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1.

I INTRGUCTION

The Cheviot and its crosses are becaming increasingly important
as a hill country sheep in NRew Zealand, The popularity of the
breed is based primarily on its fertility, mothering ability and
hardiness. However, its wool, which is regarded as a by=-product
of minor importance under the English farming system, 18 of greater
econamic value to the New Zealand farmer,.

The fleece of the Cheviot has been criticised by people con-
nected with the wool trade for certain faults. Naturally, such
faults lower the value of the fleece. Thus, if the return per
sheep 1s to be maximised the fleece type would need to be improved
provided that such fleece improvement does not result in lowered
production in other productse. Of the faults pinpointed, kemplness
is one which from previous experience with Rommneys, offers hope of
being eliminated without undue difficultye. Observations of the
Cheviot flock run at Massey Agricultural dollege indicated that
there was great variability in kempiness at different times of
the year and between sheep. Such variability in itself, suggests
that kempiness may be eliminated or reduced to negligible amounts
by selectiaon of kemp=-free sheep.

An attempt was made, in this present study, to determine the
variability of kempiness in relation to age, sheep, time of year
and body regions and to indicate a suitable criterion and position
for the estimation of kempiness in the fleece. In other words, a
preliminary investigation of the kemp problem in Cheviots was made,

The impartance of this study does not necessarily rest
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with practical concerns. The kemp fidre is one of a number of
different fibre types found in the fleece and as such is of interest
to the wool biologist. Nevertheless, 1t is one of the least
studied fibre types probably because before 1933, at least, it was
primarily regarded as a fault in the fleece rather than a type of
fibre. However, since then Dry‘'s (1933, 1934, 1935) pioneering
work on the birthcoat of the Rammey lamb has stimulsated much work
on the biology of the fleece. Such research has gernerally been
approached fram a consideratian of all fibre types and kemps, being
one fibre type of the fleece, have received some attention. This
attention is being intensified with the development of knowledge
in wool biology. However, there is still a great lack of know-
lege of fundamental aspects of the development, growth and shedding
of kemp flbres especially in the adult fleece. FPurthermore, most
work which has been done has been of doubtful value because of the
limitations of the techniques used to measure kempiness and the
small numbers of sheep used (Burns, 1949; Ryder, 1956).

Thus, in this study, it is hoped to obtain some informatian
on the development, growth and shedding of kemp fibres in the
Cheviot to campare with conclusions made by other workers on the
development, growth and shedding of kemp fibres in other breeds

and to discuss any canclusions drawn with regard to their work.
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II REVIEW OF LITERATURE

A, General

1. Definition of kemp.

The problem of dyeing fabrics containing kemps to an even,
unblemished colour, first attracted the attention of textile
rescarch workers in the early part of the centurye. Coinciding
with rescarch on thic problem was the classification of' the fibre
types of the fleece.

Borman (1908) referred to a malformstion of normal wool
which he divided into "flat" kemps (heterotypes) and fully developed
kemps (hair or keap). These abnormal fibres were distinguishable
from normal wool by the silvery appearance of part or all of the
fibre,

Toldt (1910, 1912) classified the individual fibres of the
fleece into leithaare (outer, thick hairs), Grannenhaare over-
hair) and Viollhaare (fine hairs or wool). No mention was spec-
ifically made of kenxp although they rrobably were included in the
Leithaare groupe.

Priestman (1911) made a detailed study of the morphology of
kemp fibres and found that the silveriness of kemp was due to the
reflection of light by air spaces included in the fibre, He also
regarded kamp as a faulty wool fibre. This view was not held by
Crew and Blyth (1922) who classified the fibre types of the Black-
face lambs coat into three groups corresponding to kemp, hair and

wool
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Cockayne (1924) further subdivided the fibres found in the
Lincoln and Romney breeds into face and leg hair, kemp, medullated
wool fibres and wool. He defined kemps as medullated fibres and
noted that they only had a 1limi ted 1life. This definition does not
appear to have received much recognition until the end of the decade.

At this period, the state of confusion existing as to the correct
definition of the various fibre types led workers, such as Duerden
and Ritchie (1924) and Cockayne (1924), to use the term kemp to
denote the true kemp fibre while workers such as Barker and King (1926)
used the terin kemp to denote any medullated fibre.

Bliss (1926) considered that the theory developed by Duerden
and Ritchie (1924) attempting to show that kemps were a remnant of
the outer coat of the ancestral sheep, was evidence that kemps viere
not abnormal wool fibres.

A series of papers on kemps, published by the British Rescarch
Association for the Woollen and Viorsted Industries, did much to
improve the definition of kemp and knowledge of the morphology of
kemps. In this publication Duerden (1926) described the micros-
copic appearance, the medulla and the dyeing of South African Merino
kemps. llis definition of a kemp as a hairy fibre lost most of 1its
value as it did not distinguish between kemp and hair. Fraser
Roberts (1926) made a detailed study of the macroscopic and micro-
scopic components of kemp in the Welsh Mountain Sheep. His studies
also included investigations into the growth and origin of kemp.

The main contribution of his work, however, was his definition of
a kemp as a hairy fibre whi:h is shed annually. This definition
was reconfirmed by Blyth (1926). Hirst and King (1926) studied
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kemps 1n the Mohair and found evidence suggesting that the definition
of kemp might e incorrect. They found fibres with cut-ends which
suggested that kemps were not shed. However, they did not place
much reliance on their evidence as '"the casual manner of shearing
may account for this." (cut ends).
Fraser Roberts' (1926) definition has been shown to be ine-
adequate by Northcroft (1928) and Lang (1942). With the growth
of knowledge of the birthcoat and the reslisation that kemps may
be shed at intervals less than a year, the restriction of the growth
of kemps to one year became unreal, A kemp was redefined as a
medullated fibre which grew for a limited time and was then shed.
Lang's (1942) definition may also ve criticised. Work by
Burns (1949, 1953, 19548, b, 1955) and Ryder (1956, 1957) has
indicated that shedding from primary and secondary follicles
can be ¢uite extensive at certain periods each year, This
suggests that non-kemp fibres may also be shed after a limited
reriod. It is necessary, therefore, to improve Lang's definition.
The following definition was used in this experiment; it defines
a kemp as a medullated fibre of characteristic appearance which
is shed after a limited period of growth.

2e The morphology of kemps.

Coinciding with the development of the definition of a kemp
fibre was the development of knowledge regarding the moirphology of
kemps. Research by Priestman (1911), Duerden and Ritchie (1924),
Fraser Roberts (1926), Blyth (1926), Duerden (1942) and Wildman
(1955) may be summarised in this generally accepted description
of the morphology of kemps; the fibre varies in length according
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to breed; 1t is medullated (often grossly so) with a character-
istic waviness; 1t 1s opaque because of 1ts air-filled iiedulla
and is often deformed or bent; it is elliptical in cross section;
it is tapered at the tip end and the root where in shed fibres it
usually ends in a small bulb giving the appearance of a brush-end;
the cuticle shows a typical scale pattern which in the basal half
of the fibre 1s descrihed as a regular mosaic form and in the tip
half as an irregular mosaic form; the cartex is similar to that
of wool while the medulla is reticulate v¥ith cell walls thickened

by spinous processes and partly keratinised (See fig. 1)

3. The Lmportance of kempe.

The major problem caused by kemps in kempy wcol is that of
dyeing & kempy worsted cloth to an even umblemished colour.
Duerden (1926), Blyth (1926) Lang (1942) considered that the
cortex of kemps absarbved dyes ags readily as the cortex of wool
fibres but that light reflected from the medulla csused the
fivres to become off=-chade. 4s the removal of these blemishes
takes time and money, a price discrimination against kempy wools
exists, except in cases whsre such wools are required for special
cloths. This latter fact was pointed out by King (1926). He
regarded the fact that the redulla was of different chemical com=
position from the cortex as partly the cause of off=shade colours.

Kemps also affect the performance of wool during the manufact-
uring processes. This has been attributed by Bryant (41933) and
Leng (1942) to their veing:

a. Less elastic with a stiff smooth charsacter.

b. More brittle and weaker per unit cross-section than wool.

c. Elliptical in cross-section.
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{emps from the fleeces of

Cheviot eves.

(note brush-ends)
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Mare'(1936) sumned up the disadvantages of kemp in Merino
wool. He stated that the two types (kemp and wool) could not
be blended and manufactured into a satisfactory worsted as the
kemp caused many thread breakages in the spinning process. In
Mohair, Hardy (1¢37) found that there may be a loss of up to
18 per cent on combing Mohair containing many kemps. Kempy
wools were not associated with good spinning quulities as "twitty"
places and many breakages usually resulted from their presence
in wool.

Lang (1942) stated that, generally speaking, the occurrence of
kemp in wool is not of great importance to the woollen trade but
that the worsted trade strongly discriminated against kempy wool.

The literature shows that nmch kempiness in the wool of any
breed leads to the worsted trade discriminating against it, except
in special circums tances. Thus to the farmer and the manufacturer,
the 1nportance of kemp lies in its undesirability as a fibre for
manufac ture.

To the wool biologist, kemp is important not only because
it is one fibre type of the fleece but because it may represent
the remnants of one coat of the ancestral sheep. Several workers
(Duerden and Ritchie, 1924; Duerden, 1926; Fraser Roberts, 1926;
Lockner, 1931; and Lang, 1942) believed that kemps evolved from
the hairy outer coat of the ancestral sheep during the evolution
of the woolled sheep. Lang (1942) has grouped the British breeds
according to the type of fleece they produce, in an attenmpt to
show how the type of fleece fitted in with the supposed evolution

of the fleece. Not all evidence supports this theory, however,
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as Ross (1950) has recorded that some fibres of the fine undercoat
are medullated. These fibres could have evolved as kemps.

It has also been suggested by Crew and Blyth (1922) and
Duerden and Seale (1927) that heterotypism is associated with
the disapicarance oi' kemp in the evolution of the woolled sheep.
In one sense, their statement is supported by their finding that
the degree of development of heterotypic fibres is closely correl-
ated with kemp. Lang (1942) brought forward the theory that
heterotypes may be an adaptation of the wool to substitute, in
hard conditions, for the loss of the protective hairy coate.

To date, however, there has been no published evidence
to prove these theories so that they must await confirmation
before being accepted.

Finally, the wool biologist is interested in kemps because,
as the fundamental unit of study is the follicle, he may be able
to learn about the follicle from the study of this fibre type.

B. The Methods of Measurement of Kempiness

A major problem in research of this type has been to find
a suitable method of measuring kempiness accurately.

Quantitative estimation of kemp has been described by
Fraser Roberts (1926) and Darling (1932). The method used by
them was to separate, by hand, from a scoured, weighed sample
of wool, the kemp fraction and the non-kemp fraction. Percentage
weight and percentage number could then be calculated.

These measurements are not entirely satisfactory as a change
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in percentage number or weight of kemps does not necessarily mean
that the number or weight of kemps has changed. Factors such as
different nody weights, follicle densities and wool growth rates
between sheep mean that a comparison of wool samples of the same
weipht does not necesszrily fulfil the ideal of comparing wool
fibres from the same number of follicles. Another problem which
can affect the results ic the loss of shed fibres from the fleece
or conversely their retention in the fleece.

Which of these measurements is the best to use has not been
determined. However, Darling (1932) stated that there appeared
to be a correlation between percentage number and percentage
weight of kemps. He did not calculate the relationship as he
thought that it was non-significant.

Elphick (1932) and later Bosman (1933) first used benzol to
distinpguish medullated fibres. This method of distinguishing
accurately between medullated and non-medullated fibres was
developed into the Benzol Test by Elmhick (1932). However,
while this test is useful to make kemps more distinctive in
the separation of kemps from the other types of fibres, other
nethods of measurement are likely to be canfused by the presence
of non-kemp medullated fibres.

A further development of the Benzol Test was the medullameter
(McMahon, 1937). By using a photo-electric cell to measure the
light reflected from the medulla of fibres immersed in benzene,
it was possible to construct an arbitrary percentage medullation
index. By taking the difference of two readings of a wool
sanmple before and after the removal of kemp fibres, it 1s possible

to £find the percentage medullation of the kemps. However, this
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method is tirme consuming and the interpretation of the index from
a practical point of view is limited.

The more direct method of measuring kempiness from skin
sections (both vertical and horizontal) as described by various
workers (Carter, 1943; Burns, 1949, 1953, 1954a, b, 1955;

Ryder, 1956, 1957 and Rougeot 1957), has its value in deterrining
shedding follicles and the numbers of medullated fibres. However,
it is very difficult to identify fibre types from cross sections
of follicles, Consequently, the method loses much of its value
if one is interested in one particular fiore type. Another
drawback to this method is that i1f a thorougsh investigation of
follicle activity is to be carried out, sections have to be cut
at all levels of the follicle (Ryder 1956). This makes the
nethod laborious. Finally, the loss of the iibre from the
follicles during the cutting of a section may, if it is extensive,
lead to false conclusions about shedding.

llethods of taking fibre cross sections have been described
by Hardy (1937) Burns (1949) Wilson (1951) and Pilkington and
Purser (1957). From these cross sections, fibre diameter and
numbers of medullated and non-medullated fibres can be calculated.
However, it is very difficult to identify fibre types from fibre
cross=sections. The classification of the various types of
medulla developed and used by Burns (1953), Cockrem (1956) and
Pilkington and Purser (1957) showed that kemps and coarsely
medullated fibres usually had latticed medulla. However, the
type of medullation depended on the position along the fibre at
which the cross-section was taken, Thus this method is of limited
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value in estimating the numbers of kemps.

It appears as if no satisfactory method of estimating kempiness
has been devised yet. Of the methods described, quintitative
nethods apiear to be the best for measuring general changes in
kemp populations.

C. Physiological Aspects of Kemp Development, Growth and Shedding

ill e The development of kempiness in the fleece.

A study of the birthcoat of lambs has led to much information
on the development of kempiness in the adult fleece. It has been
found that the nature and degree of kempiness in the adult fleece
is related to and can be predicted froi: certain characteristics
of the birthcoat.

The classification of the various fibre types in the birthcoat
was initiated by Toldt (1910, 1912), Crew and Blyth (1922) Duerden
(1927, 1929), Duerden and Seale (1927), Boyd (1927), and Duerden
(1932). Dry (1935) enlarged on the previous investigators work
and developed a system for classifying the birthcoat fibres of the
New Zealand Rommey lamb. This classification was based on the
shape of the tip of the fibre buv also included otiier character-
istics such as length, fineness and degree of medullation.

The birthcoat kemps fall into the first two of the three
ma jor categories which are:

a, Pre=curly-tips which are characterized by three regions;
a post-natal region; a pre-natal eurly-tip region; a pre-natal
pre=curly-tip region usually sickle shaped but sometimes long and
coarsely medullated. The birthcoat kemps in this group are
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halo-hairs, super-sickle A's, super=sickle B's and sickle fibres.

b. Curly-tips which consist of a pre-=natsl curly-=tip region
and a post=natal region. The birthcost kemps in this group which
are most commonly shed are hairy-tip-curly-=tip fibres while some
shed curly-tips have been found (¥ickham, personal cammunication).

c. Histerotrichs. These fibres are not classified as
birthcoat kemps. Descriptions of these fibre types are given
by Dry (1935) and Stephenson (1956).

The relationship between fibre type and follicle type has
been studied by several workers. The pre=natal development of
follicle bundles has been described by Hardy and Lyne (1956) in
the Merino and Stephenson (1957), in the Rommey and N-type. They,
in common with other workers, determined that the first follicles
to develop were the primery central follicles. These were followed
by primary lateral follicles and then by secondary follicles.

The order of appearance of fibre types after the development
of the follicles in the Rommey laub was thought by Dry (1935) to
be pre=curly-tips, curly-tips and histerotrichs,

Dry (1935) considered that pre—curly-tip fibres were formed
in primary central follicles in non-N Romneys. However, Galpin's
(1934) work on fibre frequency showed that pre-curly-tips formed
up to 33 per cent of all birthcoat fibres. This strongly suggests
that some pre-curly=tips are grown in primary lateral follicles.
Carter (1940) believed that the larger diameter of primary follicles
was evidence that they grew birthcoat kemps.

Fraser and Hamada (1952) calculated the S/P ratio of several
British brecds of sheep and compared this with the ratio of birth-

. coat fibre types assumed to have grown either in primary or
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secondary follicles. They concluded that in coarse birthcoats
halo-hairs grow in primary central follicles, hairy-tip=curly-tips
in primary lateral follicles and curly-=tips and histerotrichs in
secondary follicles. In fine birthcoats priisary central follicles
grew sickle tips, primary lateral follicles grew checked curly
tips and secondary follicles grew plain curly tips and histerotrichs.
However, their conclusions were not always closely supported by
their evidence.,

Fraser, koss and Wright (1954) in a study of 33 N/N, 65 N/+
and 17 g;'/gg Romney lambs calculated the mean p.rcentage of primary
central, primary lateral and secondary follicles for all genotypes
at birth. These percentages were compared with the percentage
frequency distribution of the fibre types, corrected to that which
would have occurred at birth. They produced data on fibre length
to support their conclusions. Wickham (1958) using a combination of
frequency and ribre diameter comgparisonc, was able to confirm the
regsults of Fraser et al on the whole, but found some exceptions.
The evidence to support the assumption that all or most fibre typea
are grown in certain follicle types is at present inconclusive so
that these results can only be regarded as tentative. Nevertheless,
the evidence produced by Fraser et _al and Wickham supports the con=
tention that in M lambs priuery central follicles grow the birth-
coat kempe, pre-=curly-tips and hairy-tip=—curly-tips, primary lateral
follicles grow pre=curly-tips and hairy=tip=curly=-tips while second-
ary follicles grow hairy-tip=curly-tips. In g/; sheep primary
central follicles grow pre-curly-tips and primary laterals grow
hairy-tip-curly-tips. In nr/nr lambs, primary central follicles
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grow pre=curly-tips and possibly some hairy-tip=curly-tips and
primarly laterals grow hairy-=tip-curly-tips.

Curly-tip fibres were believed to develop after pre-curly-
tips in the foetus by Dry (1935). However, Ross (1945) found
evidence that some curly-tips often appeared as early as super-
sickles. She therefore suggested that these fibres (mainly
hairy-tip-curly-tips) should be considered as part of the pre-
curly=tip series,

All the evidence available suggests that birthcoat kemps
may grow in any follicle type according to genotype but that they

are most likely to occur in primary central follicles.

The arrangement of the fibre types from a tuft of the birth-
coat into the assumed order of appearance in the foetus, led to
the development of fibre t. pe arrays (Dry 1935). Pre-curly-tips
were assumed to appear first and histerotrichs last. Within
groups the first formed fibres were those with the greatest number
of curls in the tip. The arrays were named according to the
absence or presence of the different fibre types. The arrays in
decreasing order of hairiness are Plateau (subdivided into four);
Saddle; Ravine; Valley; Plain; Ecarpment (found by Galpin 193L).
All in and Incline (Burns 1955). A description of the fibre type
arrays is given by Stephenson (1956).

Duerden (quoted Dry 1931) suggested to Dry that the thinning
in the necks of sickle fibres was due to a '"birth" check. Dry
(1935) developed this idea into the pre-natal check concept. By

assuming variations in the onset, duration and decline of the check
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end in the base aor inherent coarsencss of the birthcoat, Dry
produced explanations of the mode of formation of the fibre
type arrays.

One important aspect of tne check was that if a vigorous
follicle, i.e. a follicle producing much fibre substance per
unit tine, sut'fered a sufficiently strong check, then, that
foliicle would produce a nersistent fibre, On the other hand, a
weakly checked vigorous follicle "being one which works extremely
hard, is compelled to take a rest'" and shed its fibre. In terns
of fibre type array, the Plateau array surfers the least intense
pre-=natal check and the Plain arreay the most intense. Thus, the
coarscr arrays, oecause tiey show the least check, may be expected
to be mede up of more birthcoat kemps.

Thiere is no evidence pudlished by bry to support his theory
of the pre-natal check. In fact, it ap;ears tlmt the pre-natal
check theory merely attempts to explain why certain phenonoma
occur rather than how they occur. Other hypotheses of he mode
of action of the check have been given by Galpin (1934=35).
Sutherland (1537), Goot (4940), Ross (1945), Fraser (1952, 1953)
and Fraser and Short (1952). None of these theories have proved
satisfactory and other work and observations have led to eriticism

of them (Dry, 1952; Dry and Stephenson, 1954; Wickham, 1958).

Galpin (1934, 1936) followed up ocbservations on fibre type
arrays on the back and the rump of the rRommney, and carried out
investigations into fibre type array gradients in the Romney,

Southdown and Ryeland breeds. The Rommeys were more intensively
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sampled (15 positions) than the other breeds (9 positions on four
sheep of each breed plus fewer samples on more sheep). Nevertheless
the results demonstrated that the checking force increased in
intensity from the britch to the poll, giving a posterior-anterior
gradient in fibre type arrays and hairiness over the body. A
subsidiary inferior-superior gradient for the dorso-lateral

portions of the coat was also noted.

Goot (1945) in his study of Rommey ewe hoggets, confirmed the
gradients found by Gelpin for fibre type arrays and medullation.
He also reported a highly significant correlation between fibre
type arrays and percentage medullation (r = 0.75) although he
did not think it was very reliable.

Further inforration on ribre type arrays in Ronmeys wsas
irovided by Stephenson (1952, 1956) in his work on fibre type
array gradients, fibre types and medullation in relation to
increasing N-gene dosage. He found that Galpin's posterior-
anterior fibre array gradient was subject to some anomalies in
Rommey sheep. For instance, the shoulder patch was found to
be the most heavily checked region in all genotypes in the
Romney. This evidence refutes Galpin's statement that anterior
and inferior arrays are less heavily checked. Furthermore, an
anterior-posterior gradient was found in one N/N lamb. In vievw
of this evidence, Galpin's findings can only be regarded as a
general rule. Stephenson also showed that increasing N-dosage
caused increased medullation, first in the least checked regions
and lastly in the most checked regions. A maximum for medullation
was achieved in the N/N sheep.
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The britch-poll gradient was also demonstrated in the Merino

X Herdwick cross by Burns (1935).

The shedding of birthcoat kemps has been found to be mainly
from primary follicles (Carter, 1943; Burns, 1949, 1953, 1954a, b,
1955; Dry, 1952; Fraser, 1952 and Fraser, Ross and Wright, 1954)
and in some cases, only from primary central follicles (Ross and
Wright 1954 in the N-type, Carter 1943 in the Merino). The breeds
in which such shedding has been found have been Rommey, English
Leicester, Blackface, Suffolk, Herdwick, Herdwick x Merino (Burns),
non-N and N-type Romneys (Dry, Fraser, Fraser gt al) and Merino
(Carter). It is probable that insufficient sheep have been used
in some of these experiients (Burns 1949, 1953, 1954a, b) so that
further work is needed to verify these findings. This is indicated
by Burns' (1949) onservation of shedding from secondary follicles
from young Rommey lambs. She assumed that these shedding follicles
had growvn birthcoat kemps although she had no evidence to prove
this,

Dry (1935), Sutherland (1939), Goot (1940), Dry and Ross (19L44)
have all stated that of the birthcoet kemps that are shed, all or
nearly all halo-hairs are shed. In cases where halo-hairs do
persist, shedding of other birthcoat kemps is poor. Goot (1940)
stated that, in general, the more closely a fibre was allied to
halo-hairs in Dry's elassification, the more likely it was to be
shed. That this was not always so was pointed out by Dry and
Ross (1944 ). They found that super-sickles whether they ares in

Plateau or non-Plateau arrays, sickle fibres in non-Plateau arrays
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and haliry-tip=curly-tips varied in their shedding from all to
none.

Dry (1952), in a study of N/N, anr/nr and N/+ lambs, alleged
that there was a decrease in vigour in primary follicles, and
hence shedding "freedom" =s the N-gene dosage passed from N/N
to nr/nr to li/+. He concluded that the coarser the fibre the
more freely it shed, and that fibres produced from primary central
follicles shed more freely than those produced from primary lateral
follicles. Support for Dry's observation was derived from the
work of Ross and Wright (1954). By determining the frequencies
of shed and non-shed pre-=curly-tips and assuming that pre=curly-
tips are produced in primary follicles only, they showed that
shedding was restricted to primary follicles. Furthermore,
primary central follicles were shown to shed most of their fibres
while piimary lateral follicles shed few of their fibres (less
than 20%). However, it must be borne in mind that evidence support-
ing their assumptians is indirect and may be proved unsound by
fuprther work,

The relationship between shedding and fibre type array has
been studied by Sutherland (1939). He found that the least
checked of the i’lateau arrays shed a higher percentage of birth-—
coat kemps than the more checked Plateau arrays. He also noted
that there was considerable variation in the freedom of shedding
of the more checked Plateau arrays. Goot (1940) exiended these
investigations to non-=Plateau arrays and was able to conclude
that Plateau arrays had the highest percentage of shedding fibres
while of the non-Plateau arrays Valley had the lowest (Plain

arrays were not studied). He also found that for the same body
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region, the more checked the array the fewer fibres of a given
type were shed. Conversely, for different body regions, the
same array would vary in degree of shedding. In the same
array more fibres were shed from the back > rump > half britch}

britch> side> withers. (> signifies greater than).

The study of the birthcoat in relation to kempiness in the
adult fleece is important, Several workers have observed
characteristics in the birthcoat of the lamb from which kempiness
in the adult fleece can be predicted. Unfortunately, only general
changes in kemp population have been observed as the methods of
observing changes in the number of follicles producing kemps
are subjective rather than objective. Moreover, little fund=-
amental work has been carried out to determine why follicles should
produce different fibre types at different periods of the sheep's
life.

In 1926, PFraser Roberts working with WWelsh Mountain sheep,
stated that there was an assoclation between a thick hairy
birthcoat and the adult fleece although he did not publish any
evidence to support his statement. However, he noted that in
some cases, when the thick, hairy birthcoat was shed, kemplness
was negligible in the adult fleece. Duerden (1926) also noted
in the Merino, that the kempy birthcoat of the lamb was usually
replaced by a fine non-kempy fleece in the adult. In a later
paper, (Duerden 1932), he stated that, in general, in the birth-
coat of lambs of most breeds, sickle fibres were followed by kemps

and curly-tips were followed by heterotypes and wool.
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A study of the fleeces of adult Scottish Blackface rams was
carried out by Darling (1932). lle showed that kempiness as Judged
by sanples from the shoulder and haunch, decreased from rem lambs
six months o0ld to rans aged two years six months old; it reached
a peak again at approximately the sanc level as the rom lambs in
three ycar six months old rams and gradually decreassed with age
thereafter. However, the measurements of kempiness used by
Darling, i.e. percentage weight and percentage number of kemps,
may have resulted in false conclusions as percentage wool and
hair has been found to decrease with age, especially after the
age of five ycars (Bryant 1933). Thus, Bryent (1933), taking
into account the decrease of hair and wool and assuming reasonably
eguable environmental conditions, concluded that from 18 months
to five years old there was no apj.reciatle variation in percentage
weight of kemps. However, no ex:ierimental evidence was published
to support this conclusion.

Dry (1935, 1940) studied succession in the ew Zealand Rommey.
Most data were collected from a position on the back at the point
of attachient of the last rib, while more scanty data was collected
from other body positions. Dry demonstrated that thes number of
halo=hairs could be used, with caution, as an index of kempiness
in tne adult fleece, i.e. a high number of halo~hiairs usually indic-
ates that nmuch kemp will grow in the adult fleece. Dry termed
birthcoat kemps as G| kemps, second generation kemps as G2 kemps
and so on.

The major conclusions from Lry's work on non-Plateau arrays

were that:
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a. The successors of halo=hairs were all or nearly all shed
only when three qu:irters or more of the large sickle fibres were
shed.

b« Thec successors of shed birthcoat fibres other than halo-
hairs were rarely followed by secondary kemp,.

ce Kemp was plentiful amongst third generation fibres only
when the array had been subtject to a weak check. Heavily checked
arrays did not show much secondary kemp late in the first year
even though Go kemp was plentiful.

de There was much later kemp when there was freedom of
shedding of pre-curly-tip kemps.

Sutherland (1¢39) confirmed Dry's finding that if some halo-
hairs were persistent then shedding of birthcoat kemps would be poor.
Consequently, there would be few kemps growing in the adult fleece.
Goot (1940) also investigated succession in the Rommey lamb and
confireed Sutherland's finding. He substantiated Dry's conclusion
that the less checked the array, the greater the proportion of
birthccat kemps @uvcceeded by second gensration kemp.

An investigation of succession in 81 N-type lambs showing
Plateau arrays by Ross (1945) led to the following conclusions:

a. If there was little G, kemp (1ess than 75 kemps / 100
halo-hairs) kempiness becomes ncgligible in the next two generations.

b. It was possible, regardless of the number of halo-hairs
on the birthcoat of N-type sheep to have little or no kemp in
later generationse.

c. The best guides to later kempiness were hairy-tip-curly-
tip fibres. If more than L45% of the total numbers of hairy-tip-
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curly-tip fibres were shed then later kemp was abundant. If a
swaller percentapge of hairy-tip=curly-tip fibres were shed then
thie degree of later kemp was variable.

d. ihere there was much freedom of shedding of pre-curly-
tips then nmuch secondary kemp occurred. This finding is
supported by similar conclusions by Lockner (1531) and Dry (1935,
1¢L40). Grandstaff and Wolf (1947) studied the percentage of
kemp in iavajo and cross=-bred lambs from 28 to 364 days old.

Many heavily checked non-=Plateau arrays were found in these

breeds. They established that over the period studied there

was a reduction in percentage kemps from 6.8 per cent to 5.9 per
cent in the Navajo lambs and slightly more in cross-bred lambs,.

They concluded that as the major change occurred between 20 and

84 days, s number of follicles which had shed fibres did not

grow kemps again. However, this period coincides with the complct-
ion of the follicle vopulation so that the reduced percentage of
kemps may have been due to an increase in wool fibres rather than

a decrease in kemp fibres.

A study of the effects of increasing N dosage in kemp
succession was carried out by Ross and Wright (1954). Their
results showed that EAE and ggﬁgg genotypes had a higher percentage
of birthcoat kemgs than N/+. However, in succeeding generations
the difference between /N and N/+ was maintained while the degree
of kempiness in ar/nr genotypes was reduced to a level which
equalled that of the N/+ genotype. They concluded that the N
gene had a more powerful effect on shedding (and hence kempiness
in the adult fleece) than the nr gene.
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An examination of succession in Merino x Herdwick sheep by
Burns (1955) confirmed work on succession in the Rommey. Thus,
all coarse Plateau arrays were followed by much later kemp, while
kemps were not found in the adult fleeces of lambs which had Plain
or Ravine arrays. Ragab, isker and Ghoneim (1956) working with
Ossimi, Rmhmani sheep and their crosses found some variation in
percentage weight of kenps up to 23 months after birth, but this

may have been due to cycles of kemp growth.

2e The shedding of kemps.

a. Types of shedding.

In a study of kemps in the South African Merino, Duerden and
Ritchie (1924) recorded shed fivres with folded root=-ends. The
three stages of shedding described by bDry (1926) for the mouse were
adopted by him for the sheep. Unfortunately, it was not made clear
as to whether this type of shedding was typical of both secondary
and primary follicles or either one. The stages are:

a. The anagen phase, which is the growing phase.,

b. The catagen phase, which is the period during which
the root decreases in size until it becomes medulla free.

c. The telogen phase, in which growth ceases and the
"brush-end" is formed.
The formation of a brush-end before shedding is considered
to be characteristic of '"normal' shedding. This type of shedding
was confirmed by Northcroft (1928) in New Zealand breeds and by

Frolich, Spdttel and T&nzer (1929) in Karakul sheep.
Hunger shedding in which the proximal portion of the fibre

became very thin and the brush small, was described by Rudall (1934).
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However, later workers have confirmed that this type of shedding
mainly oeccurred in secondary follicles (Burms, 1554b; Ryder,
1956).

Rudall (1934) described smoky shedding of damsged fibres in
Rommeys. This type of shedding was also found in Southdown and
Rycland sheep by Galpin (1936). The basal end of these fibres
was described as ending in a hollow cavity and not a brush-end.
Howevcr, Sutherland (1539) pointed out that, as this type of
shedding always occurred in fine fibres armd smokiness can be
caused by tugging, this type of shedding i1s atypical. Both
Sutherland (1939) and Goot (19.0) found intermediates between
noi+zal and smoky shedding in Rameys. In contrast to Sutherlsnd's
view th«t such shedding: is atyplcal, Goot tended to regard these
flbree as normally shed. Goot salso shewed that some basal ends
of' normally shed fitres may be eanclosed in a sheath which could
be readily detected with Orange G stain.

Auber and Burns (1947) examined skin sections from Romey,
Leicester and Blackface sheep but found few brush=ended shed
fibres. They described shedding in an undefined follicle type
in which the o0ld fibre was loet while the replacement fibre was
in its early stages of development. This precluded the possibility
that the 1ew fibres pushed the old fibres out of the follicles or
grew alongside them as occurs in mamuals (Segall, cited Auber and
Burne 1947). Burns (1953, 1954b) confirmed this method of fibre
replacemncnt in Scottiah Blackface and lierdwick sheep. Kemps
which were shed in autumn were held in the follicle until they
were lost in the spring. Replacement fibres were not found to

start growing until tiiis occurred.
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Howevcr, in the sommey and Leicester breeds, Burns (1549)
has foun:! replacecment fivres in primary follicles growing along-
side the ectal margin of old fibres but separated from them by
the layers of the root sheath. In seconda:ry follicles, the
replacement fibires grew into the lumen previously occupied by
the old fibres, Replacement fibres in primary follicles, have
also been noted growing alongside the old fibres by Rougeot
(1957) and vickham (personal commnication) in the Limousin and
romey ovreeds respectivelye.

varms (1949) could not find fibres with brush-ends in samples
taken firom Ronmney and Leicester lambs. Sned fibres, from both
prinary and secondairy follicles, were observed to have bluntly
pointed ends. nowever, as only two sheep of each breed were
uSed, it is difTicult to determine whether this type of shedding
is comaon or abnormale

Different types of follicle abnormulity have been described
by Burns and Adber (1951) and Auber and Ryder (41955). Of the
three abnormalities reported by Burns and Auber (1951) they
thought that the "plugged" type and possibly the "lymphatic®
type might be related to brush sheddinge.

Burns (19548) recorded a type of shedding in Suffolk sheep
which she teried attenuation snedding. It appeared that the
shedding of the fibre took place through a gradual reduction
of cell division in the follicle tulb and of the keratinisation
process wWithout the formation of a brush-end. Due to its
prevalence, Burns thought that this type of shedding was noirmal.

However, Auber and Ryder (1955) re-examined Burns' material and



27.

came tov the conclusion that attenuetion shedding was duc to
lymphatic follicles.

in investigation into the effect of nutrition on wool
follicle development in Cheviot laits by yder (1955b), showed
that lamts from cwes on a high place of nutrition had a higher
vercentage of lymphatic follicles than luimbs from ewes on a low
plane of nutrition. It was intirsted from these findings that
poor nutritional conditicins did not bring about lymphatic shedding
as was previously believed. As brush shedding and lymphatic
shedding were observed in the same sample 1n this experiment and
another one on ilasham sheep (Ryder 1.56), Ryder discredited
Burns' (1954a) suggestion that lyazhatic shedding represenied
normal shedding.

Iurther evidence that lymphatic shedding is @ anomaly rather
than normal was provided by Peart and Ryder (i954) who found no
lyrphatic follicles in Blackface sheep. Auber and Ryder (1955)
concluded from evidence presented here rlus some unpubtlished data,
that large foliicles such as found in kempy breeds, e.g. Herdwick
and Scottish Blackface, are probably not as susceptible to
lymphatic changes s smsller follicles. Ryder's (1¢55b, 1$56)
work suggested tnhnat good feed conditions might encourage lymphatic
changes in the follicles. In these investigations he also
recorded brush-sheddin- in secondary follicles of Cheviot and
Masham shcepe.

A survey of thne Cheviot, Devon, wiltshire, Ryeland, Hamgshire
and Shropshire breeds was carried out by Ryder (1957). He pres—

ented information on shedding from primary and secondary follicles
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and avnoirmal folliclas tor these breeds but without relating
the type of shedding to the follicle type.

The available evidence gsuggests that brushe-shedding is
characteristic of primary follicles and provably some, if not all,
seconGary follicles of most breeds studied. It is possible that
only those follicles producing kemps or medullated fibres form
2*ush=ends., Secondar; follicles a:jpear to be more susceptible
than mrimary folllcles to factors other than the scasonal one,
ca.sing shedding. There are conflicting reports as to the
method of fivbre replacement which may be due to breed or follicle
type differences or to faulty technigues in sectioning or samplinge.
Thie place of tiwe abncrmal follicle is difficult to determine but
may poseibly be related to a stage in shedding, changes in blood
supirly, disease or some other factor.

Most workers (Durns, Ryder, Burns snd fuber, Auber and
Ryder) have not reluted fibre type to shedding follicles except
by use of fivre cross—sections (Burns 1954b). This method is
not very accurate as coarsely medullated fivres ond kemp fibres
can heve similar cross—sections. Purthermore, the results can
be coniused by the presence of heterotypes. Thus from most
experimenis reviewed nere, only 2 general indication of what
harpens to kem::s can be obtained. Also in many cases conclusions
have been based on too few sheen, e.g. four Masham lambsg Ryder
(1956b), two komney laubs, Burns (1949) so that further work is
needed to coafirm these results.

Shedding in sheep has been asociated with a degeneration
of the blood supply to the follicle by Ryder (1955a). Similarly,
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glycogen which has been reported as absent from the outer root
sheaths of human hair follicles (Brunner 1907) sind mouse hair
follicles (ilardy 1952) has bcen found only in the epithelial
strard ocelow the Wrush in sheep by Auver (1952) and Ryder (1956).
This fact supports the hypothesis that glycogen is concerned with
fibre crowth.

be. Theories advanced as 10 the cause of kemp sheddinge.

Dry (1935, 1940) advanced two speculative theories, based
on his observations, as to the cause ot shedding. He observed
that certain birthcoat fibres had ceased growth before birth
(b~by halo-hairs) and shortly after birth (sulb halo-hairs) whereas
halo=hairs, hairy super-sickles and siclkle fibres started shedding
about the age o1 seven weeks,. In the former group, he concluded
that sheddiiy; was due to the f'eeble sitate of' the follicle induced
by the pre-natal check. In the latter group, because of the size
of fibhre grown, it was considered that the follicle was producing
fibre subsi.ance so vigorously that il needed to take & rest. The
term vigour used here was apslied by Dry to & follicle produclng
nuch ribre per unit tiwe. Again, no experimental evidence was
publisned showing that a follicle growing a medullated fibre was
producing more fiore per unit time than a less vigorous follicle
producing a non-niedullatea fibre. Therefore, Dry's hypothesis
must be accepted with caution. "Vigour' is apparently under
genetic control as well as being a function of the pre-natzl
check, as increasing Ne-gene dosage increases vigour (Dry 1952),

In the Scottish Blackiace, the shedding of kemps due to poor
nutritional conditions was refuted by Bryant (1533). He post-

ulated, without publishing experiwental evidence, that the
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percentage weight of kemp remained fairly constant regardless
of nutritional conditions. The only effect of good nutrition
on kemp prowth was to increase the rate of growth and diameter
of kemps. Although no detailed evidence is given, Dry (1935)
considered that poor nutrition could slow up shedding but not
vrevent it.

In contrast to the primary follicle, Galpin (1936) has shown
that hunger shedding of finer fibres (from secondary follicles
probably) occurs in the Romney. This type of shedding is
thought responsible for "winter break" in British breeds. In
this case, 'winter break" is used to denote the "break" in the
fleece in the late autum=winter—early spring period due to the
fibrec being shed from a variable proportion of all types of
follicles.

Goot (1940) used obscrvations on the birthcoat of the
Rommey as evidence that shedding was due to genetic factors.
Obviously, breeding experiments are recuired to verify this
statement.

A study of the fleece development of a limited nunber of
Suffolk, Blackface, Herdwick and Merino x Herdwick cross-breds
was made by Burns (1953, 1954a, 1954b, 1955). The degree of
"vinter break" shown by these animals was found to depend on
breed type, with a higher proportion of fibres being shed in the
coarser woolled breeds. Kemps were not found to follow this
pattern completely as, kemp fibres, after the formation of brush-
ends in the autumn, remained in the follicle until they were
shed in the siring. (Ryder (1956) produced evidence that this may
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not be so in Mashsm sheep.) Hence, Burns postulated that winter
break is probably not entirely due to poor nutrition. She
considered that poor nutrition probably accentuates shedding
caused by some other seasonal mechanism such as day length. No
clear distinction was maintained between primary and secondary
follicles but the fact that primary fibres produced brush-ends

in the autumm and did not shed them until spring suggests that
nutrition has a lesser effect, if any, on primary follicles than m
secondary follicles.

Unfortunately, the interpretation of the response of kemps
to nutritional stress is complicated by difficulties in deter-
mining accurately the relat:onship between fibre type and follicle
type. However, there is some evidence from Burns' (1954a)
investigations which indicates that the shedding: stinmlus acts
on follicle type rather than fibre ty.e. ihis evidence was the
shedding of up to 25% of both primary and secondsry follicles in
a Suffolk sheep which, as Judged by the numbers of halo-=hairs
in its birthcoat (2% on the midside), showed little kemp.

Ryder (1957) produced further evidence of extensive shedding
in non-kemp breeds. Thus, kemp shedding is probably controlled
by the factors causing shedding in primary follicles, although
follicles producing kemps may be more sensitive to these factors
than follicles producing non-kemp fibres. Peart and Ryder (1954)
confirmed Burns' findings for the Blackface and supported the idea
that a seasonal stimulus might be inducing shedding.

Ryder's experiments on the effect of nutrition on the wool

follicles of the Cheviot (Ryder 1955b) and the Masham (Ryder 1956)
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were based on too small a number of sheep to enable generalisations
to be ilade. Furtherniore, as follicle types rather than fibre
types were dealt with, it is difficult to determine what role kemps
Pplay in the findings. llowever, results in the Cheviots showed
that keeping ewes on different planes of nutrition had no effect
on the shedding of birthcoat fibres of the lambs they bore.
Similarly, in Masham lambs, poor nutrition alone was not considered
to cause increased shedding of fibres from primary and secondary
follicles. However, in the case of the Masham sheep, inter-
pretation of the results was confused by individual variation in
degree of kempiness, extent of shedding and t.me of shedding in
the two sheep of each group. Such individuality might have 1led
to false conclusions. As a higher proportion of fibres were shed
in winter he suggested that a seasonal factor must be operating.
Reports have indicated that seasonal variations in daylength
can induce growth of the winter coat in cattle (Yeates 1955) and
influence the rate of wool growth of Corriedales (Hart 1355).
These findings were extended by Rougeot (1¢57), who investigated
the effect of variation in daylength on primary follicle shedding
in 4 ILimousin ewes. With two groups subjected to opposing cycles
of daylength change, he wus able to induce the two groups of ewes
to grow and shed primary fibres out of phase with each other.
Growth of primary follicle fibres was found to occur when day-
length was decreasing while shedding of these fibres occurred
soon after the completion of short days. As few sheep were used
and errors introduced by estimating follicle activity from cross-
sections cut at one level were not determined, further work may

invalidate or modify these results.
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Evidence that seasonal variation in daylength was not the
only causc of shedding was given by Burns (1953, 1954b) and Ryder
(1956b, 1958). Their investigations showed thut same breeds
(Blackface, Herdwick, Masham) had two moults per year, although
in the case of kemps, Burns (1953%) believed that all were shed
at the same physiological moult. Ryder (1958) reported work
done at Torridon which indicated that twice yearly shedding was
probably a function of primary follicles while once yearly
shedding was a function of secondary follicles. Observations
on the birthcoat of the N-type Romney have also chown that
shedding of the first few generations of kemps takes place at
intervals much shorter th:n a year (Ross and Vright 1954).
Finally, ./ildman (1958) has found that shedding still occurred
when the light/dark ratio was held constant and nutrition was
remnoved as a limiting factor.

The literature available suggests that there is individual
variation between breeds; between individuals and between
follicles in the shedding of kemps. Regardless of this,
shedding is markedly influenced by variations in daylengthe.

Some other factor, probably genetic, ap.ears to control shedding
to some extent also. Nutrition, if it has any majJor effect at
all, possibly acts more powerfully on secondary follicles than
on primary folliclese. As skin sections have been used to
determine shedding cycles it is difficult to specify the role

of kemps. Burns' (1953, 1954b) work suggests that kemps may
behave differently from other primary follicle fibres although
Ryder (1956) discredits this. Nevertheless, there is sufficient
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evidence of shedding of primary and secondary follicles in
non-kempy breeds (Burns 1954a, Ryder 1957) to indicate that
the shedding stimulas may act on the follicle type regardless
of Tibre type. In the jast, the short growth cycle and
distinctive appcarance of kemp have proizably caused kemp and

not other fibre types, to be specifically related to shedding.

D. Vsriation in Kempiness

1. Regional variation.

To date little intensive work has been done on regional
variations in kempiness over thce body. If there is much
variation in kempiness over the body, many experimental results
may not be strictly comparable as i;empiness has been esti:mted
from different body regions by different workers.

In the adult Welsh Mountain sheep, Fraser Roberts (1926)
coneidered that the point of the rump showed the highest
proportion of kemp while the shoulder was regarded as a good
indicator of the extent to which kempiness was spread throughout
the fleece. In a more objective study, Derling (1932) analysed
samples from 13 regions on the Scottish Blackface. The regions
in order of kempiness, highest per cent count first, were found
to be britch» rump - back> shoulder > neck.

Bryant (1933) also investigated the Scottish Blackface
and found that there was great variability in the distribution
of kemps over the body. The least variable region was found
to be in a region from about the 8th thoracic rid to the root
of the tail for 1 inch on either side of the backbone. Kempiness,



35.

as expressed by percentage weight, was considered to be a maximum
here and an indicator of kempiness throughout the fleece. In
areas other than this strip, kempiness was f'ound to be very
variable. In a further experiment, (Bryant 1936) he confirmed
his results and showed that the thorax was nearly always free
of' kemps and that kempiness increased on the ventrsl side again.
An investigation oif skin sections of the Scottish Blackface by
Burns (1953) indicated that the back and britch positiams had
a higher proportion of kemps then the midside position. This
method of estimating kempiness has already been criticised.
Although few breeds have been studied, the pattern in each

breed scems to be similar.

2. Variation between sheep.

Not many workere have studied this sspect as such nor have
many workers used sufficient sheep to indicate the degree of )
variability between each sheep. Their results may be biassed |
accordingly.

Darling (1532) studied 190 Blackface rams of all ages.
Shoulder and haunch samples were analysed and percentage number
found. The coefficient of variation of kemp was found to be
very high over all ages and for each age group. As this
indicates that there is probably much varlation in kempiness
between sheep, a statistical transformation should probably
have been applied before the calculation of the coefficient.
Consequently these results may not give a true indication of the
variability of kempinesse.
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Bryant (1933) made a study of 2¢3 Blackiace ewes and 62
Blackface rams of sll ages. From data collected from the mid-
back position at a period when keuwp growth was considered to be
endins (November) frequency distributions were drawn. For each
age group, the frequsncy distributions were markedly skewed to
tlie right indicating that there is great individusl variation
vetween sheep. The highest proportion of sheep had less than
four per cent by count of kemps while some sheep had up to 4O
per cent of kenmps. The mid-back region, however, has been
described by Bryant (1933) as the region of maximum kempiness
so that this region can show a greater degree of variation
than other regions. ‘1so, as sarples were tuaken at thce end
of the pcriod of kemp growth, s:umples tsken at other times of
the year may indicate less variation between sheep.

Although Burns (1955) does not name kemps specifically or
give any figures, she stated thct there was great variability
in every important fleece character in the lierino x Herdwick
CI'OSG.,

The results so far obtained are not directly comparable
as the sampling positions used and sempling times were different.
Neverthceless, the results indicate that there was much variability

between sheep in kempiness in the Blackface breed.

e Breed variation.

Breed variation in kempiness may depend on the stage of
evolution of the breed.

Attempts to explain the evolution of the kemp fibre have
been made by Duerden and Ritchie (1924), Duerden (1926), Fraser
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Roberts (1926), Northcroft (1928), Lockner (1931) and Lang
(142). By amsuming that the wild sheep is very similar to

the animal from which domestic sheep have evolved, they post-
ulated that, as the outer hairy coat of the wild sheep comprises
fibres of kemp=-like aprearance whici: were shed annusally, kemp
had evolved from this coat.

Lang (1942) grouped the British breeds of sheep according
to the type of fleece they produce and attempted to show how
the type of fleece they grow fits in with the evolution of the
fleece. Thus, he classifies the breeds into:

Long ‘oolled Mountain breeds (the Blackface, Herdwilck etc.)

Short Woolled Mountain breeds (iielsh Mountain, Cheviot etc.)

The Down breeds (Southdown, Shropshire and Hampshire Downs)

The Lustre wools (Rommey, Lincoln etc.)

The Merino breed.

The Long Woolled Mountain breeds have fleeces most closely
related to the wild sheep and, consequently, more kemp. The
Short i/jonlled Mountain breeds show partial suppression of coarse
fibres so that kempiness is not so marked and the fleece shows
mach heterotypisn. The Down breeds show almost complete
suppression of coarse fibres. The fleece shows poor medullation
and few, if any, kemps (Ryder 1957). The Lustre wools show
development of the long fibres and suppression of fine fibres.
Kempiness is probably a problem to a lesser extent than in short-
woolled Mountain breeds (Cockayne 1924),

In the Merino only the wool fibres have been developed.

The breeds today would probably not f£it Lang's classification
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very closely. The discrimination agalnst kempy wool by man-
ufactwers and the easy method of selecting against kemp in
the adult fleece determined by Dry (1940, 1955a) has led to
strong selection against kemp 1n moet breeds. FPor instance,
Hendcrson (1955) found an average o .O4% kemps in Rommey and
Crrossbred sheep.

Althoush little evidence has besn brought forward to con-
firm thils theory, apart from the associatlion between tims of
shedding, the appearsnce of kemp fibres and coloured kemps in
the domestic and wild sheep, no other attempt to explain breed
differcnces in kempiness has been published. No worker appears
to have siwudied breed differences in kepplness as such although
1t is generally recognised that breed differences jo occur

(Lang, 1942; Burns, 1954b; Ryder 1958).

L. Seasonal variation.

Ryder (1958) has postulated that shedding of kemps depends
primarily on the breeds hereditary tendency to moult. Thus,
wild sheep are reported to lose their woolly coat in the spring
and their halry outer coat in both spring and autumm. In
domestic sheep, shedding varies from the more primitive domestic
shecep, in which a high proportion of fibres are replaced each
year, to the Merino, in which each individual follicle aprears
to have a very long growing phase.

A subjective method of measuring kempiness viz. visual
examination, was used by Fraser Roberts (1926) in his investigation
of the ielsh Mountain sheep. He found that kemps grew into the
fleece in the late spring to late autumn and were shed in winter.
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Frolich et _al (1929) established in the Karskul that the
Leithaare or outer coat (kemps were not mentioned specifically)
was shed all tre year round.

The percentage number of kemps was found to increase in
the coat of the Blackface d.ring early spring to early autumn
by Darling (1932) and Bryant (1933). Shed ends to the
fibres were noticed during late suturm and winter.

The birthcoat of the Roimey lamb was shown to have differ-
ent cycles of kemp growth from the adult (Dry 1935). He noted
that halo-=hairs suarted to shed in the early weeks or months
0f the lambs life and that other kemips shed sowmewhat later.

By usins a cover to prevent shed birthcoat kemps from falling
out of the fleece, he was able to observe the growth of two
to three generations of kemps in the first fourteen months.
Carter (1942) noted in the llerino that shedding from primary
follicles occurred soon after birth. Ross and Wright (1954)
in a study of l-type sheep, confirmed Dry's findings on the
tine off blrthcoat shedding in non=N Romeys. The first
generation of' kemps were shed two to tihree months after birth
and succeeding generations at tiree to four monthly intervals
until shearing et fourteen manths. Invesiigations were not
carried out aiter this period.

In the adult Blackheaded Porsian, Lang (1342) quoting no
evidence stated that one cycle of kemp sgrowth occurred per year
with the kemps shedding in the spring. Lang also described
partial shedding of Zemps in autwmn and spring in Long Woolled

Mountain brecds.
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Burns (1949, 1953, 19548, b, 1955) carried out a series of
investigations on the Ronmey, Znglish Leicester, Scoitish Bleck-
face, Suffolk, Herdwick and Merino x Herdwick ®reeds.,

In the Romney and Leicester breeds Burns (1949) confirmed
from skin sections, the general periods of shedding, found by
Dry (1935) and Ross and Wright (195L) up to 9 months of age.
However, her asswiaption that these fitres were virthcoat kemps
was based on follicle type rather than fitre type. Hence, the
fiore types vwhich were shedding could not be determined. She
also found that some follicle bundles underwent wholesale shedding
while others did not. Her explanrnsation of this was that there
had been a temporary local restriction of blood suprlye.

In her study of the more primitive double-coated Scottish
Blackface, Burns (1953) took skin samples at intervals over 43
weeks. Shedding of primary follicles apiceared to conclude
about the 17th week with veak shedding at 8=12 weeks. A new
wave of shedding vhich involved more primary ffollicles conmenced
during the autumn. Many larger secondary follicles shed at
this time alsc. Peak shedding was reached about midwinter,
several weeks before the exreriment concluded. Purns noted
that a small proportion of prirmary follicles and a large proportion
of secondary follicles did not shed at zl1ll during the winter,

Burns (1953) cited Deshpande's work on th2 Blackface which
confirmed Burns findings as to the time that each generation of
kemps grew and was shed. Wit out producing experimental evidence
for her conclusion, she assured that G1 keuge were produced by

prirmary follicles plue perhaps a few secondary follicles. Many
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primapry fibres which formed brush-ends in the autum 4did not
shed until spring. Thus, she concluded that the two pesak
periods of shedding in the Blackface as shown by fibre type
studies, were physiologically the same moult. Burns also
established that there was considerable shedding of fibres from
secondary follicles over the winter months. Although her
asswiaption that primary follicles produce kemps is reasonable
enough in the light of i1vrevious literature there is some doubt
as to whether ali primary follicles do so. The shedding of
hairy fibres from primary lateral follicles could cause con-
fusion in interpretation of the results especially as only
four lambs were examined.

In the Suffolk, which has a Down type fleece Burns (1954a)
examined skin samples from 4 lambs over a period of 63 weeks.
She established that the rercentase number of halo-hsirs was
low (less than 2%) so that it may be assumed that the percentage
number of kemps was low. Nevertheless, shedding occurred from
both vrimary and secondary follicles during auturmm and winter
although the proportion of follicles shedding was lower than
in the coarser woolled Blackface.

One of the coarsest and most keampy of British breceds, the
Herdwick, was sampled 11 tirmes in a period of 115 weeks. It
was estimated from skin sections that birthcoat shedcding started
about 10 weeks after birth. This moult concluded between 10
weeks and 5 months after birth and the second generation of
kemps commenced growth. Later generations of kemps followed
a pattern of growing in the spring and shedding by early autumm,
then, growing over a longer period in the autum and shedding
in the late autumm to spring. As in the Blackface, some fibres
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formed brush-ends in the autwm but were not shed until the
following spring. Possibly two generations of kemps would
have been noted in the Blackface if the investigations had
included more sampling times. Similarly, the early generations
of kemps 1in the Herdwick, Suffolk and Blackface may not have
been fully investisated due to the time elapsing between
samplings.

In a much more valuable study of 80 Merino x Herdwick
ewes Burns (1955) found that shedding, as evaluated from
skin and wool samples, was of lower proportions in autumn
than it was in spring. In the other breeds studied, the
reverse happened.

In view of the possibility that waves of shedding occur
(Burns 1953) it is difficult to evaluate her results as she
took varying numbers of samples in different experiments and
quite often, from different positions. Ryder (1956) showed
that there were two peaks of shedding with primary follicles
of 4 Masham sheep. These occurred in autumn and spring.
Secondary follicles appeared to shed steadily over the winter.
The sheep showed individual variation in the season in which
the greater proportion of primary follicles shed. fPresumably
kemp shedding followed that of the primary follicles as very
few secondary follicles had fibres with latticed medulla. It
also apjears from this that secondary follicle shedding may
not be related to primary follicle shedding.

Rougeot (1957) established in the Limousin breed, that
shedding of primary follicles took place over the late winter
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to early summer while kemp growth occurred over the rest of the
year.

The literature suggests that there may be considerable
differences in time of shedding of different breeds although
the results may be confused because of lack of intensive

sampling and standard sumpling positions. Nevertheless

" British breeds show considerable variation in time of shedding.

Possibly coarse woolled breeds shed twice a year (autumn and
spring) while finer woolled breeds shed once, (autumn). As
these results have been obtained primarily for primary follicles
it has to be assumed that kemp follow a similar pattern. In
the non=-British breeds studied, it appears that shedding occurs
in the spring, There 1s some evidence to suggest that the

time of prinmary follicle shedding may be independent of secondary

follicle shedding.

¥. The Inheritance of Kemps

Papcrs by Fraser Roberts (1926) and Duerden (1926) com-
menting on the evolution of the fleece suggested that kempiness
has been bred out of the fleece purely by selection against
much kempinesse. It can be inferred from this that kemp is
probably inherited multifactorially. In the Blackface,

Bryant (1933) produced evidence which indicated that kempiness
was probably inherited multifactorially but with a tendency for
low kempiness to be partially daminant over much kempiness.

Dry (1935, 1940, 1955a) published evidence indicating
that in New Zealand Rommey lambs halo-hair abundance was
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strongly inhcrited on a multifactorial basis. Dry (1940)
also quoted some evidence showing that genetic factors control
fibre type arruy inheritence and the number of generations of
kemps a follicle will grow. Goot (1940) found support from
his data for this type of inheritance. Schinckel (1951)
investigating the genetic background for birthcoat differences
in South Australian Merinos, found that cosrse birthcoat
grades were the result of a single dominant gene.

Dry (1955b, c¢) discussed the investigations snd findings
of himself and his co-workers on the N and nr genes. In
N-tyres halo-hair abundance increased with N-dosage but could
be varied according to modifiers which themselves might or
might not ¢ inherited multifactorially. Literature on the
inheritance of later kemp hairiness was reviewed by Rae (1956).

However, selection against kempiness may cause changes in
other attributes of the sheep. For instance, Roberts (1946)
considered that hardiness in the lielsh Mountain breed was
related to kempiness probably because kempiness 1is related to a
thicker skin. No experimental evidence was produced to support

this statement.
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III MATERIALS AND M.THODS

A. Experimental Design

Normally managed Cheviot ewes run at Tuapska = & Man:swati
hill country farm owned by Masscy Agricultural College were used
in this experiaent. The 80 sheep in the exreriment were r:n-
domly seleccted from a flock in which selection for or against
kempiness had not been prsctised. The experiment:1l animsls
canprised 20 sheep in each of the following four age groups:-
twvo=yocar=olds; three=yecar-olds; four=year-olds snd five=year-
olds. As the experiment progressed, however, several sheep
died and other sheep were not present at all sampling times.

It was decided, therefore, for the purposes of statistical
analysis to discard all discontinuous records. As 17 sheep
was tho smallest nuiber in any group which had continuous
records, several sheep in other age groups had to be discarded.
This was done at random. Thus, data from a total of 68 sheep

were uscd in this experiment.

B. Collection of Data
The sheep were sampled four times during 1958, viz.
5/3/58s 19/6/58, 9/10/58 and 20/11/58. These times corres=—
ponded with the faruing operations of sarting ewes into mating
groups; crutching; docking lambs and weaning lambs, It should
be noted that the two=year-olds h:ad previously been shorn on the
25/9/57 and the remsining age groups on the 18/11/57. Consequently
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more wool had groen on the two-tooths than on the remaining age
groups by the first sampling time.

The sampling positions and their namenclature sre given
in figure 2. The positions, A, B, C, D correspond to the
vody regians mid-back, mid=shoulder, mid-side and mid=thigh
rcgpectively. Of these, position A deserves sowe comzente.

It was a squure of sides 9 cin and was subdivided into four
aprraximately equal sreas. These areas were ventral and
anterior to area 1, position A (see fig. 2) which itself is
located at the polnt of attachment of the last rib. The
gserial aorder in which the areas of position A were sampled
was rundomlsed between sheep to ensure that any blas due to
differences between areas wvus removed.

Area:n were not measured for positions B, Cy, D so that
sampling of these regions merely consisted of ranoving a
staple of wool from the appropriate body region.

The reasons for choosing position A for areca meusurements
were that:

a. There was less ch:nce of loss of kempe from contact
with other objects.

b. It has a definite location point.

c. It is easier to measure th:n most other regions.

Four areas vere sampled in preferance to cutting the sane
area four timss in order to avoid any effecte that cutting might
have on regrowth (as suggested by work by Rudall, 1935; Coop,
1953) and to reduce possible loes of shed kemps from the shorter

wool. Nevertheless a recut of the previously sampled area was
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Pig. 2

The positions ssmpled on the

Cheviot ewes in this experiment.

Position A

i 2

4 | 3

The enumerstion of
the aress in
position A
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made at sampling times I, II, III and IV for the five=yeusure
olds, the three=year-olds and the four=year-o0lds respcctively.

The sheep were sampled in the standing position, the
samples being taken from the right side of the sheep, However,
the three=ycar-o0ld group had positian A saipled on both sides
at the sampling I.

Sanpling was done by means of an Oster electric hair
cutting machine having a comb about 4 cm. wide. This machine
made it relatively easy to cut a rectangular area when sampling
position A.

The four sides of the figure were mgasured with dividers
and rule to the nearest millimeter. In order to assess the
accuracy of measurement 9 sheep were caught again at the end

of saipling I and the arcas remeasured.

C. Treatment and Analysis of Samples

All samplecs were enclosed in fine nylon mesh bags and
were scoured for ten minutes in a liquor consisting of:

15 gallons of water at 115°F

100 mis. Teepol

3=5 g Sodium Hydraxide
Agitation of the scouring liquor was snsured by a propeller
revolving in the bottom of the scouring tank. The scouring
process was completed by rinsing the sasmples in wam water.
After drying, t € samples were placed in a hmud:lty room at
65 per cent relative humidity for at least one week before
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they wvere anclysed.

The unulysis of the sample involved weighing the whole
sanple directly aftcr it was rcmoved from the humidity roam.
Then .3 1y «5 £y «7 By +Y g were weighed from the original
sample according to whether the sample had vbeen cut at
sanpling times I, II, III or IV respectively. Subsuampling
was nececsary as it was impracticable in terms of time to
analyse wihols samples. By increasing the weight of subsamyple
at each sampling time, an attempt was made to maintaein the
same proportion of fitres in the fowur grades of subsample
welight relative to wool growthe. It was not necessary to
subsample the wool from the recut areas.

In order to test whether the size of subsample w:s
sufficlent to give a good estimate of the whole s mple three
<3 g subsamples were un:lysed from each sample from each
position from 19 three=year=olds st sampling I. 10 shsep
were selected at random fram the sa:e age group and three
58y «7 & 9 g subsamples of position A were analysed for
sampling timee II, III and IV respectively. Time did not
allow positions By C and D to be treated similarly.

The sample was divided by eye into kemp and non-kemp
fractions, the separation being done on a board covered with
black wvelvet. A chack was made to find whether any kemps had
been overlooked in the non-kemp sample, by immersing the sample
in benzole. The kemp fibres were then readily distinguishable,
Both total and shed kemps (recognized by brusheends) were
counted for each sample and the total kemps in the sample
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wverc weighed. The time taken for such an analysis ranged
between 5 to 13 hours per sample.

A8 time becuans a 1limiting factor, it was found impractice
eble to annlyse all samples from all positions. Thus, &8ll
samples from position A were an:lysed while samples from
positions B, C and D were anslysed from 10 two=year=old
and five tirce-yeasr=old ewes selected at randam. The choice
of age groups was limited to the groups which had thc most
practical significance particularly in regard to culling.

Suitable camputations were then made to convert the
nunoer and weight of kemps per subsample into thet estimated
for the whole sacaple. The next step was to calculste data
for the following messurements:

a. N/A or number of ke:mps per s8Q. Cie

be W/A or weight of kemps per 8Qq. O@.

C. %1 X 100 or percentage weight

d. N1N1 or number of kemps per g of wool.

where N = the total number of kemps (or shed number
if specified) in a sample.

A = the area in position A from which the sample
containing N was cut.

W = the weight of the total numbers of kemps
in a sample.

W = the welight of wool in a subsample.
w = the weight of kemps in a subsample.
N = the number of kemps in a subsample.

The percentage medullation of the non-kemp fraction of all
position A samples was estimated by the medull:meter developed by
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Mcliahon (1537) and redesigned in the light of Ross' (1950)
work.

Routine metrology work on the flock from which the
experimental animals were drawn, made svailable data on
mean fibre diameter for position C at sampling IV for

10 two=yeail~=0lds and five thiree-year=olds.
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IV  RESULTS

A. Hdethods of Measurement

1. Selection of measures.

In this experiment comparisan was made between four methods
of meacuring variations in the kewp populstiocn.

Thaese methods of measurement werel
1. Nudber of keuwps per unit area (sguare centimetres)e.

2. VWeight of kempe Ler unit area (square centimetres).
3% webker of kerns per gramme of wWool.
4. ©Percentage weight of kempse.

Chscrvation of the data for the fowr measures showed that
there was much variation between sheep and this was confirmed
by drawiny freguasncey distritutions of all data for positiom A
for each method of moasurement (figure 3). The figure shows
that the frequency distributions were all markedly skewed to
the right indicating that a transformetion was needed to correct
the population to normality. Ag the trensformstion most likely
to do this 1is a logarithmic one, all observations were converted
to logarithms. The resulting frequency distributions are shown
in figure Y.

These populations (figure 4) were tested for normality
using the test given hy Snedecor (1957, P.202). This test
is based an skewness and kurtocsis which are measured by the

statistics g, and 8; regpectively. When both g, and g, are
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Fig. 3

20 O The freguency distributions of untrans-
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Fig. 4
Frequency distributions of trans-
formed dets from
Position A
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Stendard dvietion
lethod of Heasuremeni & a 312 322
Percantage weight of kcrps 033 «2,36 0.148 0,294
Rumber of kexpe/g of Wl Q.43 =0.,65 O.148 0.29
Number of kamps/imit arem O.47 =-0.61 0O.148 0.29%
Yeight of kempo/unit area 0.49 =0.997 O.148 0,23

*®
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TARLE 1

Hormelity test of logsrithm transformsd dsts.

indicates ¢ sisnificant at 5% level
indientoe 3 siznifiamt at 1% level

% values
& &
2.23° -8.03
2.9t%° «2.21°
3.8%° —2.08°

33177 =3.39°
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zero, the population is deemsd normal. Teble 1 shows tihe
valwes of g4 and 850 the standard deviations of g4 end g,

and the values of t for By and g5 with 4. oo. The table
indicates that the distributions of 311 methods of measurement
of ke:spiness used in this lnvestipaticn depart significantly
fraa acormalitye In all cases 84 is pasitive which indicates
thaet the popalatiw: has an excess of items swaller than the
rean,. This draws the peak of the fregusncy curve itoward

the laft. The statistic g, is significantly Qifferent from
zero at the 5% lsvel for data involving numbers of kemps while
data involvin the use of waight of kempe are significant at
the 1¥ level. Thus, ta Involving a measure of the number
of kemps appear to show lesa RKurtosise. The negative values
of 290 shos thad the distributions are ;lateau-like near the
cenire with an exzcess of modersie doviatians.

The frequency dis tributions and thke means of the non=
transformed data in figure 3 suggest that the meen and tle
variance &are correlated, This being the case, the require-
ments for tests of significance probably do not hold, i.e.
the data are non—additive; there is heterogeneity of variance
and the errors are probably not normally distributed. The
most irportant of these requirements is homogeneity of variance.
Bowever, before a test for homogeneity of variance was applied,
a tentative decision was made as to the best method of meesure-
ment of kempiness to use in this experiment.

The relatianahip dbetween the various criteris was deter-
mined with regard to the total number of kesmps per unit area.
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TABILE 2

Correlation coefficients of totsl numbers of kemps
per it srea with percentage welght, total nuere
of kemps per g of wool and weight of kemps per unit

area.

Percentage weight EKamps/g Weight of kemps/
, of wool unit area
of kemps

Kempe/unit ares 0.976"" 0.978°°  0.970**

e indicates p lecss than .01

d.f for all correlations 270
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The correlation coefficients are presented in Table 2. Log
transformed data for total numbers or weight of kemps in position
A over all age groups and all sampling times were used in the
calculations. All correlation coefficients were found to be
significant at the 1% level.

In calculating a correlation coefficlent and in testing
its significance, it is assumed that the observations are
drawn from a normally distributed population. As noted earlier,
this requirement is not strictly net by the present dats. How=
ever, skewness and kirtoeis are unlikely to distort the results
very much for Pearson is quoted by Kendall (154%5) ss stating
that "the nomsl blvariate surface can be mutilsted and dis-—
torted to a remarksabvble degree without affecting the frequency
distrivution of r." There is adecquate justification, therefore,
for accepting the results as representing reasonably accurately,
the true relationship between the various measures.

A8 the relationship between the methods of measurement is
high and the degree of association is similar for the measures,
the selection of the mogt suitable measure can be based on prac=-=
tical and biological considerations. The methods of measurement
of kempiness scelected were:

a. The number of kamps per unit area (both total and shed
numbers of kemps were used) for measuring changes in the kemp
population in position A in all age groups.

be The number of kemps per gramme of wool for measuring
kemp population changes in positions A, B, C and D in 10 tvo-
year-old and five three-=year-old ewes.
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TABLE

3

Bamtlotts test for hammgeneity of veriance of
trensforuieod data.

a, Total mumbers of kompe por unit

Ags
Two=ycar-olds
Threo=yeosr=0lds
Four=ysar-olds
Plve=yoar-=0lds

Poaition

» b

5.

2(2

0.783
03233
1.102
3.131

P

greater than .75
greater thun 95
greater thin .70
grezter then 30

bYe Totsl nubers of XTmpe por gramne of wool.

Ago
Two=yaar=alds

=iticn

L QO w >

0 Qa w >

2

0.570
3.671
0.654
0.709

0.326
0.343
0.995
0.269

P
greuter than .9
grester than 25
Sreator thun 75
greater th-m«75

greater thin .95
greater than .95
greater than 7%
greater than .95

Significance

not significant
not significant
not significant
not significant

8ignificance

not significant
not significant
not significant
not gignificant

not significant
not sipnificant
not significaat
not significant
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The major reason for discsrding measures involving weight
is that it is eusier to estiizite the numbers of keins visuxlly
than it is to cestimate weight. This is import:nt in apyruising
wool for culling or buying.

The siologist considers the f'ollicle as the bssic unit of
the fleece =znd the fibre or kemp as the unit produced by the
follicle. As the welight of kemgs in a samplc is dependent
on the nuuwber of kemps rather th n the number of kemps being
dependent on the weipht of kenps, the numter of keups is of
more valuc to him as a measure of follicle activity.

Rycder's (1557) work suggested that s'edding of non-kemp
fibres cun he extensive, This indicates tht a change in
percentage weight of kemps might result from a change in either
kemp fibres or non=kemp fibres. lfence, to use this measure
without any objective measure of changes in both kemp and non-
kemp fibres may lead to substantial errors in the interpretation
of the rescults.

By cansidering the above factars and the fact that area
measurenents were only tsken for positian A, the choice of the
m:thods of measurement of kempiness becomes relatively simple.

Bartlett®s test for homogeneity of varisnce (Scedecor
1957, p. 285) was applied to log transformed data for the
two selected methode of measurement of kempiness. The chi-
squared value, the probablility snd the significence of the test
are presented in Table 3. In no cese was there a significant
departure firom homogeneity of variance. Thus although the

transformation does not correct the populations to normality,
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it brings about the most important requiremsnt in tests of
significance viz. homogeneity of variance.

The effect that skewness and kurtosis might have on the
results has been discussed by Mather (1949). He pointed
out that skewness and kurtosis are tested by the third and
fourth moment: respectively, whereas statis tical analysis
involves mainly the use of secand mowment statistics (variances).
Thus, he states that "it is necarly always assumed that the data
fall on a normsl distribution and though the fact that skew
curves are not too uncormmon shows that this assumption is not
generally Jjustified, the errors introduced into second moment
calculations by such departures from normality are smell and
may be neglected.”

The evidence produced indicates that the departure from
normality shown by log trunsformed data is unlikely to affect
the results to amy great extent. Hence, all calculations
with the selected measures were carried out vith log trans-
formed data.

The selected methods of measurement of kempiness have
becn shown to fulfil best the requiremsnts of the experiment.
However, their limitations deserve some comment. '

Ideallys the same number of follicles should be sampled
in different regions of the sheep, dbetween different sheep
and at different sempling times. Thue a change in the value
of the msasure represents a change in the number of follicles
producing kemps. In practice, however, a msthod of sampling
has not deen perfected which permits comparisons of the same



number of follicles. Therefore, some estimate of thc errors
involved in collecting data for the experiment is necessary
before changes in the values of the methods of measurement can

e taken to represent asctual changes in the kemp population.

2e Saonme errors involved in obtainin~s data for the number of
kemps per unit area and their likely effect on the results.

a. The calculation of the areas in position A from which
samples were cut.

Cockxrem (1956) measured the diagonals of the sampled
areas in order to calculate area. However, Cockrem (parsonal
conrnmication) found that there was 1little loss in accuracy by
calculating area as for a rectangle after averaging the lengths
of opposite sides. Any loss of accuracy was considered
insignificant in comparisan to errors caused by other varisbles.

As the latter method was used to calculate area in this
experiment, an a.tempt was made to determine the bias resulting
from non-rectanzularity in 10 areas measured on sheep selected
at random.

In the calculation of the area of a rectengle from measure=
ments of the four sides, it was assumed that the angle farmed
by two sides was a right angle. This is a reasonable assumption
in view of the fact that it was endeavoured, when sampling, to
cut rectangular areas. Hence, large deviations from rectang-
ularity are unlikelye.

If this assumption is accepted, area can be calculated from
the area of a rectangle plus a right angled triangle (see diagrem).



TABLE 4

The differences in sampled areas calculated as for a rectangle and a non-

rectangular figure for 10 randomly selected Cheviot ewes.

' Sheep 1 2 3 L 5 6 7 8 9 10

A Area calculated as for a rectangle

B The Aifference between A and the
area as calculated for a z;an-

rectangular fig. (8q. om. 1,05 0,61 =1.26 1,54 O0J40 ~0.30 0,16 = 0.32 0.59 1.3€

C The difference expressed as a
pementage of A 50’49 3023 "'7050 800’4 20&3 "'1085 Oe 70 "’2.98 7081 1003

Mean difference in area 0.47 sq. om,

Mean difference as a percentage 2,60 per cent

.£9
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The area of the triangle is derived from the formula:
area + % (c=a) d 8in C where 8in C = %

The area of the rectangle 18 a b

Hence the calculated area of the figure is:
adb + % (c-a) b

The estimmted area as calculated in the exieriment is:

a+c) (b+ad)

Therefore the error of calculation is:
(a+c) (b+d) - ad -4% (c-a)d

@Li-ﬁhszabm

Table 4 presents the sampled areas of 10 randomly selected
ewes as calculated in t.ue»experiment, i.e. a8 for a rectangle
and shows the difference in areas when the area 18 calculated
as for a non-rectangulsr figure (sce above). The results show
that the method used to calculate sampled areas (as for a rec—
tangle) in this experiment may result in errors of £ 10£ of the
"true® area. The mean difference between the areas calculated
by both methods is low however. The effect of these errors in
the computation of the number of kemps per unit area will be to
obscure differences in kempiness between sheep unless such differ-
ences are large. As previous work on the distributions of the
measures has indicated that differences in kempinsess between
sheep are large, this error maey be neglected.



65.

TABLE 5

Analysis of variance of areas calculated from two
sets of measurexents taken at different periods of

time.
Source 88 da.r m.8. 4
Areas on different sheep  143.4 8 17.9  4.97°
Between repeat measurements
of the same area 0.1 1 0.1 0.03 n.s.
Error 28.8 8 3.6
Total 172.3 17

* indicates F significent at 5% level

n.s. indicates F not significant at 5% level
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Differences in kempiness between age groups of sheep and
between sampling times are not likely to ve affected as the
means of the differences in arees show that the errors tend
to cancel thamselves out to negligible vzlues.

bt. Errars sssociated with the meassurement of the sampled
area,

Chenges in body position, degree of ."fill", breathing and
stretching of the skin when measuring the sides of the sampled
area in position A may result in large errors in the measurements
obtained. Remeasureient of the sumpled areus of nine ewes
caught again (1 ~2 hours) after sampling enabled an analysis of
varisnce to be carried out on areas calcul:ted from these mecasure-
ments. From the an:dysis it was hoped to determine whether the
errors involved in the measurement of the sampled areas were
large enough to mask differences in the size of areas cut on
different eheep. The analysis of variance, presented in Table
5, shows that the differences in areca between sheep are significe
ant at the 5% level while differences in the areas calculated
from the two sets of measurements are non=significant. Hence,
the errors involved in measuring the sampled areas are insignificant
in comparison to the differences in size of areas between sheep
and can be neglected.

The correlation coefficient r = 0.71 was calculated to
determine the relationship between the two areas and was sig-
nificant at the 5% level (7 d.f). The errors due to calculation
of area may have resulted in a poorer relationship being obtained
than might have been the case if the repeatability of the msasure-—



a = orizinal area (sq. cm.) Aa = change in area (sq. cm.) Three-ycar-olds.
I = number of kerps in initial cut A N = change in number of kemps. a A a
AP = change in density (number/sq. cm.) 11,. 81 -
C = nuwiker of kems counted in recut samgple 18.63 =6.12
G, = number of kemps growing at initinsl saupling 9.31 -1.37
G, = number of keuwps growing in recut 16.53 =0.15
15.80 -8.0
Five-year=olds. Areas sarniyled at First Sampling; :1‘?? 'g'fg
. Recut at Second Sampling. Position A 14.94 =2.89
a A a N AP AN C G G 12,75 -5.L49
1 2 13.28 -1.47
20.40 =5.01 75 =2.06 =50.12 25 - 13 12,16 =0.11
18.63 +3.96 75 =1.35 -=14.82 61 7 26 12.66 +1.74
14.97  +0.24 33  =1.29 =19.09 10 = 5 14.60 -3.22
19.14 =4.15 519 <=2.43 -148.96 376 230 332 14.63 =2.97
17.00  +0.65 77 -2.18 =35.06 b2 18 2l 11.14  -5.38
13.60 40.14 50 =1.06 =14.05 36 7 7 :5'23 ‘1‘26
17.75 =4.25 157 +3.30 +6.96 164 129 53 50 88D
10.97  -2.35 15 -0.54  -9.97 > - 1 Pour-year-olds.
15.66 =-4.26 2,955 =60.02 -88.08 1467 1442 1392 & NEB
14.97 =5.52 18 =0.88 «14.95 3 - 1 .
2 12.78 +4.21
15.93 =0.72 11E5 +P81 +1099. 51 2285 156 1560 14.43 +0.97
17.38 —U.59 657 ~25U45 =U499.02 158 24l 111 15.97 +2.36
19.76 =2.99 160 +4.12 +44.88 205 92 151 14.76  =0.51
18.69 =5.98 364 =11.84 =266.95 97 4L 76 11.21 +1.02
16.58 +0.62 26 =0.87 =13.99 12 5 - :i'g? 'g°$°
° +VUe
17.33 =0.73 9 +0.38 +5.93 15 - 6 1l +0.97
1 50“ +2o,-|>5
13.37 +0.83
5.89 ‘.’20 75
11.01 +0.53
12.60 +1.27
13.39 =0.97
11 059 +O.29
12.16 +3.25
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TABLE 6

Area and density changes in recuts of previously samplcd areas.

Areas Sampled at Sampling 23

N

154
35
27
62

1286
11
2
26

357

114

140
23

3983
66

396
27
72

Areas Sampled

N

392
157
528
198
25
2702
1154
7
7
634
L3
19
1485

551
5002

29
L5

AP

-9.93
-0.76
-1.26
-3.38
-64.21
-0.52
+0.64
-0.99
-6.37
-3.92
-7.69
-0.42
-238.88

=3.57
- 1.62

-4.58

AP
+2.36
-8.79
-2.26
=11.13
-1.62
-166.29
-10.76
-2.08
-16.03
=35.23

-1 07‘4
‘3 ° 1 0
- 35.08
- 2.25

i 3.01

AN

-147.06
- 21.01
- 13.98
- 55.93
4151 .97
- 6.98

1044
- 10.27
-199.97
- 58091
- 93.93
- 2.89
-3556. 89
- 55.02
-385.01
- 24.84
- 56.99

c

7
14
13

6

134

L
25

9

157
55
46
20

386
11
11

2

15

at Sampling 3:

AN |
169.23
-124.81
-ul42.98

-174.75
- 23098

-432.01
L) 28.9
-198.9
-527.99
- 22.03
Cd 17091

-431.02

“Y121.76

= 2592
- 36.36

c

561
32
85
23

1

914

722
y2

518

106
21

1

L2
120
881

3
10

Recut at Sampling 3

Recut at Sampling 4

G,
11
22

37
21

25
109

5
110

66

9
18

G,

553
29
8y

872

702
11
LL2
L5
21
1
20

67
480

1
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ments had been studied. Neveritheless the relatianship indicates
that there is good rspeatability of areas calculsted from

measurements of the same area teken a few hours spart.

3. The recut of previously sampled areas.

By recutting a previously sampled srea, infarmation can be
gained on chunges on body weight and kemp population et different
sampling times. As sareas were recut in different age groups at
different sampling times, it is sssumed that changes in the recut
samrles of the age group under consideration at any one sampling
time are probvably rerreseniative of the experimental flock as a
whole.

Table 6 shows the values of the following measurements:

a

originsl area sampled (sq. cm.)
AN a = change in the sampled area between sampling times.
N = the total number of kemps in the originel sample.

SN chenge in the total number of kemps between the

original samplin: and the recut.

AP = change in density (kemps/sq. cm.) between the originsl
sampling and the recut.

C = the totsl number of ksmps counted in the recut sample.
G1 = the number of kempe growing at initisl sampling.
62 = the number of kemps growing in the recut sample.
Between samplings I and II the negative values of Aa for
the five=year-olds indicate that there was a redustion of skin
area probvably resulting fram a loss of body weight. This loes
is probably real. Pirstly, it has been shown that measurement

errors are not likely to cause such large errors and seeondly, -
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it is unlikely that consistently small areas would be recut as
care was taken to remove all short wool from the area. The

ewes might also be expected to start losing some weight at this
time of the year (late autumn) due to shortage of feed. Con-
sideration must also be given to the possibility that the differ-
ences in arca are due to the stretching of the skin when sampling
and errors in calculation of ares. The stretching of the skin
when sampling cannot explain how areas increase over a period
and is unlikely to cause such large errors. The errors of
calculation of area are probably responsible for some part of

the differences between areas but are not likely to cause such
large and consistent differences (see Table 4).

If the indicated body loss is assumed real, then the
recutting of the smaller areas with the fixed width of the
hair clippers is likely to result in larger areas than the
original one being cute. This may account for all or some
of the positive changes in area. Under these conditions,
density at sampling II could be expected to increase, provided th:t
the kemp population remsined the saie over the period between
sampling times. However, the decrease in density is consistent
and indicates that shedding may have taken place. Shedding of
such an extensive nature 1is doubtful in view of possible factors
affecting the results.

The decrease in density may have been dis torted by the
retention of shed kemps in the longer wool at sampling I whereas
between samplin's I and II shed kemps may have been lost from
the regrowing wWool very easily because of the shorter wool.
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To the wool biologist interested in the time that kemps
grow into the fleece, a better indication of changes in kemp
population can probably be acquired from the data on growving
kemps. The values for G1 and 62 show that eleven out of the
seventeen sheep are growing more kemps in the recut sample
than in the original sample. This indicates that the decrease
in density may be largely accounted for by the retention of shed
kemps in the staple rather thin a decrease in the number of
follicles producing kemps. Thus, although the trend is not
conclusive, there is some indication that a cycle of kemp growth
has occurred or is occurring about the suturm period. As shed
hemps were found in many samples, shedding is also tuking place
during the period between the two sumpling times.

In the recut of areas sampled initially at sampling II,
the resulte show that area, and hence body weight, is decreasing.
The tvo positive values for a probably result from errors in
cutting.

Shedding 1s again denoted by the negative values obtained
for density. However, the figures far growing kemps indicate
that ten sheep out of the seventeen are growing fewer kemps at
sampling III than at sampling II. This may signify the con-
clusion or caommancement of a wave of kemp growth, In view of
the increase in growing kemps at sarmpling IV, the latter hypo=-
thesis is probably more valid. Unfartunately, the time period
between samplings II and III is too lang to determine whe ther
there was a cessation of kemp growth during the winter or whether
kemp growth was continuocus throughout the winter. Presumably,
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this is a period when m-ny sheep are shedding kemps while some
sheep which have undergane a moult by sampling II are starting
to grow kemps again by sampling III.

The age group which had their samples recut at sampling IV
were the four-year-olds. The data for/>a showed that some
sheep were showing increased skin aress probably as a result
of body weight gain. This is to be expected in view of the
decreased drsin an the ewe's body reserves by the lamb at this
tire (late spring) and the better feed conditions.

The shedding indicated by the negative density values is
probably due to retention of shed kemps as the figures for
groving kemps indicate that the kaemp population is increasing
in all but four ewes.

From a practical viewpoint, the indicated changes in
body welght will mean that different follicle populatioms
will be sampled at each sampling time assuming that similar
areas are cut at each sampling time. Thus, a loss in body
welight will mean that more follicles will be sampled at later
sanmpling periods than at the initial sampling. As the extra
area will probadbly include more ksmp fibres, the overall effect
will be to reduce in magnitude a negative change in the kemp
population or increese in size a positive change in the kemp
population. Reverse changes in the msmner in which the error
will sffect chenges in the kemp population will occur if body
weight increases. However, as it has deen shown in a previous
section (IV A 2 D) that significent differences oecur between
sheep in areas cut, similar differences ere likely to ocour om
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the same sheep at different sampling times. Hence, the errors
due to sampling different follicle populations as a result of
body weight changes are likely to be obscured by ths sampling
of different sized areas at each sampling time.

Other variables meke the interpretation of the present
results dqifficult. It has been pointed out that all sheep
did not follow the same pattern. Also, 1t is not possible
to trace the patterm in one sheep over the four sampling times
as different nge groupe were used at different sampling times.
Finally, the effect that age might have on these results is
unknown.

However, in view of the large differences in kempiness
between sheep, changes in body weight are not likely to be
important in obscuring between sheep variesbility. It is more
likely thet the differences between sampling times will be
affected. As a loss in body weight is indicated in most
sheep over the vinter, there will be a tendency for decreases
in kempiness to be nullified and increases to have a higher
than true value. This pattern will be reversed at sampling
IV when body weight in moet sheep is increasing although it
is doubtful whether body weight increases sufficiently to
allow direct comparisons of follicle populations ecut at samplings
I and IV,

Table 6 provides some information om the time of kemp
growth in Cheviot ewes.

Although the sheep were sampled at intervals too far
apart % allow any trustworthy econclusions to be drawn, certain



TABLE 7

Analysis of variance of data from positiom A
samples taken from both sides of the boly of
17 three=year-old Chsviot ewes.

Method of measursment of kempiness: Total numbersof kemps per
square centimectre

Source 88 d.f Mm.8. F
Between sheep 9.670,660 16 0.604,429 8.1"*
Between sides 000,024 1 .000,024 .00003nes.
Error 1.195,181 16 074,699
Total 10.866,065 33

w* indicates F significant at 1% level.

n.s. indicates F non-significant at 5% level.

TABLE 8

Logarithm means of total numbers of kemps per
square centimetre of samples from position A
on both sides of body.

Means 1.580 1.578
Standard erraor 0. 14 0.4
Antilog of .ieans 3.80 3.78

Note: log 2.0 = antilog 10.0
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tendencies can be noted.

A wave of kemy growth apneared to occur during the autumn.
Shedding which was occurring to sorne extent in most samples
apyarently became guite extensive in most sheep by late autumn-
early sSpring. llowever, by esrly spring there is some suggest-
ion of another wave of kemp girowth starting although many sheep
arc still sheddlng fibres which have probably grown in the autumn
or have not started snother cycle. This wave of kemp growth is
comaon to all bu. four sheep ex:smlned, by late spring. It could
not be deterriined whether there was =z complete cessstlon of kemp
growth overr the wintcy or not. The results suggest that there
ie individu«sl vuriation in the tirne of shedding.

Further evidence points to the fact that shed keiaps muy be
retained in longer wool for soae time. This mskes the inter-

pretution of changes in kemp population difficult.

4. The bilateral symsetry of kenp density in position A,

The sa.pling of position A on both sides of the body enabled
infoimation to te gained on the bilutersl symmetry of kemp
density.

The an.lysis of variance is presented in Table 7. The
results show that the difference between sleep in the total
kemps per sg. cit. i8 highly significant indicating that the
between sides variation is insufficlent to mask between sheep
variation. The log means of the samples tsken from both sides
are presented in Table 8. As indicated by irable 7 there 18 no
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significant difference between sides in kenp dsnsity. The
close association of kemp density on both sides of the body
is further indicated by the highly significant correlation
(r = 0.78 d4d.f 15) between the total kemps per sq. cm.
of samples taken from position A an both sides of the body.
Thus, one may conclude theat for the purposes of this
experiment, information obtzined from position A on one side
of the body will be closely related to information obtained
from position A on the other side of the body.

B. The Variation of Kempiness over ths Body of the Cheviot Ewe.

1. The variation of kempiness within sampled arees.

By subsarmpling, one is assuming that there is no variation
in the density of kemps over the sampled area. The test to
show whether the size of the subsample 18 large enough to estimate
the number of kemps in the whole sample may also give same
information on kemp variability over small regions of the body.

It was assumed that the results from the 19 sheep included
in the analysis at sampling I and the 10 sheep included in the
analyses at samplings II, III and IV would give a good indication
of the variability in kempiness over small regions of the body
for the experimental flock. Similarly, as time did not allow
analyses of samples for positians B, C and D over the last three
samplin, times, it was assumed that the same general pattern at
sampling I would be followed at the three remaining samplings.
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TABLE 9

Analyses of variance of numbers of kemps in repeat subsamples

fram three-year—old Cheviot ewes (position A)

Position A Sampling I 19 sheep Position A Sampling III 10 sheep
Source 88 da.r. Mm.8, Source 88 d.f. M. 8. ) 4

L X ]
Be tween Sheep 22.5364 18 1.2520 90.7 ** Between sheep 12.249 9 1.361 90.7
Between subsamples 0.1260 2 0.0630 4.57 Between subsamples 0.081 2 0.041 2.73 ne.s.
Error 0.4971 36 0.0138 Brror 0.261 18 0.015
Total 23.1595 56 Total 12.591 29

Coefficient of variation 10.68% Coefficient of Variation 8.40%
%% indicates p less than .01 ¢+ {ndicates F significant at 1% level
# indicates p less than .05 n.s. indicates F not significant at 5% lsvel
Position A Sampling II 10 sheep Position A Sampling IV 10 sheep
Source 88 d.f. M.B. F Source 88 d.t. M.8. F
&

Between sheep 18.469 9 2.052 684 i Between sheep 11.208 9 1.245 88.9 *:
Between subseamples 0.001 2 0.0006 0.02n.s. Betwecen subsamples 0.186 2 0.093 6.64
Error 0.066 18 0.003 Error 0.244 18 0.014
Total 18.536 29 Total 11.638 29

Coefricient of variation 3.43%
%% indicates F significant at 1% level &
n.s. indicates P not significant at 5% level

Coefficient of Variation 7.85%
indicates F significant at 1% level
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Table 9 presents the analyses of variance and the
coefficients of variation of the data from position A faor
repeat subsamples. As the between sheep variation was
significant at the 1% level, it may be concluded that the
variation in kempiness in repeat subsamples is insufficient
to mask differences in kempiness between sheep. The ansalyses
also show that significant differences occurred between repeat
subsamples at samplings I and IV. This implies that the size
of the subsample was not large enough to give an accurate
estimate of the nunber of kemps in the whole sample. However,
in view of the highly significant differences between sheep,
such errors can probably be neglected in camparisons of kempi-
ness between shcep and between age groups although they may
nullify or accentuate differences in kempiness between ssmpling
times. Another point to consider is that these results may not
be valid for the other age groups although it was assumed that
the sheep in these analyses would be representative of the
experimental flock. No endeavour was made to determine whether
the differences between subsamples were due to shed or growing
kemps,

These results may also be interpreted as indicating that
differences in kemp density over esmall areas can be significant.

The coefficients of variation indicate that the variability
between the subsamples of position A was much lower at sampling
II than the other sampliug times. This is probably accounted
for by the size of subsample at sampling II being sufficiently
large to considerebly reduce ths variation in kempiness between
subsamples.



Position A

Source

Between Sheerp
Between sutsamules
Error

Total

Coefficient of Variation
2> indicates p less than .01
¥ indicates p less than .05

Position B

Source

Between sheep
Between subsang.les
Error

Total

Coefficient of variation 20.46%

Senpling I

22,5364
0.1260
0.4971

25.1595

Sampling I

88
3.3041
0.001
0.301
3.643
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TABLE

Analyses of variasnce of numbers of kemps in repeat subsamiples

from three-year-old Cheviot ewes (positions A, B, C, D).

d.f.

18

2
36
56

10.68%

d.it
18
1
18
37

19 sheep

M. 8.

1.2520
0.0630
0.0138

19 sheep

0.186
0.001
0.0167

** jndicates F significant at 1% level

n.s. indicates F not significant at 5% level.

*

]
90.7
4.57 °

F
1.4 *°
0.06 n.s.

Position C

Socurce

Between sheep

Between subsamples

Error
Total

Position D
Source

Between sheep

%%

NeBe

Between subsamples

Lrror
Total

Sampling I

88

12.603
0.007

0.358
12.968

Coefficient of variation

indicates F significant at 1% level

d.f.

18

1
18
37

19 sheep

m.8.

0.700
0.007
0.020

15.78%

F

*

L
35.0
0.3 n.s.

indicates F not significant at 5% level

Sampling I
88
17.158
0.001
0.134
17.293

d.r.
18

18
37

19 sheep
m.8.
0.935
0.001
0.007

Coefficient of variation 5.4%

indicates F significant at 1% level

¥
L
133.57

0.1‘* Ne.Be

n.s. indicates F not significant at 5% level
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TABLE 11
Analysis of variance testing in 12 sheep of each
age group the variation in total kemps per square

centimetre in the four areas of position A.

Source 88 d.ft. M.B8e »
Between ages 9.707,900 3 3.235,967 8.47 =
Between areas e
Between treat- e
ments 20.149,870 12 1,679,156  4.39
Between samp—

ling times 1.291,030 12 0.107,586 0.28 n.s.
Total 101.081,440 191

“% Jndicates F significant at 1% level

n.s. indicates F not significant at 5% level



The analyses of variasnce for positions B, C and D
(Table 10) show that in all positions there are no significant
differences batween repeat subsamples. On face wvalus, these
results sipgnify that, at sampling I, position A shows greater
variabillity over small regions than the other positions.
However, as only two subsamples were taken from each sample
fram positions B, C and D, the results may not give a very
accurate picture of the variability in the number of kemps
in these sarples. Another factor which could affect the
redults i1s the larger area cut in position A samples. The
greater the area sampled the more 1ikely are significsant
differences to occur. This may partly or wholly account
fer the significant differences between the subsamples of
position A and not the other positions.

The coefficients of variation for positions B, C, A and
D show a reduction in magnitude in that order. This possibly
results frua a gradient in kempiness With decreasing
kempiness, there 1s probably greater varisbility in kempiness

between subsamples.

2« The variation in kempiness in the areas camprising position A.

Because the sanpling sequences within the four areas of
position A were chosen at random, it is possible to analyse the
data for differences in kemp density between the areas.

Table 11 presents tie anslyses of variance of datz from
areas in position A from 12 sheep in each age group. The
method of measuremmnt of kempiness used was total kemps per sq. cm.
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TABLE 12

The log nmeans and stundard errors of total kemps

per square centimetre for each area in position A

over all sampling times and for each age group.

Log means

Age Area 1
Two-year=0lds 1.928
Three=year-olds 1.721

Four-year-olds 2.216
Pive=year-o0lds 1.749

All age groups 1.904

Note:

Antilog of reans

Age Area 1
Two=year-o0lds 8.49
Three-year-olds 5.26

Four-yecai=olds 16.4)4
Pive-year-olds 561

All age groups 6.02

B8.€. 2

8.€C.

0.52 2.663 0.72

0.61 1.961

0.63

0.53 2.684 0.60
0.62 2.204 0.68

0.29 2.378 0.35

3

2.673
2.008

2.502
2.126

2.327

log 2.00 = antilog 10.0

46.03

9.14
48.31
16.00

23.88

47.10
10.19
31.77
13.37

21.23

11.46
L4.32
10.07
6.59

71.57

0.70
0.70
0.64
0.71

0.36

2.059
1.635
2.003
1.819

1.879

0.64
0.45
0.35
0.59

0.26
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TABLE 13

Multiple range test for differences in areas in
position A.

All ages

Area L 1 2 3
log mean 1879 1.904 2.327 2.378

Note: log 2.00 = antilog 10.0

Results: Any two means not underscored by the
same line are significently different
at the 5% level.

Any two means underscored by the same
line are not significantly different,
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TABLE 14

Analysis of variance of data from positions A,

B, C and D sampled in 10 two=-ycar-old and 5

three-year-0ld Cheviot ewes.

Method of msesurcment of kempiness:

Source s8

Between ages 1.070,591
Between sampling times 2.740,409
Between positions 53.650,658
Age x sampling times 0.2446,002
Age x positions 3+533,006

Positions x sampling times 1.269,701
Error 111.204,210
Total 168.665,868

Total number of kemps per
gramne of wool.

d.f.

1
3
3
3
3

9
217

239

m.8. »

1.070,591 2.09 n.s8.
0.913,469 1.79 n.s.
17.883,553 390 *°

0.082,001 0.16 n.s.

1.177’669 2030 NeBe
(Pog 265 )

0.141,078 0.28 n.s.
0.512,462

s¢ jndicates F significant at 1% level

n.s. indicates F not significant at 5% level



Log means

B,Cand D

Poeltian

Log nean
BeCo

Antilog of
means

8y.

TABLE 15

and standard errors of positions A,
over all age groups and all sampling

times.

A B Cc D

1.2 1.018 1.457 2.274
0.34 0.22 0.28 0.29

8.17 1.04 2.86 18.79
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The log means and standard errors of each area in position A
for each age group and over all age groups are (resented in
Table 12.

The significant differance between areas shown by the
analysis of variance in Table 11 indicates that kemp density
varies consideradbly between adjacent areas in position A.

Duncan's (1955) multiple range test (Table 13) shows
that over all age groups areas two and three (see figure 2)
are Significantly different from areas one and four. The
anterior areas of position A are, therefore, mare kempy than

the posterior regions.

3. The variation in kempiness between positions A, B, C
and D,

The variation of kempiness between positions was determinsd
for 10 tvo=year-old and five three-=year-old . In these cal=
culations data for total kemps per g of wool was used. The
positions were also tested for gradients.

The analyeis of variance is presented in Table 14. The
major point of interest is the significant difference in kemp-
iness betwean positions. The means in Table 15 and the graph
presented in figure 5 demanstrate that the order of kempiness
of the positions i8 D> AY C> B (> signifies greater than).

By applying Duncen®s (1955) multiple rance test, it was found
that the means were significantly different from each other.

It should be pointed out here that the absolute valuss
of the means are likely to be reduced, The reason for this
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TABLE 16

Orthoganal comparisans of between positioms
variation (Table 15).

Source 88 d.f. Mm.8. F
Between positians 53,650,658 3 17.883,553 3L4.90
Antsro=-posterior o
gradient 47.329,848 1 47.329,848 92,36
Dorso=ventral .
gradient 6.228,963 1 6.228,963 12.16

*2 indicates F significant at

1% level
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is that as the number of kempe in a sample are related to one
weight of wool (1g) over all sampling times, the number of
fibres at each sampling time Devomes less as the wool grows
longer. Hence, a smaller follicle populastion (and consequently
fewer follicles producing kempe) is being sampled at each
sampling time. While this does not affect differences be-
tween sheep or poeitions, it will affect differences occurring
at differsnt sampling times and reduce the absolute value of
the means,

A test for gradients was mede using orthogonal comperisons
(T"able 16)e The following comparisons were made.

a

¢
4 ¢——— @ «—— ¥

Antero=posterior gradient - d+b

Dorso-ventral gradient - A +¢C
wvhere a = the sum of all data from the selscted sheep for
position A
b = | ” " ] " L | L] | L] B
c = | L] " ] | o " - | ” ] c
= L » L ] » L] » " " n D

The results from Table 16 indicate that there is a highly
significant antero-pasterior gradient. The means (Table 15)
show that the order of ismpiness is D>C > B. The darso-ventral
gradient 1s also highly significant and the order of kempiness
is A>C.

The age x position interaction aprroaches significance at
the 5% level although it does not reach it. The results may



89.

Fig. 6
The lcog means of kempiness in positions A,
By, C and D with time for esch of two sage
{fosition groups.
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be interpreted as meaning that the positions rank the same in
each age group, i.e. the gradients are the same in both sge
groups. However, the fact that the interaction approaeches
significance might indicste th:t same positions are tending
to rank differently for different age groups. Figure 6 shows
that this tendency is not very marked.

The positions x sampling timss interaction is also nan-
significant. Thus, each position ranks the sams at each
samrling time. Pigures 5 and 6 demonstrate this point. It
may be concluded that, far the period studied, no vaves of
kemp population change are passing down the body.

The results presented in this section demonstrate that
there are marked gradients in kempiness over the body in the
two age groups studied. The occurrence of waves of kemp
population change was not apparent in the period studied.

C. The Relationship between Positions A, B, C and D.

One important aspsct in selection is the estimation of
the degree of kempiness in the flesece. To save the time
consuming practice of examining the whole fleece to estimate
kempiness, an attempt was made to determine the relatiaonships
between the positions in an effort to indicate the degree of
predictability of kempiness in ths various positions and the
whole fleece.
1. The relationship between total kempiness in the fleece amd
kempiness in positions A and D,

Positions A and D were selscted as being the most suitable
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TABLE 17

The correlation and regression coefficients of total kempiness an
kempiness in gositions A and D at sach sampling time for 10 two-
year-old and 5 three=year-cld Cheviot ewes.

Method of measurement of kemplness: Total ikkemps per g of wool

Correlations and regressions of totul kempiness on kempincss in
position A for

Standard error

a. Tyo-yeair=olds r b § - bx (s.e.) of cstimate
Sampling 1  0.88h0 2.17,¢ +3.017 0.42
2 0.88,. 2.75,, +1.030 0.45
3 0093*;-_ 2 ohB** +1, 937 O. 29
Ll» 0.98 2006 4'3.718 0.‘&6

_ Standard errar

b. Three=year=olds r b y ~bx (s.e.) of estimate
sampling 1  0.88,, 2.78, +1.308 0.72
2 0096** 2072** +00306 0058
3  0.97, 3.22, +0.626 0.48
)-I- O'% 2.73 +1 0255 0056

% p less than .05
¥ D less than 01

Correlations and regreasions of total kempiness on kempiness in
position D for

a. Two-year-olds r b Y - bX s.e. of estimate
Sampling 1  0.90,. 3.18.e =1.146 041
3 0. 92&# 3 -28*‘ ""1 02)41 00"‘5
l} 009 3.65 .20172 0033
b. Three-year-olds r b y - bx s.e. of estimate
Sampling 1 0.98, 2.90, +0.357 _  0.36
2 O.w.a 3. 52#‘ -1 0“93 0088
3 00973 2.913 +0.10 0.23
L 0.94 3.17 -0.968 0.

* p less than .05
¢¢ D less than .01
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positians to use in determining the degree of kempiness in the
vhole fleece. The selection was based mainly on the view
that, as these are the most kempy positions s~mpled in this
experiment, kempiness in the whole fleece is likely to be a
minirmm when kempiness is at a minimum in these positians.

As total kempiness was composed of the total of &ll
positions, a relationship between totel kempiness and any
other position is likely on that count alone.

The correlatiaons and regressions and the s tandard errors
of estimate of the regressions of total kempiness on kempiness
in positians A and D are presented in Table 17 and the regression
lines ere graphically represented in figures 7 and 8. Inspection
of the table demonstrates that there are no cases of non-signif-
icance in the correlation coefficients of total kempiness with
position A. On the whole, it appears as if there is a better
relationship between total kempiness and position D than there
is between total kempiness and position A. This may be largely
due to the fact that position D, being the most kempy position,
corprrises a larger part of total kempiness snd may be expected
to show a better relationship. There appears to be no regular
pattern to changes in the magnitude of the correlation coefficient
so that they are probably due to random variations in kempiness
and errors involved in obtaining the data,

The regression coefficients presented in Table 17 show that
a given change in position D results in a greater change in total
kempiness thun a given change in position A with one exception,
viz. sampling III in the three-year-olds. However, a greater



93.
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TABLE 18

The test for differences between sampling times in the regression
coefficiente of total kempiness on kempiness in positions A or D
at different sampling times for different age groups.

Three=year=o0ld ewes Regression of Total Kempiness on A
Source a;r::2 d.f. m.8. P
Within Samples 12.153 12 1.013 P1 =0.21 n.s.
Difference Between

Regression Coefficients 0.624 3 0.208
Adjusted Means 5.919 3 1.973
Total 18.696 18
Two-year=0ld Ewes Regression of Total Kempiness on A
Source (Wx2 d.f. Mm.8., F
Within 8amples ya.472 32 1.327 F, =0.43 n.s.
Between Regression

Coetrficients 1.704 3 0.568
Common Regression LL.176 35 1.262 1?2=0.89 n.s.
AdJjusted ¥eans 3.370 3 1.123
Total L7.546 38
Three-year—-old Ewes Regression of Total Kempiness on D
S8ource dyx2 da.r. m. 8. ) 4
Within Samples 13.709 12 1.142 P ,=0.21 n.s.
Between Reg.-ession

Coefficients 0.707 3 0.236
Camnon Regression 14.416 15 0.961 F,=1.33 n.s.
Ad justed Means 3.851 3 1.284
Total 186267 18
Two=year-old Ewes Regression of Total EKempiness on D
Source ;@2 d.f. m.8. ) 4
Within Samples 49.936 32 1561 F, =0,69 n.s.
Between Regression

Coefficients 0.324 3 0.108
Commnan Regression 50.26 35 1.436 P2-O.28 R.Be
Adjus ted Means 1.195 3 0.398
Total 51.455 38

n.s8. indicates p greater than .05
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change in total kempiness for a given change in position D is
expected as kempiness in position D mskes up a larger part of
total kempiness thoan kempiness in position A. The s tandard
errors of estimate of the regression coefficients sare, in
general, of similar magnitude regardless of whether total
kempiness is related to kempiness in position A or position D.
The canclusion which the results indicate is that more accurate
prediction of total kempiness can be obtained from kempiness in
position D than from kempiness in position A. However, if the
other factors are taken into account, there is probably not
mich differcnce in accuracy if either position is used. Nore-
over, the relatively high standard errors of estimate indicate
that the accuracy of prediction of kempiness in the fleece at
any one sarpling time will not be very good anyway. In this
reguard, prediction of totsl kempiness in the three=year-olds
from either position at any ones sampling time will be less
accurate than that in the twvo-year-0lds as the three=year-olds
have higher standard errors of estimste of the regression coeffic-
ients. This is probably the result of too few sheep being
included in the analysis.

The regression lines of both total kempiness on kempiness
in position A and total kempiness an kempiness in position D
were tested to determins whether in each age group, the
regression lines differed . sicnificantly between sampling times.
The test used 1s given in Smedecor (1957 p.400). The results
of the test are presented imn Table 18.

The 1v1 value indicates whether the regression lines differ
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significantly in slape. If the msan squere for the regression
coefficients is sinaller than the mean square of the within samples
variation, the lines can be assumed to be parallel. Significance
of this value indicates a significant difference in slope. The
P2 value determines whether the means of the regression lines
differ significantly from each other.

The information in Table 18 and figures 7 and 8 shows
that there is no significant departure in slope or means of
the regression lines betwecen sampling times for each age group.

Theoretically, the four regression lines for the same
variables in any one age group could be replaced by one regression
line representing the whole experimentsl period. However, in
view of the time elapsing between sampling times, such & line
might not be truly representative of the whole period as changes
in the kemp population might have occurred undetectod.

The main point arising from these results is that the
accuracy of prediction of kempinees in the four positions
(total kempiness) is probably very similar whether the predic-
tiorn 1s made from kempiness in position A or poeition D. There
are no significant differences in predictability of the same
veriables at different sampling times for the sams age group.
However, the accuracy of prediction of total kempiness at any
on® sampling tine 18 not very good. In this regard, the three-
year=olds show¥ poorer accuracy than the two-year-=olds. As these
results are dased on only a few sheep they need to be confirmsd.
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TABLE 19

The correlation and regression coefficients of kempiness in
positions B, C and D on kempiness in position A at each sam-
Pling tioe for 10 two=-year=old Cheviot ewes,

Method of measurement of kempiness: Totel kemps per g of wool

a. The correlations and regressions of position B kempriness on
position A kempiness.

r b Jy -bX s.e. of estimate
Sampling 1 025 n.s. 0.10 n.s. +0.999 0.21
2 0.67 * 0.57 ° +0.259 0.49
3 0¢58 NeBe 0.36 nes. +0.319 0.15
L 0.25 n.8. 0.18 n.s. +0.59 0.20
d.f. 8

be The correlations and regressiongs of position C kempiness on
position A kempinesse.

r b y=bX s.e. of estimate
Sampling 1 0.75 * 0.64 * +0.019 0.20
2 0.76 * 0.74 ¥ —0.062 0.18
3 0.68 * 0.61 +0.175 0.19
L 0.51 n.s. 0.40 n.s. +0. 746 0.20
d.rf. 8

c¢. The correlations and regressions of position D kempiness on
position A kempiness.

r b Y=-bX 8.e. of estimate
Sampling 1 0.64 o 0.43 5 +1.834 0.18
2 0.64 ,, 0.47 o, +1.352 0.18
3 0.77 2 Q.51 +1.442 0.12
u 0.75 0.49 * +1.516 0.12
d.f. 8

Ne8e indicates p greater than .05
° indicates p less than .05
. indicates p 1less than .01
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TABLE 20

The test for differences between sampling times in the regression
coefficients of kempiness in positions B, C and D on kempiness in

position A for 10 two=year=o0ld Cheviot ewes.

Two=ycar-olds
a, Bon A
Source d.f. d.yx2 Me8. F
Within Samples 32 5.197 0.162 F, = 6.6 °°
Between Regression

Cosfficients 3 3.209 1.069
Common Regressian 35 8.406 0.240 P, = 0.65 n.s.
Adjusted Means 3 0.463 0.154
Total 38 8.869
b Con A
Source d.f. dyx? m.6. F
Within Samples 32 9.346 0.292 F1 = 0.35 n.se.
Regression Coefficient 3 0.304 C.101
Common Regression 35 9.650 0.276 F, = 035 n.s.
Adjusted Means 3 0.297 0.099
Total 38 9.947
c. Don A
Source a.f. ayx? m.S. P
Within Samples 32 5937 0.186 F'I = 0,032 n.s.
Regression Coefficient 3 0.019 0.006
Common hRegression 35 5.956 0.170 l'z = 1.55 n.s.
Adjusted HMeans 3 0.790 0.263
Total 38 6.7"6

n.s. indicates p grcater than .05
% indicates p less than .01
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COLLE
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2. The relatianship between kempiness in position A and
positions B, C and D.

Table 19 presents the correlation coefficients and regression
coefficients and their standard errors of estimate of kempiness
in positions By, C and D on kempiness in position A for 10 two=-
year—=olds.

In this age group, the poorest relationship exists between
positions A and B and the correlation coefficient reaches sig-
nificance at sampling II anly. There does not ap,.ear to be
much difference in the relationship between positions A and C
and positions A and D and all correlations are significant.

Rempiness in position C can be predicted from kempiness
in position A best although the regression coefficient is non-
significant at sampling IV. In view of the higher standard
errors associated with the regressian of position C on positian
A, there is probably not much difference in the accuracy of
predicting kempiness in positions C and D from kempiness in
position A. There is very poor prediction of kempiness in
position B from kempiness in position A snd significance is
reached at sampling II anlye. Table 20 shows that the regression
lines differ significantly in slope from each other whereas the
regression lines of position C on position A and position D an
position A were not found to differ significantly in slope or
in means.

The magnitude of the standard errors of estimate for the
regressians of positions B, C and D an position A indicates
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TABLE 24

The correlation and regression coefficients of kempiness in
positions By C and D on kempiness in position A at each sam=
Pling time for five three=year-old Cheviot ewes.

lMethod of measurement of kempiness. Total kemps per g of wool.

a, The correlations and regressions of position B kempiness on
position A kempiness.

r b ¥ -bxX s.e. of estimate
Sampling 1 0.19 n.ss 0,01 n.s. +1.368 0.18
2  0.35 n.s. 0.20 n.s. +0.241 0.38
3 0491 T 0.52 * +0.299 0.40
4 0.9, ° 0.53 © +0.121 0.13
d.t. 3

b. The correlationcs and regressions of position C kempiness on
position A kempiness.,

r b T - bX sS.e. of estimate
Sampling 1 0,80 n.s8. 0.76 n.s. +0.144 0.30
2 0.9% ** 0.89 ** -0.383 0.19
3 0085 NeSe 006-6 N.Be +0.l456 0025
u 0.87 NeSe 0.51 NeBe +0.653 0019
d.r. 3

ce. The correlations and regressions of position D kempiness on
position A kempiness.

r b y=bxX s.e. of estimate
2 0.89 . 0.64 +0.541 0.2l
3 0.9y 1.04 ° +0.19 0.2l
4 0.82 n.s. 0.69 n.s. +0.822 0.34
a.f. 3
n.s. 1indicates p greater than .05
b indicates p less than .05

e indicates p less than .01
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TABLE 22

The test for differences between sampling times in the

regression coefficients of kempiness in positions B, C

and D on kempiness in position A for five three-=year-
old Cheviot ewes.

a. B on A

Source d.f. ivxz MeSe P

Within Samplss 12 2.442 0.204 F1 = 1.00 n.s.
Regression coefficient 3 0.638 0.213

Adjus ted Means 3 0.761 0.260

Total 18 2.299

b. C on A

Source a.f. dyx2 m.Se. )
Regression coefficient 3 0.427 0.142

Coimmon Regression 15 2.333 0.156 F, = 1.03 n.s.
Adjusted Means 3 0.48 0.161

Total 18 2.817

SGe Don A

Source d.f. dvxz Mm.8. ) 4

Within Samples 12 2.582 0.215 P1 = 0,62 n.s.
Regression Coefficient 3 0.399 0.133

Comnon Regression 15 2.981 0.199 F, = 119 n.s.
Adjusted Means 3 0.2 0.237

Total 18 3.693

n.s. indicates p greater than .05
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that the accuracy of prediction of kempiness in the other
positions is not very good.

In the three=-year-olds (Table 21) the number of sheep
on which the results are based is insufficient to allow
reliable canclusions to be drawn.

The best relationship is obtained with positions A and
D. The relatianship of positions A and B 18 very poor in
the first two sampling times but significant in the last
twvo sampling times, Although the relationship of positions
A and C is generally consistently higher than that of positians
A and B, it only reaches significance at sampling II.

Kempiness in position A predicts best kempiness in position
D although non-significance is recorded at sampling IV. A
test for differences in regression lines (Table 22) shows that
there are no significant differences between the regression
lines of these two variables in slope or meanse.

The prediction of kempiness in positions C and B fram
kempiness in position A is very variablse and only reaches
sirnificance at sampling II and samplings III and IV respectively.
The test for differences in regression lines (Table 22) shows
that the regressians of position C on position A do not differ
significantly in slope or means but that the regression lines
of position B on position A differ in slope dbut not significantly
8o0.

The standard errars af estimate of the regression coeffic-
ients indicate that ths accuracy of prediction of position B an
position A at any one sampling time is poor while the accuracy
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TABIE 23

The correlatiorn and regression coefficlents of kempiness in
positions Ay, B and C an kempiness in position D at each sam=
Pling time for 10 two-year-old Cieviot ewes.

Method of measurement of kempiness: Total kemps per g of wool.

a, The correlatians and regressions of position A kempiness an position

D kempiness.
r b ¥y -bx 8.e. of estimate
Sampling 1 0.64" 0.933 ~0.462 0.26
2 o.&f‘“ 0.86" +0.04l; 0.24
3 0.77 7  1.16°°  -0.888 0.18
B

m 0.75 1.16 ~0.980 0.19

d.fe 8

e The correlations and regressions of position B kempiness am
positian D kermpiness,

r b Yy - bX B8.e. of estimate
Smm 1 0.36 N.8. 021 n.s. "‘0.633 0.13
2 0.50 NeSo 0057 NeBe. 'Oou18 0023
3 0.25 n.s. 0.23 n.s. +0.454 0.17
u 0052 N.Be 0.59 N.8Be -O.h98 0018

d.f‘ 8

Cce The correlations and regressions of position C kempiness an
positian D kempiness.

r b y - bx s.e. of estimate
Sampling 1 0.82°" .04 -1.326 0a17

2 0.80""  1.00""  -0.928 0.17
3 0.66° 0.89° -0.817 10.19
A 0.74" 0.90° «0.693 0.16
d.f. 8

n.s. Iindicates p greater than .05

. indicates p leas than .05

s indicates p less than .01
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of prediction of positions C and D from position A 1s better
but still not very accurate. A8 in the two-year—olds, the
accuracy of prediction varies much between s:mpling times.

Thus, for the two=-year-olds the best relstionship is
obtained between kempiness in position A and kempiness in
positions C and D. Position A predicts best the kempiness
in position C although the prediction of kempiness in position
D is more accurate. There 1is much variability in the relation-
ship and predictability of kempiness in position B from kempi-
ness in position A.

In ithe three=year=o0ld group, positions A and D show the
best relationship. Eempiness in position A predicts best
kempiness in position D while the prediction of kempiness in
the other positions only resches significance at certain sampling
times.

In both age groups, the accuracy of prediction of lsempiness
is not very good and varies at differeat sampling times. There
were no significant differences between sampling times in the
regression coefficlients except far the regression of position

B aon position A in the two=year-olds.

3. The relatianship of position D with positions A, B and C.

The correlation coefficients and regression coefficients and
standard errors of estimates for ten two=ysar—o0lds are presented
in Table 23,

The best relatianahip occurs between kempiness in position
D and kempiness in positions A amd C. 1In all cases the relation-
ship is significant. The relatianship between kempiness in
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TABLE 24

The test for differences between sampling times in the
regression coefficients of kempiness in positions A, B
and C on kesmpiness in position D far ten two=year-old

1. Two-year-olds

A on D

Source

Within Samples

Between Regression
Coefficients

Commnan Regression
Adjusted Means
Total

Bon D
Source

Within Samples

Between Regression
Coefricients

Camman Regression
AdJjusted Means
Total

ConD
Source

Within Samples
Between Regression

Coefficients
Common Regression
Adjusted Means
Total

Cheviot ewes.

d.f mz R.8e

32 12.523 0.391

3 0.190 0,063
35 12,713 0.363

3 O0.774 0.291
38 13.487
C, . dyx2 m.8.

32 8.332 0.260

3 0,366 0.122
35 8.698 0.249

3 0.148 0,049
38  8.8u6

d.f. dyx m.8.
32 7.599 0.238

3 0.04Y4 0,015

35 7.643 0.218
0.491 0.164
8.134

2 u

F

r1= 0.16 n.s.

lel 0.& N.Se

4

P,.= 00u7 N.8,

1

P2= 0020 N.S.

) 4

’1- 0006 NeBe

!2- 0.75 n.se.
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TABLE 25

The correlation and regression coefficients of kempiness
in positians A, B and C on kempiness in position D at each
samocling time for five three-year-old Cheviot ewes.

Method of measurenent of lkempiness: Total kemps per g of wool

a. The correlations and regressions of position A kempiness on
position D kcmpiness.

r b y -bx s8.e. of estimate
Sampling 1 0.90" 0.86° +0.436 0.2L
2 0.89 1.21° -0.234 0.33
3 0.94" 0.8y —0.059 0.21
L 0.81 n.s. 0.96 n.s. =0.264 040

d.f. 3

be The correlatians and regressions of position B kempiness on
position D kempincss.

r b Y - bX s8.e. of estimate
Sampling 1 0.36 Nn.8e 0.19 N.s. +1.023 0.28
2 0.25 n.8e¢ 0.49 n.s8. +0.291 0.39
3 0.98""  0.50"° +0.205 0.07
L 0+30 n.s. 0,53 n.8. =~0.059 .27

d.f. 3

Ce The correlations and regressians of position C kempiness on
position D kempiness.

r b Y = bX 8.6. of estimate
sampling 1 0.94" 0.84° +0.075 0.15
2 0.86 n.s. 1.10 n.s. -00617 O.Sh
3 0.80 n.s. 0,5 n.s. +0.483 0.28
M 0.98**  0.68"" +0.157 0.08

n.s. 1indicates p greater then .05
. indicates p less than .05
s indicates p less than .01
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positians D and position B is non-significant at all sampling
times,

The ivrediction of kempiness in positions A and C from
kerpiness in position D appears to be equally good and the
teat for differences between regressions (Table 24) shows
that the regression coefficients do not differ significantly
from each other. The regressions of position B on position
D are all nan-significant 8o that prediction of kempiness in
position B from kempiness in position D is not accurate.
FKevertheless, there are no significant differences between
means or slopes of the regression lines for different sampling
times (Table 24).

There is much variebility in the accuracy of prediction
at different sanpling times and the standard errors of estimate
indicate that the accuracy of prediction at any one sampling
time is not good either.

In the three=year—olds any conclusions reached can only
be tentative as they are based on too few sheep.

In this age group the pattern is differant. Examination
of Table 25 reveals that there is a better relationship in
kempiness over the four sampling times between poeition A and
position D than there is between kempiness in position C and
position D. The correlation coefficients of kempiness in
positians A and D are nob-8ignificant at sampling IV only
whereas the correlation of kempiness in positions C and D is
nan-eignificant at sampling II and III,

The relatianship between kempiness in positions B and D
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TABLE 26

The test for differences between sampling times in the
regression cocfficients of kempiness in positions A, B
and C on kempiness in position D for five three=year-

a, AonD
Source

Within Samples

Between Regression
Coefficients

Comnon Regression
AdJus ted Means
Total

be BonD
Source

Within Samples

Between Regression
Coefficients

Common Regression
AdJjusted Means
Total

¢ ConD
8ource

Within Samples

Between Regression
Coefficients

Camnon Regression
Adjusted Means
Total

NeBe

old Cheviot ewes,

d.f.
12

15

18

d.f.
12

15

18

d.f.
12

3
15
3
18

3.316

0.246
3.562
1.061
4.623

1.809

1.120
2.929
1.362

dyx2

2.002

0.481
2.483

0.177
2.660

m.s.

0.276

0.082
0.237
0.354

MeBe

0.151

0.373
0.195
0.450

m.a.
0.167
0.016

0. 166
0.059

indicates p greater than .05

P
F1 = 0030 N.8.

P2= 1.49 n.s.

¥
P1 = 2.‘47 NeBe

F

2 = 2.32 n.s.

P

F

1 = 0,09 n.s.

F

2 = 0035 n.Bo
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is poor and is significant at sampling III anly.

The prediction of kempiness in position A from kempiness
in position D is better than the prediction of kempiness in
position C from kermpiness in position D. Table 26 demon—
strates that there are no significant differences between
sampling times in the means and the slopes of the regression
lines of the varisables.

The aonly time in this study in which significant pre-
dictions of kempiness in position B can be made from kempiness
in position D is at sampling III. Table 26 shows that the
regression lines of these variables are not parallel but do
not differ significantly in slope.

The accuracy of prediction again varies between sampling
times and is not very accurate at any one sampling tims except
where significance is recorded.

The standard errors of estimate of this age group are in
generel higher than the standard errors of estimate of the two-
year=oldse. It may be concluded that less accurate prediction
of kempiness at any one sampling time will be made from the
three=year-olds.

These results indicate for the two=year-olds that kempiness
in positions C and D have the best relationship with kempiness
in position D. Kempiness in position D predicts kempiness
in these positiaons equally well. There 18 no significant
relationship of kempiness in position D with kempiness in
position B,

In the three-year-olds, kempiness in position A has a
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better relutionshipy with kemplness in position D thun position
C has vut in both relationships non-significant coefficients
were recorded. Again the relationshi» betwecen positions B
and D is poour. The kampiness in position D predicts kKempiness
in position A best while the regression of the kempiness of
position B on position D was gsignif'icant anly once. Although
no significant differences occurred between ssmpling times for
the regressions of the variables, therc was mmuch v: ristion in
tlie accurscy of prediction of kempiness betwecn sampling times.
Accuracy of prediction was not good at any one sampling time
excepl where significunt regression coefficients were recorded.
Prrediction at any one sampling time was sgain poorer in the

three= cu.=0lds than the two=yesr-olds.

D. The Vuriation of Kempiness Between Individual Sheep

The ratc of progress 1n selecting against kempiness
depends in part, on the amount of vurietion in kempiness
betwcen shocpe Therefore, an attempt was made in this
exreriment to determine the variation in kem, iness bvetween
individual sheep.

The differaences between sheep were determined from
position A with kempincss measured by total kemps per sq. Ccm.
The highly significant F values in Table 9 indicated
that there was much variability in kempiness 5etween sheep
in the three-ycar-old group. This was further confirmed
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TABLE 27

The analysis of variance of data on total kemps per square centi-

metre from position A of all sheep.

Source 88
Between Ages 15,440,300
Between Sampling Times 1.046,500

Between Sheep Within Ages 98.797,622

Error

Total

37.270,760

=% D less than .01
* p less than .05

n.s. p greater than .05

d.t.

3

201
271

M.8. P

5.146,766 3.334°
0.348,833 0.226 n.s.
1.543,713 8.325
0.185,427
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TABLE 28

The analyslis of variance of data on shed kemps per square centi-
metre fram position A of all sheep.

S8ource 88 a.r. Me8e r

Between Ages 16.346,100 3 5.448,700 4.06""

Between Sampling Times 2,673,100 3 0,891,033 0.66 n.s.

Between Sheep Within s
Ages 85.852,249 a4 1.341,441 6.94

Error 38.824,884 201 0.193,157

Total 143.696,33 271

NeBe p greater thsn .05

s P less them ,01
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TABLE 29

The variancee of data for positlian A for each age group at
each sempling time.

Method of measurement of kempiness: Total kemps per 8q. Cm.

Age (years) 2 3 L 5

Sampling Time 1 0.845 0.353 0.363 0.488
2 0.857 o454 0.599 0.617
3 0.575 0.412 0.531 0.381
L 0.726 0.365 0.434 0.432
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in Table 27 in which highly significant differences between
sheep within ages were recorded. FPigures 12, 13, 14 and
15 demonstrate the differences in kempiness between sheep
at each sampling time for each age group. The log means
and the antllog of the means are presented in Appendix I.

By analysing the variation in data for shed kemps per
8. cm. 1t is possible to gain some i1des of whether the
differences between sheep are made up of shed or growing
kemps. The analysis of variance presented in Table 28 gives
similar results to those presented in Table 27 far total
kemps per 8Q. Chil. The P values indicate that the variatiom
of shed kemps per s8q. cm. 18 not markedly different from the
variation of total kemps per sg. cm. in these ewes. Filgure
11 ard Tables 30 and 32 demons trate that shed kemps meke up
the greater proportion, on average, of totzl kempse. Hence,
on this evidence i1t may be concluded that shed kempse account
for the major part of the differences between sheep.

Table 29 indicates that the variation in kempiness
betwecen sheep changes with sampling tims. The maximum
variation in kempiness between sheep for all age groups is
at sampling II when mean groving kemps in all age groups but
the two-ysar—olds is at a maximum (Pigure 11)., However, it
18 doubtful whether much importance can be attached to this
fact as differences in the mean number of growing kemps at
samplings I and II are small except in the case of the two-
year-olds. Variation between sheep is least at sampling
I1I for the twvo and five=ycar-olds and at sampling I for

the three and four-year-olds. These variances also show



that same part of the difference between individuzls in
kempiness in the two=year-=o0lds 1s &ue to incomplete stabil=-
isation of the variance by the logarithmic trensformation.
Inspection of figure 12 bears thizs out.

The results show that there are significant differences
be tween sheep within age groups in kempiness., These differ-
ences are largely due to shed kemps. The variation in
kempiness between sheep in each ase group varies with time
and reaches a maximum at sampling II,

E. The Variation of Kempiness Between Age Groups.

The practical usefulness of knowing which age groups
show the most kempiness is important in selection. An
endecavour was made therefore, to determine the degree to
which each age group shows kempiness.

The analysis of variance (Table 14) of the two and
three=year-olds established that there were no significant
differences in total kempiness (the sum of the four positions)
between the two age groups. However, Tables 11 and 27, using
data from position A for more shcep, showed that there were
significant aifferences (5% level) in kempiness between age
groups. This fact implies that there were too few sheep
included in the analysis (Table 14) involving total kempiness
to show up existing differences between age groups. It
might also be interpreted as indicating that differences in
age groups, as indicated by position A are not representative
of total kempiness. However, this is unlikely as it already
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The logarithm means, the antilogarithms of the means
and the standard errors of the logarithm means for
data from position A in each age group.

Method of measurem=ant of kempinesst

Logarithm Means

Sampling Time

Age Two=year-olds
Three=year-=olds
Pour-year=olds
Pive-year-olds
Over all ages

1 8.0, 2

2.389 fo.70 2.uu4

1,560 £ 0.46 1.832

2,203 X 0.46 2.194

1.799 X o0.54 2.047

1,993 ¥ 0.09 2.129
log 2.0

Antileogarithms of Means

Sampling Time

Age Two=year-o0lds
Three-year-olds
Four-year-o0lds
Plve=year-olds

Over all ages

1
24.49
3.80
15096
6.30
9.84

BeOo

0. 71
20.52
.5,
20.60
3.10

= eantilog 10.0

27.80

6.79
15.63
11.11
13.46

3
25.53
9.91
19.45
8.55
14.32

3

2,407
1,996
2,289
1.932
2.156

848,

.58
20.49
20.56
20.47
20.06

23.23
6.04
18.66
9.68
12,62

I

2.366
1.781
2.271
1.986
2.101

Total
25.23
6.27
17.34
8.73

Total kemps per square centimetre

8664

¥.65
30.46
20.51
30.50
%0.09

Total

2,402
1.797
2.239
1.941

20.32
.24
$0.26
¥o.26

Lit
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TABLE 31

Multiple range test: Testing the differences in
mean kempiness of four age groupe at the 5% level.

Method of measurement of kempiness: Total kemps per square
centimetre.

Age (years) Three Pive FYour Two
log Mean 1.797 1.941 2:.239 2,402

log 2.0 = antilog 10.0

Results: Any two means not underscored by the same line
are significantly different at the 5% level.

Any two means underscored by the sams line
are not significantly different at the 5%

level,



TABLE 32

The logarithm means, the antilogarithms of the means and the
standard errors of the logarithm means for data from position
A in each age group.

Method of measurement of kempiness:

Logarithm Means

Sampling Time 1

Age Two-year-old: 2.166
Three-year-olds 1,465
Four=year=0lds 2,033
Pive-year~olds 1,656
Over all ages 1.830

Antilogarithms of Means
Sampling Time 1

Age Two=year-=o0lds 14.66
Three~year-olds 2,92
Four-year=olds 10.79
Five-year-o0lds 4.53
Over all ages 6.76

8.8, 2

.7 2.39
20,37 1.713
20.40 2.024
$0.50 1.886
20,09 2.004

24.6
5.16

10.57
7.69

10.09

20.69
.48
20.54
20.53
¥0.04

24,43
8,02

16.11
7.69
12.47

3

2.388 0,57
1.904 *0.49
2,207 20.55
1.886 20,47 1.948
2,096 20,09 2.038

21.93
L.55
16.03
8.87
10.91

8.8, u

Total

20.99
L8y
13.09
6.98

2.341
1.658
2.205

Shed kemp per square centimetre.

8.0, Total

30.65 2,322
20.45 1.685
0.48 2.417

30.49 1.84y
%0.09
antilog 10.0

20.33
26.23
20,25
20.25

‘6Lt
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TABLE 33

NMualtiple range test: Testing the differences in
mean kempiness of four age groups at the S% level.

Method of measurement of kempiness: Shed kemps per square

centinetre
Age (yecars) Tharee Five Four Two
log Mean 1,685 1.84h 2,117 20322

log 2.0 = antilog 10,0

Results: Any two neans not underscored by the same line are
significantly different at the 5% level.

Any two ieans underscored by the same line are not

sisnificantly different at the 5% level.
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has been shown thatl kempiness in position A can dbe used to
predict totsl kempiness altbough not very accurately.

The log meens and Lhe antilogs of the means for each age
grovp are presalted in Table 30 and show that the age groups
faell 1nio ths following order of kempiness: two> four> five~™
three ycars of age (> indicates greater than). To test
differences between these means Duncan's (1955) multiple
range test was applied (Table 31). It was found that the
tvo~-your=ulds differed significantly (5% level) from the
five and three-=year=olds but not from the four=year—=olds
while the four-~yeai=-0lds were significently differeant from
the threc=year-olds but not the five=year-olds.

The analysis of varience using dsts for shed kemps per g
of wool (Table 28) indicated that there wus a highly significant
difference between the means of each age group (Teble 32). The
order of kempiness of the log means or the antilog of the means
of each ege group for data involving shed kempe (Table 32) 1is
the same as the order of kempiness af the means of each age
group far data involving total kempe (Table 30). The multiple
range test (Table 33) again shows that the two-year-olds differ
significantly from the five and three-yesar=0lds but not the
four-year-oldes while the four-year-olds differ significantly
from the tiree=yesar=o0lds but not the five-year-olds. This
suggests that shed kemps vary similarly to total kemps. Further
evidence from Tables 27 and 28 is guined from the F values of
the between ages variation. The F values suggest that there

is not a marked difference in the variance of measures involving
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shed kemps and total kemps. It has already been shown
that shed kemps comprise the greater proportian of total
kemps per sq. Ch, This evidence strongly suggests,
therefore, that the major part of the differences in
kempiness between ages is due to shed kemps.

Examination of figures 12, 13, 14 and 15 suggest that
some part of the difference in kempiness between ages may
be due to a few sheep in the two-=year—old group departing
consideraebly from the mean. That this is so, is further
indicated by a comparison of the variation in kempiness in
each age group, (Table 29), where it is obvious that the
logarithmic transformation has not completely stabilised

the variance between age groups.

F. The Variation of Kempiness at Different Sampling Times

The variation in kempiness betwecen seasons was analysed
in order to gain ianformation on changes in the kemp population
with time and to obitain same infarmation on the time that kemps
grov into the fleecs.

A8 previocusly stated, the kemps in any sample were divided
into the following kemp types:

a, Shed kemps.
be Growing kemps, 1.e. kemps showing a cut basal end.

The assumption was then made that the mean kemp length
is8 similar for all ages. Thus, a growing kemp being shorter
should weigh less than a shed kemp. If the fleece contains
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TABLE 34

The regressions and standard errors of estimate of weight of kemps
per square centimetre on total kemps per squ.re centimstre far
position A at all smmpling timee for each age group.

a. Two~year-olds 17 ewes
Samp : L 2 ; *3 3 £ 34 u t 1 4
b 0.87 0.99 0.92 0.97
8.6. 0,07 0.02 0.03 0.03

¢%¢ p less than .01

be Three=year=olds 17 ewes
Sampling 1 . 2 3 L
] E 3 1 3 L 3 J
b 0093 1.03 0099 0092
8.€. 0.06 0.03 0.03 0.08

2% D less than .01

ce Four-year-olds 17 ewes
Semp z 3 2 PP 3 PP 4 e
b 0.98 0.96 0.95 0.89
B.Ce 0.02 0.03 0.02 0.05

#% D less than .0Of

d. PFive-=year-olds 17 ewes
Sampling 1 2 3 L
» 0.91"° 0.95° " 0.93"" 0.94""
B.8, 0.06 .03 0,03 0.03

*%2 D less than .01



a. Two=year-=olds

Source

Within Sarmles

Between Regression Coefficients
Coumuon Kegression

AdjJjusted Means

Total

n.s. » greater than .05

be Threce=year-olds

Source

Within Samples

Between Regression Coefficiants
Commnon Regression

AdQJusted Means

Total

n.s. P greater than .05

d.rf.

63

66

d.tf.
60

63

66
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TABLE 35

The test for differences between saupling times of the regression lines in

dyx

0.873
0.109
0.982
0.310
1.013

2.851
0.057
2.908
0.07

2.978

Me8e

14.6
36.0
4.7
10.0

lleBe

47.5
1%.0
L46.2
230

‘lable 34 for each age group.

P

P, = 20’47 N.Se.

1

F2 = 1.’-‘7 Ne.Be

F
F1 = OQL‘- N.8.

Fz = 005 N.Be.

Ce Four=year-olds

Source

Within Samples

Between Regression Coefficients
Comaon Regression

Ad jus ted Means

Total

n.s. p greater than .05

d. Five=year-olds

Source

Within Samples

Betwcen Kegression Coefficients
Cauunon Regression

Adjusted ifeans

Total

n.s. p greater than .05

a.r. ayx?
60 1.094
3 0.032
63 1.126
3 0.078
66 1.204
da.f. dyx2
60 1.584
3 0.00Y4
63 1.588
3 0.033
66 1.621

MeBo

18.2
11.0

17.9
26.0

MeSe

26.4

1.0
25.2
11.0

) 4

F1 = 0060 NeBe

Fz = 1.'-‘5 N.Be¢

) 4

P1 = OQOLl» NeBe

F

2 = 0.‘4‘4 N.Se
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many groving kemps, a regression of the weight of kemps on

the number of kemps will not have as steep a slope, i.e. 1t
will show a smsaller change in weight for a given change in
numbar of kemps, ag vhen the fleece contains muny shed kemps.
The slope aof the regression lines of the weight of kemps per
8q. cm, on the number of kemps per sg. Chl. at, different sampling
times in the same age group may, thersfore, indicate whether
there-is a high proportion of growving or shed kemps in the
fleece. Some indication of whether shedding or growth of
kemps is taking place can be gained fram this information.

The regression coefficilents of weight of kemps per sq. cm.
on total kemps per 8q. ch. and their standard errors of estimate
are presented ia Table 34. All regressions are highly signif-
icant and the table shows that the change of weight relative to
a change in the totsl numbers of kempe is of the order of 1:1
for most sampling times. The test for significsnt differences
between sampling times of the regression lines for each age
group is presented in Table 35. The results of this test
indicate that the regression 1ines of the two-year-olds were
not parallel but that the departure did not reach significance.
The other age groups were found to have regreasioan lines in
which differences between slopes and means were not significant
(figures 9 and 10)e This being the case, it appears that a
given increase in number of kemps is associated with a similar
increase in weight of kemps at all sempling times and in all
age groupe except the two=year-olds. The regression linss
give no indication, therefore, of shedding or growth of kemps
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Fige 9

2:4 .
The regressions of weigh* ~f total kemps/
sa. cm. on total numbers of kemps/sq. c
for esch sampling time.
2. Three-=year-olds
!'8 \
‘ Sampling 1
1" 2
1" 3
" Ll-
1-O
0-6
O.7 e} 2-0 3-0
Log totel no. of kemps/sg. cm.
b. Two=yesr-olds
2:8F
-
-
2:0F
-
'l 4 -
0‘8 i - A A A 1 s i A - A A
o8 \-O 20 30

Log totzl no. of kemps/sq. cm.
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Fig. 10

The regressions of weight of total
kemps/sq. cm. on total numbers of

kemps/sg. cm. for each sampling
time.

2, Wve-year-olds

| ! A L 1 i i A i i

O 2:0
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b. Four-yecar-olds

Log total kenps/sq. cm.
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except in the two-year—olds. However, there might. be
non=detectable variations in shed and groving kemps through-
out the year (figure 11).

The two-year-olds sho®w same variation in the slope of
the regression linss. Figure 9 shows that the 1egression
line for sampling I is not as stiecep a8 the regression lines
for the other saupling tines. Although random variations
in kempiness mey have caused the departure from parallelism,
the regression line far sampling I indicates that for a given
increase in number of kemps there is & smaller increase in
welght of kemps thun is the case at other sampling times,

This suggests that a wave of kemp growth is commencing or
finishing at tnis t.me. Pigure 11 supports this contentiaon.

The differences in total kempiness between sampling times
were found to be non=-significant (Table 14) and this was
canfirmed in data for position A for all sheep (Table 27).
However, these resulis may be influenced by several factorse.

It has already veen mentioned that the indicated loss
in body weight over the winter and inaccuracies of estimating
the total numbers of kemps in a sample in the three=year—olds
at samplings I and IV will affect differences between sampling
times.

Tho use of the method of measurement, the total number of
kemps per g of wool (Table 14) will cause a decrease in kemp
population to be further reduced and ths magnitude of an
inerease in kamps to0 be reduced as ths experiment progresses.
The reason for this 18 that as the wool grows, fewer fibres
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Fig. 11

The change in log means of total kemps/sq. cm. and

shed kemps/sg. cm. with time for each age group.

3
I-5F _}cl’/’ Total kemps/sqg. cm.
_ _Shed kemps/sqg. cm.
O i A 2 A 3 2 3
' A M J J A 5 0 N

Time (months)
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g0 to make up one g of wool. Thus fewer follicles (and hence
kempe) are sampled as the experiment progresses with the
previously mentioned consequences.

Whether these factors influence the results of tables
14 and 27 to eny great extent is not known. However, they
were assumed not to have any major effect. Therefore, it is
concluded that there are no significant differences between
sampling times in total kemps per sq cm.

The graphical representation of changes in kempiness in
individual shcep at each age group with time is presented in
figures 12, 13, 14 and 15. Same explanation of these graphs
is needed as it appears as if the non-significant differences
in kempiness between sanpling times are due to the individual
sheep in each age group following one of four conflicting
patterns of kemp population change with time. However, these
patterns can be attributed to differences in kempiness in the
four areas comprising position A (section IV B 2) and the
randomisation of the serial order in which they were sampled.
Thercfore, the four patterms will be determined by the kempiness
of the area saupled first and will show maximum kempiness at
the samplings when the more kempy areas (areas two and three)
are sarpled. Evidence for this conclusion is presented in
Appendix 1, Undor these circunstances the randomisation of
the serial order of sampling the areas in position A will
ensure that the log means at each sampling time will be a
random sample of the areas of position A. Thus, there should
be 1ittle differeance in the log means of kempinsss at each
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Fig. 12
The change in the total number of kemps/sa. cm.
in position A with time for individual two-year-
old sheep.
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Fig. 13

The change in the total number of kemps/sq.
cm. in position A with time for individual

three-yesr-o0ld sheep.
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Fig. 14
The change in the totsl nunber of kemps/sa. cri.
in position A with time for individurs1l four-
year-o0ld sheep.
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Fig. 15
The change in the total number of kemps/sq. cme.

in position A with time for individual five~year-
old sheep.
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sampling time provided that there ies 1little change in the

kermp population with time. This contention 1s confirmed

on inspection of the loz means of all age groups at each

sarmpling time in Table 30, and the n:lysis presented in Iuble 27.
The¢ importance of shed Kems as the major proportion

of total kemps is again demonstrated in Tables 28 and 32

and figure 11. Furthermore, the F values in tables 27 and

26 suggest that shed kemps per 8q. Cie. vary similarly to

total kemps per sge Clhi. In both cases non=8ignificant

differences occur between sampling tires. This in turn

implies that elther few shad kemps are lost from the fleece

between csampling times or thut the rate of growth, shedding

and loss of shed kemps is similar between sampling times.
Although there is evidence to support the former hypo-

thesis, it is inconclusive and must be regarded with caution.
The retention of shed keups in longer wool has been

indicated in the section on recutting previously sampled

areas (IV, A, 3). Presumably, there is some threshold

length of wool which will cause the retention of shed kemps

in the staple. As there are no significant differences in

shed kemps per 8q. cm. betwsen sampling times, it must be

assumed that this length was attained some time before sampling

I. The results from this section (IV, A, 3) also indicate

that there is8 a cycle of kemp growth occurring about sampling

X, Further evidence of this growt: cycle of kemps is demanstrat-

ed in figure 11 and Tables 30 and 32 in which growing kemps, 1.e.

the difference between tgtal and shed kemps per 8q. cui. are at
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a maximm at samplings I and II except in the two-ysar-olds.
As there are fewer growing kemps on the aversage, at samplings
III and IV in each age group, it may be implied that shedding
hags taken place. Therefore, as there are no significant
differences between sampling times, the kemps growing at
saiplings I and II and shed during ssmplings III and IV may
be assumad to remain in the fleece.

The evidence suggests, then, that the major part of the
kemp population has pierced the skin and 1s either growing
or has shed by the first sampling time.

The length of wool when shedding comrenced must be
assumed to have been long enough to retain most of the shed
keps. Thus, most of the kemp population is retained in the
fleece until sampling IV at least.

However, the means in Tables 30 snd 32 show that growing
kencps occur at all sampling times. This may be interpreted
as indicating that there is a "pasec" growth and shedding of
kemps and that shed kemps are lost st a similar rate at each
sarmpling time, As the sampling intervsls were too long to
determine whother growing kemps occurred at all times during
the experimental period this hypothesis must be regarded with
caution.

However, it is obvious that more work is needed to
determine the factors causing retention of shed kemps in the
fleece and the rate of loes of shed kemps from the fleecs.

The variance at each sampling time for each age group
is presented in Table 29. The table demonstrates that the
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most variation occurs at sampling II while the least variation
in the three and four-year-olds occurs at saupling I and in
the two and {ive=year-olds at sempling III.

These findinrs show that there are non=-significant
differences between sampling times in total kemps per sq. cCm.
and shed kemps per sq. Q. This was thought to signify that
either the major part of the kenp population had grown before
sampling one and was retained in the fleece for the experi-
mentsl period or that kemps were being lost from the fleece
and replaced at a similur rate at each sampling tine.

There was some evidence which suggested that more
growing kems occurred at ssmplings I and II than at samplings
II1I and IV slthough &s previously pointed out this difference
is smnlle The variances in each age group were found to be
greatest at sampling II.

G. The Relationship Between Percentage Medullation
and Kempiness,

The estimation of kempiness from hairiness couid be a
useful tool in the selection of non-kempy sheep if a strong
positive relationship exists between kempiness and hairiness.
This relationship was investigated.

The correlation coefficients of the number of kemps per
unit area and the percentage medullation (as measured by a
medullamster) for each sampling time, for each age group over
all sampling times and over all age groupe and all sampling



138.

TABIR 36

The correlstions of perocntage mednllntion and nucber of kamps
per square centimstie over &1l sampling tines anxd sll age grogle

ige (years) 2 3 L 5
Sappling 1 0,056 n.a. 0.364 n.8. =0.085 n.g. 0.077 NeBe.
2 00113 n.8e. 00253 N.B. -00106 NeBo 0.160 NeSe

x «0,096 n.8. 0.294 n.s. =0.002 n.8. 0247 n.s.
4 OS50 NneSe 0.515 °  <0.165 n.6. 0.113 n.8.

over all Samling~0.4k n.8. 40.355 <0.068 Ned8. +0.146 n.s.
Over all .\ges +0.,083 n.s.

DeBs P greater thin .05
* P lesg than 05

8 ¥ less than J01
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times are presented in Table 36.

Fercentage redullation was estimated from the non-kemp
portion of each sample. The percentage medullation data
was subjected to a logarithmic transformation; the need
for which has been indicated by Goot (1945).

The results demonstrate that the relationship between
the two vuriables at each sampling time 1s very low an& in
many cases negative. Only ance does the correlation reach
significance, i1.e. at sampling IV in the three=year-=olds.

The correlations over all sampling times show the same
degree of relstionship except that the correlation for the
three=ycar-olds is significant.

The correlation coefficient over all saapliang times
and all ages is non-significsnt and again shows a very poor
relationship between the two variables.

Data fér mcan Iibre diameter were obtuined for position
C at the fourth sampling time for 10 two=year—o0ld and 5 three-
year-old ewves. The mecan fibre diameter was calculated from
the fibre diameters of the fibre types measured at three levels
in the staple.

Tne correlation of kempiness with mean fibre diameter
r = -0.495 just fails to reach significance at the 5% level
( = 0.514). This result should be confirmed for more
sheep.
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V  DISCUSSIOR

The results in thie experiment represent an initisl invest-
igation of kemp variability in the fleece of Cheviot ewes and
raise probvlems requiring further research.

The Tirst problem investigated was the suitability for
this experiment, of several methods of measurement of kemp
variability.

This problem was approached by trying to determine which
measure gave the most accurate assessment of kempiness in the
fleece. Other methods of measurement of kempiness, i.e.
percentage welght of kemps and percentage number of kemps,
used by Fraser Roberts (1926), Darling 1932) and Bryant (1933)
have already been criticised in the light of Ryder's (1957)
wvorke. Nevertheless, as percentage weight was included in
this investigation, soms i1dea can be gained of the relation-
ship between the previous workers' investigations and the
present one.

The relationship betvieen the measures of kempiness used
in this setudy is such that there is probably little loss of
accuracy in measuring kempiness with any one of them. Thus,
the results obtained by Fraser Roberts (1926), Darling (1932)
and Bryant (1933) can be assumed to be comparable to the
results obtained in this experiment, other things being equal.
The relatianship between percentage nuimber and percentage
weight of kemps suspected by Darling (1932) is, on this evidence,
prodbably real also.
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The reasons for the selection of the measures of kemp=-
iness used in this study have been mentioned previously. (i. 58)
Hence, the differences in the nunmber of kemps in a 8¢e Chne
or in a g of wool were considered to give the most useful
information of kemp variability in this study.

The variability of the data collected for these measures
suggested tlat the mean and the variance were correlated 1i.e.
the populations did not fulfil the requirements of tests of
significance, This is indicated by the marked skewness af
the data collected by Darling (1932) and Bryant (1933) in
their work on the Scottish Blackface and the skewness of the
data collected in this investigation. However, a logarithmic
trarcformation was found to bring about homogeneity of variance
so that the use of tests of significance was Justified. There
is some suggestion in the two=year=olds that the trsnsformation
did not campletely stabllise the variability in kempiness.
FPuture research on kenp variabliity with the methods of incasure-
ment of kempiness used in this experiment will therefoare, entail
the spplication of a transformation to the data to Justify the
use of tests of significance.

Past workers have given scant consideration to the errors
involved in obtaining date for the measures of kempiness.

Until these errors have been estimated the value of thsir work
renains in doubt. Host errors are introduced by the failure

of the method of measurement of kenpiness to sample the same
follicle populations on different sheep and on different sampling
occasions. This is undsrstandable in view of the indirect
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methods used to malntain the follicle population constant.

By an indirect method, it 1s meant that the actual follicles
themselves are not counted but that some other related mesasure
such as the number or weight of fibres or an area of skin is
used to maintain follicle numbers constant.

The use of skin area to keep the follicle population
constant is cubJect to errors caused by differences in follicle
density betueen sheep, the measurement and calculation of skin
area and changes in area due to stretching of the skin or
changes in body weight. As skin area was used in this exper—
iment, the effect of some errors on the results was determined.

The differences in follicle density between sheep were
not measured in this experiment so that their effects on the
results are not known. The errors involved in measuring and
calculating the areas from which the position A samples were
cut probably have little effect on the results as they are of
insufficient magnitude to mask the large differences in kempi-
ness between sheep. Nevertheless they require some cansideration.
The method of calculating area which has been intimated by
Cockrem (personal commmication) as loeing little in accuracy
as coupared with the more laborious method of calculating
true area, was shown to cause considerable deviations from
true area. The mean value of these deviations, however,
supports Cockrem's contention of there being little lose in
accuracy fraom the use of this method,

The errors of messuring the sides of the sampled area
were found to be small and unimpartant as judged by the



11‘3.

differences in areas. Although the relationship between
repeat areas was significant, it was not very high possibly
because of errors introduced in the calculation of area.

This probably explaeins why the resulis were not strictly
camparable with those achleved by Morely, Lockart and Davies
(1$55). The found a correlation of ¢ = 0,96 between repeat
measuresents. These results do suggest, however, that the
method of holding the sheep for seampling sufficiently stab=
ilises its position to allow repestable measurements to be
made after short periods of time.

The cutting of different sized areas on different sheep
assumes some irportance in vicw of the msrked variation in
kempinecss .over sm:l1l regions of the body. The larger the
areca cut, the more likely are significant differences in
kempiness to occur, Hence, when the total number of kempse
is estimeted from one subsanple, the estimated value of the
total nunber of kempe in the area may not agree closely with
the true number of kemps in the area. This applies particularly
at Sarplings I and IV when the size of subsample was found to
be inadequate. The same problem arises when sampling at
different sampling times, The different size of areas sanmpled
indicates tiat the same follicle population is not sampled at
different sampling times. However, this was obscured in this
case by a probhable loss in body weight which caused skin area
to be reduced, i.e. follicle density increased.

The evidence indicates that the maJar problem to be
overcome When sampling by the methods used in this experiment
is the sampling of a different follicle population on different
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sheep and at different sampling times. In the latter case,
it is suggested that a method of maintzining the follicle
population constant between sampling times would be to
sample the same area at all times. However, if the area
is sampled frequently thie method will increase the problems
of distinguishing kemus from coarsely medullated fibres, due
to the absence of easily disceimible characteristics such as
the tip and brush=ends from the kcemps in the sample.

From a practical viewpoint, some knowledge of the
variabllity of kempiness over the body of a ewe is important
if one is trying to estimate the kempiness of the fleece.

Renpiness in the regions sampled in position A was
found to be very variable. In other body regions, however,
such variability was not apparent. On their face vealue,
these results suggest thiat the mid=back region shows more
variebility than positions along the mid-line of the body.
It is difficult to perceive why the follicles in one body
region should show such varisbility in the number of kemps
they producs. A possible alternate explanation of this
occurrence is that the number of subsamples taken from the
position A samples and the larger area from which position A
éamples were cut may have allowed differences in kempiness
to be detected in the mid~back region and not the other body
regions. Such variability over small regions of the body
confirms Bryant®s (1933, 1936) cantention for the Blackface,
that ouiside a region aloag the mid-line of ths back there is
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much varlability in kempiness. The variability of kempiness
in Bryant's mid-back position could not be deterinined as the
position was not samled.

Althoush there is much variability in keiupiness over
srll regiones, gradients in kempiness were found to occur
over tie body in two age groups. As these gradients were
deterridned from four positions only they need to be confirmed
for nore intensi. ely sampled fleeces and for the older age
groups studied. However, there is a considerable amount of
evidence in the literature to support this finding.

The fibre type ariray gradients first describted by Galpin
(1934, 1935) and studied intensively by Steshenson (1957,
15955), imply thati more primary follicles will be producing
halo=hairs in the britch th.n in the shoulder regions. There
is probably a genetic basis for these gradients as Stephenson
(1952, 1956) has fourdl that with increasing N-gene dosuge,
the least heavily checked regions showed an increase in halo—
hair nurbers bvefors the most heavily checked regions. If
tahe degrce of shedding of halo=hairs in different regions
occurs &8s described Ly Goot (1940) and if they are succeeded
to any great extent by kemps, which is probable (Dry, 1940;
Roes, 1445), then gradients over the body in kempiness are
expected.

Derling (41932) has found similsr gradients in adult
Blackface sheep and this has been canfirmed by Bryant (1933)
and Burne (1955). Bryant, however, found much variability
between sheep in the pattern of kempiness over the body. In
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this experiment, only minor variations of the pattern of
kerpiness over the tLody were indicated.

Further evidence of the existence of gradients can be
interpreted from the coefficients of variation of subsamnples
taken from ail positions at sanyling I. It is logical to
assure tuhat the fewer kemys there are in a region, the greater
are the errors in subsativling. Therefore, a higher coefficient
of variation is exjected in regions of least keapiness. As
the results indicate the coefficients of variation decrease as
the reglons becanec more kKeripye

It may ®e intirmted from the foregoing evidence that
the gradients indicated by the results are probably real and
that they ri-obably occur in all age groups.

In vicw of the variability of kempiness ovser small
regionc of the body, one does not expect the gradients to
followr an orderly pattern down the body. That reversals
of the pgradient can occur, has been shown in the areas
comprising position A for each age grouge. However, it
should be pointed out that the antero=posterior gradient
was only demonstrated in the region along ihe mid-side of the
body which does not necessarily mean that the same gradient
occurs along the back.

Nevertheless, the mere fact that such v:riation does
exist between suall areas suggests that the gradients only
indicate genersl trends in kempinecss over the body.

There i8 a paucity of inforication regarding the funda-

mental causes of gradients. However, an' explanation of the
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gradients could be provided by a genetic situation similar

to that described by Sterhenson (1956) for his N-type Romney
lambs. Other possibllities such as differences in the
follicle blood supply of different body regions or differences
in the rate of loss of shed kemps fram the staples in different
body i1eglions might supily slternnte explanstions for the
variability of kenpine. s in small regions and over the body.
Unpubliched data from Ramney ewes, obteined by the Massey
Agricultural College Metrology Laboratory, has indicated that
the secondary follicle: primary follicle ratio increases to-
ward the shoulder but that follicle density follows a reverse
pattern and ﬁcreases toward the britch. Assuming that these
ratterns occur in the Cheviot a possible explanation of kemp
gradicnts being due to dAiffering yvrimary follicle numwbers in
different body regions 1s not likely.

A problem iraised by the variability of kempiness over
the body of the ewe is the determining of the degree of
kempiness in the fleece. In other words, can the degree
of kempiness in a fleece be dstermined from the number of
kxemps in the wool at ane easily identifiable region or does
the whole fleece have to be examined? The practical signif-
icance of the answer to this problem lies in the ease with
which kempiness in the fleece can besstimated for selection
purposes.

This problem has received little attention by other
workers. The results in this investigation showed that
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significant predictions of kempiness in the fleece (as
indicated by the sum kempiness of the four positions) could
be made at all sampling times from either the mid-back or
mid=-thigh regions samvled. On face value, the mid=thigh
region gave best prediction of total kempiness. However,
due to the way in which total kempiness was computed and the
degree of kempiness of the mid-back and mid-thigh regions,
there is probably little loes in accuracy from using the
kerpiness in either position for the prediction.

The variability of kempiness over the body suggests
that only reasonable accuracy in the prediction of total
kempiness would be obtained and this is verified&%he size of
the staendard errors of estinate. Furthermore, the accuracy
of prediction veried from sampling time to sampling time
although not significantly so.

The ability of the kempiness in position A (mid-back)
or position D (mid-thigh) to give a recasonable estimate of
kempiness in the whole fleece is of some practical siyaificence.
Position D apiroximates very closely with position 5 which
was found by Goot (1945) to give a good estimate of hairiness
in the fleece of Roimeys. If it can be assumed that the
Cheviot has similar graedients in hairiness to Rommeys, then
both hairiness and kempiness can be estimated from the sams
region. If hairinsss is not a problem, then it is usually
esasier to estimate kempiness fram the mid-back reglon.

The overall pattern in the relationships between the
kempiness of each region with kempiness in positions A or D
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is that the best relationships and prediction of kempiness
occur between the most kempy regions. Conversely, the
relationships and predictions of kempiness in regions showing
little kempiness is generally poor.

A possible explanation of this situation is that, in
regions of low kempiness, the grester error variance due to
subsampling hes resulted in a poor relaticnship with the most
kenpy regions. On the other hand, it may indicate that the
extent to which kempiness spreads over the body, varies greatly.
Thus sheep showing much kempiness in the mid-back or mid-=thigh
regions may or may not show rmmuch kenmpiness in the mid=shoulder
region. Similarly, sheep showing little kempiness in the
most kempy regions may show much kerpiness in the mid-shoulder
region. If this is the case, the mid-shoulder region is
useful as Frascr Roberts (1926) found, in determining the
extent of the sy read of kenpiness throughout the fleece.

‘The results also show that the prediction of kempiness
in a region in the flecece becomes less accurate as the degree
of keruiness in that region becormes less.

It follows from the foregoin;: evidence, that more
efficiency in estimating the kempiness in the fleece would
possibly be gained by predicting the kempiness of the flesce
from either position A or D but to obtain a more accurate
picture of the spread of kempiness over the body from positian
B. This method wvas cans idered the most useful for kemp
estimation in the fleece of the Bluckface by Darling (1S32).

Another point of interest brought out by the results is
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that the accuracy of prediction for the sare varisblee
differs at different sarmpling tinee although in only one
case were the differences significent. This c=8e occurred
in the three=year-olds. It should be pointed out that any
conclusians reached for this age group mst be regsrded as
tentastive, a8 they ere based on only five ewes. The con=
clusion reached in regard to the non-significant differences
in accuracy of prediction, is that the accuracy of predictian
of kempiness at any cne sampling time 18 not very good. The
use of position B &s a check on the spread of kempiness
throughout the fleece is, therefore, further vindicated.

The resason for such poor accuracy of prediction of
kempiness 1s probably the variability of kempiness over the
body and the differences in kemplness between sheepe Other
factors such as differing rates of loss of shed kemps from
differing body regions caused by differences in wool length,
wool type, wind ete. may purtly or wholly explsin the rssultis.

Sicnificant differences in the asccuracy of prediction
at different sampling times suggeste that at times when the
accuracy of prediction is high, the chsnges in kemp populeticn
mist be under the influence of the same factor. As the
accuracy of prediction is significant st certein sarpling
times only, it may be that this factor has to reech a threshold
value before the kempiness in the reglon (mid-shoulder) be-
come predictable. This indicates that the factor may be of
hormanal origin.
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As thec rate of progress in selection against heupiness
will depend in part on the differences in kenpiness betveen
sheep, this is perhaps the most important finding of the
investigation.

The cansidersable variation in kerpiness between sheep
indicated by rescarch on the Scottish Blackface by D rling
(1932) and Bryant (1933) was confirmed in this study for the
Cheviot.

In the two=year—=olds some part of the difference in
kempiness between sheep was due to incomplete stabilisation
of the variance by the logarithmic transformation. However,
the major proportion of the differences between sheep were
shown to be mads up of shed kempse Presumably, the presence
of many shed kemps In the flecece in the mid-back region
indicates that the sheep has the ability to produce many
kenpSe As this assumption depends on all or mast of the
shed keimipe being retained in the fleece and no work has been
published on this aspecty, it is obvious that further research
is nseded to Justify it.

There is some indirect evidence to show that length of
wool grown may be the important fleece character determining
whether kemps are retained in the fleece or note. The recutt—
ing of previously sampled areas indicated that the loss of
shed kemps from short wool tzkes place within a relstively
short time of sheddinge. It is possible therefore, for a
sheep which grows many kemps, but does not retain them as
the length of staple it grows is short, to miss selection
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as a kempy sheep. Whether this problem arises depends on
the length of wool required to retain a shed kemp at the
time when shedding occurse

On this basis, an explanation of the extremne variab-
ility shovn by the two=-year=olds other than their greater
capacity for kemp production, could be made on the fact
that they were shorn soinc time previous to the other age
ErOULS If a wave of kemp growth and/or shedding occurs
during the autum, as indicated by the results of this
experiment and work on other breeds (Burns, 1953; Ryder,
1956), then the two=-year-olds are better equipped by their
longer length of wool groiwm, to retuln shed kemps in the
fleece.

Further evidence that shed keups msy be retained in
the fleece for a considerevle time 1is indicated by the non=-
significant differences in both shed and total kempiness
vetuecen sarpling times. Unlecs changes in the kemp pop-
ulation occurred unnoticed between sampling times, these
results can be interpreted as indicating that the kemp
population in the fleece remained relatively static over
the experimental period.

The most important point arising fram the preceding
section is that although total kemps, i.e. groving and
shed kemps, probably give a good indication of the ability
of the sheep to produce kerps, it may not be the most accurate
one as some fleece characteristics may influence the extent
to which shed kenps are retained in the fleecces. These factors
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will affect the kemp grading of the ewe.

Total kenps per s8qQ. crle 858 a ineasure of kempiness in
the fleece, is however, of mare practical significance to
the manufacturer than shed or growing kemps per 8Q. Cli.
and is the eaclest to estirate visunlly. Its use in
future studies, tlerefore, would provably require scme
investigation into the rate of loss of shed kemps from
the Tleece oi- the factors cuusing kemps to be retzined.
Dry's (193L4) method of using covers to retsin shed birth-
coat kengpe in the lambs birthcost may offer a possible
solution to the problem of determining the rate of loss
of shed kemps or retaining all shed kemps in the rleece.

It should also be pointed out that differsnces be-
tweun sheep erc really differences between position A on
each sheep. Com;.srisans between sheep by mexns of other
regions or with kempiness estimated for the whole fleece
may give different results. Hosever, as position A has
been shovmn to have a reasonable relationship with total
kempiness and with kempiness in each region but the mid=-
shoulder, the resulf.s are not likely to be markedly different.

Despite the lack of knowledge regarding the factors
causing errors in the results, the extreme variability in
kenpinees between shecp must signify some difference in
the kemp produc:lng ability of cheep. If this contention
is accepted, then the variability between sheep indicated
in this investigation and others dsmonstrates the need for
the inclusion of sufficient sheep in an experiment to allow
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valld conclusians to be drawn for the sheep population.
Ryder'®s (1956) experiment on Masham sheep may be criticised
for this defection.

The differences in kempiness between age groups are
important as they indicate the age groups in which the
greatest rate of mogress in selection against kemriness
will be obtained. The results indicated that the two and
four—year-olds werc the most kempy age groups. This is
fort.unate in tuat in many flocks, most intense selection
fcr various factors 1s carried out on the two=ycar-oldse.

These results do not agrec closely with those presented
in the litecrature. The kampiness 1 the age groups of the
Cheviot follows a similar matteim to that descrived by
Darling (1632) in the Blackface dut in different age groups.
Bryent's (1933) conclusions for the Blackface do not agree
at all with the present resulte or those of Darling (4932).

It should »e pointed out that these resulte arc based
on 17 sheep in each age group. The sampling of more sheep
in each age group may give rise to different results,
especially for the age groups showing the least kempiness.
Insuflicient nurbers of sheep probadbly account for the non-
significant differences in total kempiness in the fleece
between the two and thres-year—-olds. Despite this, each
age group ranked the sane at each sampling time.

As the differences between age groups ware shown to be
mainly due to the presence of shed kemrs in the fleece, 1t
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kerpiness are mroducing more kxemps than the age gioups of
lower kempiness. Thut factors (such as longer wool)
causing retention of shed fibres might be responsible for
the differences btetween ages, hue already been pointed out
i, the two=yewur-olds. Therefore these cesults should be
caonfirmed,

The iroblem of determining the best time to distinguish
kenpy sheepr from non-kempy sheep was canfused by the non-
significunt differences in kewgpiness found vetween sampling
times. This Tinding iec coatrary to tle cycles oi' kemp growth
and siedding indicated by the literature for various breeds.
Thus, the cycles of kemp populution change hive been described
as virying from all year round in the Karakul (Frolich et al
1923) to twice yeerly cycles in the Blsckfsce, Herdwick and
Mashawm: breeds (Purns, 1953, 1954b; Ryder 1956) to yeexrly
cycles in the Jelsh Jouwitaing Blackface and Limousin breeds
(Fraser Roberts, 1926; Larling, 1932; 3ryant, 1933 and
Rougeot 1957).

The growth of kem;s in the ane cycle breeds has been
repoi-ted as occurring over the sumner and esrly autume.
Shedding occurs in the late autwm or winter. Sheep showing
two ¢ycles of kemp growth undergo oae cycle of kemp growth
over the summer which is shed in autumn and a furthsr cycls
in the late autum~-winter period which is shed in springe.
Burng (1553, 1954b) cansidered that in the Blackface and
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Herduick breeds, these two cycles arose from the same phy-
s5iological moult in autumn but that many shed fibres were
held in the follicles until they shed in the spring.

As the Cheviot is classified by Lang (1942) with the
Welsh Mountain breed in the evolution of British breeds,
it may be expected to have only one cycle of kemp grovwth
per year.

A8 there was little difference in kempiness between
sampling times, thec use aof the variability of kempiness
between sheep of different age groups at different sampling
times was made u‘se of to determine the best time for disting-
ulshing kempy siheep from non-kempy sheep. The varisnce was
found to reach a maximum at sampling II in all age groupse.
However, this is not necessarily the best time to make the
most accurate redictiaons of kempliness in the fleece from
the mid-back region. Nevertheless, sny loss in the accuracy
of prediction of fleece kempiness is likely to be made up by
the more kempy shocep being more easily distinguishable.

The assumptian that sheep showing more kempiness at
one time have produced more kemps at that time than at other
times, may not be valid in this case. The importance of
shed kem:s in making up the higher proportion of total kemps
was again denanstrated. As there were no significant differ-
ences in shed kengs between sampling times, a possibls con=
clusion is that the major part of the kemp population has
groun and shed before the first sampling time and that most
kempe were retainsd in the fleece for the experimental period.
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However, changes in kemp population could huve occurred
unnoticed between carplinss.

Convercely, s8 growing kemps were found at «ull s:mpling
tires, the rate of loss of shed kempe from the fleece =and
their repl:cemcnt may be simil:r at s«ll sumi.ling times.

Work by Wildnan (1558) supports this, as he has found that
there is & '"base" growth .nd shedding of kemys. However,

in ‘he present lnvestigution, the ;eriod elapsin- between
sanpling times is too long to determine whether growing kcmps
occurred at all times in the experiment. Therefore, until
the rate of loss of shed kemis from the stuple has been deter—
mined aad fuller investig:tions of changes, in totsl kemps

per unit arca over a year have been carried out the use of
sarling I as the best time to distinguish kempy sheep, must
be rerarded with caution.

Another point arising from the results is that if the
nucber of kemnys in & flecece in the wool of the mid-back region
remain relatively static over the experimental period, they
could probtably be exi;ected to remsin in the fleece until
shearing. This finding is of some practical significance to
the manuf'acturer.

A8 previously mentioned, the results suggest that the
major part of the kemp population had growvn before the first
sampling time. Some evidence obtained in this study con-
cerning this point is inconclusive but on the whole supports
the above hypothesis.

The use of the regression af the weight of kemps per
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8q. cme on the nuinber of kemps per sq. cm. gave little indic-
ation that there were any great changes in growing or shed
kemps in all age groups over the experimental period. There
was some indication in the two=yesr=0lda that a cycle of kenmp
growth was concluding about sampling I.

Further ratification of a cycle of growth during the
auturm period is derived from the mean number of growing
kemps at each sampling time. More growing kemps were found
at samplings I and II than at samplings III and IV. However,
as previously pointed out, this difference was small, The
cycle of kemp growth indicated by these results about the time
of sampling I (autumn) would agrce well with work by other
investigatars of British breeds (Fraser Roberts, 1926; Darling,
1932 and Bryant 1933). This cycle is probably of hormonal
origin as indicated by the work of Rougeot (1957) and may be
super-imposed on the previously mentioned "base" kempiness.
However, this "base"™ of kemp growth may have been the result
of errors in the determination of growing kemps. It is poss-
ible far the kermps to shed yet be retained in the follicle as
found in the Blackface by Bums (1953). As the brush—end
or normal shedding (Dry, 1926; Prclich et al, 1929) was used
to differentiate shed kemps from groving kemg, the cut ends
of these kemps would be taken to indicate that they were
groginge Purthermore, fibres shed as a result of some
abnormality of the follicle (Burns and Auber, 19513 Auber
and Ryder, 1955) or abnormal types of shedding (Rudall 1934)
could also have resulted in undetecrmined errors of estimmtion
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of the numbers of growing kemps.

The recutting of previously sampled areas also provided
some inconclusive information an the time that kemps grow
into the fleece. The trends in the age groups studied showed
that most sheep were increasing their kemp populations during
the autumn and shedding thecm over the winter. A new cycle of
kemp growth started growving during the spring. On this evid-
ence, thec period when most kerps are likely to be growing is
the swiner, i.e. if the Cheviot can be assumed to have one
cyele of kemp growth per year (Fraser Roberts, 1926; Lang,
1942), Unfortunately, samples were not taken over this period
so that no conclusions can be drawn regarding kemp growth during
the sun.er.

There appears to be cansiderable individual varisation in
the growvth and shedding of these fibres. This may be partly
explained by waves of kemp growth or shedding passing dasn the
body. Burns (1953) found some evidence of this in the Bleck-
face. Such waves may start at different times in different
animals so that although all animals are growing or shedding
kemps, the sample may not show this, as it has been cut either
before or after the wave has passed dosn the body. No evidence
of such waves of kemp population change was obtained in this
investigation. This does not preclude the possibility of
waves of kemp growth or shedding passing down the body at
intervals shorter or longer than the experimental ones.

A point of interest arising from this section is that
groving kemps are probably a better indicator of cycles of
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kemp growth than shed and growing kemps, as the evidence
suggests that groving kemps, when shed, are retained in the
fleece for a cansiderable time. It is obvious that a definite
decision can not be made as to the best time for the selection
of kempy sheep until kemp population changes with time have
been investigated more fully.

Few investigatians have been made on the relaetionships
of kemp and other fleece characteristics. Lockner (1931)
reported a highly significant negative relatianship between
kem;. and long hair in the Blackface (r = =0.96). Darling
(1932) also investigating the Blackface, considered that the
lack of hairiness in sheep shaving rmuuch kempiness was not
related.

Experimental results in this case have shown that kemp-
iness is not correlated with the percentage medullation of
the non=kemp portion of the sampie. Only once did the
correlation reach significance. This evidence implies that
a kerpy fleece is associated with little non=kemp hairiness.
This conclusion is further substantiated by a negative correl-
ation of mean fibre dlameter with kempiness obtained for a
very limited nurber of sheep. Thus the evidence confirms
Lockner's (1931) findings.

In one sense, these findings support the theory (Fraser,
1952; Praser snd Short, 1952 and Fraser, 1953) that the
earlier a follicle develops the more efficient it is. This
efficlency enables it to campete effectively with other
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follicles for the wool substrate available and produce a
hairier fibre. 8ince kemp fibres have been shown to be
produczd from the early formed follicles, l.e. follicles
producing halo-hasirs (Dry, 1935; , Fraser, Ross and Wright,
1954, Wickham, 1958) 1t has been assumed that Xempe are
produced by the more efficient follicles. This resuJlts
in the surrounding follicles being much less efficient

80 thet they prodice fibres of smaller diameter and,
presumably, less mesdullation.

Other rossible explanations are that kemps may be
regarded as the extreme form of medullated fibres. As
medullated fibres tend to grow in certain follicle types
dependling on the genotypes, the higher the proportion of
kenps, the fewer follicles are avallable for growth of non-
kemp imedullated fibres.

In the Cheviot, fleeces showing mch inedullation have
meny fibres showing fine medullation rather than a few
fibres showing coarse medullation (Wickham, personal
commnication). This is further borne out by the estim=-
ation of nurders of medullsted fibres which are sufficiently

igh to indicate that, in many cases, mesdullated fibres mst
be grown in secondary folliclese. If the evidence thet kemps
&re grown in primary follicles 1is correct, one may suppose
that many medullated non-kemp fibres will be grown in second-
ary follicles. If this is the case, then a good relatianship
betwsen the fibres produced by the two types of follicles is
not necessarily expected. S8imilarly, changes in the primary
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follicle fidre population need not necessarily be rel=ated
with changes in the secondary follicle fibre population

in this breed. Ryder (1956) has demonstrated this in
the Mashsm breede.
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VI SUMMARY AND CONCLUSIONS

A preliminary investigation of kemp variability in
the fleece of the Cheviot was carried out on two,
three, four and five-=year-old ewes, The 17 sheep
in each age group were sampled in the mid-back
region while 10 two-=year—olds and five three-year=
0lds were sampled in the mide-shoulder, mid-eide and
mid=britch regions. All ewes were sampled four
times over & period of nine months.

Four methods of measurement of kempiness were compared
in an effort to determine the most suitable ones for
ths purposes of the exveriment. These measures were:

The number of kempc rer unit area (sq. cm.)

The weight of kemps per unit area (sq. cm.).

The percentage weight of kemps.

The number of kemps per gramee of Wool.

The methods of measurement of kempiness wore found to

be comparable.

The ncasures selected were the number of kemps per
8q. cne, and the number of kemps per g of wool.

It was sho¥n that a logarithmic transformation of the
data was necessary to Justify the use of tests of
significance.
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S8ane errors associated with the collection of data for

tiie meesures were exarmined.

The mid-~basck regions on both sides of the body of three-

year-old ewes were found to show comparable degrees of

kerpiness.

It was established that there was much varisbility in
kempiness in different areas of the mide~back region.

An examination of the four positions sampled in some
two and three=year-olds revealed dorso=ventral and
antero=pos terior gradients in kempiness. A8 reversals
of the gradients were found to occur in the mid=back
reglons, the gradients can anly be regarded as trends
in kempiness.

The kernpiness of the fleece, i.e. the sum of the four
poslitions sampled was predicted egually well from either

the mid=thigh or mid-=-back regions.

The accuracy of prediction was not found to be good,
especislly in reglans of low kempiness. Therefore,

a more accurate method of prediction, involving the
inspection of either the mid=thigh or mid-back regions
snd the mid=shoulder region was suggested.

Significant differences in kempiness were found between
the shcep in each age group and between age groups.
ihe age groups showing the most kempiness were found
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to be the two and four-year-olds.

The differences between sheep and between age groups
were foumd to be mainly due to shed kemps being re-
tained in the wool. The significance of this finding
is discussed.

The lurgest differances in kempinees between shee)p

were found %o occur at sampling II (late autum)

Althouph significant differencee in totsl kemps per

8Q. cm. at different sampling times did not occur,

the number of growing kemps per £89. cme indicated that
more kemps were groving in the sutum and spring than
in the winter. The sunmer period was not investigated.
This conclusion must be regarded as tentative, however,

until confirmed by further research.

A poor relationship was obtained between kempiness

and medullation in the non=kenp portioms of the samples.
Furthermore, in a limited number of sheep, a negative
relationship was found between the mean fibre diameter
and kempiness. |
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Apvendix I (cont.)

Age (yr.) cheep § I II III Iv Mean :Antilog of Age (¥r) Sheep Sampling I B III IV___ Mean /ntilogof
No. Order Mean No. Order of Mean
Four igéjw Area 1 2 3 4 Five 2::2:1113 Area 1 2 3 L
2 2.900 3.576  3.572 2.524 3.143 139 6 1.947 3.176 3.092 2.603 2.705 51
8 2.533 3.427  3.382 2.165 2.876 75 9 1.605 2.505 2.000 1.665 1.94lL 9
g 2.546 2.585  2.641 2.005 2.444 28 12 1.566 2.717 2.141 1.526 1.980 10
10 2.263 3.167  2.696 1.631  2.439 28 1 1.196 1.157 1.159 1.964 1.369 2
15 1.416 0.965 1.509 1.509 1.350 2 17 0.716 1.578 1.256 0 934 1.122 1
| Area 2 3 4 1
Area 2 3 N 1 1 3.276  3.414 2.887 2.898 3.118 134
1 2.938 2.444  1.507 1.540 2.107 13 2 2.872 3.352 3.043 2.885 3.038 109
I 2,719  2.416  2.615 2.623 2.593 39 3 2.578 2.572 1.975 2.325 2.363 23
7 2.562 2.051 2.093 2.556 2.316 21 5 2.290 2.124 1.673 1.541 1.907 8
13 1.725 1.775 1.568 1.635 1.676 5 8 1.656 1.431 1.389 1.281 1.439 3
Area 3 y 1 2 Area 3 L 1 2
3 2.825 1.254  2.498 3.265 2.461 29 N 2.433 1.936 1.607 2.500 2.119 13
5 2.645 2.106  2.487 3.249 2.622 u2 7 1.908 2.036 2.075 2.927 2.237 17
6 2.570 2.002  1.681 2.769 2.256 18 10 1.606 1.211 1.589 1.657 1.516 3
1 1.632 1.994  1.229 2,203 1.765 6 15 1.080 1.014 1.354 1.005 1.113 1
16 0.947 1.420 1.372 1.482 1.305 2
Area 4 1 2 3
1 1,905 2.776  3.130 3.224 2.758 57 Area 4 1 2 3
12 1.893 2.308  2.865 2.768 2.459 29 11 1.566 1.772 2.428 2.342 2.027 11
16 1.207 1.124  2.037 1.601  1.492 3 13 1.343  1.381 1.825 2.231 1.635
17 1.160 1.320  1.398 1.343 1.305 2

Note: 1log 2.0 = antilog 10.0



170.

APPENDIX X

Data for individual sheep in each age group for:
a, The order of sampling the areas in position A
b. The kempiness at each sampling time

ce The log mesn kempiness and the antilog of the mean. Method of Measurement of Kemplness: Total kemps per sqQ. Ch,
Age yr) s:;zp gmgr&%nm; 1 II III v Mean Angélaohgcrf Age Gr.) Sg:?p gﬁ% 1 1I 111 IV Mean A‘“,i.;:g of
sampling sampling
Two areas. Area 1 2 3 L Three areas. Area 1 2 3 L
2 3.564 3.877 3.785 3.701  3.731 538 2 2.282 2.911 3.238 2.500 2.732 54
5 3.339 3.644  3.411  2.940 3.333 215 3 2.215 2.017 1.995 1.330 1.889 8
9 2,525 3.850 3.905 2.513 3.198 158 5 1.742 2447 3.114 2,351 2.414 26
15 1.367 1.537 1.452 0.909 1.316 2 10 1.501  1.333 2.363 1.462 1.665 5
16 1,009 2.489 1,806 1.623 1.732 5 16 0.668 2.061 2.209 1.738 1.719 5
Area 2 3 L 1 Area 2 3 L 1
3 3.446  3.667 2.835 2.188 3.034 108 1 3.005 3.436 2.690 2.626 2.939 87
7 2,637 2.669 1.912  1.579 2.199 16 7 1,583 1.574 1.543 1.529 1.557 L
10 2.162 1.886 2.072 1.888 2.002 10 11 1ol 1.241 1.347 0.556 1.147 1
13 1.257 0.962 1.494 1.030 1.191 2
Area 3 L 1 2
1 3.590 3.686 3.128 3.861 3.566 368 Ares 3 y 1 2
L 3.366 2,200 2.271  3.275 2.778 60 4 2.190 1.934 2.295 2.823 2.311 21
6 3.022 1.833 2.344 3.336 2.633 L3 8 1.546  1.463 1.461 1.456 1.482 3
8 2.549 1.436 1.537 1.802 1.831 7 9 1.493 1.274 1.565 2.060 1.598 4
15 1.089 1.249 1.116 1.303 1.189 2
Arca L 1 2 3 17 0.486 1.655 1.522 1.497 1.290 2
1 2.029 2.040 2.475 2.494 2.260 18
12 1.986 1.578 1.981 2.607 2.038 11 Area U 1 2 3
13 1.874  1.947 2.332 2.426 2.157 14 6 1.673 1.757 1.820 1.733 1.746 6
14 1386 1.629 1.949 1.813 1.694 5 12 1.293 1.259 1.512 2.135 1.550 L
17 0.763 1.582 1.674 1.263 1.321 2 [N 1.188 2.551 2.651 2.449 2.135 14

Note: 1log 2.0 = 10,0





