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HISTORY . 

here has been very little systematic effort tows.rd im­

pr ve t of any cl se of liveatock by using a. system of cross 

b ipg . 

Most of our pre ent broeas of sheep , according to Charles 

Plumb* . origin ted from unsystematic orosa breeding. Thia oross 

breedi however was not the crossing of clistinot breeds • but 

rather a minglins of a genero.l type with a more firmly estab­

lished type or breed . The improvement that has been brought 

about is duo mainly to selecti on rather than oroeoing. This 

latter stateJJJ!nt is proven by the faot that most of the improve­

ment haa occur.red 1n later years . 

The most recent attempts at establishing n type or breed 

by cross breeding have been carried on in New Zealand , Australia , 

ana the Government Sheep i'arm a.t Boice , Idaho ., 

The first mentioned oroaa-breGding 1n New Zealand and 

Australia was not by systematic experimental trials . bu.twas 

bro11ght ,abou.t by an increased demand for mutton. The early 

history of the sheep 1n these t 10 countries shows th1lt the 

main o~jeot in keeping oheop was for the wo ~l produced . hen 

land became higher in price and cold otorage shipping wns devel­

oped the sheep men natu.ral].y gave som consideration to mutton 

produ.ct1on. In attempting to prodnce mu.tton they t ore loathe 

to sacrifice the fine ~ ol sheep becaus e they wore admirably 

s lli ted to tho range coni i t1ons . The resa.1 t as t he dovelopment 

of a system of crossing theso fine olod sheop on t ho Lincoln 

*Types and Breeds of Farm Animals , Charloe Plwnb. I 656 . 

I 
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d .otawold . long wool breeds. 

The reslll t of this orossing is a breed called the Corri dale. 

Th. a ha.e not been establ1s.ned as a breed ,l!Ji th definite oharac~er-

1s'tica bat is recognized as a breed by Mr. Plumb*. 

The eond1 tions on the range in -tlle northwestern pa.rt of the 

1 ted Sta.tea w•ere similar to those of . Bew Zealand and Australia.. 

The need of a breed for our range country that tvot1ld be a aual 

purJ}Ose breed was e2rly reoogn1zod by the U. s •. Department o.f 

Agriculture and a systematic effort to establish s11ah a breed 

i.vas started. 

The system uaea by the Department cf Agrion.ltQ.re was mtl)h. 

the same as that mentioned a.s used in New Zealand. However , a 

systems.tic method of sel&et1on was followed. 

There has been no d ata1led peport of this trial pu.blish-e·d; 

ba.t this work has progressed far enough that the u .. s. Depal'tment 

of Agrioult u.re is encouragi~ the u.se of the name "Coltlmb1an" to 

designate this cross-breed . 

The Bew Hampshire Experiment Station has. stndied the 1n­

beri ta.nae of :feotmiity and the results ot this study al'e reported 

1n the New Hampshire Technical bulletin No. 14 by E. z .. Ritz.nan. 

The original. part of this experiment ,ms started in 1909 

by Professor John A. Craig . 'then Dean of the School of Agric11lt11re, 

and Director of Experiment station at Oklnhom2 A & M College~ 

**"To give the plan of the experiment in detail we qu.ote here 

f1:om 'the first ttv·o paragraphs of the memoJhmda snbmitte4 by 

Professor Craig to the office of Experiment Stnt1ona. Washingt.on-, 

l). c. in 1909". 

*'l'ypes o.nd Breeds of Farm Animal.a. 6 

•~Oklahoma station bu.lletin 126. 



•" ere great poeeibilities in breeding ·1ntor lambs in 

Oklllh the Sonthwest beoa.use ;tho atate is eminently adapted 

to beep, the inter conditions are favorable for 1;'1i.nter lamb 

bree41I&g a there are large profitable markets for lambs at this 

time: bnt e do not have n breed of sheep at preoont that meets 

in a satisfaotory way all requirements. I h ve experiroonted 

1th the Dorset, the Shro~h1re and the Merino at the V1soons1n 

Experiment st tion sufficiently to know the right way to cross­

\Jreetl these to prodnce a sheep that will be the equal of the 
• 

Shro:Pehire in mutton qualities . prod11ce fleece orth more than 

the l!Orino and have the peonliarity of the Dorset of breedi[€ at 

a.rxv season. w1 thot1t h ving horns and o thor disadvantages such as 

l~ght fleeces and poor mntton form. that the pure bred Dorset 

usnally possesses. 

I made tho first an~ sec ond crosses of Dorset rams on 

Shropshire e es and I find the Dorset characteristics ·could be 

grafted on the progeny in tm t way . It would be an important 

line of 1ork to get thorough statistics on tho exact number of 

crosses that it is necessary to make . Some of tho second cross 

had the Dorset characteristics and moro of the third cross b11t 

jn.st ,hnt proportion has never been determined . Mendel ' s la.w 

could also bo tu.died in this ork. " 

The sheep have been in c harge of the Animal HllSbandry 

Department and the ,:•ork has boen under the supervision of the 

j 

following men: Profossor J. A. Craig , 1909; Professor • A . Link-

later , 1910- 1911; Professor c. I. Bray. 1911-1914; Professor 

*Oklahoua Station bulletin 126. 
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D. A. Spencer 1914-1917; Prof'-e,sso:r F. S.: Russell ., 1918 ; P:rofesso: 

w. '!. Magee a few months following Mr. Ru.saell ., and myself , 

A.; E. Darlow.for the years 19l9-l92i. 

The fou.ndation floaks consisted of f'i.fty purebred l)orset 

ewes and one imported ram; twenty- f"oui: pu.rebl'ed Shro~hi.re 

imported ewea I ani one :ram~ twent-y- fl.ve pure bred Iler1no ewes 

and one ram. 

* "The obJect of this experiment . is l'fl&lly two- fold : 

First ,, to develop a type of sheep ii.hat will b& pn.:rtioula.rly 

s Ill tad to the o lima tio c onl 1 t ions ot Oklahoma. by er oa s-bree ding 

Shropshires. Dorsets and Merinos; and Second , to study the 

inheri ta.nee of au.ch ohe.raoters aa conforma.t1on.., size, we1ght. 

· growth, horns. color markings. folding of sk1n fleec·e . time 

of breeding. t1m& of lambing ma prolifioaor. " 

The type as deserlbed in Station bulletin l.26 is about 

o.s follows: 

l . A desirable mu.tton conformation-. 

2~ Ewes to bre$d freely :i.n M,e.y or Ju.ne . 

3~ Desirable size similar to that of Sllropohire. 

,~ A fine denae fleece w1 th excellent qun.lii;y and good 

length. 

* OklAhotna Station lhtlletin 126. 
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5. Prolifioaor maintained to a high degree of excellence. 

6. Hornless character to be 8stabl1Shed as soon as desirable. 

7.. Do.rk color of face and legs. 

a. S.heep not to have excessive folds. 

The cross-breeding started in 1910 and all three b:reeds 

were combined as soon as possible., The method of _procedure 

for the varions charac-ters precede the discuss1on of said 

chAraeters in the body of this thesis. All the characters 

mentioned 1n this introauotion were observed and t.ha observation 

carefully recorded. Observations wel'e nr,.de a.t birth and at the 

ages of one ••k• one month . s.1.x months. nine months , twelve 

months, eighteen months . twenty-foar monthS a.nd thlrty months. 

Explanation of wool data will be .tou.nd on pages 3 31 3 7 I> 31 

of this thesis. 

1f.ABLE SRO IliG SYSTEM OF MATING AND METHOD 
OF DESIGNATING TBE BREEDS Alm OBoss·-:sBEDS . 

l ( section 1 ----
Shropsh1~• 
Dozs•'t 
Bamboulllet., 

seotton 2 ------
Shr.opShin--Do.rsat · 
Shropshlre- Jbimbo a,.lle1} 
Shropshire ( Do:met-Rambottillet) 

Dorset-Shropshtn 
Dorset-Rambouillet 
Do.rset ( Shro_pshire-RamboUillat) 

Rambou1llet-Shrop shire 
Rambouillet-DorBet 
13.al'lbou.illet {Shropshire-Doll'set) 
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Seotion ! 
{ S - Shropsh1N 
{ U - Merino 
( D .. Dorset. 
( R - Rani>ouillet. 

SJmbols -

(S (D-R) )-(D (S-10 ) :: 83 D3 R2 :::: a 
(S (D-R) )-(R (S-D) ) : S3 R3 D2 • b 

-----------
(D ( S-R} )-(R ( S-D) ) • D3 S3 R2 • a 
(D (S-R) )-(R (S•D) ) : D3 R3 S2 • o 

Section 4 ----
a -i-b ■ (S (D-R)-D (S-R) ) -- (S (D-R)- R (S-D ) • S6 D5 R5 • •1 
• 4- O • (S (D-R)-D (S-R) ) -- (D (S-R)- R (S-D) ) : D6 86 R5: b1 
b ¼ o ■ (S (D-R)-R (S-D) ) -- (D (S-R)- ~ (S-D) ) a B6 85 D5: 01 

Section ti ----
Al -l- bl : Su »11 B10 • % 

•1 ¼ 0 1 • 811 R11 D10 : V . 

b1 • •1 • »11 R11 510 • z 

section 6 ------- -
X * 'Y • 822 »21 K21 : .& 

X ¼ z : la ~1 821 : B 

r' y _. e : R22 »21 S21 • C 
\ \.. 

The following are the conclusions arrivea at by • 

Ru.asell from his work and stucty of all previol18 records; and 

published in Stntion bulletin 126. July 1919. 

1: ' The p6lnt has been reached ere can begin breeding 

cross-breds of the same cross. The eighth cross has been reached. 

After a few years of interbreeding cross-breds, more definite 

conclusions can be drawn in regard to type. 

✓ 
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2.. A dominance of mutton c.onforma.t1on has been maintained with 

60, ot \he inheritnme of the Shropshire or Dorset. 

3. '!he l.t-erinos !Ula Barmou.111et_s have uansmittod their 

deneiiiy of fleece. 

4.. The absence of folded ·akin in the mutton breeds seem to 

be dominant over the pre-senee of fold-s in the fine wo.ol bzeeus. 

5.. !he da:rk markings of the Shropsh1res are dominant in 

'the I'. generation .. 

6. The early bree-cUng character of the Do1:set is d.Om1nant and 
I 

can be e_stablishe4 by selecting thos-e 1nl1vidu.als thnt are born 

in the :fall a.nd have proven themselves: to b.e early bJ:J3edera. This 

chai-a;ote:r (early breeding) seems to follow the Uendalian :ratio .o:t 

1-2-1. !here is no doubt ·that this emrao'\er can be fi.Xed in the 

higher crosses. 

'f . .,, The Dor&et has shown u.p as a very good general pun>ose 

sheep, lacking som.ewhat in smoothness and wool prodnction. lt 

appears that the Dorset is the founds. t ion on whicjl .1mp%'ovemer.at mu.st 

be built 1n e-sta.blishlng a new breed. 

a. ~he: Shropshire is c>f course the ba-st ma.tton type a:ad sheab 

s. fleece exceeded only b y some of the crosses. It is a.nusual for 

tha Shropshire to drop lambs earlier than Feb1:u.ary. 

9.. The Merino has shown t1P e:xceedingl7 well as an earl.1 lamb 

prod acer. bU.t is small. grovrn slowly ana does not produce a desir­

able mtitton earcass. 

10. The Ramboaillet was substi ttited in place of the Merino 

in 1915, and hns added more size and a longer s tap Led fleece to the 

crose-breas. 
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11. Maihematioal inte:rpreta t ions of th.a details of fleece 

inheritance are now ander way. 

12. Among the cross-breds we hsve several very -desirable 

individuals. IllllBt:ratiorw of as.me can b-e stu.died from the fore .. 

goir,g plartes. 

J.3.. In 'ti.me of lanbing for the p1.1re-b:red ewes. the fine wools 

haTe stood first in f all ana winter lambing.. Dorsets a rather close 

second,, and Shropahires decidedly third. Of the o:ross-b:reds in 

the F. Generation the .Merino-Dorset seem to have an average 

lnmbing time midway between the :Dorset and Merino; the Shropshire­

Dorset ID1dway between Shropshires and Doreets. and the Shropshire­

l!erino midvmy between the Shropshire and Merino. The highe:r 

crosses have not been bred on large enough nwnbers to give. definite 

resa.lta. 

14 .. O:f the ewes that have lambed. the different breeds and 

crosse$ have shown the ;fol1ov,ing percentage of proli:fioacy: 

Doreet. ---------
8hro:psh1re ---------
Merinos ---------
Rambou~liet --------­
:8hrop.-Donet -------­
Jlel'i.no-Dorset -·-~--

. Shrop.-M.er1no -------
S Om) ---------
D c mo ---------11 (SD) •-_____ ..__ 

l48f 
139% 

114~ 
139;; 
1381 
109~ 

. 15~ 
· 125~ 
15~ 

15. some of the rams of all the different crosse.s except 

those bavtng 75% Shropshire inheri t a noe have grown sou.rs or horns. 

al °t'bou.gh a. few rams having 26%-150% Shropshire inheri tanee have had 

no horns.. The horns do not ocour so frequently in the females. 

f 



Horns have not in a single case occurred on ewes possessing 5~ 

inheritance o-f 'the Shropshire or 2si o:t ta, Shropshire and soi of 

the Merino where the remaining 25% wn1t Dorset blood. !he hornless 

,character of the Shropshire is d oo.btless dominant in the fems.le 

offspring. 

16. It will prove more eoonomiaal to ,10rlr with compuat1vely 

srmll nwnbers. InV'estiga tion to aate has shown tbt t spring lambs 
') 

tend to prod u.ce SJtr1ng lambs and :f'a.ll lambs produce :fall lambs,. 



INTRODUC!l!ION 

I n beginning the work on t.hla experiment I start.ad a.t 

the point r-eaohed by Mr. Russell · and reported 1n Okl.abona 

Station bulletin Ho. 126. P1tblishea ln 1919. 

It tvas necessary 1-n planning this vvork that I follow 

re.thor olosely the proposed system of ma.ting fottnd on page 

9 of Oklaho r:A Experiment Station bulletin No. 126 and 

recopieo in the general introdu.otion to tnis the.sis~ !his 

neoeseity is evident men the objeets o:f this partictilar 

phs.ee of the v1ork a:r:e considered. Pa.rt of my wark was ta 

determine whether eonel us1ons reaeheci in 1919 woro ja.stified 

in light of more recent data and part was to get d&fini te 

resu.l ts regfU'ding those points wbieh were still undetermined 

from the previous work done. 

The system of designating the breeds ana cross-breds 

in 1UY' work was the same as that shov;U on pages 5 and 6 of' 

this thesis,. 

!Phe stDdy of the fineness. scoaring compactness and· 

covertng of fleeee followed 'tha t aescribed on page -5 

of the Introduction of this thesl-s With the exception that 

in 1921 we u.sed the Bradford count system to dosignate fineness ~ 

The Bradford OOIIJli system 1s a system that was developed 

1n the Bradford millfi' of Eriglanli anti ls based on the weaving 

qu.al:1.ty of the· wool. The count given a part1ct1lar fleece is 

the number of hanks. ( 560 yde ) of ?{nrn that one polUld of combed 

neeoe Will weave . 
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. Th• samples showing the fineness of fleece for the 

varions countQ were furnished by 

u. S. Department of Agrict1lt11re. 

• D. A. Spencer. of the 

The resu.lta are obtained by 

a system of comparison. They nre not as accurate as those 

obtained by microscopic measurements bt1t are mu.oh more 

praotioal. 

The terms need to designate fineness, compictness 

and sovoring of wool were changed to numbers. The system 

of estimatine these various iteue was not chan ed bt1t 

nwnbers were substituted in order to arrive at a definite 

comparison. 

Object one of my orl{ 1s a oont1nnat1on of the ork: 

preceding and the conclusions regarding 'this point were 

reached after three years' work follo ng the plan ontlined 

by my predecessors. Objects 2 to 6 were to check 

sonclusions reached by other investigators and to get some 

new infornntion re arding fleece inheritance. 

As was stated in the general introduction. the 

Ranbollillet was s ubsti t11ted fo-r the Mer 1no in 1915. All 

the terinos were not disposed of at this time and I will 

a1scnss the purebred Merino in this present work. There 

were also a number of the cross-bred Merino sheep present 

when the Merino wns dropped ~na there will be a large 

number o:f these erino crosses in the :fo.llo ing discussion. 

// 



OBJE05!S 

I 

To continue ·the atmy- sta:rt.etl regarding the eross­

b:readil.l5 0£ sheep, in the effort to dov&lo_p a new breed 

so.1 tad to Oklahoma climatic eon:l itions; au.ob study to be 

carried on toa defini. te conclusion. 

II 

lo ascertain whether the dark marking$ of Shropshire 

or Vlhi te markings of Dorset and Rambottillet are a ominant .. 

III. 

To determi.n e whether the polled oharaate:r of Shropshire 

1s dominant over horns of Dorsets in Fi generation. * 

IV. 

f ,o study the 1nher1 tano•e of weight., fineness,.. compact­

ness. scouring and covering of fleece of the BarnboUillet, 

a. fine wooled breed. When o-roseed with Dorset and Sltropsh1re,. 

medium ..,.., ool breeds. 

v. 
ro determine the aominnnce of smooth or wrinkled 

akin and to Bttldy the relationship between folds end fine­

ness of fleece. 



.ge 14. 1'&.ble showing presence and location of folds a lso presence 

or absence of horns. /3 

olde Unmber with folds 011. Hor:es 

ed :no, : Ieok 'l'ail :13od :~hi?h:Looso:smoath:Present : 1-.~sont 
D- i ') sheep 
. -D :14 . -· . --: . 7 . 7 . 14 . 0 . . . . . . 
-s or 

S- ll ) . 3 . 3 . 3 3 . 3 . -- . --- . l : 2 . . • . . . . 
M-s) or 
s- ) . 2 . 2 . -- . -- . -- . -- . -- . 0 . 2 • . • . • . . . . 
or .0- :42 . 24 . 6 . 6 : 8 . 10 . 8 . 42 . 0 . • • • . . . 

S-D or 
D- S) . 2 -- . -- . -- . -- -- . 2 . 2 . ~ . . . . . . . 

:12 . 5 . 2 . 2 . 2 . 2 . 5 . 8 . 4 . . • . • . . . . 
• 
:12 . 5 . 2 . 2 . 2 . 2 . 7 . 8 • 4 . . . . . . . • 

:12 . 2 . l . l . l . 1 . 10 . 8 . 4 . . • . . . . . 
s-M) . or 
Yi-S) ?.17 .. 2 . 2 . 2 . 2 . 6 . 9 . 10 . 7 . . . • . • • . 
or S-D :43 . -- . -- . -- . -- ):, 

--
43 ~ 7 . 36 . . • . . 

3) s-tt 'i t 

or . 
: 24 . 15 . 5 . 5 . 5 . -- . 2 . 2 . 22 . • . . . . • • 

D) or D(DS) : 25 . -- . -- . -- . -- . -- . 25 . 22 . 3 . . . . . . . . 
)) oi, ll (D-S) : 24 . 12 .. 7 . 7 7 10 . " . 20 . 5 . . . . ,., . . 
)-M) )-(d(M- S) . l -- . . --- : -- .:: -- 1 . 0 :c, 1 . . . . 
m) )-(M( SD )) . l . -- . -- . ... .... : . l -- . 1 . 0 . . . . . . . 
) ) or S ( Dl ) I :44 . 14 . 4 4 . 4 . 9 . 21 . 24 . 20 . . . . . . . 
(MD) . 3 . l . -- . -- . -- . 2 . 0 . 3 . 0 . . . • . . . . . 

(SU) . l . -- . -- . -- . -- . 1 . -- . -- . l . . . . . . • . . 
[) ( (S ) ) . l -- . --- . -- -- . 1 . . 1 . --. . . . . . . 
SD) (I s)) . 2 . 2 . 1 . 1 . 1 -- -- . 2 . --. . . . •- . . 
M { SD)) l -- . -- -- . -- l . -- . 1 --. . . . 

(LD) - . 3 . -- . -- . - . -- . 2 . l : 3 . --. . . . . . . . 
( SD)) . 4 . 2 -- :ti -- . -- . 3 . 1 . 4 . --. . .. . . . . 

' (SD . l . -- . -- . -- . -- . -- . l . -- . l . . . . . . . . . 
D ( DM l, l . -- . -- . -- . -- . -- . 1 . 1 . --. . . . . . . . 

• 



P o l • 

t ble no . I nho·, • 10 nh ri t· 10c 0 1· ho "olc, or 

in.i.;l r o·... ol { or ml net -~.;. o or U.e i ... n.ctor 

or r orna . /l y •lKop , he, 11n-­

cor n1n ~ ~r cl • ~ ,l 

o l t · an, nnrx-:oc1 

mo<1c t .. u t ton c n£ t .. J 

to 

·the 1:irocl or!'lino.nco of he o th 

,recc i ,.,. u'!.:no ,c ob""'orv tlori o"' t, }:o loc~ . it io dlf"icult 

to ebt i n tho doo l.rcd 1ncno or fleece withoov n.t -.ho 

ti . ,ct 1ng t u o ✓ ira.bl :ro~turo o oldo. 

It ~ 11 b noticou i .... le 1- i or .. - D e r c of 41! a.ni .. le 

only O t'i ro cmooth. 24 lad fo D nt noo ". 10 ahoy, c· looaon o 

n O wo o ,'T iru:l ,., 11 O't'or t:10 bo :7 . !'."he - s 01" ' cro . o 

# ho , od but moot • cl c p ou.~ o 24 . lb htld ,.oloo nt nee· nn 6 

ere •;rini::lo· ull over. 

Tn , ( Sl> ) er o 

DOC". ond 7 h d olc1 

~ C t- D) 44 an1rnlo 

n 4- fJ!'.:100tl' • imnl 

11 ovo:r. 

ho·, 3 21 n.n1 lo 

out of 24 . 12 

moot , a 14 l1a 

.d c C oroo l.'1.d r-. cmot out o~ 12 ooiCl.<l 

A hn.d 10 oo of l!; n.nir.r. le. 

• 

folti 

ol blood tlnn oitber of 

.u10 horno o ~rnc "er 

.. 10ot cone nt-r t1m~ o tl1io blooa . 

be h. r ar, ovo:rco... . . 'brooo ,ut 

bocn "O -c- ~ rul ·1 on crooco 

,1iv . b S ro ... 111·0 • . .!.'l.o Dort1 tL hn.vo hoinn iu oth ox nn to 

' or ino iri 11 rnm. 

,. 



16. 

Th r D- S or s-D~ro o on 3G 

w1 thout home. Th hor lo o character of ti 
) 

Shro, hiro 1 dor· n nt ovor tho orno of tho orcot. :a. 

S (SD) or S (D~) hod nn1· lo d both hnvo ,orn • 11:io 1 n em 11 

oa or conoontrot1on o ~ .ro1 ohir bl o 

t l n 1n .o .... or r oro • 

Ah D (D( . )) cross oho 4 showed nt out of thro 

o.n1oalo 11 roo rul horn . sov ntoen 0.A. t.bo D(S.,) or o o\7 

10 oith homo nnd 'I mthont. Of c!6 ( ) or ( Dn ) wO had 

horn. on ~ did not . ih l tt r 1o 1 lf1onnt ooat1Go it 1 

n h1 hor ro nt ot n in D ( s ) or ooc. 

0 th • B no C cro one l h d 01 · ht ~ r.l1 B 1 hor r 

and foa:r t out . Tb c onccntr ti n of or et bloo ia differ nt 

1n o ho o t c cro o • u tho 1 o o.r n. in 

n • 

It 1 bo co fro t ... oro otn tob t .·1t tho horn 

c . me tor oppoar r co b·o ,, t tit1oc o 1 

bl 1 pro ont to CUJ1':' con rnblo o 

t.• , hon t ho Dore t 

· t1on .. a horn 

aro pro cnt 11 t 10a t n ore 1 tor- o t . of o ring. 

*R olutlon . r... 1 n oo Rcrooity , R. H. Loo • 
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II 

Breed 

Dorset 

Merino 

Sh rQ s.h ire 

Tat>le sho win the peroenta _,e of ewes of tile Tarioa.a breeds e.na 
orose oreeds lambing w1 thin ®l lii ven 3 nek period. 

: ... : 
:Ending: FeD.:~ar. : Apr. :May 

:lo.:JaJl.30: 21 : 14: : 7 1: l 
:Sept: Oct.: iOT. : 
: 2J. : l4 ~.: ? • • 

Dec. :ao.of:No.o~ :Peroent 
1 : fall:~ pring:o~ fall 

:91: ti.6: 11: 20 :23.39 : 6.6: 1.1: 1.1: 12 16 .6: 36 : 

:16 : 6 .26 : . : 6.26: 26 : 6.2b: -- : -- : 26 : 31.25: 9 : 

:27.5: 37 : 24.2: -- : -- . . 3 l : 

70 • • 30.7 * 

7 : 66.26 

32 

fiam ouillet :f2 : 13.63: -- : 9.1: 13.63: 9.1: -- 9.1: 36.36: 9.1: 12: 10 : 64.6 

S-D 

D-S 
D S 
D (SD 

11' or D 

D-~(s(;,m)) 

: 61: 7.84~ 13.92 7.84:21.61: i.8 : -- : -- . . 7 .84: 31. 67: 20 : 31 

:11 : 

: 8 : 

:39 : 

:27 : 

: 2 : 

---
25: -- . . 26 

5 : 10 : lf> 

9.l: -- :9.1 

-- : 12.6 : 

: 6 -- : 12.6: 26 : 23 

8 : 24 

6 : 16 

: 16 

7.4: ~.7: 11.1 11.1 : 3.7 : - --: -- : 22.2 : 40.7 17 . . 10 

6 21.6: 8 

-- -- 60 60 _,.. : -- : -- :---- : ----: 2 

• . 

. . 

26 

26 

60 

63 

_3 ___ ( __ MD ___ ) ___ : __ 2_6 __ . __ : __ 2_0 ___ 2_0 ______ 4_ : ~4 : -- --- : 20 . . 8 

00 
28. 

M (D-S) 
:U: (S•l>) 

D ( D( SD}) 
D (D-i} or 
D (ll-D) 

A 

: 1 : 

: 6 : 

: ,, : 

. --

. -­. 
11.l; -- . • 

: -- : 100 : 

: ~o : 20 : 

--- . --- . ' , 
·---· . . 
----- . . . 

---
---- . . 

;44,4; 11 ,1 · fi ; fs ,L 66.6 

00 

40 

---

----- -----; 1 

-----
. ........ . . . 

2 

1 6 : 14.3 



It t"Jill bo t:omc.'tibo:ro4 tbnt tho obJoct for ho., 11.11 tho 

Do1·oets ln this exper1roont ic o.u ncuount of their oar lj br edinf~ 

q®lltiee. 

The proood1 ,g cl1o.rt ehot10 t Nit t ho porco.11tnse of fall 

lnobs 1n th.a Dorset breed wns 50. 7. nnd the :aorino 56. awo5. 

/ 1 

The S-D orora hnci 39 . 2~ fall lnr:!bs. Tho I> (DU) hac1 L6~, fo.11. 

Tr.o. S-ll cross ad o. higher poroontago of fnll ltlr.ib£ tir'L, t ho Doroct 

puro breds. it.a D (DS) had a omnl ler porctmtnco th on c1 thor t l10 

lJOJ.'Bet or 8-D. Thirty nine lo.mbo uorc born from rt- D or ~! 

croso nno GO% of tlnm oore .fnll lomba. This 1.s 1nllne llth ,'l'hnt 

□it.ht be e. pocte¢t ba.t 2'1 S-U or .ir. s hnd n porcontagc of 63 far fnll 

lo-.obs . Tho 8hropobiro 10 n loto broodinr: shoop,. thoroforo thia 

rocult io hnrdly t'mnt t•ould bo expocton. 

Toa poor cboutng of t.110 u.oroet rI.Ay bo . tt14 l bntod 111 part to 

the lo.en:. of' proror feed1n~.that S.s groon :f'oetl or flu.ahi.tr. during 

the eM' ly breading enson. It .;111 nloo bo ooon ln.tor thnt tho 

Doroet reotlc oorly but the porcontr1.~o of ln.nbo 10 atnll in th1o 

brood ao oomparocl o tho othoro. 

'?110 oerly broedil'-\:3 ot t he uorcoto rtt this atntlon br1ve not 

ooci up to expectation-: or ac hlfT•h 1.l£ f)O o.r tho othero. ·Thia 

oorl3 breec11nf'; of tho t-ioreoto 1s r.10ro of nn im1vtauo.l matter than 

breed cha nctorietio . ,to io sho\'JU olnowhoro . a vor: hi gh pcrccnt­

oge of tr.o a~Jee t 1:tl t nro born 111 the fnll \·1.ll p1~ro u.oo fnll l<1,rr.bo. 
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III 

. . 

:table shoWi the peroon tage of ewes or 
the various breeds and cross breeds taki 
the r for the fir t time in any iven 

three weok period. 

•Week . . . . . . . . . . . .. • . • 
. . . . • . 

:Bo .of :Ending: ., . . . . . . . .. . . . . . . . 
llreed :ewes . ll,i: 31: .Tun2l: lt1.14:Aug'1 :Aug31: sep2l: Oot14:Bov'1:B0T31 . . • • . . . . . . . . . • . • . . • . . . . 
Do2'8et . 99 • .,, :25.2 :15.l :10.08: 6.1 . 8.l . 8.1 • 13 . 7 . . • . • . . . . • • . • . . . . . • • • • • • • • • • • • 
Rambouillet: 26 :84.6 :ll.6 . -- :15.8 :ll.6 • 3.8'1:ll.6 : U.6: 11.6 : . • 

• : • . • . . . . . . 
• • . . • • . • • . 

ShroR!hiX'e . 34 . -- • 3 . g . -- • 6 . 3 • 30 . 45 . 6 . 
• . . . • . . • • . • 
• . : . .. . . . . . • . • . . . . . • . . . 

Jlerino . 24 20.8 :20.8. :16.6 :4.1'1 :12.5 . 8.3 :4.1'1 :4.1'1: 8.3: . • . • . . . . . . . • . . • . . . • • . . . . . 36 . 5.6 :16.6 • 8.3 :13.9 :13.9 :23.2 . . . . . . • • . • • . . . . • .. . . . . . . . • • • • . . . • . 
" . 8 . __ .. 

:3'1.5 :12.6 . -- • 25 . --- . --- . 25 : --- : . . • .. • . • . . • • . . .. • . . . . • • • • . . . • . . 
D ( SD) oz . • . . . . • . • . . . . . . . .. . . . • . D fDSl • 14 . 14.3 . 7.1 . --- . ---- . 7.l :14.3 :14.3 :35.5: ,, .1: . • • • • • 
JI . • . • . . . . . . . ,,, . . • . . . . . • . • 
)( . g • --- :44.4 :ll.1 • -· :11.l :22.2 :11.l . -- . ---- : . • • • • 

• • . . . . . . . . . • . • . . • . . . . . 
S-M or s • 26 • 28 . 24 . 20 . l2 . 8 . --- . 4 . 4 • ---- : • • • • . • • • . • D-s or: . .. . . • . .. • . . . . . . . . . . . • . . . 

S-D . 39 . :15.4. :2.56 :15.4 :117.92:7.68 :20.48:12.8:'l.68: . . 
• . . . . . . : • . . . • ·• • • • • • . . 

D (D SD . 2 • --- . --- . --- • --- • 50 • --- . --- • 50 . --4a: . .. . • • . . . . • . . . .. . . • . . . . . . • . • • . . . . . 
D-S ( S(U-D): 2 . -- ♦ --- . -- . --- . 50 . 50 . --- • -- . ---- : . . • . • . . • . . • • ,. . . . . . . • . . • • . . . . . . . . . 
D)( or Ml) . 41 • 19.6 :~6.8 :'l.32 :9.'16 . :12.20:'1.32 :4.08 :7 .32p4,.8 : . . . . . . . . . • . . . ~ . . • • • • • • • . • 
D ( . l3 . 23 • 46 . -- • - . --- . 7.75:7.'15 . -- :15. 6: • . . . . . . • 

The above tabl n.s stated 1s to how the percentage of the r-

1ous breeds nd oroaa-breds th t br a for the first time in any given 

season. This h a nothing to do wlth lambing $ many of th services 

noted above failed to impregnate the e~e. It Will be noticod in study­

ing this table in connection With the one on lambing that the fignres 

do not necessarily correspond. Thero wore bo~t 57% of tho Dorsots 

recorded here that took tho l.·rJJn o, rly · enough to prod 11ce f 1 lanbs 

while only 30.711,* of them a.eta.all)' produced f 11 lambs. This is in 

line i th t hnt h s been publ1ohod ooncerning this before. The Doreets 

* Productive Sheep Hnsbnndry -- Coffee, p. 64. 
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show n largo peroentngo of ewes breeding early but a low percent­

age of thom producing fnll lambs . This can be explainod only by 

the fact tbnt the ewes do not get ·~th lamb on t he first service 

and oftentimes not until the third or fourth . 

In this discussion wo have dlvided the time of breeding for 

fall and sprinB lambs at the period ending August 7 . All ma.tings 

beZoro this are in time for fall lambs , all o.fter aro for spring 

lambs . According to th is di vision there ,vere about 60% of the 

Rambouillet e s ta.k ine; the r run a uring the enrly months or for 

fall lambs . Referring to Table II . it will be seen that 54% 

produced fall lambs, a good donl bettor showing than the Dorset . 

Sixty-two pe rc nt of tho Merino ewes bred boforo August 

7th . Of these 56 . 2% brollBht f,ill lambs . This is about t he sarrB 

reL11l to tis shown by t he Rrunbouillot, and is a very good porconto.ge 

· of lambs as compurod to ewes brad . 

Of the croc c brads . the S-M or ?II-S cross ohowod 74% of the 

owes breeding before August 7 . This 1s a ln.rger porcentage than 

tr p11rebred Mor il'lo . The Shro, E""hiro is notably a la. tc brooding 

sheep, therefore we l~Uld natur lly oxpect the S•M cross to show 

n t3mallor perccn t of car ly bro dl nt" ewes. This high percentaee 

includes 25 ewes an is unexpla in ble. Thie same cross shes 

65% of fall lambs a s shown in Table No . II. 

The D- M or M-D combinations of t wo enrly b1.eodi~ breeds 

show an early breeding record of 64% or slightly more than either 

of the pa.rebreds but not as hi gh as the S-M or -s cross. 

;f 
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Both the D-S and 8-D cross showed 66 . 4% of the o a breed­

ing before Augu.st 7th. This is about vmat ould be expeotea 

as it is uome hat lass tha the purebred Dorsets. The percentage 

of fall lambs in this cross is something around 32 . slightly 

more than the purebred Dorset . 

Tho A cross showed 50% b_reedin before. a.ml 60% breeding 

after August 7th, but only 14 . 3% of ~h•~ proda.oed fall _lambs. 

According to table No. 2 end analysis of same . it is 

difficult to draw any definite conclusion.a regarding the 

1nheri.ta.nce of early breeding among the Dorsets • erino or 

Ra:nboUillet. 

e are comparatively safe o.ocorling to the preceding 

tab lo in concluding that this chnraotor of early breeding does 

not follow Uendel ' s la of variation*, also that there is 

nothing definite about its inheritance at all . 

The S- 1 cross had a higher percentage thnn ny of the 

other crosses ~r pure-breds . 

:i:ho A cross Which is nearest the proposed goal 1n 

this cross-breeding am ed only 50% of . owes breedin early 

and 14 .3~ produced fall lambs . 

From this e may conol uda th t 1:f' the early and l te 

breeding is transmitted nt nll . the chance~ of secnring early 

breeders by this system 1.r, next to impossible . 

*Variation. Heredity and Evol~tion by R. H. Locke . Ohs,pter VII . 
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IV 

Breed 

D- M or M- D 

S-M or M- S 

D- S or S- D 

11erino 

Table showi ng the prolificacy of breeds and 
cross- breods u sed in this t est . 

!lo. of ev,es : 
no. of :Ho. of :bringing :% of lambs : Trip- :,u of . ewea : lambs tnins . tvrins . l ets :;erolificaci . . . 
. 30 . 50 . 17 . 74 . l : 166 2L3 . . . . . 
. 27 . 28 . 1 . 3 . 57 . 0 :103 . . . . . 
. 15 . 23 . 8 70 . 0 1 53 . 3 . . . . 
. 17 21 3 35 . 3 . 0 . 123 . 5 . . . 

D(S-D) or D(DS) : 9 13 . 2 . 30 . 6 . 1 . 166 2L3 . . . . 
M(S- D) M(D-S) 9 . 10 . 1 . 20 . 0 . 111 . . . . . 
S(MD} or S(DM) 

. 
26 31 5 . 3 2 . 26 . 0 . 120 . . . . 

A 8 . 9 1 . 22 . 2 . 0 . 112. 5 . . . . 
Dorset 75 . 107 29 . 57 . 15 . 1 142. 7 . . . 
Shropshire 32 . 39 . 7 : · 36 0 122 . .. 

I 

.r ambouillet . 
22 . 26 

. 4 . 30 . 8 0 118 . . ~ . 
D(DM) or D(lm ) 6 . 9 . 3 66 2L3 . 0 . 150 . . . . 
R (SD) . 1 . l . 0 . 0 . 0 100 . . • . . 
D ( SM) or D(11S ): 12 . 16 . 4 50 0 133. 3 . . 
DS ( s (MD)) 2 . 2 . 0 . 0 . 0 . 100 . . . . . 
D (D (SD )) . 1 . l . 0 . 0 . 0 . 100 . . . . . . 
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Tab le No . IV is inserted as a matter of interest mainly; 

because there is no mention of a study of the inheri tunce of this 

particular character in the ex:i;:eriment proper . It is interesting 

however , to study inheritance of prolificacy in connection with 

early breeding a.na a.lso from the standpoint of transmission of 

said character. 
• 

The number of Dorset ewes recorded in this table is 75 . 

1hese 75 ewes produced 107 lambs or a prolificacy of 142 . 7%. 

'.!:his includes a large nwnber of ewes and is carried over a number 

of years . Considering the length of time covered this is a very 

good per·c en tage . 

The Merin o show a prolificacy of 123 . 5% for 17 ewes. 

The D- M or M-D cross show a percentage of 166 2/3 for 

30 ewes. This is larger than either of the pu.r ebred . This is 

very desirable of course , b u.t we cannot say this character is 

following a certain line of inheritance laws . Whether this 

increase is directly traceable to this cross or just happened 

is not known . 

The D(D- M) or D(M- D) shows 1507& prolificacy of 122% 

includinB all Shropshires ever used in this experiment . 

1:he S-M or M-S shows only 1037i with 't!-7 ewes . If this 

• 0ould follow the same law or course as the D-M or M-D cross we 

~ight expect a larger percentage than either of the purebreds . 

At least we 1.vould expect as much as either of the purebreds . 1.rhis 

low figure cannot be attributed to the Shropshire because in crossing 
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v. 
Table shoVIing average v10ight of lambs at birth. 

No • Net Average 

. Shropshire 39 345 . 5 8 . 86 

1 ambouillet 26 252 9. 7 

Dorset 110 921 8 . 37 

S(MD) S(DM) 31 281 9 . 06 

SM or MS 28 258 . 25 9 . 22 

A 8 9 75 8 . 32 

DS or SD 23 196 . 50 8 . 54 

D (SD) or D (DS} 13 114 8 . 77 

M (SD) or M (DS) 10 76 . 25 7 . 625 

D (SM) or D (MS ) 16 117 7. 31 

DS (S (MD)) 2 18. 25 9 . 125 

C 8 7 65 9 . 3 

D( D (SD)) l 9 . 25 9 . 25 

D (DM) or D ( D) 9 73 8 . 1 

D ( D (SD}) 1 10 10 

( SM) (DM) 1 9 9 

R (SD) 1 12. 50 12. 50 . 
DM 50 375. 75 7. 51 

Merino 18 182. 75 10 . 15 

It will be noted in the preceding table that the R (SD) 

cross breed is the larsest when bo:rn. ~his is however , on such a 

small number averaged that it is not at o.11 conclusive . 

The l!erino purebred a ivcs a surprisinc result vrhen \'le 

seo that the average weieht at birth is 10. 15 pounds . 
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it,,, n . er ""u \\<tl:l' t f 59 ShrG\lOhlre hmba T.a8 6.-86 l...'tlilo 

28 (S-0 l or· M- s sbooa4 011 avo-a~n ;:::.oisbt of 9.-l!2 pou.tills at buth. 

T11i~ .B "l::$ t-0 o!~o~ ?:ri-e t?;o 11c1:1ne t<2ir-en tho t!,V~ege ooS.cht of 

th Sm'opshi:;re o.t birth -.:;1101:. o~oa::t6d v4 t!1 tbom. 

~
4 f!V(;frnso - ight o ~ llO DG.r 'ltn wo.1; o . 5? pt)tmilG. a v~y 

.. vcr a 

of' tbo differon , urooo 
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VI 
fable comparing t he weiBhts of the various bre eds 
and cross brcds at six mont hs of age , all ani mals 
i ncluded. 

Brood . no. of Animals averaged . ,Jeie;ht . . 
M (SD) or M (DS) . 25 85 .4 . 
D (SD) or D (DS) 25 . 81 . . 
SM or s . 24 . 78 . 9 . . 
D S or S D . 42 . 80 . 9 . • 

A . 12 . 78 . 0 . • 

D (SM~ D(MS) . 17 . 84 . 8 . . 
B 12 . 54 .4 . 
C 12 . 60 . 
s ( SD) or s (DS) . 2 : 105 . 
M D or D . 42 . 85 . . 
M (MS M (SM ) . 3 . 75 . 3 . . 
S MD) or s ( DM ) . 47 . 88 . 4 . . 
D (DM) D (llD) 14 . 72 6 a t 3 mo • . 
Shropshire . 11 . 94 . 3 . . 
Dorset . !38 . 97 . 8 . . 
Merino . 3 . 73 . 7 . . 
I ambouillot . 10 . 88 . 5 . . 
s (MS) or s ( SM) . 2 . 78 . 9 . . 
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The 1:'IJSiglrte given 1n table No . 6 are more in nocord ... 

a.nee with tho mature: ai~e than the ~ighta at b .1rth . 

Of' the purebreds tl.t<-l Dorsets were too largest . 38 

Dorso ts had an avoras~ weight of 97 .a 1>ou.nds. l.l Shropshire 

s v ara.ged 94 . 3 pounds. Ji ll of the breeds and cross breds. 

excepting tlH.l A. B , and C crosses \"ICre about the relative 

size tbnt would be expected. The A c%oss averaged 78 for 

12 animal s . the D o'l'oss averaged 64. 4 f or 12 animals ,. and 

the C <.,ross avernged 60 for 12 anizr.a.ls . This is no·t at all 

sati sfactory w,1e11 we romenbe1· t hat t hese last cros ses are 

no~rL~g our gon l o~ proposed mntings . 

It will be not i ced in table No . 6 that the first orosa 

is not a l.c.rgar sheep tho.n t he pu.rebreds . 

There is an idea prevnlant in ~omo · sectio ns at le~st , 

t h n. t the first cross tn any k in d of livae tock .. providing 

tho breeds a.re of the same type . r:iJ.1 result in a feeder 

superior to oi th.or of its parents.. This do es not hold true 

in al l c1·osses a ccording to to.ble Uo. 6 . :i'ho S-l) or D-S 

v..ras smq,llsr th::1.n eith :-r· oi:' t Le purebroos at 6 montr~n of age. 

fhis shou.ld uot. be t a.kon as abso lu.te P1""00f as the1·e wore a 

comparatively small nwr.ber of animal s 1mludecl but it is 

re~rosent s ti ve of tho results obtained a t t his Sta tion . 

:z 7 
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Table showing inheritance of color of face . 

VII 

:No. with 
:No . :face . . . . ; _xray : 1\/hite : . . . . 

Breed : ewes :black :I3rovm : \'Jhite :1:lottled : Gray :Brown :Brown_: .Jhite 

(SD) or (DS j 25 • -- . -- . 10 . 7 . 8 . -- . -- --. . . . . . . 
D(SD) or D( DS) : 25 . 4 . 10 . -- . 2 . 9 . -- . . . . . .. . . . . 
S- M or M- S . 24 . -- . 1 l . 9 . 1 . 10: 2 . --. . . . . . . 
D(DM) or D(:MD) : 14 . -- . 1 . 13 . -- . - . --: • . . • . . . . 
A . 12 . -- . 2 . l . 1 . 1 .. -- . 7 . --. . . . . . . . • 

C . 12 i- . . 6 . 2 :-- . . 3 . --. . . . . -- • . 
s (SD)ors ( DS} : 2 -- . -- . -- . -- . . 2 . -- . --. . . . . . . 

- D or D- I.1 . 42 -- . -- . 42 . -- . -- . -- . -- . . . . . . . . . 
D-S or S- D . 43 . -- . 16 . -- . 11 : 2 ._ 10 . 4 . --. . . . . . . . 
D(S ) or D (I.rs) : 17 . -- . -- . 7 . -- . 7 . -- . 3 . --. . . . . . • . 

• 
s{ D} or S(DM} : 48 . 2 . 14 . 2 . 2 . 18 ., 8 . 2 . --. . . . . . . . 
s }JI ( D) . 3 . - - : -- . -- . -- . - . -- . 1 . 2 . . . . . . . . 
(s- 11) ( s- ) . 3 . -- . . -- . 3 . -- . --. . . ... - . -- -- . . . 
D( Sl.:i ) (S ) . 1 . -- . -- . -- . -- . - . 1 • -- . _.,. . . . . . . . • . 

(SD) (MS) . 2 . 2 . -- . -- . -- . -.. . -- . --. • . . . • • . 
DS ( M( SD)) . 1 -- . -- . . -- . -- . -- . i . . . . . . . . . 
s (DCn -n) . 4 . 1 . -- . 1 . 1 . l • . . . . . . . • -- . 
D (D (SD}) . 3 . -- . -- . 1 . 1 . -- . -- • . --. . • . . . . . . 
DS (S( ,D)) . 2 • -- . -- -- -- . -- . -- . 2 . --. . . . . . . 
MS (D(SD) ) . 1 • • . 1 . . . . . . . --. -- . . -- . -- . -- . -- . --
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VIII Color of Lef£S • 

: no. of: Leg . : Gray : \/hit o :Br. . 
Breed . ewos :nlack :Brown : \fui te : I.Iottled : Gray : Brot<m:Dro\m : Bl. . 
s (D( DM }} 4 1 2 . -- -- :e. -- . 1 . -- . . . . . 
D ( D( SD )). : 3 . . 1 . 1 . -- . -- • 1 . --. . . . . . . 
DS ( S(MD}) 2 . -- . 1 . 1 . -- -- . -- . . . . . . . 
MS ( D( SD )) . 1 . -- 1 -- -- : -- . -- . --. . • . 
s ( S (MD)) . 3 . 2 -- . 1 . -- . -- . . . . . . . 
M ( D ( SD )) . 4 . -- . -- . 2 -- -- -- . 2 . --. . . . . . 
s (D (SD)) . 1 . -- 1 . -- -- . -- • -- . --. . . . • • 

:MS (D(D ) ) . 1 . -- . 1 -- -- . -- • -- . -- . --. . . . • . . 
SM ( D} . 3 . -- . -- . l . -- . -- . -- . 2 . --. . . . . . • • • 

S- M s-1 1 . -- . -- -- -- . -- : : -- . -- . 1 . . . . . 
D( SM) (SM . 1 . -- . 1 . -- . -- -- . -- • -- . --. . . . • • . . 
M (SD) ( MS ) . 2 . -- 1 . -- . -- . ·-- . -·- . l . --. . . . . . • . 
DS ( M(SDl ) 1 . -- . -- 1 -- . -- . -- . -- . --. . . • . . 
s (HD )or S(DM) : 48 . 2 . 21 . 2 . 1 8 • 12 . 2 --. . . . . . 
D ( SM )or D {MSJ 17 . -- . 4 . 3 -- 7 . 2 . -- . 1 . . . . . . 
D- S or S-D . . 43 . 2 . 20 . -- -- . 14 4 . . 3 . . . . . . . . 
MD or Ill1 . 42 -- . -- . 42 . -- . -- . -- . -- . --. . . . . . . . 
s ( SD )or S(DS): 2 . -- -- . -- -- 2 . -- . --. . " . 
C 8 . 12 . l -- 6 -- . 2 l . 2 --. . . . . 

' B : 12 . -- 3 . 5 . -- . --- : 1 . 3 . --. . . . . . 
A 8 12 . -- 2 . 1 . 1 . l . . 7 . --. . . . . . . 
D (SM orD ( D) : 14 - . 1 . 13 -- --- : :-- . --. . . 

or SM . 24 . 12 7 . -- . -- . -- . l -- . 4 . • . . . . . 
D ( SM) orD(DS) : 25 . 4 . 1 . 20 . -- . -- . -- . -- . . • . . . . . . 

( SD) or :M ( DS) : 25 -- . 6 . -- . -- . 10 . 9 -- . --. . . • . . 



the eol.01: markln. of oL~op ts no't o~ tho na'tt>r1fll lnlu.e 

that ComG C1t 'tho otber Obill'ootarf; stn41oo in this teat- n~·e. 

h~r. a dmrk f'noetl S:bcep trteetn tt. s:trvlJ€:01' d~d on the ~.i:at 

thnn v11 ito f'!e d ehOop. It lo daai.rnble to oovo bl-ook .fooon on 

our orossec bnt this 1e i:1ot ua 1mportnnt . ·~ £ona. hornB, etc •• ttoro­

. · oro 1 t .bnn t1:ct roco 1 Ve tho s tton tion of tho o t.,hel" c.hsrtl» tars,. It­

~ doomd ~ 1111por't.c"1Dt to produce irntton t;ypc nul il~lop tho 

black faoo l'l. tax·. 

fllo S-D 01' '.D-S c~~1s 1:'oll.ol'so whtit hns bcnn snid of thie 

croas beto're. :ill'..£; .S?tro110b11·e is ~ dark brown s.t tb~ oztrer..,it:tcs 

ana ·the Do~et 1 a t71'..1to. ltone oi' tb l\ se~t1cn lla4 a \7hlte 

nee. 16 wore b1·oi1!l pi; clown oo•tletl. The » f SD) e>-r J)(DS) 

ruwvJOtl ab.out the e~ color nn the r1 gonc...~Uon m..t.h a ellghtla-

1..~gor 1)0%'e8D tia{!e ot 3ray The Sf 1,"l)) o.r sum l hDA OtiN ~JO 

!Q.s t.l'l 4 had ,rzny br tt.-n fnues. 

2he .. I cl"OSS 8llowed o- white :taco ud the othcu ••ro a.U 

n. comblmtJ.on of blao uno wh1ta. lfho c e:roesbrodS ~ lw.lr 

white and one fonnh 17hi to b:ro-,;,n.. All of thr.mo ad,11'at1Qod orocsou uoro 

.... U romovod . fi'o.m tho doe:tm'blo dnrk color. 

~ oolor of logs lo also .. von in table #8 ant vlll. eorreopolltl 

fai:rly el oool.y to tbJ co lrJ:c o2 fn.ee. 

~o oolo: ol' fnoe and lot;a showed no aomtn:-meo of nu-;, oblm!' 

bu.t sntilOr a diotinet. bl<Oling o~ tlle df\l."k and rrhl to color. 
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The data taken on wool each year was practienlly eomplete. 

This 1s necessary because ths inheritance oan be stndied from the 

standpoint of weight of fleece, fineness of fiber, amount of yoilc, 

etc. There were a fe fleeces missed oooasionally because of lost 

ear tags and marks of identification, but with these fe i1 exceptions 

every year at shoaring time the fleece from each sheep was eighed 

and the woieht ca.reflllly recorded. At shearing time the donsi ty 

of tho entire fleace was also estimated and recorded. The terms 

used in this estimation a.re: Excellent, good , medium fair and open. 

When we tried to get an averaga o~ the density of the breeds 

and cross-breds it wns impossible because of tho terms used. Accord­

ingly we changed this system and aro nov· u_sing numbers instead of 

words . Number l is used instead of excellent. 2 for good. 3 medium, 

4 fair and 5 for ppon. By this system wa can easily get an average 

of the numbers _nd Will thus have the relative dena1 ty of the 

fleece within any given breed or crossbred. 

In addition to this we recorded the covering of fleece on 

tho face, o,u-s. fore leg. hing legs and belly. The terms used 

hero were complete, good , fnir. scant and bnre. Hero ag~in we 

substituted tho n~~bers, 1, 2, 3. 4, and 5 for the vvords. 

In tabla ?Io . IX we hnve the long th of the growing period• 

the ver go ,; eight and compn.tod i eight for 365 days . This is 

necessary because qo must got all the fleece on a common footing 

befor e can comparo thom. 

The column "avorngo density" is directly comparable because 

this is an avora o of the en imated density at sheari time.-
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The rest of tha table is divided into average t~ce . ea.rs , 

Je gs and bolly . The la.st column is the average of all thes • 

This gives u.s o.n average of tho covering of tho ontiro body . Th1s 

colamn does not inolnde average density ss tb~t is complete 

within itseli'. 
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Table showing weight covering 1 . Bxcellent l . Complete 

IX. and density of fleece . 2. Good 2. Good 
3. Medium 3. Fair 
4 . Fair 4 . s cant 
5 . Open 5. Bare. 

No . : :Ave . :wt . :Ave ; 
: of ani➔Ave . : grow~365 :den- : ve .: : fore : rear : 

Breed :mals : Wt . : t h :days :sity :face :Bars :legs :legs :Belly:Ave . 

S(MD ) ors (DM ): 30 

D(DM)orD(l D) : 14 

M(US M( \ ) . . 2 

S(llS) S(S ) . . 2 

SM( S(MD) ) . 
• 1 

M.D or DM . . 21 

S(SD}ors (DS) : 1 

C 8 • • 2 

B 8 . . l 

D(S ) D(MS) . • 17 

A 8 • . 8 

D- S or S-D . • 32 

-s or s11 . . FA 

D(SD} D(DS) : 26 

M ( SD) I ( DS } : 25 

Dorset . . 63 

Ramb ouillet : 15 

1.terino : 11 

. 5 . 94 : 226 . 5 : 9 . 56 : 2. 53 : 2. 7T 4 . 4 :3 407 ; 2, 37 : 1 . 23 :2,77 . 

. 1 . 15101 . 5 . 5 . 2. 37 :3 . 3'5 4 . 11 s.oo 2. 00 2 , 00 :2, 92 . . . 

. 4 . 25 2121'; : 7. 3 . 3 . 3 . 3 . 3 . 3 . 1 ;2 . 6 . . . . . • • 
5. 25 :208 . 5: a.a . 2. 5 . l . 3 . 5 : 3 . 2 . 1 . 2,1 ) 

. . . I • . 
. 3 :153 7 . 16 : 3 . 2 . 4 . 2 . . 1 . 2 . . . . I . I 

. 5 . 6 : 214 . 9 . 53 :2. 331 :3 . 3 : 4 . 5 :3.43; 2, 2;1 .9 ;3 .1 . . 

. 3 . 99 :11. 2 . 2 . 3 . 4 :4 . 2 . 2 ;3 . . . . . • • 
4 : 203 . 7. 32: 3 :2 . 5 : 4 . 2. 5 : z l :2.6 . • I 

. 4 :173 . s. 2 . 4 • 3 . 3 . 4 ~ . l . 3 . • . . . . • . 

. 4 :172 . 9 . 42 : 216 : 2 . 4 : 4 :2, s2 ; J.,5 : 1 : 2. 825 . . 

. 6 . 682 . 73 . 0 . 91 : 2 . 75 :3 . 1 : 4 . 3,4; 2.3 : 1 ; 2. 75 . . . 

. 6. 42 : 276 . 8 . 47 : 2. 9 : 2 . 9 :4 . 28 :3 . 62 ; 2, 56;1, 94 ·3 . . , 
4 . 36 . 8 . 3 . 242 :12. 52 : 2 . 16 i .aa .11: 2.43 :1, 5 ;1 1143 : 21 25f . . 

:2. 35 :132 . 8 . 6 . 3 :3 . 25 :4 . 3 :4 . 17 : 2. 17 : 2 :3 . 17 . . 
: 6 . 5 : 261 . 9 . 1 . 2. 4 :2. 26 :3 . 8& : 2. 66 :147~ : l . 13 : 2. 33 . . 
:5 . 11 : 281 . 1 : 6. 613 :3 . 33 ~4.~·:- ~~ • .5. '.:.: ~ .~4 : 3 . 52 : 2.a : 3 . 72~ 

• e • .., • •• • e • • . . . . . . .. 
: 21 . 78 :431 . 3 :18. 5 : l, . 47 : l,..1'7 :,£. ~'l!:1-~7::::J..::J.:3 : l : 1 . 6& 

; •1 ., ·• • I \ • • • • :=:-; ! • • ., ' • • • i et 

:16 . 05 : 340 ·:17 . 23 :1:~36 ·;·2.' .' ~4yl· · ~-2 . 1·· .:;1:·.:z6il . &5 : 2 . 2 
.. •• ,, -: ~ ~ J .. "". ~-- • ; ~:--- •••• •••• . .. . ··• "··· '"•" . 

: s . 05 : 323 ~ 2:9 . oa -;:2i9: : .. ::2·:o .. :3: 92 :3 . oa : 2. 21 : 1 . 54 : 2. z1 
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Table No. ll shows the relative weight. density and. cover­

ing of ~ol for the breeds and ·cross breds used in this test •. 

It will be notlc.e.d that of the ptlX'e bref;s the Doi-set is tbe 

lowest in every respec.t., The Dorset is known and often er1ticized 

for 1 ts poor wool covering. The computed weight for 365 days V\1t3.S 

&.613 pou.ndS. This was a little below what con.J.d be expected in the 

Do_rset as a mle,. I sholll.d be remembered that all the wool non­

s1dered in this table was of the ftTst shearing onl1 •. 

~he Hambouillet and llertno a.ro both wool breeds and are 

very Similar in fleece oo-'Vering. The Rambo a.1llet averaged 18.5 

pounds and the Merino 1'1 .2z for 365 days growth. The heav1er weight 

e:f the Ra.m'boltillet fl.eece is duo pr1ma.tl 1:y to the size of the sheep 

ra-the-r t-han density of flee.ca,. 

The average on oovering was l.564 for the Ra.mbo Uillet and 

2.2 for the Merino . This is hardly v.rhat i.vo uld be expeote-d as the 

Merino is very well eovered as a r11le. The .density of the fleeoe 

howevel\~ was greater 1n the Merino. being 1.-36 ,1.hile it v.ias only 

1 .. 4'1 in the Rambouillet. 

fhe Shropshire is a mediwn wool breed._ having fair density 
, 

bnt is very completely covered. It will be seen _in the table that 

the ave,;age weight f o;r the Shropshire was 9 . 08 for a. period of 

365 da7S. - only a fair average for Shropshire . The density is shown 

as 2.9 or just fair whfle the s.verag;e of the covering is 2.51. ~a.st 

a little less than the Merino. 

The S-M or U-S cross had 24 sheep ,onili1ng the first fleece . -~ 

with an average computed weight for' 365 days o:f l.2.52# . This is a 
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decided increase in \Veight of :fleece over the pur&bred Shro pshi:te . 

The average density of this c ross was 2 .16,. Al most an ave-rage of the 

Shropshire and Meri.no density . The average covering is 2 .256. The 

Merino is 2 . 2 and Slu:-opshire is 2 . 31. It Wlll be seen that in every 

r e,P8ec t the S- M or M- S crossbred ie middle way between the purebreds 

in fleeoe covering . 

The D- S or 5--D crossbreds have on averag e :fleeee weight of 

8 _. 4"/ pOUJlds for 365 days. This is a material. ineronst:t over the 

average o:f the pll.l"o bred Dorset. Th e densit y of this crose was 

2 . 9 , the sa rne as tha t of tho p urebred Shi•opshiro . 

The D-M o? H-D c:roso averaged 9. 53 pou.nde for 365 days ,. an 

irmreasa of 3 pounds over tho p urebred Do:raoto . The ~verage density 

was 2. 33 . This is nen:rer t he donsi t y of the Merino than of the 

Dorset . The a:vern.g e fleeee covering was 3 . 1 or half ,~y between the 

pttreb:reds. 

The ll(M- S ) or M( S- ll} had e.n averag e weight of '7~3 pounds for 

365 days w1 th an averEge aensi ty of 3 ancl a covering of 2 . 6-. This 

v1a.s no t as good as ths fleece shwon by t'.he S- ll or M- S c ross . ~ere 

wer e 25 sheep representing the D( SD ) or D{DS } c ross and showing an 

average weight for 366 dnys of 8 .- 6 , a little increase ·over- the 

D-S or S-D erosa . The S( SD ) or S(DS } showed 11 . 2 p ounds for 

365 days with a density of 2 and floece covering of s. This is a. 

greater weight and density than the purebred Shropshire . 
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!ho C cross hnd ntJ nve1•a.go fleece ei~l t of 7 . 32 poutjds for 

SGS dcwn . ar1 nvero.go dong· ty of 3 and o.n avers.go covering of 2 . 6 . 

~he 1' cross averaged 8 . 2 poundc :fleece \·tei.ght for 365 dayn. 

J 

showed nn avorage donsi ty o:r 4 und an nvoracc floecc covoring of 3 . 

Tho A cross hno an averago aieht of 8. 91 pounds far 365 dnys . 

an average donsiti)• of 2 . 75 anu a fleece oovoril1£ of :... . 'lb . 

Tho lac - of eight of fleece in t 1eno v rious c ose o c•m be 

attri butod in rt to tho 12ck of nl~o o:t tho a11oe1) .. It 1vill be 

noticed tlltl, t ~lo C o:rosu hna n. Done :tty of o or laae t.Lnn the .S.hropsh11"8 

o.nd the l3 o.coss has a clonnity of only 4. T110 A crosu ht:.d .. do.asity 

and flooce covei•i,ig of 2.175, or a ve 3 li"utlo in advanoo of the 

Shxopshir • 

'l1l'.o dOl ol ty nnd fleece covori rJu ·\ppe ..i. :t e to l>e domi nt over 

look of cove 1:ng n.nd OJ:Jan fleece i n 'i e fir t c~ooo. This cnn 

bo oeen by studying tbe s-.,! , D-S and D-Ji ci-ossou in t able no . IX. 

fter the i_st oroos t 110 uensit:;- •m.& not as certa i n but ttp_p()s.red 

tn s omo croscon nt le.ust -r_.o br-02.t i.t t.o a 3-1 rotlo. 3 sh.cop 

LJho\Vad d nf:l it~~ an 1 c ho ·ell loooc fleec c . u tho 1: tole tho 

latter crosses ro not as satif:facto:t·;yr n.s w, mieht oxpoct :from 

re1;.ul ts obt~inea in tho firct c1:ons . The1·e hnn boon 10 i:n1)rovemnt 

in our A, B and C orossos n.s to weight , enoit~ or covering. In 

tho B nnd C crosaos eepcclally thoro ie !:.. clotoriora tion in thia 

re pee t as compare to the ptirebrod Sl.l'O 11i1.•e . 

The density of floioe on ou crossbi·eds a ruontionod in 

tho object o thia exporiUJ.ent a.ro i'ar fl'om realiz ticn t present . 
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At shearing time in addition to taking the samples to be 

used in measuring the fineness, amount of crimp and stretch there 
W{)--Y '1,-1,~ 
~ a sample taken from the rib. This~ divided into two equal 

parts and placed in small envelopes bearing the ear tag number of 

the sheep shearing date and labeled sample A and sample B. The 
~ "-

samples .a¥e used in determing the moisture content and amount of 

yolk and foreign material in the fleece. 

Method of Calculation. 

Percentage moisture= W 1 - w2 X 100 - W 

Percentage shrink (Excluding moisture): w2 - w3 X 100 - W 

Percentage shrink {including moisture wl - w3 X 100 - W 

wl -w2 = Weight of moisture lost 

w2 - W 3 • Weight of yolk and foreign matter lost. 

w1 - W 3 - Weight of total loss in moisture, yolk and foreign matter. 

Methol of Procedure. 

A convenient sized sample of wool i s taken and carefully 

weighed to the hird decimal on chemical balances and placed in an 

electric vacu:in for at least two hours and often time. longer. 

It is then removed, reweigh~d and placed in a desicator for future use • 
. 

The weight of the normal sample of woGl is th.at referred to 

as wl and the weight after the first heating or drying as W 2. The 

difference bewteen these tv.o: weights is the mois.ture content. 



. 
• . 
• 

soour1ng Method • 

Solution formu.ln . 

Cistern nter 

: Wnshings Temperature Time • 

2 liters. 

. 
• 
: No .1.Soouring solution 55° 15 min . 

Soda ash ( JIA2 COil) 25 gms . 

• • 
:Ifo. 2 . Wat .er( Cistern} . . 
:xo.3.Water ( 01atorn} 

soap (Ivory l aundry) 15 gms. : 
6 

The samples used in determ1n1rg mois turo ocntont are secur .ly 

fastened on a.n endless cloth belt and are ao marked that tho 

fleoce nt1mber is kept straight.. Thia endless belt ia then 

olowly moved _ thm t1Bh the above monti onod solutiona for the 

stated timo . Then is eome U. ttlo wool loot i n th1e process 

but not enough to unbalance tho roau.l ts . eapeotcllJ' considering 

tho.t the error is alJ:iost e qual in every sample. 

VJhen tho so ourt ng 1s fin1shod the samples arc romoved nnd 

placed in the oven until completely dry \Vhic h v!l ll t ake several 

ho11ro tlll-d nrc then taken <;>tit. placed in a dee lea.tor and all o,r,od 

to cool . ,hon they ha:ve become cool they nre wei ghed . This 

woishing is that referrsd to ns wz. From those .roigbts it is 

possible to onlcnl.ate all wo nood to kno\"1 concerning the scott.ring 

quali t1es of the fle ce. 
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Tablo ohowing the average scour i ne percentage or 

woo l fro m ~h e various breeds and cross brads . 

Breed : No. of : . ., : % : 1'volk:%total 
:fleece: W l : W"" : .~ 3 :Wl-W2 : 2- W3 : Wl-W3:moist: &d1rt:shrink: 
:avg . : 
. . 

D . 68 . 
+ . 

• 
8 . ~2 . 
R . 10 . . 

• 
SD . 36 . . . 
DS . 7 . . . 
SM . 17 . . . 
M-S . 3 . . . 
M-D . 21 . 

• . 
D-M . 15 . . . 
D ( SD) • 29 . . . 
D (DM) . 6 . 
D (MD) . 12 . . . 
D (SM) . 4 . . 

• 
D ( MS ) . 2 . . . 
s ( ID) . 18 • . . 
s (DM) . 2 . . . 
M (SD) . 4 . . . 
DR . 2 . . . 
D D(SD)): 5 . . 
DS( S(MD)) :4 

. . . . 
.. . . . . . . 

:3.762:3.611:2.063: . . . . . . . . 
:4.099:3.725: 2 .193: . . . . . . . . 
:5.489:6.487:2.681: . . . . • . . . 
:4.603:4.344:2.647: . . . . . . . . 
:4.219:4.013:2.617: . . . . . . . . 
:4.491:4.211:2.136: . . . . . . . . 
:5.607:5.141:2.627: . . . . . . . . 
:4.800:4.172:2.321: . . . . . • . . 
:4.664:4.276:2.726: . . . . . . . . 
:4.123:3.892:2.360: . . . . . . . . 
:3.187:3.039:1.834: . . . . . . . . 
:4.216:4.013:2.388: . . . . • . . . 
:2.773:2.56 :1.542: . . . . . . . . 
:3.457:3.336 :1.956: . . . . . . . . 
:5.980:5.663:3.688: . . . . . . . . 
:5.504:5.032:2.830: . . . . . . . . . 

: 8 .778 :7.888 :4.990: .. . . . .. . . . 
:4.532:4.439: 3 .183 : . . . . . . . . 
:3.938:3.688: 2 .317: . . . . . . . . 
:3.421:3.32 :l.904: 

. . . . . . . . . . . . . . 
.251:1.458 :1.709:6.67 :38.757:45.4~7 . . . . . . . . . . 
.374:l.53B:l.906:9.l48:37.37~:46. 620 . . . . . . . . . . 
.362:2.806:3.168:6.206:47.97 :63 .996 . . . . . . . . . . . 
~269:l.797 :2.056: 5.627: 39 .04 :44.667 . . . . . . . . . . 
.206": 1.396: 1. 602 :4.859: 33 .09 : 37 .949 

. . . . . . . . . . 
.280: 2 .076: 2 .356:6.457:46.226:52.683 . . . . . . . . . . 
.366:2.512:2.880:6.646:46.651:52 . 297 . . . . . . . . . . 
.628:l.851: 2 . 509 :13.833 :38.562:52.396 . . . ~ . . . . . . . 
.278:1.560:l.628 :6.104:34.036:40.140 . . . . . . . . . . 
.231:l.632 :l.'163 :5.602:37.16 : 42 .762 . . . . . . . . . . . . 
.148:l.205:l.363:4.644:37.810:42 .454 . . . . . . . . . . 
. 203 :l.625:l.828 :4.816:38.544:43 . 359 . . . . . . . . . . 
.213:l.018:l.231:7.681: 36.711:44. 392 . . . . . . . . . . 
.121:1.381:l.602:3.500:39.948:43 .448 

. . . . . . . . . . 
.317:1.975:2 .292: 5.3 :33.028 :38.328 . . . . . . . . . . 
.472:2.202: 2 .674:8.575:40.0l :48 .685 . . . . . . . . . . 
.890: 2 . 898 : 3 .788 :lOJ.39: 33.014:43 .133 . . . . . . . . 
.093 :2.256 : 2 . 349 :1.83 :49.74 : 51 . 57 . 

. 250~ 1.371 ~1. 621 ~ 6.348!34. 789 ~41.137, 
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It is o ~ell known fact that the finer the texture of wool 

tl-10 more yolk thore is present and as q 1.~u.10 moro forei,,n mn.tter 

because du.st in p.3.rtionl_r clings to tho wool grease . 

Th acourinR ercontia.ge or pcroontngo of shrink in this 

table mn.y not compn.re f"e.vor . bl:v \"i tl'! thn t g1 ven or tho voriou.s 

breeds. It i~ pr~ctiou.lly imposBiblo where such n sn~ll e~mple 

of cro0l 1~ sc0!l.rct1 to ;1:et .ho definite r s lts WG r11ig ht oxpoct 

1,hon thouc n 1.:1 o .... flcecos arc ocoured. i11e losf:l of a ory 

smll p i•ticlo o1: '"ocl v:ou.ld 1.11 tllic ci~ue efa.ect t he recults 

mn:'i; rin.lly. The loss of n. •:;o ol i n tl1o se u.rL1 n; ~n~ .1: revEln cd 

s nonrl 11 po:?Bi bl t:..nd t, oorc't,ic r• lly i'i. t l0nn t :the poosi blc 

er:r:or is t ::::n~nc in 11 t.bo rw. ;::.:,: los. T 1erufore, -1ven thour,,h 

th porccnt~ge fr tlo brcodu .y not be j us t h ~ it s 1culd ba 

the s. ln :TJ_ocess .. _s uoed on ... h~m tlll ana we CF.in 01.·ai, a direct 

co pat'ieon bet ,:een the va.riou.s breeds t.rna crossbred s '- hioh will 

ba fnirly o..ccurato . !'his is our ma.in pn.rpoae as wo wish to 

determine th J.rlheri tanoe of t:i.le vnrl ous ahn.rSLc ters . 

There will be severrl.l 10.tor ta.bloo givin tb no'tu.nl fineness 

and stretch of t e vrool but table t!o. :X: will e-i ve M ideo. ~f t11e 

finonoss .. 

This work a. not a 11 Jrnpt up to date and som9 o:t' the 

sample0 verc old before they ,rere soo ured . Thia , cu.la ivo 

difforon l.. r -oulto from those when tho wool was fr(Jshl clippod . 

Hero again ll the brat1du re resented had tho n :in trantmont 

~o t e relationship between thom ,;.,ould ba tho so.me . 
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The amount of yolk present in fleece ill to a certain extent 

depend on the oa~e end feeding of tho sheep ana the amoa.nt of 

dirt and foreign material vartea a great deal . depending to 

a large ex.tent on the -uay tho sheep are fed . 

When ::the variability ot ~ore1gn material is considered , 

it will readily be seen that the scouring roentage may 

vary from ·•hat is expeotod a nd this variance is not du.e to 

inheritance of fine wool but rather d11e to the carelessness 

of tho feeder . 

The percentage of moisture was also taken u.p and compared . 

This factor is not •~ as much 1mporta.noe as the yolk and 

foreign ma ttor and will vary somewhat 1n this test dt1e to 

the length of time the fleece baa been pt before the scour­

ing wao done. 

In referri~ to table No . X we note tho.t the comparison 

bet\veen the t ~ first breeds is hardly what would be expected . 

The Shropshire produced a wool that ias a good 4eal more 

dense and carried more yolk than that of the Dorset . The 

Dorset is notably a loose dry fleecod sheep . The Shropshire in 

t his table hai an average shrink of 46 . 520 percent on twenty- two 

trials . The Dorset on sixty-eight trials averaged 45 . 42'1 . 
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Aooor41Qg to hat has been said of the fineness of wool 

and 1 ts sconl'ing qu.a.11 ties we might expect the Shro, hire fleece 

to abo more shrink 1han that of tbe : Dorset. Thia might be explained 

by the fact tmt althongh the Dors$t fleece 1s low 1n yolk content. 

it is extremely high 1n dirt and foreign ter.1a 1 bee use of 

thia looseness and dryness of fleece. It aoes not exclude dirt 

as 1 t ~ llld if 1 t were denser nd carried more yolk. 

The purebrod Rambot11llets Showed a shrink in scouring of 

64.996 percent on ten trials. This was abot1t hnt might be 

expected co idering tha.t the .R mbonillot 1a a fine wool sheep. 

The S-D cross had 35 1nd1vlduala and sho d o. shrinkage 

of 44.667 percent. !his as less than either Of the purebreds 

bat was cloee enough. vnrying only one porcont . tho.t there wns 

nothing of a marked aegroe showing tho tendenoy of this character 

of fine compact fleeee. The D-S cross having eewen trials 

showed something that as good deal more 1ntorost1ng, a 

shrinkage •~ 37.949. This was less than ei the:r of the 

purebreds. In the 11 generation the ram has a little more 

inflnenoe on wool tha.n tho e e. 

The S-ll and M-S crosses both bad a shrinkage of around 

52 percent as did al so the oross. The D-M cross however. 
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showed a shrink of only 40.14 percent. This· again appears as 

thottgh the Dorset ro.m had considerable influenoa even when 

crossed 1th er1 no ewes. 

The D( SD) cross had a shrinlcnge of 42. '162 percent. The 

D(DK) cross had a shrink of 42.464. It here appearal that the 

erino hen not prosent 1n moz than 25 percent had very little 

int'.luonoe on the scouring qtta.11 ties of the wool . The D(MD) 

had a little the advantage, scouring 44 peroont loss. The D( s ) 

oroaa and the D( ) cross shrllllk a 11 ttle more than \'lllen there 

wae a double cross of the Dorset. 

Th S(Dlt ) oross loses 48 . 484 percent in scoar1ng and the 

M( SD) eroaa loaas onq 43 .13 pe.aent. e might ordinarily 

expect abottt the sall8 mount of ahr:1nk in this cross as WBS 

foand 1n the S-M or U-D crosses. This however. was not trttw. 

The D(D( SD}) cross carry1:rg 4 very large percentage of 

Dorset blood (87.5%) had a shrink abot1t the same as that of 

the Dorset. 41. 3?. The DS(S(MD)) had a shrink of 44.338 percent. 

It ll be noted tint when the fine oooled breeds wore 

Used in this crossing the Fi generation showed that the fine 

ooled blood had a marked inflia.ence on the scouring qualities 

of tho \\TOol. There wore such a variety of characters 

studied in this test that we could not follow tho breeding 

for fine \\OOl to the exc l11Sion of all other characters. 

Ho ever, from the res Ill ts obtained so far the fi.Xing of this 

character oQld be fairly easy of accomplishment. The tendency 

to the fine wool cho.racteri tics wa very noticeable men there 

T.ls s.s mt1ch a one-third of the blood coming from the fine ool. 
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Table show:lng the average fineness of fleece for the -rar1o as 
breeds ani crossbreds nccord1ng to Bradford Count System for 1921 

Breed • no.of Fleeoe: Ave.count: Breed: Bo.of Pleece:Ave.Oount: • 

43 C . 6 . 53 • 2'1 • • • • D • • • . • 

63 B 1 • 46 . R 8 : • • .. . .. . . • 

4'1.3 A2 . 2 . 53 . 7 • • . . 8 • • . • • 

4'1 2 • 2 • 44 . 4 • • • • SD • • • . • 

s- . 1 . 64 • • . • 

(111>) 3 • 49 • s . 
• • • 

s {DJ.ti 2 • 4'1 . • . • • 

D (SMl 3 • 48 • • • • . 
D fllS) . 2 • 48 : • .. 

M (SD! 1 .. 52 • • • •· • 

DB . 1 . 68 : . • 

:a (SIil l : 66 . . • • 

R (Sl)l 3 • 66 . . 
• • • 

s (1) ,-i1: 1 . 50 • • • 

I (» {SD)): 1 . '8 • • • 
{D (1>11) h 1 • 62 • s • • 

R (»8) 1 . " 
. • • • • 

3 • 48 • A . . . . 
4 . 50 • B . . • • 
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Kr. D .. A. Spencer of tihe Sheep Division. Bureau. of Animal 

Industry,. Departtmnt of Agric ulture., Washington. D. C. consented 

to select some samples of virool ~owing the ~radforo count as 

a.sea for designating the fineness of mol on the· English market. 

The :&radfora count is a system of figure.a designating the nwnber 

of hanks (660 yards} a pound of combed imol VJ1ll spin when spun 

to capa.ei ty. The larger numbers de.s1gnate the finest wo.ola., 

This was · not snbstitu:ted _entirely for oar measu.rement ,.,ork 

btit gave us an easy means of determining the eompnra.tive fine.nose 

of the fieeee obtained from. shoep usecl in this. exp·eriment. 

A sample of ·tbe fleece was obtainea at shearing time and 

olos•lJ' ooaparea to our samples sh.owing the co un't. and the e:ount 

\Vas thus determined. 

i"his work. was not carried on before this ye~r. thoref01:e ,. 

the results giv,en 1n the aceompanying table are :for t he 1921 

fleece only. 

It \vill be notieed that the Dor11et hai the coarsest wo-ol. .• 

grading only 43 which was rather low on the whole fO"J: Dor.sets. 

The .Shropehiro graded 4,'/ .z.. Th1s again was a little below what 

we had a right to &lQ)eot from the Shropshire. The Rambou11let. 

a fine wool sheep. gradad 65. 

The S-D cu:oes . the fir-st ClJ'OSS maue in this test .• had a. fleoee 

average of 47 for 1921. This was a goo,d deal more like the 

Shropshire than 1 t ms like the Dorset. The S-U or,oss graded 54... 

The D-R cross showed a grade of 58 . The D{ SM) and D(MS ) both 

averaged a little better than the parebred Shropshire. 
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The S( DM) averaged 47 and S( MD ) 49 . being prao tioally the 

same grade as •hen the Dorset was the top cross . The R ( SD) 

graded 56 . a considerable improvement over Dorset and Shro1,sh1re 

purebreds . 

The A cross graded 4.8. the B 60 and the C 62 . 

From Tabl& .No. XI and disouse1on our prediction that the 

sire has more inflllenoe .than tho dam in the F generation as 

far as ool 1s concerned see to be disproved . Rather from 

the preceding we ot1ld be more j11Sti tied in saying that the 

fine ®ol of the Rambouillot and .Merino is dominant o-ver the 

coarser "~ols of the Shrovshire and Dorset . Hero a ain e 

can e y What was s 1d fol10;· i:ng the table on eco11ring peroen ·tage ; 

namely, e Oharac ter of finer wool c ouJ.d be fixed w1 th a fair 

degree of oaee beca uao where as mu.ch as one-third of the blood 

oo~s from a fine wooled breed :the tendency is strongly in 

:favor of fine wool. The A, B and C crosses showed an improvement 

over the Dorset and Shro ,shire in this respect and for the 

first time in all of tho characters so far discu.ssed . The 

actm.l measure nt of the fibers will serve as a check on this 

and will follow1n this bulletin. 
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Photogr ph t kon by th author , 19 l . 

No . 1317 ropro onting tho R (S,,I) cro a . The 3/4 

fino ol blood g ives all the ohn.r oter1otio co ... on 

to tho Rambouillot . 



Photosr ph taken by At1thor . 1921 . 

Et'Jo IJo. '037 , R( uD ).S( ID ) • B . Thie o , hows n 

compl te covorin~ o" rnthcr loooo opon ool. short horrie ., 

rn;1 faco . rnottlod loga nn poor mutton orm. 

A vo y u.nd clra.blo ty ··o fron y str1ndpoint ncl 

repr en ·n on of our mo dvnnooa cro sos . 



Photo m ph by 11U.thor , 1921. 

/1 Jurobr d ro >Dhir ov o, 'ISO, and t n n lnmbo 

by R bollillot r nm. I.B.;,ib~ 01 o mont h ol o r:hon 

photo ;ra.ph t oken . 



Ph .otogr ph ta mn b ·• nntbor . 19,.,1 . 

R~ no. 201 ro resenti "' t ho O orocs cho\1c:­

Do~aet chnr cterl tics b~t 1 ve much undorcizod 

(wo1 :ht 13 poan s) . mhroe floecoo vornge 7. 7#. 

This r diffor 1doly tron our proposed t ypo but 

is very ne,:i.r t e limit of o ur propo etl tinge . 



· Photograph t aken b y author• 1921 . 

Ram No. 12 73 A R( SD ) showi ng the Ra~zb oa illot 

ol:laracteria tioe to a mar,-..ed oegreo . Tl1is r am vn'3 u.s ed 

. extens ively i n our c r oaa- breodinR• 



Photograph by uthor.1921 . 

E o Ito . "'001 o.nd in l ibo by r r m Uo. 2016 C 

r pro ntin~ th B cro • oti-o r haa ell dovolopc 

horn ... ; e i mooth; color ·•,hit • 'J.hla 1oto 11ph 

l 0\7..1 our 1 iO t nd vn.no d oroaoo • The y all hnvo llll­

o irnblo 111. to fnco .... , f ir mntton for. nnd hor 1" on 

tho m c . hi i.., fnr from our 1 onl t:H • 

5 ?---
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fable Do. XII was arrived e.t in the 1'ol1ow1ng manner: 

.At shearing time a sample, of v.ool was taken from the 

shoulder. one :from the rib., and one fro m tho thigh. Thrlie 

sample fibers were taken from ea.ch 0£ the three ms.in samples. 

These were each measured in crimp then stretahed ana 1neasured 

again. The a.vs.rage length of shonlder fiber in crimp and stretched 

was aetermined and also the e.;verage for rib and thigh samples. 

The ao lwnns in Tab le No. x:n" as or imp on shoulder. e te. a.re 

the aver-ages thu.s :round. 

'.l!h1s datn was taken on every individual fleece and the 

nu..rnbers in the table given here are e..vemgea of &11 the indi­

v:id Uals in that pn.rt1cw.ar bi-eed or cross., 

'rhe :t1:rst oolu.mn u.ndar "Breean is given the des1gr1at1on 

of b.reed or cross. Tho seeond oolwnn is tho nuuibox- of sheep 

of fleeces measured. 

The netu.a-1 stretch of shou.ldex_.. 11. b_. e.nd thigll samples 

are given bu.t tbe percent of streto h is given for the fleece 

as a whole or the average of the three samples before given. 

It eholil.ld be remembered that the table c onta1na the 

first fleece nnd 1n many insta oo.es. espeoia.lly in the Dorse~ 

and cross breda_. the fle-eoe was t a ken from a. fall lamb therebl7' 

cu.tt1ng dov1n the e;vcrage length. For thi.s sa.n1e reason the 

fi:rst oolrum1 1n each case. "crimp". is of very 11.ttle val u.e, 

The item.., actual stretch, given. under each o;f the three main 

diV1s1ens is of valne only when eom:pareo to the length in crimp. 
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It is the last column or percent of stretch :in Which we 

are pri.tnf.l, r ily interestea bu.t even here we have some u.n.e:xpeoted 

things occurring probably due again to the fact that lamb wool 

was measured ancl averaged v,ith that of matare sheep. 

This table Vii 11 be of more value when studie4 1n c ~eotion 

,:ut th the one 1Jnmedie.te4r following. Table Ifo. XIII gives actual 

measurements of the fineness of the wool fiber. 

This table brirgs .ou.t the fa.c"t tha.t the fleece on the 

thigh was a1most invariably lo~er than that on the shoulder 

and often longer th.an "the rib sample. 

For convenience we will d 1souas the &l 'ta to be foa.114 

under the main h<Htding "Final" as this is an average of all 

that goil~ before. 

The first thingf: t.o- be noticed 1s that the pure hre4 

Dorset fleece was shorter 1n crimp than the cross-bred f'leeo-e 

M-D. Thia is tmexpected as the Merino ha.s a very short staple 

as eornpared to the medium wool breeds. T.hie was probabl.v 

d11e to the fact that many of the fleeces averaged w1 th the 

Dorset are thcs.e coming iran lambs. The croee D-ll was shorter 

than the pure Dorsets and was moro what might be expected in that 

respeot than Uie M-D croas, b11t the percent of stretch of both 

these or~sses 1a leas than the strotch of the pare D<>rset. 

The measa.rements of Shropshire showed some greater length 

in crimp than did the Dorset. :Dae in part perha.:PS tha t ther e 

were very few sheep clipped undor one year of aa-e. The percent 

of stre toh was very high in the Shropshire., averaging 73.64% .• 

This was higher than the Rambouillet a fine v:A>ol breed. 

The cross-breds S-D had a str,etoh o:f onl3 41.301', a good 

deal less than et ther of the pu.re breds. There were 30 animals 
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or fleeces avara.ged in this cross and the results should be fairly 

accurate. The cross breds D-S sho111ed a. stretoh of 62. 89 more vdiat 

wo might expect but 'Ghere were only four (4) animals averaged in 

this result so it would be hardly s.a reliable as the first one 

mentioned . 

The stretch of fiber to a. certain extent corresponds closely 

to the amount or number of crimp . Table no. XIII would indicate 

that this :particular character was not stro11gly transmitted by 

the fine wooled breeds . We might even say from ·the results 

shown in this table that stretch doos not behave at all in the 

manner of ttnit character. The only explanation we could :possibly 

offer if this is a definite transmissable character is that some 

oros.ses offer an especially favorable combination while other 

crossos are directly opposite . This explan~tion is necessary 

When we see that some crosses fall far belov.r the lowest of the 

pa.rents and again some cross shows much more stretch than the best 

of the parents . We t1ight expect that the S-D cross is a very 

poor combination 1n this raspeet while the D-S is much more 

desirable. 



D1;,1;11cULTIES MET Ill ATT'Jt~MPTS TO ESTABLISr A HYBBED BREED OF SIIEEP 

In theory the foregoin, c::irperimont is excellent indeod. 

It v~11ld be very desirnble to possess a eneo_:> with the mutton 

conformation of the Shropshire. tr.o e· rly breading chc.I·noter is tics 

of the Dor sot ancl the fin wool of the Rambo nil lot. 

In attempting to prodn.ce thlo typo of sheep 10wevor eo e 

of the accepted lm.":s of o.nimo.l breading h~ve been overlooked or 

o is regarded. 

It is mora or less goner 11:V a.greod t o.t the fixing of one 

character n.t !l timo \11. ll occupy one• s time ~na necessl t tc vory 

close attention nnd solection. 

In tho ou.tl inc of this ex1)(l!'irnent , re told tl .... 'l t t.be object 

l tho _;:,rodu.ct1on of u. sheep carry i.nr.; the fineness of wool of the 

Ra.mbouillet, but hav1n3 a smooth skin n.nd mutton coi formation 

like that o:f the Shro-pnhiro. It is ~ woll _:110\v.a f ct th, t t110 

numbor of foldn oi ti10 ferino <l.nu Rambouillet are iu direct· 

proportion to tho f:tnoness of ,1001. .t.he smooth skinnod Rambo11illets 

sho a tend noy to oonreer ·wool. T.he Rambo nill · tn sho• ,1ng tho 

most folas a.loo prociu.c.o the finost wool . I:f'. tJ.S nppea:rr: likaly, 

,vrin!:lod , i n .... nd fincnoss of :fleeco n.re linked chc,raotcl's. 

:re aro tr:rin,., tl1c imDoas lb le \ 'hen 'I: o tt mpt to produce r.i smooth 

sheep with fineness of fleece oomJi1on only to wrinltlod sheep. 

Wo have ohown th t tho :Cinonass of tvool nppeur.., to be n 

1:londing oharnater bo.t nt tho. same time o.nd to tho SQJOO aogroe 

wrinkles nd umoothnosa o:f. skin blend. .:.h onlp hope then vrould 

be to devi e oom m ns by v.rhich ~,e coulc: sens.rate these two 

characters. so f r t h s lm, not been possible. 
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We will often hear t hat the first cross resulting from 

two purebred parents wil1 , in t he case of meat animal-a , produce 

an anima1 of better :feeding qualities than either of the pure bred 

orig1naJ:s . This has been demonstrated at sane of the leading 

shows where croas- brod steers t a ke the Grand championship . The 

same o:f wethers and barrows. This idea of cross brooding: will 

hold only when animals of like charaoteriatica are crossed . rllien 

animals of like types are crossed we will sometimes produce an 

animal more desirable than either of the parents , but we have no 

reason f or believing that by 0-rossing an animal of good type on one 

of inferior type that we can produce an animal more desirable than 

the best parent . We will probably improve greatly on the 1.ess 

desirable type but not at"tain the perfaotion found in the most 

desirable animal . 

It is probably this belief that is responsible fox the attempt 

to produce an animal with Shropshire. oharao.teristics by crossing 

the Shropshire on $OIDe other breed. This might have boen aucoes~ful 

if the opposing breed had, been different. The Dorset does not show 

the desirable development of the Shropshire. but is a fairly good 

type. If the Dorset had been the only- breed. used we still . mi ght 

have had some hopes of sneoeas . but when the Rambouil.let v/8.s added 

to this cross it is absolutely lmpossible . We have no roa~on for 

believing the mutton conformat.ion o:f the Shropshir . w1,ll retain all 

its desirable features when crossed Vlit-h the less desirable Dorset 

and the positively inferior Rambouillert-. All laws of animal breeding 

and ·the experionce of practical breeders would sh ow us we cannot 

hope to attain this object. 
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As stated in tho original outlin of this eXJ? riment , one 

. of the objects was to :produce a breed of sheep that would produce 

fall lambs . :rhis vJS:s hoped to be accomplished by th addition of 

the Dorset , an early breeding she p . 

Sa we · hav shown in ·some pr vious tables all Doraets do not 

broed early and still fcweT produce fall lambs . The table regarding 

this early breeding feature shows that a.bout 30Jo of th Dorset lambs 

produced in this experiment have been fall lambs . The othor 70% being 

spring lambs . It vms obvious1y impoosible to produce a now breed 

of sheep all 0£ which could produce fall lambs by crossing one bre d 

with a record of 50% fall lamb production on a bred producing all 

spring lambs . The actual results obtained from this crossing w re 

not at a11 desirable but ere b tt r than we would naturally exp ct . 

This trouble might have b en overcome . in part , if the Dorsets 

had b-e n more carefully selected . This characteristic, fall lamb 

production, is not eommon to all Dora ts but to certain individuals . 

The encouraging thing about it is that it appears to be directly 

transmissable from parent to offspring and could perhaps be 

stablished in the cross bred by using only Dors ts that produo 

fall lambs . When the cross- hr d results from the union of a 

Shropshire and an arly producing Dorat the characters ms 

dominant over late breeding. 

In introducing the Dorset breed for fall lamb production, 

we also introduced horns and white face of th Dorset . The 

polled character of the Shropshire ia dominant ov r horns of' 

th Doroet in the F1 gene.rat ion. This • according to M ndel ' s 

law. would on successive crossing, result in a cross bred 
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sheep homozygos for the eharaoter of hornlessness . 

only assume that horns of Dorset are a t -ruly recessive oha,ra.cter 

in the present test because the work was not oarried on in thin 

manner. That is . the cross breda were not reerossad v-.ri'th eaeh 

other but were crossed with the R-e.mbou.illet. . The Rambouillet 

have horns in the male and the f ema.le is hornless • The in-

troduot ion of this breed would . of oourfH~-, prevent any definite 

percentage of hornless sheep appearing a.nd would prevent a. close 

study of the behavior of this particular character from a gernetic 

point of Yiew. 

The cross breds we-re invariably hornl"8sS when they c.arriad 

as muoh as 50% of Shropshire blood. We oannot retain this 

predominance of Shropshire bl.ood wit.hon t sacrrifioing some of the 

other objects in view and we would necessarily have -to rely on 

-ohanoo and rigid selection. We might in this way obtain o. 

hornless breed 1,,71 thout a preponderance of Shropshire blood. 

r·t can readily- be seen tha-t .509& of Shropshire blood w-ould limit the 

amount of Dorget and Rambou1lle-t bl.ood in the cross--bred and 

would saorifica both the oharaoter of fine wool and early breeding 

or attempt to fix one and dis:re88,rd the other entirely which of' 

course eonld not bo done under the present system o:f orossing. 

we met the same difficulties with ·th-e ru:1.rk oolor of faee 

that we did with homlessneas . as both of thtee were represented 

by the Shropshire . We had the added dif:f'icnuty however that 

the Rambouillet and Dorset both ha.Ve white faces . We would bavo 

to depend more strictly on aeJ.ootion and chance beeauae of the 

blending of color markings o:f sheep . 
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Tho color markings of sheep , as has already been stated is 

of secondary importance and could easily be omitted until the 

desired type is we11 fixed and this oharacter be fixed by seloe­

tion. 

Ill attempting to produce a type of sheep with the mutton 

conformation of the Shropshire , the 1·1ne wool o'f tho Rambouillet 

and the peculiarity of breeding at an early season of the Dorset , 

we apparently lost sight o:f some very important things . 

Vle a.pparently assumed that we could obtain the desired 

ohara-oter but lost sight of the fact t®t sane of t .he undesirable 

eharaoters were no les_s unit characters and were just as strongly 

transmitted and sometimes even more strone;ly than t .he particular 

eharact "~ we wished to fix, We assumed that the early breeding of 

the Dorset vrnuld be dominant in the various crosses but that the 

white fa.ee and horns common to this breed would disappear. 

,7e tried to fix the fineness of' wool common to a Rambouillet 

on a eross-bred without the undesirable folds also cotrunon to this 

breed . As has been suggested , these last t\¥0· oharaoters seem to 

be linlced . In this case we were attempting the impossible . If 

these characters are not linked , the folds would in all probability 

boas strongly transmitted as fineness of fioece . This seems to 

be the case , a.a fine wool ae.companies :fold-s and vice versa . 

We were a.ttempting to retain all desirable features of the 

Shropshire plus same of the desirable characters of other breeds. 

We were in fact attempting to graft early breeding and fine VJo,ol 

on the present day type of SJ:i..ropshire , •an impossibili.ty. 



Our proposed system of mating would, in the course of 

several yea.rs , reach the point where the amount of blood from the 

different breeds would bo almost equal . The crossing and r - cross ... 

ing would theorit-ioally have reached the point where all desirod 

characters were equally represented and could be fixed there by 

selection. 

If the three main characters in quos -tion could be ta.ken as 

separate units and placed together in this proportion. we might 

have the product sought for . We must consider , however , that 

in our dealings with animal lifi we will met many cho.ra.cters 

other tna.n those in question. :.ve would also have to contend ,'4- th 

many characters and influ noes which we could figure on before 

hand and could cope with When they wer met in the problem. 

When we had passed th first or second cross where mor 

than one character was considered , we had numerous possible 

combinations of the various characters ana. naturally this would 

result in offspring of numerous ty-pc-s . The more crosses and the 

more characters considered , tho more possible combinations . rl'his 

is c:xactly the point We ha~o reached in our present system of 

crossing. ~he offspring from identical crosses are very different 

in a .,pea.ranee , due to a difference in the combination of all the 

possible combinations , present in the particular individual under 

question. 

,oar aometim~s told that continuous cross- breeding will 

result in reversion . We hav also met thi~ obstacle . · c have 

produced ve.rything from blnclc lambs , on Ul) to desirable colors 

common to the broods used in crossing. 
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The .sheep ri thout horns were wrinkled . The fi'ne uooled 

sheep were wrinkled . The dosi:rable mutton form had horns , a 

white face and \'Jere la.to breeders . We have produced them all , 

but not the desired combination. 

As we have sa.id before thie object might be realiz d where 

unlimited sheep could be used for the purpose o:f selection. e 

can imagine a state 0£ affairs where there is a possibility of 

having the oharacters a.11 pres nt in one individual . This would 

be the ad.vantag of numbers . 

te could study gen~tics in cozmection with this were w 

considering only one character . As it is , we cannot follow 

this beyond the first generation. 

We have roached the pla-ee where ev ry individual sheep 

is a typo unto him.self . le cannot know what to expect from 

any given cross . 

e are prepared to say that with our present crosaos and 

equipment to work with 'the production of suoh a sheep as is 

mentioned in the introduction and r ferred to na.morous tim1::s 

since , is . HIPOSSIBLE. 



J 
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SUlaMARY 

I . Polled cha.ra.cter of Shropshire is dominant ov r horns 

of Dorset . 

II . Color .markings of sheep tend to blend . A black and 

White face produce a mottled face in the cross bred. 

III . Fineness of wool is slightly dominant aver coarso 

wool but these ch.D.racters blond. 

IV . \/eight of fleoce is a blending chara.cter in first oroaa. 

v. Uutton and wool conformation tend to blend, with 

mutton slightly predommat.ing in the first cross. 

VI . smooth skin and folds blend uith a slight tendency to 

folds in first cross . 
. 

VII . Character of early breeding is not oonmon to all 

Dorsets but is an individual matter. 

VIII . It is impossible to obtain all th deairabl features 

of a Rambouillet wool without some of th ir disadvantages as 

to mutton. 

IX. A dark face in this system carmot be obtained without 

S ropehire blood predominating. 

x. It is iinpossibl to stablish a tYPe bre ding true 

rithout large numb rs from whiah to se1eat . 

XI . Fl oce cov ring is dominant over baroness . 

XII . norns ·appear more often on rams than on ewes . 

XIII . i rly breding of Dorset appears dominant when the 

Dorset selootod io of an early produoing struin. 

XIV . The finoneso of wool d oir d will undoubtedly b 

accompani~d by looocnoao of ckin and folds . 
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