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SUMMARY . 
1. There is a great deal of opportunity for increasing the average 

weirrhf. of fleece produced by range sheep in  Texas. 
The weight of the fleece produced by a sheep is controlled by 
:inds of influences : (a) permanent individual differences between 
sep (called 'individuality" in  this Bulletin), (b) environmental 

U ~ L U G U ~ ~ ~  which affect some sheep but not others (such as sickness, 
suckling a lamb, etc.), and (c) environmental forces which affect all the 
sheep dike (such as' age, drouth, etc.). 

3. I n  a flock consisting of 337 grade Rambouillet ewes, 132 grade 
Rambouillet wethers, 23 registered Rambouillet ewes, and 12 registered 
Corriedale ewes, kept a t  Substation No. 14 in  Sutton and Edwards 
Counties, from the summer of 1917 until the summer of 1923, the dif- 
ferences in the weights of fleeces prodnced a t  any one shearing by sheep 
of the same age and sex were found to be very largely permanent differ- 
ences, that is to say, due to individuality. The average coefficient of 
correlation between different fleeces sheared by the same sheep mas 
+.607. 

4. Individuality was found to be the cause of the following yer- 
centages of the differences in  the weights of the fleeces produced by 
different groups of sheep : 

33.5 per cent. for the grade Rambouillet ewes. 
38.6 per cent. for the grade Rambouillet wethers. 
53.7 per cent. for the registered Rambouillet ewes. 
69.2 per cent. for the registered Corriedale ewes. 

,, 5. If all sheep which produced less than the average amount of wool 
the first time they were sheared had been culled out a t  the time of that 
shearing the future average fleece weight of that flock would have been 
raised about two-thirds of a pound per sheep. 16.2 per cent. of the flock 
would have been culled when they should have been kept, and 15.2 per 
cent. would have been kept when they should have been culled as shown 
by fleece weights a t  a later shearing. However, most of those which 
mould not have been culled correctly, produced less than a ponnd either 
more or less than the average and therefore it would not have made 
much difference whether they were culled or not. 

6. Individuality varies in importance in diifferent groups of sheep, 
being slightly more important with wethers than with ewes, and being 
much more important in  flocks of mixed breeding than in  flocks of uni- 
form breeding where the rams have been bought for years with a 
definite ideal in mind and from only one or two breeders. Culling wlll 
be more immediately helpful on a mixed flock than on a very uniform 
one. 

7 .  No one age is more accurate than another for culling ~ h e e p  accord- 
ing to their fleece weights except that sheep which have been born in a 
year of drouth can be more accurately culled a t  twc years of age thzn 
as yearlings. I n  the interest of economy sheep should be culled as 
young as possible. Therefore i t  is recommended that culling be done 



a t  the yearling shearing except follo~ving a drouth, when i t  should be 
postponed a year. 

8. One season is as good as another for culling except as noted above 
for young sheep after a drouth. Fall shearings are about as reliable as 
twelve-month shearings for culling on the basis of fleece weight. 

9. Consecutive shearings are slightly more .alike than shearings 
farther apart, but even shearings four and five years apart show a high 
degree of correlation. 

10. When culling ewes two years old or older, one should be careful 
to observe whether they are dry or are suckling lambs; otherwise, i t  is 
possible that culling on the basis of fleece weights might cause ---- 
barren ewes to be retained in the flock. 

11. Culling vi l l  increase the average weight of fleece for the 
of sheep which is culled and i t  n7ill also increase the wool-pro( 
qualities of the next generation in so far as the individual differences In 
the sheep culled are hereditary. There are reasons for thinking that 
very much of this individualitp is inherited. 
12. The ~vhole matter of individuality may be summed Irp in the 

words : "Once a good sheep-alzvays a good sheep ; once a poor sl 
always a poor sheep." There are a few exceptions, of course, b~ 
is much truer than has been generally believed heretofore by the a 
flockmaster. 

13. The wool production of a sheep at  one shearing is about as 
accurate an indication of its future production as one year's milk nlld 
fa t  record is of the future production of a dairv cow, and is as accurate 
an indication as the first year's egg-procluction is of a hen's future pun- 

? flock 
3ucing 

production. 
14. Ewes produe2 the heaviest fleece a t  two years of age. I 

fleeces are somewhat lighter than the two-year-old, but still heavier 
Later 
than 

the yearling until old age begins to exert an influence. 
15. Wethers produce very much heavier fleeces as two-year-old 

as yearlings bcnt their three-year-old fleeces may be still heaviei 
their two-year-old ones. 

16. Wethers produced heavier fleeces than ewes at every age axcept 
the yearling in this test. 

17. Eight-year-old ewes in the Experiment-Station flock have not 
yet shown a very decided decrease in wool production due to their age. 

18. Abnormal seasons can influence wool production enough to oh- 
scure the effects of age. 

19. Practical methods of culling according to fleece weight are dis- 
cussed. 
20. Length of staple is an indicator of weight of fleece (wi 

breed a t  least) but is only fairly accurate. The longer fleeces tl 
be the heaviest. 
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THE INFLUENCE OF INDIVIDUALITY, AGE, AND 
SEASON UPON THE WEIGHTS OF FLEECEC 

PRODUCED BY RANGE SHEEP 

PART 1 

INTRODUCTION. 

Tmmediatelp after the establishment of the Ranch Esperiment Sta- 
tion near Sonora in southwest Texas, with suitable arrnngenlents for 
special range investigations with sheep and goats as well as cattle, the 
Texas Station was able to acquire a sufficient number of range-bred 
Rambouillet ewes to begin a study of several important factclrs which 
were thbught to have an important bearing on wool and mohair in- 
heritance and production. 

Accordingly in 1917 a comprehensive study of ~vool- and mohair- 
production problems was begun by the junior author in his special capa- 
city as Animal Husbandman in Charge of Breeding Investigations, 
assisted by E. M. Peters, Superintendent of the Ranch Statim. This 
was the first opportunity that the Texas Station had to systeniatically 
accumulate this needed information. 

I n  1921 the senior author, a trained Aninial Geneticist, mas employed 
on the Station Staff, since which time he has assembled and summarized 
the shearing data so far available a t  the Ranch Experiment Station. 
This Bulletin, which represents the accumulation of six years' shearing 
records on one phase of wool-production, the effect of age and envii-on- 
ment upon the weights of fleeces produced by rangc sheep, is the first 
complete bulletin based entirely npon investigations conductccl on the 
Ranch Station, althouyh experiments ancl observations made there have 
been used in the preparation of Texay Experiment Station Bulletin So.  
297 and Circulars Nos. 27 and 28. 

The importance of Texas as a sheep-raising state is shown by the fnct 
that since 1920 Texas  ha^ had a larger number of sheep n7itliin its 
borders than any other state.* However, i t  is not a matter of pridc to 
learn from the same source that there are a large number of s t ~ t e s  where 
the average weight of n700l produced by each sheep is greater than in 
Tesas. According to the estimates of the United States Department of 
Agriculture, supplementecl by those of the National Association of 
Woolen Manufacturers, during the last ten years the number of statcs 

rbooks of the U. S. Department of Agriculture. 



where the average weight of fleece has been as large or larger thai 
Texas has been as follows: 

Number of states which 
Year excelled or equalled 

Texas 
1913 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
1914 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . .  30 
1915 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
1916 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
1917 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
1918 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
1919 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
1920. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
1921 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1922 .......................................... 17 

Of course, these figures are only estimates and there are certaii 
be some inaccuracies among them, but they are based upon more f 
than any other agency has a t  its command and are the most reli 
estimate which we have and clearly point to the fact that the sheepmen 
of Texas are not  getting as many pounds of wool from each sheep as 
are the sheepmen of many other states, particularly those of ihe north- 
ern Rocky. Mountain and northern Pacific states. According to these 

Figure 1. The trend of the average weight of fleece produced in Texas and in the United 
States during the two ten-year penods from 1903 to 1922, inclus~ve.. 

same figures the average weight of fleece in  Texas has increased during 
the course of the last ten years, but there is nothing to indicate that it, 
has increased as fast as was possible. 

Figure I shows the general trend of the average weight of fleece pro- 
duced in  Texas and also in the entire United States during the last two 
ten-year periods for which the figures are given in the Yearbooks of the 
United States Department of Apiculture. The important fact which 
this figure shows graphically is that the increase in fleece weight which 
took place at about the same rate during both periods for the United 



States as a whole, went on more slowly in Texas in the first period and 
then grew very rapidly i n  the second period. The low average fleece 
weights estimated for Texas in 1914 and 1915 and the high weight 
estimated for 1921 emphasize the trend for the last ten years in  Texas 
unduly, but even when that is taken into consideration, it is certain 
that the average fleece weight in Texas has been increasing faster in 
the last ten years than in the preceding ten years. This improvement 
coincides with, and is undoubtedly due to the use of improved sires of 
good breeding, which first began to be a wide-spread general practice 
among Texas wool-growers from six to tvelve years ago. There is still 
much room for improvement in this respect. 

Undoubtedly there are many influences which have an effect upon 
the weight of the fleece just as it comes from the sheep's back. For the 
purpose of this study they are divided into two classes: first, those in- 
fluences which are temporary and may affect a certain sheep this year 
but not next year, and second, those whose effects are permanent and 
last throughout the lifetime of the sheep. As examples of the frrst class 
there are such thinqs as prolonged rainv weather, vhich may was11 nn 
unusual amount of yolk and foreign matter out of the wool; pro- 
longed dry windy weather which mag result i n  an excess of dirt and 
sand in the wool; high temperature preceding shearing, which may in- 
crease the amount of sweat or yolk in the wool, abundacce or scarcity 
of food, temporary sickness, pregnancy, suckling 2 lamb: and in  fact 
any condition which can p~oduce a temporary effect upon the growth of 
wool and not leave a permanent effect upon the individual sheep. 

As examples of the second class there are the forces of heredity which 
are fixed for any one sheep at  the moment i t  is conceived and cannot be 
changed throughout the rest of its life, and also certain environmental 
forces which affect the embryo before it is born or the young lamb be- 
fore it has reached its maturitv. The manner in  which these environ- 
mental forces act is better known for some than for others. Thus it is 
fairly easy to see how prolonged drouth or the loss of its mother while 
it was still very young might keep a lamb from attaining its full growth 
until after i t  had lost the ability to grow, and thus would cause it to 
be permanently stunted and too small to produce as heavy a fleece as 
its hereditary possibilities would have enabled it to produce if it had 
received the proper nourishment as a lamb. However, the action of 
some environmental forces is not so clear. For example, color in most 
animals is very little influenced by feeding or other easily understand- 
able environmental forces and yet it has been shown that variations in 
the amount of black and white in guinea-pigs is very largely determined 
by irregularities in embryonic development and other vaguely undcr- 
stood environmental influences.* There is every reason to suppose that 
the wool-producing ability of a sheep likewise may be partly fixed before 
it is born by environmental forces, whose action is but dimly understood, 
and which cannot be effectively controlled until they are better under- 
stood. 

I n  the studies reported in  this Bulletin it has not been possible to 
separate clearly from each other the effects of heredity and the perma- 
nent effects which environmental forces had produced upon the sheep 

*Wright, Sewall, 
pp. 320-332. 

Proceedings of the National Academy Sciences, Vol. 6, No. 6, 
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,before i t  nTas sheared for the first time. These two effects have been 
grouped together under the term "individuality" and in this Bulletin 
incliviclnalitp is defined as the permanent characteristics of a sheep with 
respect to the amount of nrool it can produce, which are almost --- 
pletely fixed by the time i t  is first shearecl. . 

Tndiviclnality accounts partly for the weight of the fleece,-jusi 
much mill be shown later-and temporary environmental forces ac 
for the rest. These environmental forces vhich affect all of the sr 
are grouped together in this Bulletin under the term "season." Se: 
inclucles such things as the variation from year to !rear in the amc 
ancl kind of grazing, variations in rainfall and temperature in so fa 
they affect the weight of fleece directlv, variations in  the date of sh 
ing, etc. To determine accuratelv the influence of season on the me 
of fleece vill require much larger numbers of sheep and a study 
tended over much longer periods than are required to determine 
influence of indivicluality. This Bulletin does not contain a complete 
statement of the effect of season. It is necessary, however, to refer to 
the effect of season in discussing the effects of individuality and age and 
therefore i t  mas thought best to include a statemal~t of the effecfs of 
season so far as our data show them at present. 

I t  is linonrn that the age of the sheep has an influence upon the v 
of its fleece ancl therefore the data bearing upon the influence c 
are presented, although here, too, many more sheep and more yeq 
study are necessar~te-find the complete truth. 

There are many factors which might cause the wool-production 
increased or decreased temporarily without leaving a permanent 
upon the sheep and which might affect some sheep and not others. FAX- 

aniples of such things are that sheep might be sick during part of the 
time the fleece is growing, some ewes might be pregnant while others are 
barren, and a ewe might be pregnant one >rear and barren the next, a 
ewe might suckle a lamb one year and be dry.the next either th 
having lost her lamb or not having produced one, etc. These f 
have not been studied separately, but taken all together they ar 
cussed in the part dealing with individuality because they and 
viduality together are responsible for the differences in the weigh 
wool produced bv different sheep of the same age ancl sex and in 
same year. 

MATERIAL. 
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The material on which this studv mas made consists of the ;rdivi?~ial 
weights of all fleeces shorn at  Substation No. 14 during the period begin- 
ning with the spring of 1918 and ending with the spring of 1923. All 
sheep were shorn every spring and in addition approximately half of the 
sheep were shorn in the fall of the years 1920, 1921, and 1923, in con- 
nection with a stl-tdy, which is still being carried on, of the effects of 
shearing twice each year as compared with those of shearing only once a 
year. The three fall shearings were made at  almost the same time each 
year, the extreme variations in  the clate of finishing shearing being 
October 16 in  1920 and October 23 in 1922.. There was a little more 
variation in  the dates of the ~ p r i n g  shearings, for which the extreme 
final dates vere April 21 in 1923 and May 19 in 1922. These varia- 
tions do not affect the evidence on the importance of individuality, but 



do need to be taken into consideration when the evidence on the in- 
fluence of age and season is being examined. 

The sheep consisted of 12  registered Corriedale ewes, 23 'registered 
Rambouillet ewes, and 95 grade Rambouillet ewes and their descendants, 
making a total of 504 sheep which mere sheared at  least twice at  the 
Station. The twelve Corriedales consisted of eight which were pur- 
chased and had been born in 1919, and four ewe lambs produced from 
them in 1921. The twenty-three registered Rambouillet ewes consisted 
of three, which were born at  the Station in 1919, and twenty which 
were purchased from various sources and were of mixed ages, one of 
them having been born as earlv as 1914 and some 2s late as 1918. The 
ninety-five grade Rambouillet ewes were of Robert 3lIassieYs breeding and 
n-ere purchased in the summer of 1917, and were larger and of better 
mutton type and also were better producers of wool than the average 
flwk of that region althoz~gh they were possibly not the best grade ewes 
to be found there. They varied from a heavy-shearing B-type to  a light- 
shearing C-type. They were out of a flock which had been established 
for a good many years and where careful attention has been paid to 
selecting the rams which were used, and therefore they were fairly uni- 
form in their breeding. About sixty per cent. of them were born in 
1915, about thirty per cent. in  1914, and about ten per cent. in  1916; -- exact record was kept for each ewe. The breeding policy for the 

flock was to keep all ewes for breeding purposes, and to sell the 
3 at convenient times. Some of the wethers vere kept until they 
hree years old, but most were sold at  an earlier age. The sheep 

were ~ e p t  under range conditions typical of South~vestern Texas. They 
received no feed other than natural grazing except during the latter 
part of the winters following drouths when i t  was necessary to feed 
them a small amount of cottonseed cake to keep them healthy and to 
keep the eves in qood condition for lanibing. The registered em7es re- 
ceived slightlv more feed before lambing than the grades, but during 
most of the year they also depended upon the grazing for all of their 
feed and during all of the pear they depended upon grazing for a t  least 

of their feed. They were loose-grazed in so-called "wolf-proof" 
res, no herding being done except for a few weeks during Iambiag. 
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PART I1 

THE EFFECT OF INDIVIDUALITY. 

Individuality as used in this Bulletin has been definer1 as the perms- 
nent differences between sheep in their ability to produce a heavy or 2 

light fleece. No one will deny that there are differences in the weights 
of the fleeces obtained under the same conditions from sheep of the same 
age and sex and even of similar breeding, but probably not many sheep- 
men realize how great those differences are. Moreover, the mere fact 
that these differences exist at  one shearing tells us of itself nothing 
about whether the same differences will exist a t  the next shearing. That 
is the fact which is to be determined, namely, whether sheep that shear 
a heavy fleece at  one shearing will be likely to shear a heavy fleece at the 
next shearing and, if so, what the reasons for it are. If i t  is so, i t  will 
be possible to raise the average weight of the fleeces produced in the 
future by culling out the poor producers in the present. If it is not so, 
culling on the basis of fleece weights will do no good and we shall have 
to look elsewhere for methods of increasing the wool production of a 
flock. That-cukag on this basis is a success has been recognized in a 
practical way by the sheepmen of Australia, New Zealand, and South 
Africa and is beginning to be recognized by the range sheepmen of this 
country. 

Only one previous scientific study has been made of this question, so 
far as the authors of this Bulletin are aware. That one is reported in 
Bulletin No. 127 of the Wyoming Agricultural Experiment Station and, 
besides the fact that the sheep were raised under different climatic condi- 
tions and in a different region and were of somevhat clifferent hreecling, 
it differs from the studies in  this Bulletin in two particulars. First, the 
Wyoming studies were made on the clean or scoured weight, while these 
studies were made on the grease weight of the fleece just as i t  was taken 
from the sheep's back. Second, the Wyoming studies were made on 
one flock of wethers selected for their uniformity, and kept under feed- 
lot conditions three of the four years, and numbering only twenty-nine 
head. These studies are based on eight distinct groups of ewes and 
four distinct groups of wethers, kept under range conditions the entire 
time. Many of the groups contained smaller numbers than in the Wyom- 
ing studies but many of them contained more, the largest number in 
any one group being eighty-three head. 

I n  view of these differences i t  is somewhat surprising and highly 
gratifying to find that the results of this study are completely in agree- 
ment with those of the Wyoming study and support the conclusjone 
reached in  that bulletin. Moreover, the fact that the two studies are in 
agreement as far as they go gives us added confidence in the conclusions 
reached in  this Bulletin in regard to a number of points not covered by 
the Wyoming study. 

A preliminary studv which is as yet unpublished has been made by 
the Bureau of Animal Industry of the United States Department of 
Agriculture and agrees in principle with the results to be given in this 
Bulletin although the Bureau investigators found that individuality was 
considerably less important than was found in this studv. 
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Figure 2. Grade Rambouillet Ewes, Nos. 1-100, most of them born in 1915. Col,c.,auvu 
between the weights of the fleeces shorn in the Spring of 1919 and the Spring of 1920. 
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Figure 4. Registered Rambouillet Ewes. (including only those which were three .years 
old or older in 1920). Correlation between the weights of the fleeces shorn In the Spring of 
1920 and in the Spring of 1921. 
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Figurec 5. Grade Rambouillet Ewes, Nos. 11 1-192, born in 1918. Correlation between 
the-weights of the fleeces shorn In the Sprlng of 1919 and In the long Spring of 1923. 

E+ 

1 
0 
5 
1 
2 
3 
1 
1 
14 

ln ro E (J3 01 

1 

1 1 1 1 1 
1 

1 1 
1 2  

1 
1 

1 0  o 1 0  o 1 1  2 1  4 o 1 1 1  

1923 : 
Average= 7.89 lbs. 
Standard Deviation =. 905 Ibs. 
Coefficient of 'Tarlation 

= 11.47 $ 

1919 : 
nversge = 9.13 lbs. 
Standard Deviation z.470 1bs 
Cooff icient  of ra r ia t ion  

= 5.15 

Coefficient of Corrslation 
= -a074 + 0179 



The method of study vTas to take all the sheep of the same age ancl sex 
vhich were sheared at  two clifferent times ancl rank them in the order 
of the weight'of the fleece which they proclucecl at  the first shearing and 
then see how nearly they woulcl come to rankin3 in the same order 
according to the weights of their fleeces at  the seconcl <hearing. The 
metllod of doing this is known to matllematicians as the nlethocl of 
correlation ancl the number mhich expresses the result is lmo~vn as the 
"coefficient of correlation7'. The coefficient of correjation is an abstract 
nnn-tber which can never be less than minus one or more than plus one. 
If the two rankings should be exactly the same, the coefficient of correla- 
ti011 woulcl be p h ~ s  one and we tvonlcl say that the correlation was perfect. 
Of course in actual data that never happens because there are too many 
tenlporary causes of variation. If the two railkings had no rc~lation to 
each other the coefficient of correlation ~voulcl be zero, ancl we ~voulcl say 
that there was no correlation ancl woulcl knov7 thct the sheep 1vhicl.1 
shearecl a heavy fleece one time n7as just as likel!~ as not to shear a light 
fleece the next time. If the seconcl ranking were exslctlv opposite to 
the first the coefficient of correlation would be minus one ancl we wollld 
say that there was perfect negative correlation ancl nre ~voulcl know that 
the sheep mhich sheared a heavy fleece one time 11~as certain to shear a 
light fleece the nest time. 

4 s  already stated, correlations in actual practice are never perfect nnd 
their importance is juclpecl by their size. For most practical purposes 
a correlation is of very little importance if its coefficient is less than .30 
anci is of very great importance if its coefficient is greater than .60. 
The importance of the correlation increases vi th  the square of its co- 
efficient ancl therefore the hiqher coefficients show correlations ever so 
rn~~ch  more important than the lower ones. 

There were 161 clifferent conipnrisons concerned in this study and of 
course i t  is impossible to show within the limits of this Bulletin every 
one of t h ~ s e  correlation tables. Howe~rer, four correlation tables are 
shown as samples in Figures 2 to 5. These b u r  correlation tables Isere 
selected for the following reasons: Figure 2 shows the table including 
the largest 1111111ber of individuals ancl is a representatire tablo ; Figure 
3 shows the table which includes the two shearings farthest apa1.t in time 
and is also a fairly representative table; Fi_o~u.e 4 shows the table which 
gives the highest of all correlations and is therefore an extreme case 
and is not truly representative and is based on too small a number of 
sheep to be regarded as trul J important; Figure 5 shows the table which 
gave the lowest correlation and is also an extreme case and is not trulg 
representative. This last correlation is the only c.ne which came out 
negative and since i t  is less than half its "probable error" (see page 18)' 
its being negative is without sigaificance. 

Figures 2 and 3 mill be used for illustrations in  further ~xplnining 
what correlation tables show. Turning to Figure ?,, one will see that 
the ewe which sheared the lightest fleece in 1919 (6.25 ibs.) also 
sheared the lightest fleece in 1920 (6. lbs.). Holvcver, the cme mhich 
shearecl the seconcl lightest fleece in 1910 (6.76 lbs.) did better the next 
year ancl there were ten sheep which sheared less and five others which 
shearecl just as much (8.00 lbs.). The ewe which sheared the third 
lightest fleece in 1919 was tiecl with one other for second lightest in 
1920. Of the two ewes which nTere tied for fourth lightest fleece In 



1919, one was fourth and the other tied four others for seventeenth 
lightest fleece in 1920. Turning to the other corner of the table, one 
will see that the ewe which sheared the most in 1939 (12.00 lbs.) was 
tied with one other for third place in 1920, while the ewe which was 
second in 1919 m7as beaten by fifteen ewes and equalled by eight others 
in 1920. The ewe which mras third! highest in 1919 was beaten by eight 
ewes and tied by five others in 1920. Of the two ewes which were tied for 
fourth heaviest fleece in 1919, one stood second and the other waa 
beaten by fifteen and equalled by eight others in 1920. Thus it will be 
seen that m~llile the two rankings are not identical there is a stroc? 
resemblance between them. 

It might be argued in the case of the ewes which sheared light fleeces 
i n  both pears that perhaps they n-ere slightly crippled, or suffering from 
some slight but chronic sickness which extended over a t  least part of 
both years. Of course, all iloticeably crippled or sick or shedcliog wvec 
were excluded from these recorcls, but in the liurry and confusion of the 
shearing pen it is likely that some of the slightly affected ones escayed 
notice and were recorded as all right. This, then, is a possible explana- 
tion of some of the consistently poor producers in Figure 2, but i t  is 
not easy to see how it could explain the consistently good producers in 
the same table. 

Moreover, this argument will not apply at all to Figure 3. The poor- 
est producer in  1918 was tied with six others for sixth poorest in 1923. 
Of the four which were tied for second lightest fleeces in 1918, two were 

: tied with one other ewe for lightest fleece in  1923 and the other two 
3- were tied with five others for 5ixth lightest fleece in 1923. Turning to ' the other corner of the table me find much the same condition. The 

ewe which sheared the heaviest fleece in 1918 sheared the seventh heaviest 
in 1923. The ewe which stood second in 1918 was first in-1923. The 
ewe which stood third in 1918 mas tied with three others for eighth 
heaviest fleece in 1923. The re arkable thing about i t  is that these 
shearings were five years apart. &he average weight of the fleece de- 
creased 1.53 lb . (on account of age, early shearing- in 1923, and light 
shrinkage in 2 23, all to be discussed later) and yet the ewes came about 
as near to keeping their same ranking as they did in the two consecutive 
shearings of 1919 and 1920 shown in Figure 2. It will be shorn later 
that on the average the consecutive correlations are slightly higher than 
the non-consecutive ones and therefore that temporary environmental 
forces which overlap tvo  consecutive wool-growing periods do have an 
influence, although a slight one, 11pon the size of the correlation. 

It will be noticed in Figure 3 that there are quite a number of ewes 
represented in  the lower left-hand corner of the table although there are 
almost none in the upper right-hand corner. This means that many of 
the ewes which did fairly well in 1918 clid poorly in 1923, but that almost 
none of the ewes which did poorly in 3915 did n7ell in 1923. Un- 
ifoubtedly the explanation for this is that many of the ewes were begin- 
ning to show the effects of their age in  1923. It is lrnown that some 
2f them were already showing b r o K m E i t h . ;  in 1923. The majority 
of them were eight gears old at  the last shearing and some of them 
were nine, which is rather old for range sheep. 

Before we leave these illustrations i t  would be well to expiain in as 
practical a way as possible the nleaning and importance of correlation 



with respect to what would happen if the sheep were to be culled on the 
basis of their fleece weights a t  the earlier of the two shearings. It  ha^ 
already been stated that the importance of a coefficient of correlation 
varies according to the square of the coefficient." Thus in Figure 2 
the coefficient of correlation is +.655, which squared equals .429. This 
means that in this particular case 42.9 per cent. of the differences he- 
tween individual ewes were the same for both years. If  the correlation 
had been perfect (i. e., +1.000) 100 per cent. of the differences would 
have been the same for both years ancl culling on the basi9 of fleece 
weights would be without mistakes. If there were no correlation a t  
all and the poorest producing half of the flock were to be culled on the 
basis of their first shearing record i t  is liliely that just as many arould 
be culled which would be good producers the next year as would be poor 
producers a t  the next shearing. I n  other words culling where no corre- 
lation existed ~vould result in about 50 per cent. right selections ancl 50 
per cent. wrong selectio~is, just as a matter of chance. Now the fact of 
the matter is that there is a correlation, although not a perfect one, and 
that 42.9 per cent. of the differences are constant. Now if the ewes 
which sheared less than the average were to be culled, we ~vould be right 
in somewhat more than 42.9 per cent. of the cases on account of the 
correlation and in half of the remaining cases j-~1st as a matter of chance. 
Thus theoretically we would be right in slightly more than 7'1.5 per 
cent. of the cases (42.9 + 4 X 57.1) and wrong in less than 28.5 per 
cent. of the cases. Turning to the actual facts in  Figure 2 we find that 
41 ewes prodnced less than the average in 1919 and only nine of those 
produced more than the average in 1920. Of the 42 ewes which pro- 
duced more than the average in 1919 only 10 produced less than the 
average in 1920. Thus there would be onlv 19 mistakes among the 83 
head or only 22.9 per cent. mistakes. 

Turning to Figure 3, we find that the square of the coefficient cf 
correlation is .432 and we expect to b,e right in more than 71.6 per cent. 
of the cases and wrong in less than 28.4 per cent. As a matter of fact 
m-e find that of the 29 ewes which produced less wool than the average 
in 1918 only 7 produc~d more thzn the average in 1923, and of the 25 
which produced more tlian the averaFe in 1918 only 6 produced less than 
the average in 1923. Thus there would have been 13 mistakes among 
the 53 ewes, or the culling mould have been right in 75.9 per cent. of 
the cases and wrong in 24.1 per cent. 

Moreover the mistakes vhich vould have been made would have been 
small ones. Thus in Figure 2 only one of the nine which would have 
been culled out mistakenly, af ter~~~arcl  beat the average by as much as 
one pound ancl only four of the ten which ~ ~ ~ o u l d  have been kept mis- 
takenly, afterward procluced as much as a pound less than the average. 
In  Figure 3 only two of the seven which would have been culled out 
mistakenly, afterward beat the average bv as much as one pound and 
only three of the six which would have been kept mistakenlv, afterward 
produced as much as a pouncl less than the average. 

Thus it will be seen that the mistakes made in culling on the hasis J of fleece weights mill be almost entirely among sheep of averljge merit 

*Wri.ght;,Sewall, 1921. Journal of Agricultural Research 20: 557-585. "Correlation and 
Causation. 



and that almost all the estrelnely heavy-shearing sheep will be retained 
and almost all of those prod~~cing light fleeces will be culled out. 

I n  the case of Figure 2, if the ewes whic11 produced fleeces lighter 
than the average in 1919 had been culled out, the average weight of, 
fleece produced by the flock in 1920 TTTOUICI have been increased from 
9.13 lbs. to 9.73 lbs. I n  the case of Figure 3 culling in 1918 would 
have raised the average prod~~ction of the flock in 1923 from 6.85 ibs. 
to '7.54 lbs. Moreover, this culling n-ould not have to be done more than 
once in  the lifetime of each group of sheep but the increased average 
procluction res~~lting- from selling the poor-producers would be obt.ain~c1 
every year as long as the sheep were kept. Of course, i t  is advis: 
cull all old sheep as fast as they become hx&en-mouthed. 

The average of all the 161 correlations is + a d  the squ 
that is .368. Therefore r e  would expect to be correct in mort 
68.4 per cent. (36.8 + 4 of 63.2) of the cases if we di~~icled the she( 
a poor and a good flock equal in size on the loasis of one shearing 
and expected each of them to fzll into the same two groups a. 
shearings. If such a division had been made a t  the time each groul) 
was first sheared, there would hare been 1493 comparisons of two fleeces 
from the same sheep. I n  512 cases the sheep was in the poorest half 
both times, in 241 cases the sheep mas in the poorest half of the first 
shearing and in the beet half of the second shearing, in 228 caE 

- 

sheep was in the best half a t  the first hear ing and in the poore! 
a t  the later shearing, and in 512 cases the sheep m'as in the be$ 
both times. We would have been correct in 68.6 per cent. of th( 
and, as vi-as pointed oz~t above, in very few of the mistaken eases 
the mistake have been more than a pound and therefore i t  wou 
matter much whether those sheep Irere cullecl out or kept. Moi 
half of the mistakes woulcl have heen in keeping poor producers an( 
of these mistakes could be cullecl out a t  the next shewing if culling was 
continued. Altogether i t  is impossible! to escape the conclusion tint 
culling on the basis of fleece weights, wonld be highly efficient in find- 
ing and renio~-ing the sheep wlzich coi~~istently produceci light fle0.n~ 
and in thereb~r increasing the general average ricld of ~rool in 
particular flock. 

It is of course impossible to discuss each correlation table Feparr 
but in orcler to show the variation among these correlations ancl s 
the possible causes of these variations, a list of the entire 161 coeffic 
of correlation and their "probable errorsv,* together with the nu? 
of sheep included in each is gi~yen in Table 1. ' 

2 bLlCLL1 

>p into 
record 
t later 

*"Probable error" is a term used by mathematicians to  show how likely i t  is that  the same 
results will, he obtained if the experiment is repeated under the  same conditions. For example 
the  coeCclent of correlat~on for Flqure 2 is f .655 f ,042. This means that  if another 83 
ewes of this same aqe and breedinq'had had their fleeces weiqhed dunng the same two years 
the  coeKcient or correlation miqht h o t  he exactly the  same but i t  would i-~robably not be more 
than  f .  6.55 + 042 = .697 norcless than +. 655-. 042 = .613. If a coeficient is less than 
its probable error i t  might very easily be the  result of chance, if i t  is three times its probable 
error the  odds are about 22 to  1 tha t  i t  was not an  accident, while if it is five times its probahle 
error the  odds are more than 1350 to  1 tha t  i t  is not the  result of chance nor an accident. Thus 
in  the  example used, five times the  probable error is .210 and .635 + .210 equals +. S65 while 
.655-.210 e q u ~ l s  + .445. Therefore, the  odds are more than 1350 to  1 that  if t h e  fleece 
weights had been taken on 83 other similar ewes the  same years, the resulting coeficient of 
correlation would not be less than +.445 or more than +. 8G5 and ~t would be most likely 
to  be somewhere between f .  600 and +. 700. Probal~le error is therefore merely a means of 
measuring within what limits the  facts found in this experiment would repeat themselves if 
t he  experiment were repeated. 



Table 1 . 
A List of All Correlations Between Different Fleece Weights . 

I I 

Number 
of sheep 
included 

Coefficient of j 
correlation 

Gr: 

Long SF 

tde Rambouillet Ewes Number 1-100 born mostly in 
1915 but some in 191h and very few in' 1916 . 

bring of 1918 e t h  Long Sp+ng of 1919 . . . . . . . . . . . . . . . . .  
w t h  Long Spring of 1920 . . . . . . . . . . . . . . . . .  
with Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  
w ~ t h  Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1921 . . . . . . . . . . . . . . . . .  
with Fall of 1921 . . . . . . . . . . . . . . . . . . . . . . . .  
wjth Short Spring of 1922 . . . . . . . . . . . . . . . .  
with Long Spring of 1922 . . . . . . . . . . . . . . . . .  
with Long Spring of 1923 . . . . . . . . . . . . . . . . .  

with Lone S ~ r i n e  of 1921 . . . . . . . . . . . . . . . . .  1 39 

. . . . . . . . . . . . . . . . .  Long Spring of 1919 with Long Spring of 1920 
w.th Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Svnng of 1921 . . . . . . . . . . . . . . . .  

83 
37 ' 
35 

Long Spring of 1920 'with Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  
wlth Short Spring of 1921 . . . . . . . . . . . . . . . .  
wjth Long Spring of 1921 . . . . . . . . . . . . . . . . .  
with Fall of 1921 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Sprino of 1922 . . . . . . . . . . . . . . . .  
with Long spring of 1922 . . . . . . . . . . . . . . . . .  
with Long Spring of 1923 . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  with FallYof '192f 
. . . . . . . . . . . . . . . .  with Short Sprinq of 1922 
. . . . . . . . . . . . . . . . .  with Long Spring of 1922 

with Long Sprlng of 1923 . . . . . . . . . . . . . . . . .  

Fall of 1920 with Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1922 . . . . . . . . . . . . . . . . .  
with Long Spring of 1923 .. : . . . . . . . . . . . . . .  

40 
36 
29 
57 

Short Spr ing of 1921 with Long Spring of 1922 . . . . . . . . . . . . . . . . . .  
with Long Spring of 1023 . . . . . . . . . . . . . . . . .  

~ o n g  >p ing  of 1922 with Long Spring of 1923 . . . . . . . . . . . . . . . . .  
Long Spring of 1921 with Fall of 1921 . . . . . . . . . . . . . . . . . . . . . . . .  

with Short Spring of 1922 . . . . . . . . . . . . . . .  
with Long Spring of 1923.'. . . . . . . . . . . . . . . .  

Fall of 1921 with Sholrt Spring of 1922 . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  with Long Spring of 1923 

Short Spring of 1922 with Long Spring of 1923 . . . . . . . . . . . . . . . . .  
Average for all 36 correlations of ewes 1-100 . . . . . . . . . . . . .  

Grade Rambouillet Ewes Nos . 11 1 to 192. all born in 1918 . 
Long Spring of 1919 with Long Spring of 1920 . . . . . . . . . . . . . . . . .  

with Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1921 . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  withFallof 1921 
with Short Spring of 1922 . . . . . . . . . . . . . . . .  
with Long Spnng of 1922 . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  wjth Fall of 1922 
with Short Spring of 1923 . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  with Long Spring of 1923 

Long S ~ r i n g  of 1920 with Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  20 +.793&.056 
e t h  Short Spring of 1921 . . . . . . . . . . . . . . . .  21 +.597+.095 
m t h  Lone S ~ r i n e  of 1921 . . . . . . . . . . . . . . . . .  / 16 1 +.490rt .  128 

with short Spring of 1922 . . . . . . . . . . . . . . . .  14 +.617+.112 
with Long Spring of 1922 . . . . . . . . . . . . . . . . .  20 +.717 zt.073 
with Fall of 1922 . . . . . . . . . . . . . . . . . . . . . . . .  16 +.M2&.099 
m t h  Short Spring of 1923 . . . . . . . . . . . . . . . .  +.561 f . 116 
with LO ng s p r n  . of 1923 . . . . . . . . . . . . . . .  +.715&.088 

Fall of l! . . . . . . . . . . . . . . . .  320 with Short Spring of 1921 
. . . . . . . . . . . . . . . . .  with Long Sprini of 1922 

. . . . . . . . . . . . . . . . . . . . . . . .  with Fall of 1922 
. . . . . . . . . . . . . . . .  with Short Spring of 1923 



Table 1 .-Continued. 
A List of All Correlations Between Different Fleece Weights . 

Grad 
PC 

short 

Long Sprinl 

Fall of 192 

Long Sprin. 

Fall of 192 

sport Sprin 

Avex 

Grade 

Long Sprinj 

le Ramboui1lt.t Ewes Nos . 111 to 192 . all born in 1918- 
*- tinued . 

g of 1921 *th Long Spring of 1922 ................. 
mthFal lo f1922  . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1923 . . . . . . . . . . . . . . . .  

g of 1922 *th Fall of 1922 . . . . . . . .  : . . . . . . . . . . . . . . .  
wlth Short Spring of 1923 . . . . . . . . . . . . . . . .  

2 with Short Spring of 1923 . . . . . . . . . . . . . . . . .  
g o f 1 9 2 1 ~ t h F a l l o f 1 9 2 1  . . . . . . . . . . . . . . . . . . . . . . . .  

m t h  Short Spring of 1922 . . . . . . . . . . . . . . . .  
with Long Spring of 1923 . . . . . . . . . . . . . . . . .  

1 with Short Spring of 1922 . . . . . .  
with Long Spring of 1923 . . . . . . .  

g of 1922 with Long Spring of 1923 . . . . . . .  
-age for all 35 correlations of ewes 111 to 1 9 ' ~  

Rambouillet Ewes Nos . 197 to 297, all born in 1919 . 
g o f 1 9 2 0 ~ t h F a l l o f 1 9 2 0  . . . . . . . . . . . . . . . . . . . . . . . .  

with Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1921 . . . . . . . . . . . . . . . . .  
with Fall of 1921 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1922 . . . . . . . . . . . . . . . .  
with Long Spring of 1922 . . . . . . . . . . . . . . . . .  
with Fall of 1922 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1923 . . . . . . . . . . . . . . . .  
with Long Spring of 1923 . . . . . . . . . . . . . . . . .  

?all of 1920 with Short Spring of 1921 . . . . . . . . . . . . . . . . .  
with Long Sprinq of 1922 . . . . . . . . . . . . . . . . .  
with Fall of 1922 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1923 . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  ;hod Spring of 1921 with Long Spring of 1922 
withFallof1922 . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  with Short Spring of 1923 

. . . . . . . . . . . . . . . . . . . . . . . .  g of 1922 with Fall of 1922 
. . . . . . . . . . . . . . . .  with Short Spring of 1923 

. . . . . . . . . . . . . . . .  ?all of 1922 with Short Spring of 1923 

. . . . . . . . . . . . . . . . . . . . . . . .  Long Spring of 1921 e t h  Fall of 1921 
. . . . . . . . . . . . . . . .  with Short Spring of 1922 
. . . . . . . . . . . . . . . . .  with Long Spring of 1923 

. . . . . . . . . . . . . . . .  Fall of 1921 with Short Spring of 1922 
. . . . . . . . . . . . . . . . .  with Long Spring of 1023 

. . . . . . . . . . . . . . . . .  Short Spring of 1922 with Long Spring of 1923 

Average for all 25 correlations of ewes 197 to 297 

Grade Rambouillet Ewes Nos . 298 to 418, all born in 1920 . 
. . . . . . . . . . . . . . . . . . . . . . . .  Long Spring of 1921 %th Fall of 1921 

m t h  Short Spring of 1922 . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  with Long Spring of 1922 

with Fall of 1922 . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  with Short Spring of 1923 
. . . . . . . . . . . . . . . . .  with Long Spring of 1923 

. . . . . . . . . . . . . . . .  Fall of 1921 with Short Spring of 1922 
with Long Spring of 1923 . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  Short Spring of 1922 with Long Spring of 1923 

. . . . . . . . . . . . . . . . . . . . . . . .  Long Spring of 1922 with Fall of 1922 
with Short Spring of 1923 . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Fall of 1922 with Short Spring of 1923 

Average for all 12 correlations of ewes 298418 

Number 
of Sheep 
included 

19 
15 
15 

16 
16 

16 

14 
13 
13 

14 
12 

12 

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

29 
28 
28 
27 
27 
28 
26 
26 
27 

29 
28 
26 
26 

28 
26 
26 

27 
27 

27 

26 
26 
24 

27 
25 

25 

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

30 
30 
33 
31 
31 
29 

33 
30 

30 

31 
31 

31 

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

Coefficie 
correla 

+ . 776 + . 568 + . 600 

+ . 682 + . 563 

+ . 577 

+ . 614 
+.SO8 
+.264 

+.330f . 161 
+.649&.113 

+.505 =t . 145 

+ . 535+ . 023 

+ . 771 
+.710 
+.717 
+.66Ok.u1a 
+.459&.102 
+.751 k .056  
+.391 k.112 
+.428&. 108 
f . 6 1 8 ~  .080 

f .677k.068 
+.820&.042 
+.409&.110 
4 .642h .078  

+.735f .j),5 ? + . 463 + . 542 

+ . 487 + . 728 

+ . 450 

+ . 786 + . 632 
+.752 

+ . 534 
+.687 j~ 

+.632& 

+.619 & 

+.491&.094 
+.226&.117 
+.808&.041 
+.485f .093 
+.710&.060 
+.418f . 103 

+ . 505 k . 087 
+.568k .083 

+.626&.075 

+.755f .052 
+.818&.040 

+.653f .070 

. . , + 589f 033 



Grad 
Fall of 1 

Short Spr 

Long Spr 

Fall of 1' 

Grad 

Long Spr 

Long Spr 

Fall of 1 

Fall of 1 

Grac 

Long Spr 

Fall of 1 

Short ! 

Long S 

Fall or 1 

Grac 

Fall of 1 

Long Spl 

l7-11 -r i 

Table 1 .-Continued. 
. i 

A List of All Correlations Between Different Fleece Weights . 

921 with S 

e Rambouillet Ewes Nos 420 to 590. all born in 1921 . 
921 with She? sprLiLg of'l922 . . . . . . . . . . . . . . . . . . . . . . .  

m t h  Long Spring of 1923 . . . . . . . . . . . . . . . . .  
ing of 1922 with Long Spring of 1923 . . . . . . . . . . . . . . . . .  
i n g o f 1 9 2 2 ~ t h F a l l o f 1 9 2 2  . . . . . . . . . . . . . . . . . . . . . . . .  

with Short Spnng of 1923 . . . . . . . . . . . . . . . .  
922 with Short Spring of 1923 . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  Average of 6 correlations of ewes 420 to 590 

le Rambouillet Wethers, born in 1918 . 
ing of 1919 *th Long Spring of 1920 . . . . . . . . . . . . . . . . .  

w1thFallof1921 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1921 . . . . . . . . . . . . . . . . .  

ing of 1920 *th Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  
m t h  Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1921 ... '. . . . . . . . . . . . . .  

920 with Short Spring of 1921 ....................... 
le Rambouillet Wethers, born in 1919 . . 

ing of 1920 *th Fall of 1920 . . . . . . . . . . . . . . . . . . . . . . . .  
m t h  Short Spring of 1921 . . . . . . . . . . . . . . . .  
with Long Spring of 1921 . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  920 with Short Spring of 1921 

le Rambouillet Wethers. born in 1920 . 
. . . . . . . . . . . . . . . . . . . . . . . .  *ing of 1921 with Fall of 1921 

m t h  Short Spring of 1922 . . . . . . . . . . . . . . . .  
with Long Spring of 1922 ...... . . 
wjth Fall of 1922 . . . . . . . . . . . . .  . . 
w t h  Short Spnng of 1923 . . . .  . . 
with Long Spring of 1923 ..... . .  

hort Spring of 1922 . . ........... 
with Long Spring of 1923 . . . . . . . . . . . .  

Spring of 1922 with Long Spring of . . . . . . . . . . . .  
bring of 1922 with Fall of 1922 . . .  . . . . . . . . . . . .  

m t h  Short Spnng of . . . . . . . . . . . .  
-922 with Short Spring of 1923 ....................... . 
ie Rambouillet Wethers. born in 1921 . 
921 with Short Spring of 1922 . . . . . . . . . . . . . . . . . . . . . . .  

w t h  Long Spnng of 1923 . . . . . . . . . . . . . . . . .  
Short Spring of 1922 with Long Spring of 1923 ................. 

ing  of 1922 with Fall of 1922 . . . . . . . . . . . . . . . . . . . . . . . .  
with Short Spring of 1923 . . . . . . . . . . . . . . . .  

r all ui 1922 with Short Spring of 1923 .................... : .. 
Average of all 30 correlations involving wethers 

I 
Number 
of Sheep 
included 

37 
36 

36 

40 
39 

42 

\ 

31 
15 
15 
13 

15 
15 
15 

15 

13 
13 
13 

13 

10 
9 

12 
10 
10 
8 

10 
8 

8 

10 
10 

10 

25 
23 

23 

23 
22 

22 

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

Coefficient of 
correlation 

+ . 6 2 2 f  . 068 
+ . 4 6 0 f  . 089 

+.646f . 066 

+.385 h .091  
+.1734.105 

+ . 3 8 6 f  . 089 

+ . 445 f . 044 

+.570f . 082 
+ . 2 7 5 f  . 161 
+.300f . 158 
+.754f . 081 

+ . 8 4 0 f  . 051 
+.740f.079 
+.915&.028 

+ .804f  . 062 

+.695&.097 
+ . 3 5 6 f  . 163 
+.739 4 .085  

+ . 7 

+.7 
+.8". 
+ . 5 5 5 4 .  134 
+.411& . 177 
+.768f . 088 
+.568&.162 

+ . 8 6 5 f  . 054 
+.795f . 088 

+.660f . 135 

+ . 7 2 6 f  . 101 
+ . 6 4 3 f  . 125 

+ . 4 7 7 f  . 165 

+ .498f  . 102 
+ .462&. l l l  

+ .603f  . 091 

+ . 5 5 0 f  -098 
+.I61 *.I39 

. +.430 f . 112 

+ . 621 f .024 



Table 1.-Continued. , 
A ?st of All Correlations Between Different Lleece Weights. 

SUMMARY. 

Coefficient of 
correlation 

+.724& 
+.718rt 
+.534&.161 
+.319 f .219 
+.985f .007 
+.891 A.046 
+.792&.089 
+.840+.?5: 
+.74C + .782 

+. 733 

+ .800 + ,644 + .764s. lvu 
f .849&.071 
+.948 f .028 
+.856&.068 

+ .962 

4.832 

Registered Rambouillet Ewes (using only fleeces shorn when 
the ewes were two years old or older). All shearings 
were long slnce these ewes were not used in the twlce-a- 
year shearing project. 

1919 with 1920 . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1921 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1922 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1920 with 1021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1922 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1921 with 1922 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1922 with 1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average of the 10 correlations involving registered 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rambouillet ewes. 

Registered Corriedale Ewes (using only fleeces shorn when 
the ewes were two years old or older). All shearings 
were long, since these ewes were not used in the twice-a- 
year shearing project. 

1920 with 1921 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1922 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1921 with 1922 
1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1922 with 1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Registered Corriedale Ewes, born in 1921. 

1922 with 1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average of 7 correlations involving registered Corriedale 

e w e s . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(The term "Short Spring" as herein used signifies a shearing following a fall shearing 
shearings represent approiirnately six and one-half months growth of wool instead 
twelve months growth meant by "1,ong Spring.") 

\ 

Number 
of Shee 
include! 

10 
9 
9 
8 
9 
9 
8 

15 
13 
19 

7 
8 
7 
7 
7 
7 

4 

Such 

Averag 
the coef 

of 
correla 

+. 579 +. 621 +. 733 
+.832 +. 607 

Correlations involving grade Rambouillet ewes, 114 tables. . . . . . .  
Correlations involving grade Rambouillet wethers, 30 tables. . . . .  
Correlations involving registered Rambouillet ewes, 10 tables . . . .  

. . . . . .  Correlations involving reg~stered Corr~edale ewes, 7 tables. 
All correlations, 161 tables. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-. -- 
of the  

No. of 
d~fferent 

sheep 
involved 

337 
132 
23 
1 2 .  

50-1 

It mill be seen from glancing a t  Table 1 that there is a great vari 
in the amount of correlation. I t  is therefore necessary to examine 
figures more carefully to determine m-hether this variation is accidt 
or whether certain groups of sheep, certain ages or certain season 
characterized by higher correlations than others. Among all the c 
'ations only one is negative, and i t  ancl two other small positive cur-re- 
ations are the only ones which are less than their probable errors. Thir- 
een correlations are larger than their probable errors but less than three 
imes as large and therefore we cannot be sure that they are not acci- 

bL1 G>Tb 

3nta1, 
s are 
!orre- 



clental 
times 
surely 
melit 
more 
T-A71 rl 

I. Thirty correlations are more than three tinlea but less than f i ~ e  
their probable errors and we can be reasonably certain tha t  they 
indicate a positive correlation which would be foun6 if l.he experi- 

were repeated. Finally, one hundred and fifteen correlations are 

INDIVIDUALITY TN DIFFERENT GROUPS. 

I n  the search for the causes of the wide variations s h o m  i n  the corre- 
lations one of the most obvious facts is  t ha t  there is a differem2 between 
different groups of sheep. Thus the correlations nre remarkably higL 
both in the case of the registerecl Corriedale ewes ar,d in  the case of tlie 
registerecl Rambouillet ewes. There are t v o  reasons for this: First, 
the registered ewes mere all a t  least two years old when the first shearing 
used in this test was made and therefore no yearling correlations enter 
into their averages. The yearling correlations are somewhat lower than 
the other, as will be show11 later. Second, and probably most important, 
there is probably more hereclitarj- variation among these p a r t i c u l ~ r  
registered sheep than among these grades. The reason for thinking that  
this is the explanation of the high correlatjon shown by the Corriedalec 
i~ that they represent a breed of recent origin which as a whole has nol  
had enough generations of selective breeding to  make i t  as uniform 
llcreclitarilq as the older breeds. H o ~ e v e r ,  i n  view of the small num- 

"'@""' 

191.5 
which 
which -----.. 

bcr of ~orr iedales  used i n  this study it is not safe to dram any general 
cn~iclusions from i t  in  regard to this breed as a whole. The reason for 
thinking i t  of the registerecl Rambouillets is  tha t  :hey nTere yurchased 
from different flocks and therefore represent d i f f e re~ t  bloodlines. Also 

,vere selected with the idea of securing representatives of both the 
1 C types of Rambouillets. 
ong the different groups of grades the ewes born in  192(1 s l ~ o ~ v  
ieantly lower correlations than the others and the ewes born i n  
shom correlations (especially t h o ~ e  involving their first fleeces) 
are significantly lover than most of the others. The only thing 
these two groups of ewes have in  comlnon that  the otlier three 

groups do not, is that  they were born in years of serere dronth ancl mere 
somevhat s t u ~ t e d ,  those born in  1921 being decicleclly stuntecl. The 
data on the n-ethers also show that  tlie correlations involving t h o ~ e  born 
in  1921 are very much below the average for the others, ancl show 
very low correlations for those born in 1918 n-here their first fleece is 
involvecl, although their correlations i n ~ o l r i n g  later fleeces are vcry 
high. This almost perfect agreement bct~rreen the wethers and e n - ~ 5  
born in 1918, ancl betncen the wethers ~ n c l  ewes born in 1921? and be- 
t~:-een the 1921 and 1918 sheep, 11-11en onlp Ihe correlations invo!vin,v 
the first fleeces of tllc latter are consiclerecl, lead us clearly to the con- 
clusion tliat the first shearing of lambs ~1~11ich have been bornt suckled, 
ancl veanecl i r ~  n period of severe clrouth is not nearly as reliable ,711 

index of their wool-producing ability as ?-re the later sllearing~. Sincc 
the clrouth cannot have liclped to make the poor-proclucers better, i t  
mutt haTe n-orlied by preventing the better-proclucers from developing 
g +  a n  early age to the limits of their inc~iviclual abilities. I n  other 



irords the drouths of 191 8 and 1921 and resultant poor grazing have 
ended to hold all the lambs down to a dead level of mediocre produc- 

.ion. The drouths did not succeed completely in  doing this but t h ~ v  
did hurt the good producers proportionately more than the poor 
ducers, as is shown by the correlations which are still positive bnl 
lower than for similar lambs born and reared in  years of good gra 
Whether the stunted lambs remain permanently stunted or recover CUU- 

pletely during their second and third years i_s not shown by these figures 
but they do show that the good individuals recover most or all of their 
natural advantage over the poor individuals because correlations in- 
volving only shearings later than the first are very much higher than 
those involving the first shearings. The practical consequence of this 
is that lambs reared during a drouth should not be culled on the basis 
of their first-fleece weights or a t  least should not be culled as severely 
s lambs reared under conditions of abundant grazing. 

There is no exact way of correcting for the drouthy conditions under 
rhich these 1918 and 1921 lambs were reared but when the effects of 
hese conditions are taken into consideration there seem to be no sig- 
ificant differences in the importance of individuality among any of 
he groups of grades unless it be that individuality is a little more 
nportant among the wethers than among the ewes. 

INDIVIDUALITY AT DIFFERENT AGES. 

It is very important to Irnow whether permanent differences are more 
~ s i l y  or surely distinguished at one age than at  another, because if 
ia t  is true all culling can be practiced on sheep as they reach that age 
rith more accurate results than if done earlier or later. To find out 
rhether there is any such influence of age, Table 2 was prepared. Iu  
-; the correlations are sorted out according to the age of the sheep 
involved and those pertaining to sheep of the same age are all averaged 
together. This means that each correlation table is counted in two 
different places because, of course, i t  refers to the same sheep at t.vo 
diflerent ages. However, since each one is counted twice and only 
twice, none of the correlations are unduly emphasized by this method. 
The registered ewes were not included in  this table becauee their 
correlations were higher and they were not sheared in the fall. There- 
fore, it would not be fair to compare a spring shearing in  which their 
correlations were involved with a fall shearing in which they mere not 
involved. 



Table 2. 

The Influence of Age Upon the Amount of Correlation. 

Sheep Included 

Allgrades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ewes 1-100 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eweslll-192 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ewes197-297 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ewes298418 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ewes420-590 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wethers 

Table 2.-Continued. 

The Influence of Age Upon the Amount of Correlation. 

. 

. 

. 

Age in Years 

Sheep Included 

A11 grades . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ewes 1-i0d; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ewes 111-192. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

?4 

.511 f .022 
. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . .  

.54i"" 

.480 

Age in Years 

1% 

.621 f -026 ::::: . . . . . . . . . . .  
.664' " '  

.521 

.386 

.700 

1 

.515 f .022 

:3..i.... 
.612 
.523 
.457 
.558 

4% 

.630 f .010 

-630' . . .  

2 

.622 f .017 

...s.... 

.668 

.623 

.457 

.644 

5 

.520 f .026 
.575 
.474 

5% 

.668 f .015 
.668 

6% 

.538 f .021 
.538 

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

6 

.619 f .016 
.619 

2% 

.626 f .021 
. . . . .  

.632"" 

.667 

.631 
. . . . . . . . . . . . . . . . .  

.589 

3 

.615i.015 
.583 
.548 
.642 
.632 

.657"" 

3% 

.450 f .028 
. . . . .  

.460" " 

.440 

7 

.599 f . 0 2 3  
.599 

4 

.617 f .019 
.651 
.594 
.609 

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

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

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

7% 

. . . . . . . . . . . .  
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1t ap on1 Table 2 that four and possibly five of tEc 
ages glv significantly lower correlations than the others. 
are the SIX-months shearings, the yearling shearinys, the shearing at  
three and one-half years, the shearing at  fire yearb, and possibly the 
shearing at six ancl one-half years, ~rhich is significantly lower than the 
highest of the other ages but not significantly l o ~ r e ~  than some of the 
other ages showing high correlations. 

The low correlations shown by six-months and by yearling fl( 
are due to tvo  reasons. First and most important are the droutE 
1918 and 1921, which affected ewes 111 to 192 ancl 420 to 590 and ---- 

wethers born the same years. All of the six-months lamb shearing~ 
were made in the fall of 1921 hut the pealling shearings also included 
the shearings of ewes 197 to 297, ancl 298 to 418, and wethers of the 
same ages 11-hich did not suffer the clrouths. Jf due allomancc is -7.oJn 

for the effects of the drouths it does not seem that the correlatio 
these two ages would be significantly lower than for other ages. 
is a reason, however, why we miglit expect the first shearing t c  
less reliable indicator of the wool-proclucing ability of a sheep 
other shearings. That is the fact that the laillbs are not a11 the 
age and therefore a goocl producer droppeci late in the season mig 
show up as well at  the first shearing as t l e  poor producer b o r ~  ea 
the season, simply becanse the late-dropped lamb has not had as many 
clays in  whicll to grow its fleece. The fact that the first shearings shov 
up almost zs ~vell as the later ones mhen clue allo~rance is made for the 
ei'fects of drouthy ;Tears is rery encouraging for the practice of culling 
on the basis of fleece n-eights because any system of culliag which is to 
be verjr effective slionlcl be carried out mhen the animals are as yo1111g 
as practical. In the Experiment-Station flock there mas .not much 
difference in the ages of the earliest ancl latest born lambs each year. 
Our recomnienclation therefore would be to cull at the yearling shearing 
except mhen Sollowing periods of extreme clrouth, in which cnse heavj. 
culling should be postponed until the gear-and-a-half or two-year-old 
shearing. We do not know of any satisfactory reason why the correla- 
t ~ o n  at  the three-and-one-half-, fire-, and six-and-one-half-year ages 
sl~oulG have been so low. Until v e  have many more records covering 
man!. other sheep in other years we must clecide tentatively that no 
definite age after one year olcl is better than any other as an indicator 
of the wool-producing ability of a sheep. The fall shearings are al- 
most or quite as reliable as the spring ~hearin~gs. ROT\-erer, to the 111an 
not using the scales, differences in thr n-eicclit of the t ~ e l ~ ~ e - m o n t h  
fleece would be iiluch more evident than in the short flceces. 

THE EFFECT O F  SESSON UPOS IXDIVIDUALITY. 

It is theoretically that clrouth or other unusual seasonal in- 
fluence might affect the good-proclucers more than the poor-yroclucers 
or vice versa and therefore that culling might be more successful if 
practicecl in good than in poor Tears. To determine whether this is so 
the correlations were classified by years and thc res:~lt is shonrn in Table 
3. Here, also, each correlation is conntecl in two different seasrJns 
since- each correlation concerns tnro different shearings. Thc correia- 
tions for the registered ewes are shown but are not included among the 
aTerages becanse they are not represented among the fall and short 
spring shearin~s. 



Table 3-Continued. 

The Influence of the Season on the Size of the Correlation. 

Fall Short Spring Long Spring Fall Short Spring 
Sheep Involved of1921 of1922 of1922 of1922 of1923 

Allgrades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .570&.020 .554f.025 .643f.022 .535+.017 .532f.025 
Ewes 1-100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . .  .538 .525 .673 .s..ci.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ewes 111-192 .460 .461 .70G 
Ewes197-297 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .667 .564 

i526' ' '  ' 
.704 .440 .558 

IZwes298-418 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .521 .452 .794 .631 .727 
Ewes42O-590 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .541 .634 ,279 .386 .280 
Wethers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,681 .705 ,527 .515 .496 
ReqisteredRambouilletewes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .762 . . . . . . . . . . . . . . . . . . . . . . . .  
~ekiAtered ~orriedale ewes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .828 . . . . . . . . . . . . . . . . . . . . . . . .  

Long Spring 
of 1923 



[N No. : 

It is certain from the evidence of this table that season has very little 
nfluence upon the size of the correlation and possibly i t  has none at all 
xcept on the young lambs in time of drouth. There is some indication 
hat the correlation is highest when wool production is highest. Thuq 
he correlations are high for the mature sheep in 1919 and for near17 
.11 the sheep in 1920 and for the spring shearing of 1921, which fol- 
owed years of abundant grazing. Ho~ever ,  the correlations are also 
ligh for all except the young sheep in the long spring shearing of 1922, 
vhich followed a year of drouth and in which the weight of fleece was 
ess than normal. 

.Hence, this study points to the conclusion that the amount of cor - 
ions is almost or quite independent of seasonal influences, being 
ibly a little higher in years when the average weight of fleece is I 

-n other words, there is a possibility that unfavorable conditions 
-mrt the good-producing sheep proportionately a little more than they 

o the poor-producing ones, but in general their fleece weights decrewe 
roportionately in  bad years and increase proportiol~ately in good years. 

So far as seasonal conditions are concerned one year is as good as 
'or culling except, as already stated, in the case 
red under conditions of drouth. 

nother f 
heep rea 

THE PERMANENCE OF INDIVIDUALITY. 

#rela- 
pos- 

b igh. 
n a y  

Individuality was defined as the permanent characteristics of 
heep, which were different from those of other sheep of the same 
ex, and treatment. However, it might be argued that it is quite 
ible that some of these differences in ~vool-producing ability ~ i g h t  last; 
ver the period of two or three shearings but not last through all ihe 
ife of a sheep. Thus some sheep might gradually get worse while 
thers improved as wool-producers or a minor ailment might last over 
t least part of two wool-growing periods, although no sheep 
ncluded in these studies which were noticed to be sick or cripple6 

To answer this important cluestion the correlations were d i ~  
ccording to whether the shearings concerned in each were consee 
hearings or whether there were one or more shearings in belweer 
wo shearings concerned in the correlation table. The results are g 
i Table 4. 

Table 4. The'Effect of the Length of Time Between Shkarings Upon the 
Size of the Correlation. 

All. ......... 
Grade ewes iii00 : 
Grade ewes 11 1-192. . 
Grade ewes 197-297. . 
Grade ewes 298-418. . 
Grade ewes 420-590. . 
Wethers. . . . . . . . . . . . .  
Reg~stered Ramb- 

ouillet ewes. ...... 
Registered Corrie- 

dale ewes. ........ 
Number of correla- 

tion tables included. 

Sheep involved 
Consec- 

utive 
shearings 

onc 
age, 
pos- 

. Shearings 
separated 

by one 
other 

shearing 

mere 
1. 
ride0 
utive 

Shearings 
separated 

by five 
other 

sheanngs 

Shearings 
separated 
by four 

other 
shearings 

Shearings 
separated 
by two 
other 

shearings 

Shearings 
separated 
by three 

other 
shearlngs 



The 
trend o 

average correlations are given by groups to show that the general 
~f the average for all groups is not unduly influenced by any one 

group. It will be seen that the only significant difference is that be- 
tween the conseclltive shearings and the others. Even this difference 
is so small that its significance might be doubted were i t  not for the 
fact that this same difference is found in all the groups of sheep an6 in 
ever? comparison except between con~ecutive shearings and shearings 
separated by one other shearing in the case of grade ewes, Nos. 111 to 
192 and Nos. 197 to 297. 

These figures coinpel the conclu~ion that only a very small part of 
the correlation between the weights of fleeces of the same sheep in 
different years is caused by the common ailments, pregnancy, the suckling 
of a lamb, or other temporary conditions affecting some of the indi- 
viduals and lasting through a t  least part of two consecutive wool- 
growing periods. 

Using the average figures found for all the sheep included in this 
study, we find that the differences in  the weights of the fleeces shorn 
n+ r,n A shearing will be permanent* to the follo~ving extent in subseauegt 

!F : 

The next shearing. .................... .43.7 per cent. 
The second shearing. .................. .35.8 per cent. 
The third shearing. ................... .32.6 per cent. 

.. The fourth shearing. .............. ;. .28.6 per cent. 
The fifth shearing.. ................... .24.1 per cent. 
The sixth shearing. ................... .27.0 per cent. 

The differences between the last five figures are so small and the 
numb.er of correlations on which tliey are based is so small that it is 
uncertain whether the differences between them are really significant, 
hut i t  is reasonably certain that the first figure is significantly higher 
than the others and will probably be found to be higher in future 
studies made on similar sheep. The registered ewes are not represented 
a t  all in the correlations involving shearings separated by four and five 
other shearinge and are only represented by one correlation involving 
two shearings separated by three other shearings. The absence of the 
high correlations of the registered sheep from the last three figures 
given above undoubtedly is one reason why they are lower than the second 
and third figures and is further evidence that the differences between 
the last five figures are all probably insignificant. 

THE EFFECT OF BARRENNESS. 

The objection has been raised that the high correlation found in  this 
study may be due to the fact that some ewes are permanently barren 
and therefore produce heavy fleeces while others raise a lamb every year 
and therefore produce lighter fleeces. This objection is not well founded 
because the records show that there was little or no permanent barren- 
~ e s s  and very little temporary barrenness among the ewes of the Exper- 
ixent-Station flock. The effect of pregnancy and of suckliug a lamb 
upon the weight of fleece, has never, so far as the authors 8r.e aware, 

*The square of the coefficient of correlation gives the degree of "determination." 



been determined exactly. However, i t  probably does have son 
liiience ancl, if that influence is very great, culling a band of brf 
em-es two years old or older on the basis of fleece  eights w(~u1d bLLILb,b 

2111 unusually large proportion of barren ewes to be retainecl if no atten- 
tion yere paid to this point. It is belierecl that the proportion of per- 
n~enently barren ewes in  Texas range flocks is so small that i t  is of very 
little practical importance. 

That these high correlations are not clue to this cause, however, is 
diown by the fact that the vethers show a slightly higher correlation 
than the grade ewes. I n  fact, eves which have a lamb some years and 
are barren other pears unc lou~~ted l~  do more to lower the correlation 
than the permanently barren ewes ancl the consistent breeders do to 
raise it. If these studies mere confined to the permanentlv barren eTes 
or to the consistent breeders, the importance of the individuality ~vo~lld 
appear to be even greater than i t  cloes with the present figures. 

Practically? this ~vhole matter of barrenness mould have no bearing 
on culling practiced before the sheep nTere two years old, but when ewes 
two years old or olcler are being cullecl clry ewes should be requireel to 
produce a heavier fleece than eves with lambs at  foot. Probably bar- 
renness would not make as much difference with the two-year-olcl ewes 
as with older ones because tro-year-old ewes with lambs would differ 
froui dry ewes of the same age only in the matter of having been preg- 
nant the preceding fall and winter and having suckled a lamb for a 
very few weeks before shearing, whereas with older ewes there would also 
be a difference in that the barren ones had not suckled a lamb all 
through the preceding season. 

INDITTIDUALITY AND HEREDITY. 

Thus far it has been shown cleai-ly in this Bulletin that there are 
differences in the weights of the fleeces produced by similar sheep of 
the same age and sex in the same season and that these differences are, 
to a large extent, permanent throughout the life of a sh'eep. On ac- 
count of this fact culling on the basis of fleece weights has been recom- 
mended as a mcans of increasing the average weight of fleece pro 
by a flock. There is no doubt that it will accomplish that purp 

The question still remains, however, as to whether and to wh 
tent these i cliviclual differences are inheriteci. As was stated i 
introduction? individuality is the combined result of the for( 
heredity anclknvironmental forces which proclfice permanent e 
TTe have no convincing ericlellce which will prove t n  us that the ( 

of environmental forces are eyer inherited. Hence, we must deperiLL t;,L- 

tirelp upon selecting the results of hereditary forces if we are to prodllce 
better ancl better sheep with each succeeding generation. Therefore, i t  
becomes highly important that we know horn much of inclividuality in 
this matter of fleece weights is due to heredity an2 how much due to 
environment. If  it is all due to environment, culling will be successfuI 
in raising the average fleece weight of thc sheep on ml-rich i t  is practiced 
but will not increase the average fleece weight of the next generation. 
If part of i t  is clue to heredity, culling will increase the averrrge fleece 
weight of the next generation of hmbs also. 

TVe do-not have conclusive proof to present here of just 11ow important 
heredity is in the individual differences in the Experiment-Station flock 



me do have several indicatio~s which make us think that i t  is rery 
.-..,.,rtant and enough is known about heredity to indicate the coudi- 
tioils under which i t  may be more important or less important in 
pri-atel-y-omncd flocks than in the Experiment S t ~ t i o n  flock. 

Fieure 6. Theoretical and actual forms in which data may be grouped in correlation tables. 
(Scltd lines limit the  main area in which the data are distributed.) 

Theoretical grouping when there is no correlation. 
Theoret~cal grouping when there is perfect positlve correlation. 
Theoret~cal qroupink when there is a strong positive, but  not perfect, correlation due 

to a Iarie number of common causes acting independently of each other. 
A diagram of t h e  type of grouping ectually found in many of the  correlation tables 

discussed in t h ~ s  Bullet~n. Presumably caused by a few very important heredi- 
tary  factors possessed by some but not all of thesheep ' in  each group. 

Of course, a t  bottom, all wool-productjoi~ cleppncls upon hereciity. 
Nore properly speaking, a sheep inherits the ability to produce a cer- 
tain anlount of wool. \lJhether i t  actually does prodnce the full amonilt, 
almost that much, or much less, will depend upon environmental in-' 
fluences. Some characters, such as color and the preseiice c;f horns, 
cannot be influenced very mucli by environment. Others, sue11 as body 
size and the amount of Eat carried can he Tery strongly influencecl by 



environment. Probably wool-production occupies an intermediate 'posi- 
tion, b*eing very largely cletermined by heredity but subject to a ve;*y 
little permanent modification and considerable temporary modification 
by environment. 

I t  shoulci be kept clearly in mind that the facts and discussions so 
far have referred to the di-ferences between individual sheep in the same 
flock. I f  the sheep were all absolutely d i k e  in heredity, the differences 
in fleece weight ~~ou l c l  be due entirely to environment. If we- could 
get such a group of sheep we could measure the permanence of their 
clifferences and find out how much of individuality is caused by environ- 
ment. As a matter of fzct tliere are no groups of sheep which are abso- 
lutely uriil*crnl in their heredity, but some flocks are more nearly uni- 
form than others. For example, the grade flock in this experiment was 
descended entirely 'from one band of ewes even for several generations 
before they were purchased by the Experiment Station and care was used 
in selecting the rams even though they varied from light R to heavy C 
types. The registered Rambouillet ewes, on the other hand, were pur- 
chased from different sources m c l  represented different lines of breed- 
ing and different types. Pres-~~mablv the higher correlations and more 
permanent individual differences of the registered ewes are largely due 
to their greater diEerences in heredity. 

Even in  the Experiment Station's grade flock, hereditary differences 
are probably very important because there is a difference in tvpe among 
the gracles and type is believed from practical experience to be largely 
determined by heredity and closely associated with the weight of fleece. 
Also in  the correlation tables worked out to determine the importance 
of individuality tliere were too many individuals which were very poor 
each time or very good each time; that is, too many near the extreme 
upper left-hand corner or near the extreme lower right-hand corner of 
the tables to be caused by a large number of different environmental 
forces. The most reasonable explanation is that they differed from 
each other in a very small number of very important hereditary factors 
affecting wool-production. Figure 6 illustrates this point. 

The practical consequences of this are: first, that culling will im- 
prove the wool-production of succeeding generations of sheep even in 
as uniform a flock as the Experiment Station grade flock; second, that 
flocks more uniform in type and heredity than this one m11 not be 
benefited as much either in the present generation or in the succeeding 
generations; third, that flocks lees uniform in type and heeding than 
this one will be benefited more by culling, both in the increased pro- 
duction of the present generation and in the increased procluction of 
succeeding generations. Therefore the hereditary benefits to be clerirecl 
from culling are going to depend entirely, and the present benefits will 
depend somewhat on the amount of hereditary variation in mool-produc- 
tion in the flock which is to be culled. 

CULLING FOR WOOL AS COMPARED W I T H  CULLING FOR BUTTERFAT AND. 
EGG PRODUCTION. 

Culling dairy cows on the basis of their record for one yea? or eren, 
on the basis of their record for seven-day or thirty-day periods has been? 
advocated for many years and has fully justified itself when put i13 



practice. Hence i t  is interesting to compare the reliability of cullirlg 
dairy cattle on the basis of their milk production with the lreliabilitg 
of culling sheep on the basis of their wool production. The correlation 
between different advanced registry records for 365 days made by the 
same cows has been foundt to be +.692 for the Guernsey breed and 
+.667 for the Holstein breed, and +.535 for records made by a single 
large Jersey herd extending over a period of more than twenty years. 
When these correlations are compared with the +.579 obtained for all 
the grade Rambouillet ewes in this study i t  will be seen that the weig5t 
of the fleece of a sheep a t  a single shearing is practically as reliable an 
index for culling that sheep as is an entire yecr's milk record for culling 
a dairy COW. Probably i t  is even more reliable because advanced reg- 
istry records are selected data,-i. e.: comrs have had to produce a t  least 
as much as the minimum entrance requirements two different times jn 
order to be illeluded in that study. Moreover, nea~ly  .every cow was 
under the care of the sxme owner during both tests but different owners 
qave widely different care, whereas this flock of grade Rambouillet eweP 
Gas under the same care all the time. The comparison with the large 
Jersey herd is fairer for both these reasons but even i t  has an advantage 
over the sheep records in that some ewes mould occasionally lose their 
lambs and therefore would not be giving milk during part of the time 
they were gron~ing wool. The records of the cows are of course ilot 
complicated by an irregularity of this kind except the number of days 
they were carrying a calf. Therefore, it is no exaggeration to say thnt 
culling for wool-production can be fullv as successful as culling for 
milk-production has been. 

Culling hens on the basis of their trapnest records and on the basis of 
certain body characteristics has also been recommended very widely. 
The first-year and second-year egg-production records of white leghorn 
hens have besn Pound* to show a correlation of between +.539 and 
+.554. The body characters which show the largest correlation with 
egg-production are the color of shanks and beak (in the light colored 
heeds)**. Color of 'shanks has shown a correlation of +.622, the 
lighter color indicating the larger egg-production, and color of bea!c 
has shown a correlatior, of +.603. Other characters have shown smaller 
correlations. Eence i t  will be seen that the fleece weight a t  one shear- 
ing is as reliable an index for future wool-production as the egg- 
production for one year is for future egg-production or as any external 
body character is for egg-production. 

tGowen, John W. and Marie S., 1922. Annual Report of the Maine AgricuIturaI Experiment 
Station. page 33. 

is, J. Arthur and Lewis, H. R., 1922. Genetics, Vol. 7, pages 274-318. 
rwood R M 1922 Texas Ahcultural Experiment Station Bulletin 295. Correla- 
veen fixternail ~ o d y  ~haracterzand Annual Egg-Production h White Leghorn Fowls. 



PART I11 

T H E  INFLUENCE OF AGE AND SEASON ON T H E  I T E I (  
O F  FLEECE. 

It r a s  possible to study individuality without taking either the el 
of age or season into consideration, merelv by using in any one correla- 
tion table only sheep of the same age and sex which were sheared the 
qnnle two seasons. It is not, hovever, possible to study the effects of 

f H T  

Rects 

age and season separately. This is obviously true because if shearing 
recorcls of the same sheep at different ages are used they will also be 
illfluenced by differences in  season while if we compare sheep of differ- 
ent ages the same year their inclividual wool-producing abilities map 

C be different. It is possible, however, to studv the c-uence 
of age ann~ason.,-ancl if the studv is carried on wit 1 enough sheep over 

,.- a, gregt many years, accurate knowledge -can -be- hecure_d_of_fhe->a 
, effect of age and-seasonal-changes. The facts reported- in this Bulletin 2 are not sufficient to answer all t e questions about the effect of age 

and season on fleece weight, but they tell something about it and, as 
such, are worth presenting. 

It is a matter of common knowledge among wool-growers that the 
average weight of fleece changes with age and is different in different 
years, but, so far as the autl~o-rs knov, there has been published only 
o,ne study of the amount of these changes*. I n  that study the (>on- 
lusion was drawn that the lighted fleece was the yearling fleece and dh e heaviest was that shorn at three years of age. However, i t  was 
lbserved that in some crosses the second fleece was the heaviest, and i t  
o ~ ~ l d  only be said of one a,ge that its fleece was surely ei the~ smaller 
r larger than the others. That mas the yearling fleece which was eig- 

nificantlg smaller than the others in almost every comparison. The 
sheep used in  the Arizona study were Hampshire, Shropshirc, Tunis, 
native and various crosses between them. 

It does not necessarily follow that the Ramhuillet will behave in the 
same way with respect to age as the four kinds of sheep named above. 
JIoreo~er, the grade Rambonillets in  this study were bred under differ- 
ent conditions and the records were taken in different years from those 
in the Arizona study. It will be found that these results disagree with 
he Arizona results chiefly in that the three-year-old shearing is 
he heaviest, except in the case of the wethers, and that later m: 
hearings can be even lighter than the yearling shearings in  verg 

r not 
zture 

un- 
lavorable pears. 

Tlie combined influence of age and season upon the weight of fleece 
produced by the different groups of grade Ra~nbouillets in the Experi- 
ment Station flock is shown in Tables 5 and 6 and Figures 7 and 8. 

*Arizona AgriculturaI Experiment Station, Twenty-seventh Annual Report, 1916, pp. 281-283. 



Table 5. 

The Influence of Age and Season on the Weight of Twelve-month Fleeces. 
(Expressed in Percentage of the Yearling Fleece Weight.) 

Kind o f  Sheep 

. . . . . . . . . . . . . . . . . . . .  Ewes 1-100 

. . . . . . . . . . . . . . . . . . . . .  Ewes 111-192 
Emes197-297 . . . . . . . . . . . . . . . . . . . .  
Ewes298418 . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Ewes420-590 
Wethers born in 1918. . . . . . . . . . . . .  

. . . . . . . . . . . .  Wethers born in 1919. 

. . . . . . . . . . . .  Wethers born in 1920. 

. . . . . . . . . . . .  Wethers born in 1921. 

t of these ewes were three years old at this shearing. They were not purchased until .... ,,,..merof 1917, when most of them were two years old but some of them were three and 
a very few were only one. Therefore, 100% represents about a three-year-old fleece in this 
case instead of a yearling fleece as in all other cases. 

**Comparison between different individuals, since yearling and two-year-o!d twelve-months 
fleeces were not taken from the same individuals. These sheep were divided in the fall of 1921 
into two equal groups for alternate o~ce-a-year and twice-a-year shearings. The division 
wns made by running them through a cutting chute and taking ~ l te rna te  indi- duals for the 

. Therefore, the division was probably as nearly equal as i t  was pessible to make it 

Table 6. 

The Influence of Age and Season on the Weight of Short Fleeces. 
(Expressed in Percentage of the Yearling Fleece Weights.) 

Fall, 
Kind of Sheep 

Ewes 1-100 born mostly in 1915. 55.1 
Ewes 11 1-192: born in 1918.. . . . . . .  55 .C  
Ewes 197-297, born in 1919. . . . . . . .  60.7 
Ewes 298418, born in 1920.. . . . . . . . . . . . . . .  
Ewes 420-590, born in 19'21. . . . . . . . . . . .  
Wethersbornin1918 . . . . . . . . . . . . .  67:a 
Wethers horn in 1919. . . . . . . . . . . . .  68.5 
Wethers born in 1920. . . . . . . . . . . . . . . . . . . . .  
Wethers born in 1921 . . . . . . . . . . . . . . . . . . . . .  

Spring, ( f;a\ / Spring, I Fall, / Spring, 
1921 1922 1922 1923 

(Fleeces of ewes 1-100 expressed in percentage of the three-year-old fleeces, since the yearling 
fleece weights were not available.) 

Table No. 6 shows that the fleece weights xere rather light in  the 
fall of 1921 and spring of 192.2 and very light in  the fall of 1922 ancl 
spring of 1923. This agrees very vell with Table No. 5. Table No. 6 
also shows that the spring fleeces mere distinctly heavier than the fall 
fl~eces. The fall of 1920 and fall of 1921 clips include about five :1nd 
one-half months' n~ool in each, the fall of 1922 includes about five 
months', the spring of 1921 includes six and one-half nionths', the 
spring of 1922 includes seven months', and the spring of 1923 inclucles 
only six months' growth of mool. A comparison of Tables 5 and 6 will 
:,how that the combined  eight of the two short clips is slightly greater 
than that of the single long clip, usually between five and ten per cent. 
greater. This twice-a-year shearing experimcnt is not yet campleted, 
homwer, and there are many other things besides the weight of the wool 
to be considered. These other things mill be discussed in  detail in 
the bulletin which mill be publishecl when the experiment is completed. 
Therefore no further comment n7ill be made on this subject a t  this time 
except to sap that the results so far are not very favorable to the prac- 
" -- -' shearing twice a, pear. 
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Figure 7. The Influence of Age and Season on the Weight of Twelve-month Fleec 
duced by Grade Rambouillet Ewes. 

The weight of the first fleece is taken as one hundred per cent and later fleeces are co 
directly with the first one. The first one is the yearling fleece in every case except wil,, ,,,, 
Nos. 1-100, most of which were three years old in 1918. The figure shows graphically that 
the two-year-old fleece tends to be the heaviest but that  the influence of season is greater than 
that of age. (The data are taken from Table No. 5.) 

wether8 born in 1918 

- - - - - - - -  Wethers born In 1919 

I --- 
wethers born in 1920 

- 0 -  0 - Wethers born in 1921 

Figure 8. The Influence of Age and Season on the Weight of Twelve-month Fleec 
luced by Grade Rambouillet Wethers. 

The weight of the first fleece IS taken as one hundred per cent and later fleeces are c o ~  
Jirectly with the first one. The first one is the yearling fleece in every case. The f igur~  u.Lv .. 
graphically that  the two-year-old fleece is very much heavier than the yearlin fleece. Probably 
!n most*normal years the older fleeces are st111 heavier than the two-year-oldl fleece. Seasonal 
influences do not affect the wool-production of the wethers as much as they do that of the ----- 
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I n  order to eliminate the differences in  indivicluality the average 
weight of the first fleeces shorn Tvas taken as one hundred per cent. and 
later fleece weights w r e  compared with this first weight. This first 
fleece weight was the yearling weight in every case except for grade ewes 
1-100, for which the yearling fleece weight was not known, since the 
most of them were three years old when they were first sheared as Experi 
ment Station property. 

The comparison is between the same individuals in every case. Thus, 
with ewes 111-192 there were 39 head which mere sheared both in the 
spring of 1919 and the spring of 1920 and the comparison between those 
pears is based on the average fleece weights of the entire 39 head. I n  
the spring of 1921, however, only 16 oE the 39 head produced full 
?ear's fleeces (most of the others having been sheared in the fall of 
1920 as part of the experiment on shearing twice-a-year, and a few 
having died) and therefore the average fleece weight of these 16 sheep 
in the spring of 1921 is compared directly with the average fleece 
weight of the same 16 sheep in 1919 instead of with the average of the 
entire 39 in 1919. I n  this way differences due to individuality are 
eliminated and i t  makes no difference whether the sheep which died 
during the period covered by these records were the best or the poorest. 
There is an exception to this in the case of the lambs born in  1921, for 
half of them m7ere sheared as fall lambs and hence they have never yet 
all produced a full year's fleece at  the same time. If these lambs were 
fairly divided the first fall, the comparison is all right; but if one group 
happened to get better individuals than the other, the comparison is not 
so reliable. Since the division was as fair as was possible in  the judg- 
ment of the men dividing them and there were 22 to 25 wethers in each 
group and 35 to 40 ewes in each group, it is probable that the differ- 
ences between the two groups were very slight and that the comparison 
of their 1922 and 1923 records is as reliable as the other conlparisons. 

There were slight differences in the date of shearing in different years 
with the folloving result : 

mL- 1918 fleece represents about eleven months' wool. 
1919 fleece represents about twelve monthss wool. 
1920 fleece represents about eleven and one-half months' wool. 
1921 fleece represents about twelve months' wool. 
1922 fleece represents about twelve and one-half months' wool. 
1923 fleece represents about eleven months' wool. 

Therefore the figures for 1918 and 1923 are a little lower and those for 
1922 are a little higher than the? should be. 

The only other very marked difference between seasons was in the 
amount of rainfall and the resultant scarcity or abundance of grazing. 
The rainfall for the twelve months preceding each shearing (May 1 to 

0) is as follows : 

19 19 shearing. . . . . . . . . . . . . . . . . . . . . . . . . .  .24.43 inches 
1920 shearing. . . . . . . . . . . . . . . . . . . . . . . . . .  .28.65 inches 
1921 shearing. . . . . . . . . . . . . . . . . . . . . . . . . . .  .28.73 inches 
1922 shearing. . . . . . . . . . . . . . . . . . . . . . . . . .  .18.71 inches 
1923 shearing. . . . . . . . . . . . . . . . . . . . . . . . . .  .29.21 inches 



The rainfall records were not taken preceding the 1918 shearing at the 
Experiment Station itself but i t  is known that that season was very 
dry and was preceded by a very dry one, and the records for the corre- 
sponding period at  San Angelo, one hundred miles farther north where 
the rainfall is usually a little less than at  the Experiment Station, 
show 8.16 inches of rainfall for those twelve months. Of course, the 
distribution of the rainfall is fully as important as its amount and when 
that is considcrecl i t  is evident that there mas a short drouth in the 
summer months of 1918, and that the severe 1921 drouth began about 
the middle of June and lasted until the following March, there being 
only one month between these two dates when there was as much as one 
inch of rainfall. I n  summary, then, the shearings of 1918 and 1922 
followed periods of severe drouth and scanty grazing, but the other 
shearings probably were not affected. (The 1919 shearing may hove 
been somewhat affected). The pastures were decidedly understocked 
with sheep the first four years. 

Turning to Table No. 5 one will see that the variation in the amount 
of wool produced from year to year is not large. The average weight 
of fleece was small in 1922 and quite small in  1923. For the t~vo 
groups of older ewes i t  was also small in 1921. Even when i t  is re- 
membered that the 1922 shearing represents twelve and one-half 
months' growth of wool whereas the 1983 shearing represents onlp 
eleven months' growth, there still seems to be a need for further ex- 
planation of the low average weight of the fleeces in  1923. me know 
that they were unusually light in their shrinkage and can offer tentatively 
only the explanation that the unusually numerous and heavy rains in 
the three months preceding shearing ma51 have washed out much more 
of the dirt and grease than usual and that the early shearing before hot 
weather began would have caused much less yolk to be present than if 
the sheep had been sheared a month later. However, i t  mag be that a 
small part of this decreased production in 1923 is merely an after effect 
of the drouth *of 1921 as a. result of which the sheep started into the 
season of 1922 under-nourished and in poor condition. TVe need moip 
data on the subject of how lony i t  takes a sheep to recover from the 
under-nourishment experienced cluring a severe drouth, and we need 
much more data on the variations in shrinkage percentages of wool 
grown under different conditions and clipped a t  different seasons. Such 
data on shrinkage are being collected at  present by the wool-scour in^ 
laboratorv of the Experiment Station not onlv for the Experi 
Station flocks but also for the flocks of many cooperating wool-.gr 
of the state. 

On account of the fact that the fleece weights 14-ere abnormally low 
in 1922 and 1923 i t  is not possible from this stuciy to establish exactly 
the effect of age upon fleece weight. However, it seems clear that the 
two-year-old fleece is decidedly heavier than the yearling fleece and that 
with the ewes the tn-o-year-olcl-fleece is heavier than the subsequent ones. 
With the wethers i t  is probable that the three-year-old fleeces may be 
even heavier than the two-year-old fleeces, as thev were in one of the 
cases shown in Table 5. This diflerence in  the effect of age on ewes 
and wethers is probably dne to tvo  things: first, the aged wethers are 
larger than the aged ewes and, seconcl, the ewes drop their first lambs 
a t  two years of age and their fleeces shorn a t  that time show only the 
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effects of pregnancS n-hile later fleeces show the effects both of pregnancy 
and of having suckled a lamb through the preceding season. 

These clata do not show how old a ewe must be before her wool pro- 
duction decreases on account of old age. Ewes 1-100 were mostly eight 
years old in 1923 and many of them were showing outward signs of age; 
yet their averape fleece weight decreased that year and the preceding 
Tear only a little more than the fleece weights of the other groups of 
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tting that the data are not complete enough to prove beyond all 
11e doubt the conclusions given below, nevertheless we think it 

wlse TO clram from these data and from practical experience the fol1owi1-.g 
tentative conclusions with respect to the effect of age on fleece weight: 
1. The fleeces of two-year-old ewes are heavier than those of yeark$ 

ewes; usually ten to twenty per cent. heavier in normal years. 
3. The two-year-old is the hea-viest fleece produced by breeding ewes. 

eeces are somewhat lighter than those produced by twc-year-olcl 
t are heavier than the   ear ling fleece. 
'wo- ear-olcl n-ether fleeces are rerp much heairier than yearling 

,vcLl lc l  fleeces, usually twenty to forty per cent. heavier. 
4. Aged wethers produce fleeces still heavier than two-yf 

wethers. 
5. Wethers produce heavier fleeces than ewes at every age exce 

yearling. 
6. The influence of very clrouthy seasons is greater upon the 

of the ewes than upon those of the wethers and is Lgreat enough tc 
up all the influences of age upon the fleeces of the ewes. 

7eece weights of eves do not decrease very much on acco 
before they reach the age of a t  least seven or eight years 
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PART IV 

PRACTICAL WAYS O F  CULLING THE FLOCK FOR 
INCREASED WOOL PRODUCTION. 

As a means of attaining a higher degree of perfection in the breeding 
of sheep in  Texas, wool-growers are urged to adopt a systematic method 
of culling or removing all ~n imals  that do not come up to the average 
standard of the flock. For example, all off-type sheep including those 
possessing weak constitutions, as well as those possessing light fro\vxy 
fleeces should be removed from the flock in order to provide accommoda- 
tions for more productive and profitable ones. 

Culling has been practiced among the leading pastoralista of some 
of the more progressive sheep countries for many years and it is no 
doubt true that the leading position in the production of some of the 
choicest fleeces in  the world, which is today held by the Australians, 
has been clue to the rigid method of culling and classing their flocks, 
although, of course, the general use of sires of superior breeding has 
had its wholeeome effect. 

The information presented in this Bulletin serves as a furiber illus- 
tration that there is likely to be a wide amount of variation in the 
amount of wool produced by the various individuals of the average flocks 
of this state. Furthermore, i t  shows that the general tendency under 
similar conclitions and management is for a sheep that shears a heavy 
fleece one season to produce a heavy fleece at subsequent shearings. Like- 
wise under similar conditions a sheep which shears a light fleece at one 
shearing mill be very likely to produce a light fleece at  all futurr 
shearings. - 

However, i t  is clearly recognized that this study deals only with 
weight of fleece and that this is only one of the factors which dett 
how much profit can be obtained from keeping each sheep for I 

Culling on the basis of fleece weights alone mould therefore be 
imperfect method of flock improvement. The scales tell nothi1 
weight and the man who would cull and breed according to weight 
of fleece alone would be pursuing just as foolish a course as the clairp- 
man who culls and breeds his cows solely on the basis of the amount of 
milk they produce without regard to its quality and without +nking 
into consideration the body characteristics of the cou7s. Such a 
tice would bc better than making no effort a t  all to improve tht 
and it would be fairly certain to increase the quantity of wool pro 
but it would also be very likely to lead frequently to the keeping of 
weal: in constitution and undesirable in mutton conformation, o 
ducers of wool too coarse or too straight, or containing kemp or "1 
hair, or some other undesirable kind of wool. All these things I 

bee considered in  culling. 
Australian wool growers who are not qualified to class their own flocks 

employ sheep classing experts who are recognized as being thoroughly 
efficient and must be familiar with the rarious kinds of wool produced 
by the flocks on which they work and also with the class of moc' 

. 
greatest demand. Sheep classing requires not only that the classers 
a knowledge of wool but also that they be fairly pmcl judges of sl 
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Since we are not so fortunate as to have expert sheep classers avail- 
able for such a service in Texas at the present time i t  is necessary to  
approach the culling problem from another angle. It has been one of 
the aims and purposes of the Texas Station through the medium of the 
Wool Grading and Scouring Plant to grade m d  scour representative 
samples of wool for the wool growers of the state with a view ~f placing 
in their hands some valuable information with reference to the quality 
and condition of samples scoured. The majority of Texas wool growers 
are fairly competent to distinguish between a good mutton sheep of de- 
sirable type possessing a strong constitution and one which is lacking 
in constitution and development. Therefore, with his knowledge of the 
fact that it would be utterlv futile for him to attempt to produce the 
highest class of wool on a sheep that does not have a strong constitution, 
it will be possible for the growGr, with the aid of information upon the 
subject of m~ool, to make some material progress in  the direction of flock 
improvement. 

The amateur wool grower. should first of all establish his ideal and 
constantly strive toward that goal. If he is not competent to dis- 
tinguish between the best fleeces carried by certain members of the 
flock and those prodncecl by some of the mediocre animals he shonld 
seek the advice of someone who is qualified to select his best sheep, both 
from the standpoint of type, and wool-proZnction. This mill enable 
him to establish a definite t-ype toward which he can well afford to work 
in the improvement of his flock. 

Sheep of the fine-wool breeds having the following faults should be 
culled from the flock : 

1. All sheep that are undersized or possess weak constitutions. 
2. Sheep that are off type, that is, those possessing long legs out of 

proportion to their size, weak backs, over-shot or under-shot jaws, etc. 
3. Sheep prociucing light frowzy wool lacking in densitv. 

I 4. Sheep producing wool with too much variation in the size of fibers. 
1 5. Fine-wool sheep producing patches of black wool on any part of 
the body. 

1 6. All those producing kempy hairs: Such hairs are 'likely to be 
found about the face, forelegs, and thighs. R e m i  is a separate and 
distinct fiber from the so-called "beard" hair which is  frequently found 

1 on the folcls or beech. This "beard" hair, as i t  is sometimes designated, 
i is also very objectionable. 
' Constitution and type should be given the first consideraticn by the 

I breeders who are attempting to raise the standards of their flocks. In 
the selection of the sires and dams or in the culling of the off-type indi- 
viduals from the flocks, breeders shonld bear in mind that there is a 
certain standard of excellence which should be maintained for the ewes 
as me11 as for the rams. 

A ram should show masculinity while the ewe should display a fair 
1 degree of refinement without any tendency toward weakness. The ram 
shoulcl be masculine, commanding; and active. The head shonld be well 
set on, being neither too large nor too small, but proportionate to the 
size of the body. The forehead should be slightly arched and broad 
betveen the eyes; eyes should be bright and prominent with determined 
expression. The face ~houlcl be of moderate length with a full slightly 
rounded nose, covered with fine silky hair; muzzle well developed, nos- 



trils open, wide and thick; neck of medium size, well roul~ded and 
muscular, tapering gradually from the head to the shoulders. The 
chest should be broad m d  roomy with a well developed heartgirth; 
withers broad or rounded, top-line straight without any deficiency im- 
mediately back of the withers; back strong, ribs well sprung, hips well 
developed and not too prominent. The rump should be moderately 
long, broad, and not too drooping; tail well set on. Hind quarters 
should be well rounded and mnscular to hock; legs of medium length, 
straight, wide apart, and well set under body. Tlie hoofs of the fine- 
wool breeds should be of a clear amber or .honey-color and free from 
any black streaks. 

The foregoing description could in a general way be applied to 
representative breeding ewes. However, breeders recognize that mem- 
bers of the ewe flock should be more highly developed in the hind qxar- 
ters than are the rams which have more strongly developed fronts. 

I t  is impossible in the limited space allotted in this Bulletin to enter 
into a lengthy discussion of the desirable and undesirable characteristics 
of wool, therefore the authors have deemed it advisable t.0 reprocluce 
the Wool Score Card which mas prepared ~erera! years ago by Pro- 
fessors Bray and Hill of the Colorado Agricultural College and the 
University of Wyoming, respectively. Although this card has not been 
officially adopted by animal husbandmen i t  has heen carefullv prepared 
and should prove valuable to not only practical sheepmen but to ani- 
mal husbandry workers and students as well. 

THE BRAY AND H I L L  WOOL SCORE CL---. 

QUALITY OR FINENESS-Fine fiber, breed or grade considered. Not' 
a mixture of fine and coarse fibers. Not a wide difference be- 
tween shoulder and breech. Fine areas large, coarser ones small 20 

LENGTH-Should be clearly of combing length for the grade, i. e., 
fine, 2+"; 3 blood, 3"; 8 blood, 34"; 2 blood, 4". Lengths 
more than $ inch greater of no aclditional value except in wool 
coarser than 2 blood. Fibers that lie together, all the same 
length. Littl6 variation over main parts of the fleece. A 
minimum of short wool.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

SOUNDNESS-Strong throughout, no weak spots. Fibers of uni- 
form thickness from base to tip except for tapering of yearling 
fleeces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

PURITY-NO hair, kemp, or black or dark brown fibers. Cut heavi- 
ily for: beard-hairs on wrinkles of fine ~voolecl sheep, dark 
fibers mixed through the fleece of downs, and coarse hair on 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . the breech of crossbreds. 12  
CHARACTER- 

(a)  Fiber, evenly crimped throughout, crimp close an;! dis- 
tinct, fibers parallel except for sufficient binders to hold 
the fleece together. Tips free from wastiness. Xo 
frowzy wool ......-s.............................. G 

. . . . . .  (b) Soft and springy to touch, elastic under pressure. 2 

COLOR-White, bright. Main fleece free f ronl stains. 2Iin;rnum 
of staioed areas around breech and on belly.. . . . . . . . . . . . . . .  4 
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CONDITION-- 
( a )  Yolk, moderate in quantity, light color evenly distributed 3 
(b)  Free as possible from natural adhering sand and dust, 

and from heavy t a p  and sweat locks.. ........ :. . . . .  3 
:) Free from burrs, chaff, seeds or other foreign matter, not 

mouldy or mothy, free from excessire paint, not tied 
with sisal or rough jute twine or with excessive amounts 
of twine. Not cotted.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

-- 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

w ~ t n  the assistance of this card the experienced wool-grower who 
has a practical knowl~dge of judging sheep will be able, with a little 
practice, to distinguish between those individuals producing mool of 
high quality and chara'cter and those that produce open frowzy fleeces. 
It will be an easy matter to identify these individv.als producing wool 
with a wide variation in the clegree of fineness from shoulder to breech, 
as a result of a carefd examination of the fleece. Eemp and beard 
hair jf present on certain individuals can be easily detected. 

According to American wool mmufacturers one of the outstanding 
criticisms of Texas fine wool is that i t  is sent to market in rather 
uneven lengths. Therefore, it will serve as a reminder to Texas mool- 
growers that the length of the mool fiber should be given greater con- 
sideration in order that a larger amount of fine combing wool, which 
should be at least 2+ inches in  length, might be made available for the 
manufacturer by the Texas growers. Wool-growers are engaged in the 
sheep business as an enterprise and are anxious to make maximum 
profits. They should therefore strire to produce wool that will meet 
with the requirements of the leading manufacturers of the country. 
Upon length of staple depends the strength of the yarn to be spun, there 
being mucli less waste in the spinning of a long than of a short fiber. 

Moreover, long-stapled fleeces tend to be heavier than short-stapled 
ones, a t  least as between fleeces of the same degree of fineness. (This 
is shown by a correlation of +.56 on 69 Rambouillet fleeces a t  the 
Wyoming Station; an average correlation of +.35 on 259 grade Ram- 
bouillets in  nine groups in  unpublished studies by the Texas Station; 
certain experiments of the United States Bureau of Animal Industry 
reported by Marshall which show the same thing but are not figurecl in 
terms of correlation. These are correlations of length ancl weight taken 
on the same fleece, and the length of one fleece and the weight of subse- 
quent fleeces probably rvould not show as high a correlation as this). 
Therefore, i t  seems that the breeder who selects for length of fibers is 
also selecting to some extent for weight of fleece, but this point needs 
further study. Fineness of fiber is necessary in  order that the spin- 
ners may be enabled to spin the yarn to the requisite number of counts. 
Fineness to a certain degree is an indicator of breeding but there is a 
posibility of such a condition as over-fineness of fiber. 

Luster is one of the striking features of crossbred and braid wools. 
Whiteness is an indicator of good breeding. A yolk of a light orange 
color is not objectionable; however, different colors of yolk on the .same 
sheep are not desirable. Members of the flock which carry fleeces with 
an orerabundance of thick gummy and clotted yolk of a dark color 



should be discriminated against since it is difficult to remove scch stains 
from wool during the scouring process. 

All flock-masters have observed that there is a considerable variation 
in the amount of crimp in the wool fibers of the different types of 
fleeces represented. Some members of the flock produce wool in which 
the crimp is almost imperceptible, while others produce wool having a 
distinct crimp which almost forms a half circle either way. Such crimp 
represents the typical merino fiber. They give greater elasticity to the 
fiber and improve the general felting properties. 

At  shearing time if the wool grower is desirous of culling the light 
shearers and off-type individuals from his flock he can proceed more 
efficiently if he establishes the pr~ct ice  of separating the sheep by -ages 
into several groups. For instance, if he should decide to cul! his 
yearling flock he will find the culling operation to be much easier if 
he mill first separate his yearlings from the remainder of the flock 
before he proceeds with the culling operation. He should f i ~ s t  decide 
on the percentage of ewes to be culled; then he should select several 
typical representatives of the best as well as several of the most un- 
desirable members of the flock in order that he map establish a more 
effectire culling basis upon which to proceed more readily and accurately. 

If  the grower feels qualified to rely on his judging ability exclusirely 
in the culling of the flock he can proceed to examine each individual 
carefully just before shearing time. He should place a mark or brand 
on the face of each sheep that he plans to cull, while those that are to 
be retained can go unmarked. The paint mark placed on the culls 
if located on the face or ear will probably not remain visible more than 
a few days; therefore, after the ewes hare been sheared they should 
either be separated from the main flock or given a body paint brand in 
order that their identity may be known as long as they are retained in 
the flock. 

If the grower does not feel competent to rely on his jud,pent ex- 
:lusively he can secure a small amount of additional help at shearing 
time and weigh the indi~ridual fleeces. This mill give him accurate in- 
formation with reference to the amount of wool produced; however, as 
nras mentioned above, growers are fidvisecl against the establishment of 
the custom or practice of cullin$ based exclzisively on shearing weiyhts. 
For example, it is possible that a sheep possessing a very weak consti- 
bution might produce an extra heavy or attractive fleece, and since it 
s the aim of every progressive breeder to eliminate off-type, under-sized 
inimals from the flock, he should adhere to this practice even thou@ 
an occasional off-type flock member here and there should procluce a 
ieavy fleece. Furthermore, the scales do not reveal such deficieneie~ ~ 
)r objections as the presence of an undue amount of kemp and the so- 
:ailed ‘%card" hairs so frequently found on certain sheep. 'It is there- 1 
lore obvious that if the wool-gower hopes to make a f a i r  degree of ' 

mogress i ~ i  the direction of flock improvement he must learn some of 
;he rudiments of wool judging and classing since he cannot hope to 
ittain the highest possible clegree of perfection in his flock without first 
~e ing  able to distinguish betveen superior and inferior fleece6 / 
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