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INTRODUCTION
Purpose

Yool in o$11l the moat valushle snd the most versatile fider
used by man, Meny questions regnrding 1te production have gone um~
snevered for centuries, This problem is undertaken in the hope of
gontriduting information which mizht %o used in further study on the
problem of wool density,

It ie recognized that wool density iz one of the four major
factors affecting the total clean wool production of a sheep, If
length of staple, diameter of fider, and total surface area remain
constent, an increzse in demsity brings adbout a corresponding in-
crease in $total production of clean weol,

Vool fiders are produced by glands, called fider follicles, de-
neath the surface of the skin, Density is comtrolled by the number
of these follicles functioning within a given ares,

Before great improvement in density can be made, it 1s necessary
to know the mods of iRberitance, it is necessary to kmov the density

of each individual involved, Counting the fidere from any siseadble
ares is not practicable, Therefore, a technique is necessary for
sampling the sheep 2nd estimsting the density on the dasls of sampling

figures,

Scope
The Wira Fleece Caliper is probadly the most popular instrument

used in sanmpling for deasity,
To determine the most eoffective method of using the ¥Wira Caliper,



different-siged samplet are taken from a givenm ares, Doth sidee of
esach sheep ere tested, end shecp froa diffeorent breeds are esampled,
Density on all ssaples is dstermined by & standard leberstory pre-
cedure, The results sre statisticelly snalycel teo determine the varias-
tion ia densily as odSained by She difforent saapls sises,

In addition %o the maln objective, the varistlion in density be-
tween breeds, betwoen thoep of the eczme bProel, szd the varistion in
dsnsity bdetween sideo on the sumc cheep 1s dctermined,



REVIEW OF LITBRATUR®
tion of it

in order to recogaize the variocus advantages of the several dif-
ferent methode of determining the fleece density, it is necessary to
define the term "demsity" as securately as possible, Frobally oms of
the grestest diffigulties in the eearch for s universal wethod of den~
sity anslysis is the diversity of opinion regarding the definitien of
the term 1teelf,

Bosman (193%) suggests that "the term demsity is used by the
practiosl sheep judge to denote compactness in the flesce,” and cites
Rose (1930), who refers to density ae "the close proximity of fider
growth on & givea surfege of skin;* alee Duerdon and Botha, whe suggest
“the volume of wool msterisl of & certain lemgth or the weight of wool
materisl groving on s certain skin ares,” Burne sad Willer (1531) de~
fine density ss "the total ameunt of wool fibers groving on a definite
unit area of skin, ususlly on the living saimel.® Bell, Spencer, sud
HEardy (19%6), Burne (19%7) and others usually refer to dencity ss "the
nusber of fiders per unit area of skin surfece,” Sosmen (193%) compro-
sises that most workers sare agreed that the sumber of fiders growing
per unit ares of skin is the basis of density, Gowever, he contends
that nuaber of fibers slone does not express density completely, snd
cites his own work in cemnection with his theory that density sheuld
also consider fiber dlameter and be exprsssed in terms of percentage
of skin surfece ares sctually occupled by fiber, MNeny cthers, inelud-
ing Horlscher (1927), Oowley (1936), H111 (1931), Hulte snd Faschel
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(1930) and Nichels (1932) have offersd definitions of density, esch of
which sgrees vith one or sanother of the foregeing,

farhaps one of the reasons that no sbsolute definition has been
arrived upon ls that, accordiag to Buras (1937), msny methods exiet
by which one can express deasity, and meo one msethod has preved outetand-
ing, The three most succossful are;

1., The smmber of fibers per unit srea of skin,

2, The weight of clesn wool per wait of skia,

3« The ratio of fiber crese~sectionnl-ares to the unit ares of

skin,

Buras concludes that regardless of vhich definition one adopts or wvhich
method of expression one sccepte, "the ultimate use of flescs denslty
is in messuring ths smount of clean wool that & shsep will produce,*

Influsuce on ¥eol Froduetien
Lush and Jemes (1923) found that the weight of the fleese is con-
trolled by three kinde of influence:
1, Permsnent individual difference between sheep (called individu-
altty), |
2. Vmvirommentsl influsnces which affect some sheep bdut not
othere (such e sicknese, lambing, ete, ),
3. Envirensentsl forces whick affect s11 cheep alike (such as
age, drouth, ete, ),
Differences due to individuality may be dus to any one or sll of the
follewing:
1. Sige of ths sheep,
2, Leagth of stsple,

3. Density,



4, Finensss or diameter of fider,

Because estimation of density is se important in eselection, secur-
ste methode of evaluating individuals are necassary, Actual count of
an arsa of any practical eize 1s sntirely unfessidle; therefore, an
ostinate derivei froem a sample is the enly legical process,

thods : t e

Frobably the most common means of estimating deasity is te grasp
a hsndful of wool snd, from the compactness and Jense feel, estimate
the density. V¥While well gqualified mea may sstisate accurately bdetween
breede or within wide limite, Hardy, Spemeer snd Bell (1936) showed
that thie methed is "grossly insccurate” and usuzlly selecting by this
method actuslly selects for yolk, suint, dirt and lack of resilisney,

Buras (1934) reports that Nathusius (1866) was among the first
to study fleece density. He used a skin-section methed but had such
trouble focusing his miecroscope that he regerded his resulte as in-
sccurate,

Putting (1863) sctuslly eut an ares from the fresh pelt of a
sheap and counted the fiders,

Burns and Miller (193%1) report shat since 1892 investigzators
have been attempting to develop imetrumente for use in density deter-
minations,

Mentzel (1892) was probably the first to deseribe such an instru-
ment. ieo described a modified caliper which when thrust into the fleece,
measured a certaia ares, then compressed the fiders ianto a compact mase
and measured the cross-sectional area, I% had the disadvantage of
measuring an unknowa ssount of space between the fibders,

Burns (1925) deseribved the use of a pair of englneers’ ocuteide
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measuriag caligers for eepurating & cne-hslf inch square ares from the
other weel fibers,

Wordby's ldaho ¥ool Caliper (1928) comsisted of onme caliper moumted
on another with the jawe crossing at right sagles,

JSusrdon (1929) deseribed ¢ forked caliper with cross pins passing
at right angles Surough the Jjaws, thus delimitiag & predetermined area,

al met The ¥Wyedens Fleece Caliper, de~
veloped by the comdined efforts of the ¥yoming, Zdindurg, rad South
Africe lsberatories, wasr Just an improvement of Umerdoa's caliper and

opersted on the same primciple,

Yye Tleecs Qaliper met The Wysissa Caliper is juat an
faprovement of the ¥yedens, The Jaws operate at different widihs sand
lock the sample firmly while it is being cut sway from the skin snd
having excess fiders peeled awvay,

The ¥irs Fleece Oaliper method, ¥ildmen (1936) introduced the ¥Wira
Fleece Caliper, It 18 essentinlly a ¥yedesa Saliper with a2 few mechani-

cal laprevements conelsting of reshaped handles to incresse the esase
with vhieh it can be faserted Into the woel, and a knurled serew that

holds the Jaws at & eonatont widdh during sampling,

Herdy's method,  Hardy (193%) outlines a simpler methed, Using sa
electrie elipper, he cut & swath 1 to 2 inches vide snd ¥ to 5§ inches
long, The total area can be calculated from measurements, By very

simple proporticas between weight and number, the approximate numbder

of fibers per sguare unit ares can ds caleunlated,

The Trisagular methed, Buras and Miller (1931) deseribe & trianguler



metheod of demsity determimstion, By inmeerting a needls or porcupine
quill in the fleece snd plecing it parslliel with the ekin, then forming
sa spuilatersl trisagle by a sisiler sction with two other quille, a

definite trisaguler area csn be dalineated,

Phetographic methed, A phetographic methed, developed By Nichols
(1930), 1s descrided by Puras ead ¥iller (1931), The wool 1s elipped
from sa ares spproximately sgusre, An object, such as a pestage staump,
wvhose dimensions are sceurately imown, is placed ia the center of the
elipped area snd photographed, Ths skin area cza sasily de ealeulatsd

by sinzple proportional measursments,

Histologzigal methoed, Carter (1939) outlines aa histelogical methed
of density deterninstion, It consists of remeving emall sections of

skin from the body, pinaing them to a solder block to aveid shrinksge,
fixing snd eadedding in paraffia, sectioning under the microtome, snd
mounting on slides, By using a microscope with a special adaptation
for delimiting sn area exsctly one square millimster, the exact felllcle
porulstion ean be counted,

[+ ing Wirs the fa

Mot demeity sampling recently hae been done with sither calipers
of the ¥Wira Sype or the Hardy electric elipper method, Altheugh Carter's
method is dasically sound, much work needs to be done to test ite feasi-
bility snd sccuracy, Shrinkage whils fixing snd while wnder ths sicro-
tome would be a large component of the exparimsntal srror,

Madsen (1941), and Hardy and ¥olf (1946) have published studies
ecomparing the ¥ira type caliper with Hardy's electric clipper method,
Hadsen states that:



the Wira method was more coneistent when used on

different arsas of the sheep, and results by two

ohservers agreed more cloesely than when the elee~

triec elipper method was used, Also wrinkling of

the skin stemed lesslikely to distort estimates

of density obtained by the Wira methed,

Attesting to this conclusion, Hardy snd ¥Wolf state that the elipper

works three timee as fast, but requires twice as msay ssmples for the
sane agcuracy, Thelr estimation for the correlation coefficisnt be-

tveen the two matheds was 0,78,

estimate wi i t
Christensen (1940), in his thesis evaluating the ¥Wira Caliper,
estimates it to be accurate within abdout 600 fibders per square cemti-
meter,
Hemrie (19580), in his thesis on density deternination, refers to
the Hardy Olipper method as not being able te measure Aifferences of
less than 5,262 fibers per square inch between sheep,

Kethods of density enalysis

Sounting snd weighing wethed,  After proper seouring and conditionm-
ing, there are three major sethods of determining density from the sam-

ple obtained from the sheep, The moet direet is the counting, weighing
ssthod, A pre-deterainsd number of fibers, usually abeut 100, is counted,
then weighed, The total ssmple is aleo weighed, By the simple propor-
tion WPiwl00::N:100, where ¥T = total sample welght, w100 = welight of
the 100 fibers, ¥ = number of fibers in the total sample,

This is predably the mest ascurate method used today, It decrsases
the experimental error by removing estimation of diameter and length
mneans, However, 1t does have the tedious task of counting the fibers,

The weight-volume method. A method termed by Bosman (193%) as the



‘weight, voluse method,” wae compared by him to the ecounting welghing
method end cleimed to be freter and slsost se agcurate, The formuls

he used to caleulate the number of fibers wee Ng m}m in

which ¥ 2 total weight of sample, ¥ = number of fibers, 5 = specifie
gravity, A = mean fiber thickness, snd L » the mean straizht length,

This method has the advantage of removing the tedious counting of fibers,
bat an error in ecstimating the mean thickness or length, counld greatly

confound the results,

ere ticnal-area me The last major method of density

determination from the ssmple is the crose~sectional-area methed, After
ecollecting the sample, caleulating the sampled area, scouring sad condi-
tioning, the sample ie placed in & notch under enough pressure to cause
sdjacent packing of the fibers, The ares ceoupled by the cross-section
ends of the fivers is then calculated, Knoviag thes mean diameter of

the fibers by deteraination om a sample, the mumber of fibers can be
ecaleulated,

This method aleo removes the labdorious cownting, However, the
error in estimeting the mean diameter is still there, Also, the ellip-
ticsl shape of the fiders themselves would iadicate that perfect adja-
cent pscking would be almest impossidle and therefore blas the estimate,

Meth of Cb tative Sub-

Accurate msthods of obtaining a representative pertion of the
sample upon which to dase the caleunlations are dadly needed, Based
upon the experiment by Turns (1932), the composite sampling techniqus
ies provably the most ascurate method nowv used, It consists of subd-
dividing the sample into many small locks of the same eise, By select-

ing a sheaf of fiders from each lock, a composite sample may be obdtainmed,
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This technigue provides greater unifermity in the sample end adjusts
for the extrems variations of fiber fineness on contiguous aveas,

Relationship of Density to Other Eeonomic Fastors

After determining demsity, it is important to imow its relation~
ship to other factors which influsnce wool preduction, such as length
of staple, dicmeter of fiber sud surface area, If density can be in-
creased only at the sacrifice of one or more of the ether factors, it
is negessary to compare thelr relative econcmie importance,

It is generally thought that as density increases, length decresses,
Between dreeds of sheep, this relationship fs odviews, Coffey (1929)
nakes the unqualified statement that "meximum density tends to be assec~-
fiated with shorter staple and finer fiber,* Despite this thought, how-
ever, work by Bell, Spencer, and Hardy (1936) on Anerican and Tasmanisn
Merinos has shown that density end length of staple are definitely not
incompatidle and can both be attalned te a high degree on the same sheep,
Thie same experiment showed the denser fleeced sheep to be much freer
of dirt in ths wool also much less gressy. They saks the statement that
apperently sheep 4o not preduce aa abuniance of wool oll and slse
sbundant fider,

Werk done by Gerner (1937) slso chowed that within a breed, selec~
tion can lead to both long staple length and high deasity,

Because greater density can be attained along with imprevemente in
the ether factors of produetion, it seems important that density be
given 2a importsat place as a oriteria in selecting for iccressed produs-

tion,



Anisele Used

This study insvolved fifteen sheep from the flock owned by the
Utah State Agricultural College, Five sheep from sach of thres breeds ~
GColumbia, Hampshire, and Rambouillet - were selected at random, All the
sheep used were kept in the same flock at all times, Hecause the saviroa-
ment was the same for all sheep invelved, enviromment could not be re-
sponsible for any msasursable differences, Sheep were adbout 5 months old;
so pregnancy and other distertions were not present. Further studies on
these same sheep at different ages will be correlated with the present

study.

Bquipsent for Saspling
The following tools and materials wers used during sampling:
1. Sampling crate,
2. Upholstery needles and black thread,
3. Cardboard rectengle U by § imches,
4, VWirs Caliper with 1 sguare centimeter and U square centimeter
attachmente,
5. GSelssers,

6. Zavelopes to maintain sample's identity.

© 11
On sheep, wool growth follows a gradieat from fromt to rear and
from top to bottom in density, length, and fineness, BReeause the elde
erea is in the center of both of these gradients, it is assumed that



Pigure 1, Instrunents used in sampling, 1. Seissors, 2, Vira Tleece
Caliper. 3. Inserting post used for taking ¥ square centi-

meter samples, 4, Inserting pest used for taking 1 square
centimeter samples. §, Thresd for delimeating sreas, 6, Up-
holstery nsedles used for drawing thread through fiders,
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density values from the sides would fall mere closely to the real mesn
than values from any other ares,

Sheep were all secgured in a standing position in a special sampling
erate, The genter of the side ares was located by finding & point equi-
distant from the rearmest point of the scapuls and the hip done, The
lower side of the sampled area was on a straight line dack frea the
peint of the shoulder,

The sampled ares wes approximstely ¥ by 5 inches, The area was sub-

divided inte 6 equal parts by inserting upholstery needles ia the lwwol .-

and draving bleck thresd Shrough the wool in & straight lims, Hadlt'»f

. e
%a®

the 6 small sreas was assigned » letter with A, B, and C on top gom from

-c‘-

front to rear, and D, 5, and F on the bottom row, Hither al M‘lf! euti-
meter sample or a ¥ square centimeter semple was taken from esch .all,
ares, Vhether a small sample or a large sample was taken was due %o

' chanee alone,

Both the right and left sides of each sheep were sampled, Three
sanples of each sige ware taken from each side, Each sheep was sampled
a total of 12 timss, The side that was sampled first and the order in
which the small areaswre ssapled was completely randomised,

All samples were Saken with the ¥Wira Fleece Caliper, This instru-
ment ie esesentially a Vyedesa Fleece Caliper; however, it has reshsped
handles to aid in inserting the instrument into the fleece, snd it has
a knurled serew which holds the width setting constant during the samp-
ling operation,

After determining which side would be ssmpled first and the order
in which the aresas would de sampled, the fleecs was purted verticslly
in the first ares to be ssmpled, The Wira Csliper was thea set to the

deelired width and the Jaws of the caliper nu uurtoa into the fleece
25637
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Delines
ted
sreas on sheep in sampl
ing erate,

Figere 2,
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adjacent t0 the skin at a right angle So the part, Either the B square
contimeter post or the 1 square centimeter post was then inserted through
the jaws of the caliper. This delinested the desired srea. The caliper
wvas then worked out from the bedy about onme-hslf imch, clamped tight on
the enclosed fibers, snd the wool was clipped off close to the akin, The
ealiper wae then removed from the fleece and sll fiders that were not en-
elosed in the sampling ares were etripped away leaving oaly those fibers
vhich grew within the ssmpled ares, Tach sample was tied with black threed
to insure against lose of fiders, The semples were them plsced inm an en-
velope which was labeled ameccording to the sheep snd location from which

the sample was taken,

Frepsration of 28
m. The following materials wers used in the laboratory during
seouring, counting fibers, conditioning, reclesnsing, and weighing:

1. Lsboratory woel scouring eguipment.

2, WNo, 16 mesh wire sereens,

3. Blsek swateh for holding fibers,

4, Laberatory comditiocning oven,

5. Gooech type crucibles with fitted sintered dise,

6, Suction flask,

7. Desieater,

8. Glase weighing bottlee,

§, Chainomstic balances,
Seguring, Seouring was dome by sn emulsion process similar to the
commsreial mothod, The following order of vats was used:

Vat 1, 1/2 ounee of textile scda (sodlum carbonate) to eight quarts
of water, tempsrature 120°7,



Figere 3,

16

Materisl used in laderatery anslyeis of density ssmples,

1, Desisator for meintaining constant humidity, 2, Oeoch
type erueidle with fitted sintered disc for process vith
selvent after seouring, 3. Olass weighing bdettles, 4, Jen~
ditioning oven, 5, Black swateh for holding fiders, 6, We,
16 mesh wire screen for holding fidvers during seouring,
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Vat 2, 1/2 cunce of textile seds and four cunces of neutrsl soap
to eight guarts water, temperature 120°F,

Yat § and B, Vater only, temperature 110°F,

Eamples were obtained, then brought into the ladoratory for density
snalysis, Zach ssmple was removed from its eavelope and the information
on the envelope wae transferred to a sheet desigmed for deamsity work,

The thread was cut swey from the ssmple, and the sample was spread ocut on
scouring screens, The screens were folded and secured with olips which in-
sured agsinst loes of fibers during the scouring precess, Sauples were
put through the scouring vats in the order 1-2-3-4, The purpose of vats

3 and ¥ was to rinse the soap thereughly from the samples of weol,

After the emuleion secouring, each sample was bathed in carbon tetra-
chlorids to make sure any adbering wool fat was removed, Samples were
placed in & Gooch type orucible with a fitted sintered dise and after a
thorough washing with carden tetrechloride, the solution was filtered off
by & suction flask, The ssmples were then freed of vegetable material by
teasing the fibere apart with the fingers,

Counting, In order to obtain » represecatative portion of the sample
upon which to base the density calculations, ssmples were subdbdivided inte
16 parts ia ascerdance with Burns' teshaique (1932), A wisp of fibers wae
taken from sach of the 16 divisions, and combined inte one composite sample,
By uniferaity trial, run on the counting technigue, it was found that
ealenlutions Dased oa 500 fibers wore significantly more ascurats then
S$hume zo-oed o either 200 er 300 fiberse,
Five hundred fiders were counted out of each composite Seample and
sot aside to await conditioning, The 500 fibers and the rest of the sample

were kept separate, dut their identity was retained at all times,



Conditie Vel A unifermity trial was run on wool %o
estimate the value of conditioning, ¥Wool ie a very hygrosecopic material,
and small fluctuations in the relative humidity of the atmosphere will
cause changes ia the weight of & given amount of woel,

Different bdalances and different weighers were also tecsted to de-
termine the most accurate method of arriviag at weight figures,

Welghts on conditionsd wool were significantly more reliable than
those on unconditioned weol, The mest sccurate balance and the most re-
1iable weigher 414 all the weighing,

All wool was conditioned in small glass weighing bottles, The dry
wveight of the weighing bottles was determined by placiang the emptly
wttles in the conditioning oven and leaving them there for three hours
at & temperature of 212°F, The bottles were then placed in a desicator
to cool 90 minutes, Tellowing the cooling, the weights of the empty
bottles were determined on the chainematic balance,

The five hundred fiders and the rest of the sample were separated
by & small pisce of tin foll and plsced in the weighing dettles, After
conditioning in the same mannsr as the empty bottles, the weight of the
five hundred fibers and that of the rest of the ssaple was obtained by
deternining the total welght, removing the five hundred fibars and welgh-
ing sgain, then removing the rest of the sample snd weighing the empty
bottle and the tinm foll, By sequential subtraction, the weights of the
two fider groups were obtained without exposing the wool to the atmosphere,
Gsleulsting Density,  Trom the dry veight of the samples as obdbained
above, the mumber of fibers in the sample was caleulsted by the portien:

¥ v500 = N: 500
in which l'i = total weight of sample plus the 500 fibers; w500 = weight



of 500 fiders, and ¥ = the mumber of fiders in the entire ssmple.
By solving the above equation for ¥, the remult is:
s %“!’

The result gives the number of fiders in the ares sampled, To
compare ths four sguare centiumeter samples with the ens squsre cemti-
meter semples, the figure srrived at for the four square centinmeter sam-
ple vae divided by B, Thees figures were then smltiplied by 6,842, to
convert the aumber to fibera per square imch, Numbers wore romnded off
two decimal pleces and expressed to the nearest 100 fibers,



RESULTS AND DISCUSSION

Fresentation of Data

All data in thie study have been statistically analyzed in secor-
dance with Snedecor (1946).

For convenience in mnalysis and tabular gresentation, all density
values are given in hundreds of fibers,

Analysis of Variasnce, Hecsuse the Rambouillet sheep are more vari-
able in density figures, they are analysed ssparately from the other
two breeds, Tables 10, 11 and 12 (in the appendix) zive dreed averages
that illustrate the superior density of the Eambouillets,

Table 1, Comparisen of mean squsres obtained when taking Y square

centimeter or 1 square centimeter samples from Columbdia
and Hempshire breeds,

-
Yeriation I BTN T LTS T Lo

Between breeds 1 1663 0,94 53658 3.52
Between sheep
vithin bdreeds g 177% 43, oee 1521 6.01“1

Betwean sides
vithin shesp 10 W 0, 66 253 1.3

Between samples
within sides Lo 62 182

(Ssmpling Error)

Total 59

** Highly significant, #<0,01
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Table 2, Oomparisen of mesn squares obtained whdn taking U sguare centi-
meter or 1 sguare centimeter ssmples from the Hambouillet breed,

Source of 4§ sy, em l1s

| Yaristion L. [een S, ] W LT S L
Between sheep ‘
vithin breed s 470 9. 70* 9u27 2,02
Between sides
within sheep 5 976 L bb92 2.97*

Between samples '
wvithin sides 20 550 1579

(Sempling %rror)

Total 29

* 3ignificent, p (0,05

By comparing mean squares between ssmples within sides, the ssmpling
errore of the U sguare and 1 square centimeter ssmples are illustrated,
This comparison is the main objective of the experiment, Imn both tables
1 and 2, the error of the 1 sgquare centimeter sample wae approximetely 3
times greater than that of the larger sample, On the basis of this infeorme~
tien, it would tske 3 times a# many 1 sguare centimater samples to dupli-
cate the reliability of the larger sample, Pecause the Wira Caliper is
equipped with inserting poste of either sige, the large sample is just ae
easily obtained snd processed as the smaller ome,

Only the 1 square centimeter samples on the Rambouillet show any
eiznificant difference between rizht and left sides, Thie difference is
probably due to chance because other measures of difference betwesn sides
did4 not even spproach the significant level, Becsuse no differcnce wae
detected between sides, it iz safe to assume that wvalues bdased on samples

from cne side are as relisble as when both sides sre tested,
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Tables 1 and 2 show that & great dss) of varlation of deasity exiets
smong sheep of the ssme breed, Veristion between shesp of the same dreed
is sither statistically significent or highly sizaifieent in 3 out of the
&k tests using both 1 snd ¥ square centimster ssmples, The 1 square centi-
neter sample does not measure & significent difference in the sheep of the
hsmbouillet bresd, This fact iz coused by the larger sempling error of
the 1 square centimeter sample which wekes that sample less relisble, and
may alse indicate grester uniformity of density in the Rsmbouillet breed,

Table 1 showo that on the basis of the sheep sampled, there is very
1ittle difference detween the densitics of the Hampshire snd Columbla
breeds,

Bffect of sige of ssmple on securacy of estimste. Tsbles 3, 4, 5, and
6 show how the confldence interval® (at .95 probadility) 1e effected by

using ¥ square ceantimeter or 1 squars centimeter samples, These tebles
also show the effect of different sumbers of sheep n, different sides k,
and different numbers of samples k', on the confidence interval for
sheep groups, On the basis of information ia thess %tables, the same
confidence interval can be bused on fewer Ramboulllets and on enly half
ae many Hampshires and Columbiae when using the larger sample, Theese
tables aleso show thet ia estimating breed means, reliability is increased
such more rapidly by ssmpling additional sheep than it is by taking more
samples per sheep, There is no need to sample doth sldes of the sheep
because accuraey ls mot imeressed corresponding $o¢ the expense of labor
and time,

* The confidense ianterval at 0,95 prodabllity is the width of the range
negesary to aveld being in errer more than once in twenty times,



Tables 3, U, 8, sud 6 wvers obdtained by apriying the following equation:

§ 0.1 - 2/ (L.‘.‘M&H.;?. *,_E?'

Table 3, Effect of different methods of sampling for density on one-
helf the confidence interval (P‘- 0.95) when testing Ool-
entime

3

unbias and le
No, of o, of No, of samples per eide
sheep sides ‘i‘

1 13.2 12,6 12,4 12,3 12,2

2
2 12.6 12,3 12,2 12,2 12,1

. i 9.3 8.9 8.8 8.7 g7
' ‘o, '07 'o‘ ‘o‘ ‘&’

< 1 7.6 1.3 1. 1.1 1.3
2 1.3 7.1 7.0 1.0 6.9
3 6.6 6.3 6.2 6.2 6.1
2 6.3 6.2 6ol 6.1 6.1

Table 4, Sffect of different methods of sesmpling for deasity on one~
half the cosfilence interval (F « 0,95) wvhen testing Gel-

blas ® with gent L]
- s g T T

: PN SO S SU. S—

2 1 16,4 14,8 1k, 2 13,8 13.6
2 14,8 13.6 13,2 131 13,0

" 1 12,2 1.0 10,6 10% 102
2 10,9 10,2 1.9 9.9 9.7

6 1 10,3 9.3 9.0 8.9 &7
2 9.2 8.7 8.5 (R 8.3
1 9.2 8.4 8.1 1.9 1.8

’ 2 82 1.8 1.6 1.6 15




Table 5, Nffect of differeant methods of sampling for demsity on one-
half the confidence interval (P = 0,95) vhen testing Ram-
bouillets with the U square centimeter sample,

"'1:;.:3 ':id:f Wo, of sesples per side
8 < 1 2 . L 5
, 1 2.8 30,3 29.5 29.1 28,9
] 29.7 28.7 28.1 2.9 2.1
. 1 23.0 21.% 20,9 20,6 20,%
2 21,0 20.1 19.9 19.7 19.6
: 1 18.7 17.5 17.0 16,8 16,7
2 17.1 16,5 16,2 16,1 16,0
. 1 16,2 15.1 148 18,6 14,5
2 1,8 14,2 14,0 13.9 13.9

Table 6, Effect of different methoeds of samp for density on one-
half the confidence interval (F = 0,95) when testing Ham-
boulllets with the 1 square ceatimeter sample,

M To. Jm

a i 1 E ; L) ]
1 60,6 5.3 S61 555 5.1

g 2 55.0 5.1 525  52.2  SL9
1 B2,9 %5 397 39.2 369

» 2 38€ 3.5 31 369 367
1 3.0 331 328 321 .8

6 2 W7 0.6 3.3 301 300
1 30.3 28.6 28,1 21.8 27.6

. 2 2.5 26,6 263 261 26,0
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If 81 equals the time or money required te prepare a sheep for senm-
pling, and 32 equale the time or money necessary to evaluste s single sample,
then 2, the total time or momey spent ia sampling, can be expressed by the
fellowing equation:

Ta=n(tl 4 k's2)
in wvhich §] = 30, $2 = 1. These values were obtained by estimating the
relative time spent in this experiment for the different phases of the
sampling procedure,

Then, helding T constant, it is possible te show the efficiency of
various sampling procedures shown im tables 3, %, 5, and 6,

Because the B square centimeter sample was 3 times more reliabdle
than the 1 square centimeter sample, the smaller ssmple is not considered
in these figures,

The optimum valus of k' is independent of the total time spent in
sanpling, snd the greatest efficiency ies obtained when only cne side 19
sampled, when only 3 or ¥ samples are taken per sheep, and all additiensl
time or money is spent ia sempling additionsl sheep.

The optiasus value of k' is given by the following equatien:

¥ oy W

The fermuls, when applied te proper ? values, reveals that im thie

study 3 or ¥ ssmples are the most efficient; and that wvhen estimating a

group mean, say additional meney would inersase sccurscy more if spent on
obtaining more sheep than if spent on obtaining more samples per sheep,

Effect of logatien, The gradient of decressing density end fineness
of fider from froat to rear and from top to bottom over the sheep's body
at & vhole has been quite well setablished, To see if this greadient counld
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be identified on the small ores sampled, estimates from the twe frontemest
semples are peired, these from the two middle areas are paired, and those
from the two rear aress are paired, The front area is called location 1]
the niddle ares i loeation 2| end the rear ares is locatien 3.

Table 7 indexes mean velues showing locstion estimates for each
broed,

Table 8 is sn snalysis of variasnce showing the location effect on
the Coluabias snd Hempshires,

Table 9 is an anslyeie of variance showing the location offeet o
Rembouillets,

Table 7, Nean estimates for the thres locations sampled on Columbias,
Ksmpshires, end Rsmbouillets,

Front Niddle Rear Average

Columbia 137 133 125 13
Hampshire 118 118 1k 117
Rambouillet 285 299 306 297

Tadle & shows 2 eignificsnt difference in locations in sampling
breecds 1 and 2, Table 7 shows that the front region is the most dense
area and that the areas are progressively less dense ss sampling ap~-
proaches Sthe resr,

Table 9 shows that sny leocation effect on Rambeuillets was not
measured by the technique, 7The tremd, ss shown im Table ], setuslly rume
opposite to the trend shown in the other bBresds., This trend was not

significant and maey not b8 s real offect but dus to chance alens,
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Tadle 8, Anslysis of varience showving location effect in sampling Col-
unbias and Fampshires,

““Souree of
Varistion a.f. Hean ljgn ope
Breed 1 Ghige 2,27
Sheep within
broeds 8 2858 16, 9%+
g1des within
sheep 10 169 0,87
Location
within sides o 198 0.23
Location 2 g8 5,08
Location
X
Sides 38 161
Total 59

** Highly sigaificsant, P¢0,01

Table 9. Analysies of variance showing location effect in sampling Ram-
boulllets,

..!m‘g‘ ‘of. I!‘I m ."
Sheep withia
e L 17,89% 5.59*
Sides within
T 5 3,198 2,35

lLocation
vithin sides 20 1,363

+55
Loeation
Loontion 2

X
Sides 18

Total 29

¥ Significant, P <0,08




This information could indicate greater ualforaity of density on
the Rambouillet, It ecan bes stated that the averege figure in table ]
is the best eetimste of the true mean Jensity of the breeds.

It is evident that a gradient does exiet; and that when sempling
Coluabiss and Hampshires, the gradieat is marked enough te caude an
effect due to locatien, The importsnce of this effect would depend upen
the sigze of the area sampled.

Apparently Hamboulllets do not show this gradisat to the degree
that 1t would influence the density vslues arrived upon by sampliag.

Future work, This study will de correlated with another density
snalyels on these same animals at approximstely eme year of age, Oslpin
(1947) elaims that fider follicle musber increases uatil about 7 monthe
of nge and thet later demsity depends on the mumber of fellicles at |
months plus the skin expension ratio after that time, DUensity will be
gorrelaled with fleece welight and body weight to establish ite economie

importance,



SUMMARY AND CONCLUSIONS

ko spalysie of veriance study of 180 semples taken from 15 ewes
was made to tast the significunce of variation between » square éontt-
peter snd 1 square centimetsr samples, hetwesn sides on the same
sheep, between the sheep of each of 2 breeds, and between the breeds,

The Hambouillet bresd averaged much higher in density than the
folumbias or Ham-shires, The Columbise and Fampshires did not differ
greatly,

Sheep of the same bdreesd differed greatly and in the Hampehires
and Columbiss, the sheen of the same breed differed more tham the
averegss of the breede themselves,

No difference w:s detected between sides on the same shesp, Thie
is further evidence for the theory of bi-lateral development and removes
the nespessity of sampling both sides of & sheep in testing for mesn
density,

vYoan density sstimstes bzeed on ramples taken by the b squarse
centimeter post were 3 times more reliable than thore taken with the
1 square centimater post, In other worde, if the 1 square centimster
sample is taiven, it will take 3 times s many ramnles to muke as
relisble an estimnte as when using the larger ssmnle, Four square
centimeter somples are juet as easy to teke snd snalyze; therefore,
they should be recommended inm érofarnnea to ths emaller samples for
denaity annlysis,

Thie study indicaters that when sampling in sn =ffort to sstablien
& grou: mesn density, the greatest sfficlency ie obtained when only

onn eide is sampled, when aul# 3 or b gamples are teken per sheen,



and all additionsl time or money is spent in sampling additional sheep,

The Columbia and "ampshire gsheep showed a definite demsity grad-
fent, The forward location wus moat denmse, the middle locantion was
next, and the rear location w'e least denss, 7hie gradient was fairly
well defined in the emall area sampled &and so it must de considered
when sampling these bresads for deneity, This gradient was not detee-
ted in the Enmboullilet breed, which indiestes that the Easboullliet

may be more smifors in density ovsr the entire body.
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APPREDIX



GOLUMBIA BRERD

Table 10, Comparison of density vslues for individual samples, sheep
mesns, snd breed msun,

Right Side Left Side Right Side Left Side

% 89, _138¢. 48¢ 1 8¢ 48q. 18s. 48q. ) Sg,
129 158 127 161 148 16 LT 139
127 15 122 1% 147 122 18k 17
127 173 A 165 153 137 M6 1
AS22 AJWS
Right Side Left Side Right Side left Side
% 59, 138, M8, 1.8q %8s, 18 %8, 138¢
103 R 97 110 108 116 98 115
99 112 92 122 120 1k 105 116
90 113 88 17 138 1%0 129 122
A202
Right Side Left Side
48, 18, 3¢, 13g
1% 166 138 129 mﬁi‘”’”

Mo e a0 M -
9 % ﬂ 1A VL

14 159 152 156 Mo 1k 105 118 1k



RAMBOUILLET BRETD

Tadle 11, Comparison of deneity wvslues for individual samples, sheep
mesas, snd breed mecne,

Right Side Left Side Right ssmfi"E Left Side

%8, 18, %55 18g %8 18g, %5¢ 15q
300 24 239 198 347 33 269 354
211 W6 201 32 320 307 290 249
235 303 302 261 324 295 28k b20
Right Side a2 Left Side Right lﬂ%m Left Side

48, 18g Mg 13g Y85¢, 13%q, %53, 18g
343 324 354 302 293 13 237 235
323 W 29 297 223 258 232 198
3n 270 283 298 213 22 25 73

Right Side u® Left Side

“5g, 185 48g 1Sg
348 304 346 okl Breed Mean

352 356 333 278

2917

MHesn
I R T - oy iy
28 317 N9 25 39



HAMPBHIRE BRMED

Table 12, Cemparisoen of density values for individusl eamples, shesp
means, and breed nasm.

Right Side ) Left Bids Bight Su%:ﬂ Teft Sids

MSe, 18, Si, 1S, NS, 18, A3, LSa
129 140 127 128 116 112 120 108
127 138 135 135 110 122 120 19
130 155 122 126 101 118 116 119
Right Side L Left Blde Right HEE Loty 510

%8, 18z, 2%, 258g 38, 18q %S¢ 18g
100 125 104 se 130 104 118 102
106 101 104 109 118 121 129 137
106 16 13 96 17 103 115 us
Right Side — Left Side

% 5q, 18g, %8¢ 1 8q Breed Mesa

12 118 105 142 17

102 125 115 118 Shues 3

114 W 17 108 ASIO A20 4300 A920 A3

133 115 104 117 114
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