbag, o
1 year old 93 93" 0.0
2 year old 122.56 113,44 9,12%
3 year old . 138 132 - 6.0
4 year old 145 126 19,0*
Body Weight Fall~-Lbs, - L
1 year old 149 144 5.0
2 year old 144,50 134,13 10,37*
8 year old 159 153 6.0
4 year old A7 152 19.0*%

* | -
Difference significant at 5 percent level,
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TABLE 12. COMPARISON OF RUPLACEXYTNTS FOR GROUP I AFD II
FOR FLEECE AND BODY CHARACTERS OF LAMBS BORN IN

1953 THROUGH 4 YZAR OLDS

e ——r a e m——

e Ye il o

Item Group 1 Group II Mean

compared Mean Mean Difference

Birth Weight--zbs. ‘ 16,99 10,44 0+58
Weanling Weight--Lbs, 87,89 83,33 4,56
Weanling Staple '

Lengthe~-mm, 55,56 67,00 17,.44*
Grease Fleece Weight~-Lbs, ‘ o

1 year o014 13,71 16,04 | «8,33%

2 year old 14.38 14,99 ~0,61

4 year old 11,3 13.0 -1.70%
Clean Fleece Weight-<Lbs, o

1l year old 5,69 6,44 -0 75*

2 year old 6.28 “7.19 «0.91%

3 year old 5,70 6.3 0.6

4 year 0ld 4,7 6.0 "l-g*
Staple Lengthe~«~mm, o o _

1 year old 27.29 10411 =682

2 year old 91,560 95,06 - =7.56

3 year old 80,85 84,57 3478

4 year old 74.0 . 93,0 -16,0%
Body Weight Sheared--Lbs, )

1l year old 97.76 103,39 =563

2 year o0l4 126,13 126:89 . «=0,76

4 year old 119 125 -6,0
Body Weight Fall-~-Lbe. ‘

1 year old 136.4) 136,33 0.08

2 year old 147,71 148,57 «0,86

3 year o0ld 152.54 150.07 2.47

4 year old 154:0 158 «4,0

" :
Difference slgnificant at 5 percent level.
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TABLE 13, COMPARI3ZON OF REPLACENENTS FOR GROUP I AND II
FOR FLEECE AND BODY CHARACTERS OF LAMBS BORN IN
1954 THROUGH 4 YEAR OLDS

. .

Item Group I Group 1II Mean
Compared _ Mean Hean Difference
Birth Weight~-Lbs. 11,00 10.09 0,91
Weanling Welght«~Lbs. 92,81 88,56 4.25
Weanling Staple ' '
Lengthweemn, 71.88 74.44 -2.56
Grease Flecce Weight--Lbs,’ , ‘
1 year old 14,79 18,71 -0,92
2 year old 12.6 12.8 =0.2
3 year old 12,9 13.4 «045
4 year old ‘
Clean Fleece Weight-~Lbs. B
1 year old 6.78 7,00 «0.28
b 8 year old 700 6,90 0.10
3 year old 8.1 540 0.2
4 year old
Staple Length--mm, N o ‘
1 year old 109,69 iil.81 -2:12
2 year 0ld 93.0 94,0 : «1.0
3 year old 96,0 101.0 «5,0
4 year old '
Body Weight Sheared--Lbs, ' '
1 year old 104,4 110.3 ~5.9%
2 year old 115-0 116.0 =1,0
3 year old 118 iz2 4,0
4 year old _
Body Weight Fall«-~Lbs, ’ ‘
1 year old 143.00 145.88 -2,88
2 year old 152,00 ° 150,00 2.00
3 year old 152,00 158,00 6,00
4 year old

*Difterence signifiocant at 5 percent level,
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TABLE 14, - COXPARISON OF REPLACENENTS FOR GROUP I AND IIX

FOR FLEECE AND BODY CHARACTERS OF LAMBS BORN IN

1955 THROUGH 4 YEAR OLDS

Iten Group I . Group II  Mean ‘
Compared Mean ¥ean ‘Difference

Birth Weight-«Lbs., 10.03 10,98 «0,96
Weanling Weight~~Lbs, 99,44 96,00 3.44
Weanling Staple ' ‘ -

Lengthe-mn, : 68,88 74,00 .12
Grease Fleece Weight--Lbs, ' -

1l year old 13.1 12.8 03

& year o0ld 13.4 13.4 0.0

3 year old 13.4 13.1 0.3

4 year old
Clean Fleece Welght-«Lbs, ’ S

1l year old 64,11 6,00 0,11

2 .year old 5.9 6.3 0.3

S year old. 6,2 6.4 w02

4 year o0ld
Staple Length--mm, ‘ B

1 year old 99 105 6.0

2 year old 91 a7 4.0

3 year old o8 97 1.0

4 year old
Body Welght SBheared-«Lbs, - R

1 year old 96,50 92,06 4,44

2 year o0ld 114.0 113.0 1.0 -

3 year old 133 128 5.0 -
Body Weight Pall--Lbs, 1

1 year old 150,62 147.41 3.21

g year old 154,00 154,00 0.0

3 year old 155 152 3.0

4 year old
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TABLE 15. COMPARISON OF REFrLACEMENTS FOR GROUP I aND II
FOR FLEECE AND BODY CHARACTERS OF LAMBS BORN IN

1956 THROUGH 4 YEAR OLDS

Itém Group I Groupllx Mean

Compared Mean Mean Difference
Birth Weighte«lbs, 10,7 ‘ 8.9 ‘ 0:8
Weanling Weight--~-Lbs. 1Bi.D © 100,06 1,0
Weanling Staple , ‘

Length:'-mm. 74 ' 78 g 0
Crease Fleece Weight-~Lba, : ' ‘
1 year old 12,7 Tl2.2 0.5
2 year old 1444 - 12,1 - 2.3*
3 year old = 13,0 11,8 ' 1.5%*
4 year old - 1143 10,5 0.8
Clean Fleece §eight~~hhs. S ' .
1 year old 6.4 5.4 1.0*%
2 year old 7.7 8yl 1.6%
3 year old 57 545 1,2*
4 year o0ld 8.0 5.1 0.9%
Staple Length=-pm, =~
1 year old ’ 107 ' 99 8.0
2 year old 112 - 97 - 5.0
3 year old 103 - 87 16;0‘
4 year old a7 77 10,0%
Body Weight Sheared~=Lbs,
1 year old 102 : 09 340
3 year old 129 - 118 11.0%
3% year old : 149 141 : 8,0
4 year old 165 168 «3,0
Body Weight Fall-~Lbs. ‘
1l year old 149 149 0.0
2 year old 153 - 148 5.0
3 year old . 183 - 165 2:0

4 year old

*Dirfezence significant at § percent level,
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COMPARISON OF REFLACEMENTS FOR GROUP I AND II

FOR FLEECE AND BODY CHARACTERS OF LANBS BCRN IN

1957 THROUGH 4 YEAR OLDS

Group I

Group II

Nean

Item
Compared Mean Mean Differences
Birth WGight-aLbs. 10,7 11,3 «0.6
Veanling Weight-~Lbs. 102 107 «5,0%
Weanling Staple , o
Length--nm, 72 71 " 1.0
Crease Fleece Weight~~Lbs. )
1 year old 12,9 '14.1 =1.2%
2 year old 12.8 13.3 0:5
3 year old 1l.2 12,0 -0.8
4 year old ' )
Clean TFleece Wbight~-Lbs. ’ '
1 year old 6,8 8.7 0.4
2 year old 8,8 738 1.0*
3 year old S 5.7 B3 ‘«0,6
4 year old ' ‘
Staple Length--mm,
1 year old 116 124 8,0
2 year old 9% 94 " 1.0
3 year old 8%. 85 ‘wh o0
4 year old
Body Weight 3heared~~Lbs. _ ’
1 year old 101 103 ~2,0
2 year old 126 131 - 5.0
3 year old
4 year o0ld
Body Weight Fall=-Lbs. '
1 year old 13 135 3,0
2 year old 153. 155 =2,0
3 year old 160 160 0.0
4 year odd

Dirferenee significant at § percent level,
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TABLE 17. COMPARISON OF REPLACEMENTS FOR CROUP I AND II
FOR FLEECE AND BODY CHARACTERS OF LAMBS BORN IN
1958 THROUGH 4 YEAR OLDS

Item Group X Group I Hean

Compared o Hean Mean - Differenoce
Birth Welght-~Lba, 10,2 10.:3 ~0,1
Weanling Weight~~-Lbs, 95 103 -8,0%
Weanling Staple & . , o
Length=-mm, 64 - 70 6,0

Grease Fleece Welght--Lbs,’ . o
1 year old 12.4 13,1 «0.7
2 year old 11,6 ‘11,8 «0.2
S year old ‘ S :
4 year old

Clean Pleece Weight~-Lbs, - ) '
1 year old 5,8 8.1 -0,5%
2 year Old 547 5.9 «0s2
3 year old : :
4 year old

Staple Length—«mm,
1 year old : 101 107 5,0
2 year old 85 : 88 T =3,0
3 year old
4 year old

Body Weight Sheared-~Lbs,
1 year old 113 117 -4,0
2 year old
3 year old
4 year old

Body Welght Fall--Lbs, : '
1 year old 153 160 «7.0
2 year old 148 155 -7,0
3 year olad ' :
4 year old

* | , ‘
Difference significent at 5 percent level,
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the lambs selected for replacement in Groups I and II
and the means for the following quantative characters:
birth weight; weanling staplellength; grease fleece
weight at 1, 2, 3 and 4 years; clean flesce weight at 1,
2, 3, and 4 years; staple length at 1; 2; 5; and 4 years;
sheared body weight at 1, z; % and 4 years; and fall
body weight at 1; 2; % and 4 years. The difference be~
tween the means were tested and éignitieanee indicated
(Snedecor, 1956). Table 12 contains the same informa-
tion except that the lambs selected for replacement were '
born in 1954, This same table organization was used up
to and including 1958.

The object of any aeleotion'system is to pick
those individusls for replacement that will produce,; at
the highest 19?91; those produets having the highest
economic value. If the selection system was effeotive
this would insure that a high level of production would
be maintained in the flook. Whers large numbers have
to be dealt with, and selection by phenotyplc appearance
1s the only applicable method of replacement selection,
the genetic effectiveness may be low. The effecti?ehesa
depends to a large extent on the heritab;lity level of

the character for which one is selecting.
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There were not many measurements of guantitative
characters of high eccnomic‘value available when the -
selection vas actua;ly dones The group considered
superior at the original selection might not be superior
at a later date., Effects might not be discernable until
progeny are availsable.

The birth weights of those selocted in Groups I
and IT were compared each year but the differences weré
not significant (Tables 1=1l). .

There were only two instances of significant dir}f
terenées for charaeters that peraisted year after yea®,
These were for length 1n&1953 and ¢clean flesce weight in
1956 (Table:s; 12 and 15). The length difrerence; 8ig=
nificant at weanling age, persisted at 2 and 4 years of
age., The difference was in favor of Group I. waeﬁenfﬁ.ﬁ-
the following year no such difference existed. There
was significant differences at 2 and 3 ygars of age in
clean fleece weight. These differences were in favor of
Group I.

There was a significant difference in weanling
staple length in 1952 in favor of Group I; but the dif-
ference did not persist for ages a; 3; and 4 years.

It would be possible for the progeny of replacemepts

selected in 1952 to be considered for selection in 1955,
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By 1957 the originel ewes in both groups were entirely
‘replaced by "selects,”

 There was a general tandency for improvement in
all eharacterslfo; both groups except in lamb weights
and staple length, Staple length actually decreased
in both groups. |

If one group was genetically superioz; evidence-

of this would stert axprgssing itoelf; however; there
was no apparent evidence, FProbably more generations
would be required gnd refined technique for detection

would be necessary.



Vi. CONCLUSIONS

Two methods of aeiection; visual appraisal used
for Group I and a selection index for Group II; were
applied to a commercial sheep~raiaing type of operation
for-a period of ten years.

FProm the data presentea the following conclusions
seem Justified, '

1. The production level of the initial ewes making
up Groups I and IT was high for the following charaotérss
beéy‘wegght; ¢leen fleece weight and staple length.l

2, Maintaining the numbers in the different age
categories comparable fér the two groups wag very difw
fioult. o

3, It was Giffiéult;>alao; to0 keep the breeding
flocks.for both groups up to the desired numbers; the
replacements for both groups going in at a uniform rate
and culls for both groups going out at a uniform raté,
| 4, The &ifreraﬁeea in the two groups between ﬁhe
means for ﬁheared body.waight; fall body welight, yield;
clean flesce weight and staple length were not signife
icant at the § percent level. It was not expeoted that
they would be different in 1953 but_iﬁ would have been
possible for gome différence to become evident as the

originel ewes in each flock were replaced by "selects.”
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However, the means for the above mentioned characters
all increased about the same in both groups by 1956 ex~
cept staple'length which decfeased about the same in
both groups. |

" 5, The mean fleece value was higher in Group I
for all the years except in 1954 and 1958. It appeared
that Group II; which was coarser in grade, did not have
pufficiently large fleedes or Zong staple to offeset
the price differentiasl. |

é. The rams used, from all gndicatiqns; were good
average raems typical of the Columbia breed,

7. A gelection index used for seleoting replace«
ment ewes showed no superiority over visual appraisal.

8. Both selection systems improved the produo~
tion of the quantitative tralits of grease fleece weight,
yield; clean fleeco weight;_rleeeé value; sheared body
welght and fall body weight. The increase in each group
was about the seme amount for the 10 year peried.

9, The visual selection method was far simpler
to apply than the selection index where so0 many measures
ments and caloulstions had to be made,

10. There would be no advantage of using a selec-
tion index in a sheep operation like Archer for selecting
replacements as 1t showed no superiority over the visual

appraisal method. It is conceivable that an index might
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be more effective genetically over a long peried of
time, .

1l. Applying a gelection index was & very effecs
tive method of becoming intimately familiar with gquan-
titative sheep characters and would certainly make a
grower know more about his floek than he would by years

of casual observation,



VII. SUMMARY

Because selegtion of replacement ewes 1s so
important to all sheep'gfowers it is desirable té.kﬁéw
if there.mighp be more efficieht methods than those
commonly used. This'éspecially is true in view of the
vast amdunt of genetic theory now known., The preaénﬁ
study was lnitiatgd ‘at the Archer Sub-—Statio:i neay
cheyenné; Wyoming. The purpose of the study was to de~
termine the comparative effectiveness of visua; appraisal
and a selection index in selecting replacement ewes,

One hundred and twenty ewes were divided into
equal groups (randomized) 4in 1951 and the tﬁo methods
of selection were applied at weanling age: By 1958 the
original ewes hed been cempletely replaced by *selecié."

Necessary fleece and body measurements weie maae
at lambing time, shearing time and in the fall so that
the Dubols Columbia Waan1$ng Index eould bs com@uxeaifér
all ewe lambs in Group II. Selections were made from
this index, Measurements of important fleece and body ‘
quantitative characters formed the basls for oemparigon,l

All menagement practices were~thése aimilar to |
ones praoticed by puregred brgedera. Good average
Columbia breed rams were used, The study started in 1951

and terminated in 1960,
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The visual appraisal system appeared to be as

*f“'effeotive.as the gselection index syatem_in gelecting

replacenents that would méintain the groups at a high
level of production, Both groups were improved about
equally in the increased performance of grease fleeceo
weight, ciean fleece weight and body weight, Staple
length was the only chargoter that did nntiincreaae in
both groups but decressed about the same in both groups.

| The seléotion index requires & lot of work to use
and would not be practical where large numbers were

involved.
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