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I. INTRODUCTION.

General Description of the Blackfaced Fleece.

The fleece of the Scottish Mountain Black-
faced sheep consists of an admixture of fibres which

differ amongst themselves in respect of physical

. characterisation. The concensus of opinion amongst

| producers and users of Blackfaced wool is that the

fleece should consist of hair-like fibres, grouped in-

;to long, tapering staples which fall to either side

of the body with a "part" along the dorsal line, form-
ing a long, smooth,outer coat, whilst beneath this

there should be an abundant growth of fine, shorter

| fibres called, in contradistinction to the fibres of

. the outer coat, wool. ideally, each staple should

é taper to a tip not less than the size of an ordinary

5 lead pencil. Within the breed there is a great

' variation in fleece quality and quantity. Usually it

- is long and coarse and contains considerable numbers

of white, opaque, pointed, hair-like fibres which will
not take up dyes at all readily, which differ in their
structure from the other constituents of the fleece, |
and which are known as kempe In many animals a pro-

portion of pigmented fibres can be found. Lying

. entangled amidst the growing fibres are to be found

kemp fibres that have been shed.

A detailed account of each of the types of :
fibre constituting the Blackface fleece follows.
(see pages 45-60).
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It is reasonable to assume that the outer

coat of this fleece mainly serves to protect the inner
icoat and skin from wet and injury, whilst the inner
!coat, in virtue of its physical properties, conserves
lbodily heat. Thus, the ideal type of fleece from the
ipoint of view of the btreeder is one which provides
'adequate protection for the sheep in that it protects
itne body from cold, wind, pain and injury.

Manafacturing Uses of Blackfaced Wool.

; The wool of the Blackfaced sheep is a unique
!product, and is to a large extent used for carpet
imanufacture. According to Robert M'Millan (17) and
ga report of the Scottish Wool Growers, Ltd., it is

ialso used in Italy for the purpose of making
%mattresses. The type required for this market is
ithe very strong deep fleece free from grey and black
ifibres. The ordinary average type of Blackfaced
!fleece is used extensively in New York, Boston and
'Philadelphia, in the United States of America, for the
!making of ecarpets. iimited quantities are used for
}the same purpose in Germany, at Lodz in Poland, Mosoow,
Ein Russia, and Vienna in Austria. A considerable
quantity is also consumed in England, particularly in |
-Kidd@rminster, Carlisle, Halifax and Heckmondwike.

A certain amount is absorbed in Scotland, in the

¢ities of Glasgow, Aberdeen and Ayr, ete.  The
shorter/




 ghorter fine type of Blackfaced fleece is used in the

home market for the purpose of making "Harris Tweeds",

' (for golfing and shooting wear), notably in Harris,

Lewig and other Hebrides. It is also occasionally

' uged for ladies' dress goods, when the fashion

demands rough but light cloths, Oliver (20).

In the spinning processes, where the fibres

'are put into perfectly parallel relationship by the

| gill box instead of by combing processes, & wastage of

about 74 % of kemp and fine short wool takes place,

which from the manufacturer's point of view is a

gsérious loss. The kemp is wasted on account of its

defective spinning properties and a proportion of the

' fine wool is lost in consequence of its deficient

length; it cannot be manipulated by the fixed setting

- of the top rollers in the drawing and spinning

pProcesses.,

Blackfaced wool is blended with about 10%

' "bred" wool; i.e., Irish wool or some other variety

similar to "half-bred" wool; this effects a stronger

 Jarn by uniting the coarse and fine Blackfaced

fibres, This strengthening of the Blackfaced wool

- Jarn is necessery since it is used to provide the

strong warp threads in carpet weaving. The weft
threads are usually made from Jute.

The /
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The wool has been comparatively little
'subjected to market fluctuations in the past when
ebmparing it with other types of commercial wool.
(See Wool Chart on page 5 ). On a basis of breed
merit this type of wool yields a greater profit than
any other when considering it as a commodity of
‘secondary importance.

The Blackfaced breed consequently serves &
very useful function in the 'hands of the breeder by
providing wool which may be used for a variety of

different purposes.

The Evolution of the Blackfaced Fleece.

As is well known, the fleece of the Black-
‘face is essentially composed of fibres whieh to some
éextent fall into three main classes:
| (1) Wool fibres, some of which are non-medullated
and some of which are partislly-medullated, sre soft,
firregularly erimped and intermediate in length between
kemp and hairy fibres;
| (2) Long hairy or Heterotype fibres: these
?rapreaeut a type of fibre intermediate between kemp
8nd wool in structure, being cosrse and medullated in
their upper parts and fine and wavy below, the portion

between the two phases showing much variation;
(8)/



FLUCTUATIONS IN PRICES OF TOPS.

The lowest curve of the chart shows the fluctuation of market
values of the ordinary type of Scottish Blackfaced wool best
known throughout the trade.

T
el 1925 1926 1927 193 Price
perlh perly

mn AREEEEERER ci‘-‘ﬁ“’jﬂ‘é-.")i’.}t,c“--— - 2y i- HAatdlol=lu n
PencelatSl a2 A Sfel S EEl <1t ol S5 515 el g el 513 FHEEE a8
O SRS SNRRRENEE S SREESE HEEE Pence
55 55 ]
¥ PRE-WAR VALUES OF TOPS.
8BS
The followin uotations for Tops were current in Bradiord
- i on July 30, 1914 :— a
d. d. d
22 uality er b, Jualit Quality J 2
¥ . ality. per [b. CQuality. ner b,
| &1 Sgs p 341 i comeback ,,. 28 46's carded ..i_ 163 =11
20 0's warp 53} o8's average ... 278 44's carded .. 16 ]
| 79 i T0's seierenes D2} 50°s super ... 25 40's carded .., 15} i 7
TE, 64's warp ... 32 56's average .. 24 46's prepared 18 7,
lg7 68's average 314 S50's super ... 21} 44's pick hog 103 F7
76 - 60's super ... 301 50's average ... 201 40’s prepared 16
pi 60's ordinary 291 48's carded ... 8 36's prepared 153 56
74 : - 74
73 - 73
Fi 7.
i) -
70 70
54
5
G7 4
656 This Chart shows the 56
55 fluctuations in the 55
=13 | o 54
A prices ol :(— 5 2
52 =¥
&1 T0's Average Taps
:8 M + Super 60's Tops.
12N Nk k . 50's Average Tops. a8
57 40's Prepared Tops.
& B Lincoln Hog Weal. o6
| 55 g s
S4 I T Seotch Blackface Wool. 54
53 1 70'S AVERAGE TOPS o | 5
52 = [ -
S | | i
50 D M 30
A0 ¥ ] &
45 B[] i -
AT & 47
A6 M { F:
A5 el y
= T o <
a3 il ] >
-2 SUPER 60'S TOPS Z
P 41
40
39
== \‘ -
b S 111
306 [ m ]
o5 1 B
=2
5.3 e
=2 ] | T 52
51 i 31
‘-50 r 1 =
- :’ 505 COLONIAL TOPS | 2
EE A NRELYN 2
= ] [ [1 5 (<]
25 = == y. r‘ _"—
- [l 8
22 40'S PREPARED TOPS | i TINm 2N 4
- Ld
Eé = Il Il | | Ph
L% R [ LT z 0 "
L JLIRICOLN Hoawaol 3
I [
e NG o < LN T 53
X -
E NS £
2 T 8.1 2
1 o L4 ]
[15) BEEE M3 W .
O R il
8 HE L i ~
— L B COTCH BLACKFACE WOOL
1. | [l I 5
S i | -1
- EEE | |
—=— -
] EBERER |




6o

(3) Kemp fibres, which are the shortest and
thickest fibres, medullated except for a short fine
tip, and, when shed naturally, for a portion of their
proximal ends, they possess typically a fairly regular
wave in one plane only, are extremely brittle and have
an "opaque" white appearance.

It is manifest that in the course of the
evolution of the Blackfaced breed the primitive coat
has been modified to a great extent. It will be
advisable briefly to discuss each of the fibre types
:separately from the point of view of their origin.

(1) Kemp. In the process of evolution the coarser
outer coat of kemp of the primitive sheep has under-
gone no important modification in that its periodie
:phenomenon of shedding is still in evidence in the
Blackfaced breed of to-daye These fibres still
maintain their ancestral significance in this respect,
jThey have, however, decreased in number as well as in
diameter,

(2) Long hair or Heterotype. A speculative hypothesis
may be propounded that these fibres are modifications
'of the coarser wool fibres which are shed annually.
The Heterotype, however, does not ahed, but presents
& Woolly phase at the time of shedding; occasionally

8 few are shed with the rest of the fleece, while the
‘majority/



majority continue to grow and repeat the hairy phase
in the new season's growth.

(3) Wool. These fibres have inereased considerably in
diameter in the Blackfaced sheep _-whé‘n c'bnh:lg;)riﬁg them
with the wool of the Urial, Ovis vignei, Moufflon,

Ovis musimon and Argali, Ovis amnon.

The fleece of the modern Blackface probably
originated mainly through a series of modifications
of the fine wool of the primitive sheep. Firstly,
| the fine wool was transformed %o & coarser type and is
represented by the wool fraction of the present-day
Blackfaced fleece; the next stage was a secondary
modification of this coarser portion to such an
extent that long hairy fibres were obtained; these
derivatives of wool fibres practically never shed
end the nearest attempt is a fining down in diameter.
Finally, & uaique modification of long-hair
can be observed in & new type of fibre, intermediate
in structure between kemp and long-hair. This type
is termed for convenience, "Hybrid Kemp" and will be
édiacussed later on more fullye.
| The Heterotype fibres, with one portion
.'belonging functionally to the inner coat and the other
Portion to the outer coat, are characteristic of

 Some animals which are probably closely related to the
Primitive/
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 primitive sheep. In the Blackface these phases of

changing structure are only recognizable in Winter
when 81l the component types of fibres either shed, or

become fined down proximally, giving the fibre two

ai stinet structures.

When comparing a sample of the wool of

' Urial sheep, Ovis vignei, with that of a Blackface

after the long-hair is removed, & marked similarity is
noticed between the two. The undercoat of the _QE?;E

vignei which comprises fibres of an intermediate %ype

;b, described by Crew and Blyth (4), and the coarser

 type of wool in the Blackface sample, correspond to

 the Intermediste (b) in their thickened, medullated,

distal portions. (Figse. 1 and 2).
Pease (21) suggests that the Scottish

;Mmmtain Blackfaced breed of sheep has originated

mainly from the Urial f@ﬂy of Ovis. He gives a

' table to illustrate this schematically..

Therefore, it can be assumed as in the case

of the Merino sheep, Duerden (11), that the diversity

| of fibres in the Scottish Blackfaeced fleece is derived

;both ontogenetically and phylogenetically from a coat

‘made up of two diverse types of fibres.

/
(e
N e A QA



Fig. 1. A portion of the skin of Ovis vignei with

the fibres still attached to it; on examination an
/undercoating of fine, short, wool fibres can be seen
near the skin; a smaller number of thick, waved, broken-
tipped kemp-like fibres of considerable length forming
the outer coat can be easily seen, and a few shorter,
finer sharp-tipped intermediate fibres can be seen in
the middle of the photograph. These latter are described
by Crew and Blyth (4) and are classed as a-type and
b-type. (Only a-type are visible in the illustration).

Note the similarity between these intermediate
fibres and those in the Blackfaced sample (Fig.2)

when compared in each case to the remaining fibres in

the sample,
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Fig.2. A portion of a Blackfaced staple which
has the long-hair and hybrid kemp removed. Three types
of fibres are present; fine wool, which corresponds
to the fine wool in Fig.l; coarser wool, similar to

the intermediate (b) type of the Qvis vignei; and,

the long white pointed kemp fibres which are closely

related to the long coarse white fibres in the outer

coat of the Urial sheep.
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General Discussion of the Birth-coat. -

In all breeds of sheep the characteristics
of the lamb's coat are, within limits, typical for the
breed, but in no one instance is the birth-coat
composed of the same varieties of fibres as are found
in the adult fleece, Certain fibres which are
‘deciduous and oth_era which are immsture can always bhe
demonstrated. In most cases the birth-coat approxi-
mates to some extent to the type of fleece which is
found in the wild sheep of which the Moufflon, Ovis
mugimon, may be taken as & type, in that it conteins
varying proportions of strong, coarse, coﬁpératively
straight, and usuvally medullated, fibres, projecting
‘beyond the dense mass of finer fibres which is to be
regarded as typical of the adult coat of each of the
improved breeds of sheep. That is, in the lamb, there
is an anlage of the final adult fleece (viz., & group
of fine wool fibres, and a group of long hairy fibres)
containing in greater or lesser degree an admixture of
fibres derived from the old outer coat of primitive
;sheep. There is ample evidence that these coarser
outer coat fibres are in the lamb completely shed and
never replaced by other fibres in those breeds which
by selection have been brought to a state of

Ccomparative perfection fram the point of view of the

‘Successful /
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. guccessful producer of the higher grades of wool,

In varying degree from this class of sheep

a gradual transition can be traced through various

:breeds back to the primitive type, in which there is

' not only & large number of coarse fibre types in the

birth-coat, but also in the adult coat; these latter

being usually called "outer coat fibres". They are

' not only useless, but highly undesirable from the

' manufacturers' point of view.

Shedding.
The process of shedding of wool fibres is

 very significant in the case of sheep, and various

. stages can be illustrated from complete @nnual loss

of the fleece on the one hand to regular growth

during the whole life of the sheep on the other. As

instances of these may be mentioned the primitive

 Shetland breed, which has its entire fleece shed

 @nnually, and the Merino, the most improved breed of

- sheep, in which shedding never occurs during the life

' 0f the sheep except under the influence of disease.

Duerden (10) states that in this breed the wool fibres
grow continuously from & persistent hair gern.
The Scottish Blackface occupies an inter-

mediate position so far as the shedding of its fibres
are/



13.

are concerned. The fleece is only partially shed

each year. The[long outer coat fibres continue to

grow during the year, but they exhibit a certain fining
down of their thickness and a reduction in growth rate,
during that period when the great majority of the fine
wool fibres are cast off from their follicles to

become felted into a "cot" in the fleece and constitute
a certain guide to the owner indicating to him the time
to shear.

| Just like many other mammals the Scotti aﬁ
Blackface possesses a coat which has a double function
in that the outer coat protects the skin from rasin and
snow and the inner coat serves to conserve body heat.
As development proceeds the long outer coat fibres in
the lamb's fleece, having increased in length
considerably from birth, fall to either side of the

middle line of the back forming a long smooth outer
ésoat.
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II. PURPOSE OF THE INVESTIGATION.

Only a few investigators, Crew and Blyth
(5), Blyth (6), and Duerden (10), haveé undertaken
investigations on the fleece of the Scottish Blackfaced
breed of sheep and by none of these workers has any
particular attention been paid to the development of
the fleece from birth to maturity.

This investigation was carried out in order
' to determine the periodic changes in the development
of the birth-coat of the Scottish Mountain Blackfaced
Ibreed of sheep from the age of one week onwards; the
 experiment begen in March-April 1930, eleven lambs
being used.

It is exceedingly important to know the
stages in the evolution of the fleece from birth to
‘maturity, because if it could be shown that some
characteristiec or feature in the fleece of the lamb
Was correlated with a desirable or undesirsble
charecter in the adult fleece, a mechanism would be
:&vailabla whereby instead of haviné to go to the
expense of rearing all lambs born to the stage when the
;charactera of the adult fleece are recognisable and
then selecting those animals which are to be retained
for further breeding, and eliminating through the

‘markets those which are below standard, selection could
‘be/
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' pe made among the lambs. This would be advantageous
to sheep breeders from two very important aspectse.
Firstly, if selection could be practised early, those
lembs which should be retained in the flock could be
gsegregated with their mothers and could undergo
special methods of rearing calculated to give maximum
expression to those genetic characters of which they
sre potentially capable, while the undesirables could
be reared under less extensive and less expensive
conditions of management and could be so0ld much
earlier than normal. Secoﬁdly, by recognising

'desirable or undesirable charactérs as early as poss-
ible after the lambs are born, a sheep-owner would be
enabled to make his plans for future breeding 6-8

'months earlier than otherwise, and could take steps to
eliminate or restrict the use of parents which were

giving undesirable offspring or could correct them by
suitable mating, while those sires (or even dams)
which showed a large proportion of desirable types
among their offspring could be more extensively used
in the next season. Such knowledge is not at present
éavailable. ‘

These observations are submitted to indicate.

‘¥he great importance of an accurate knowledge based
upon scientifiec anslysis of the progress of the fleece

from birth to maturity. The Scottish Mountain
_Blaokface/
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Blackfaced breed was utilised for this work because it
is one of the breeds in which the birthcoat of the
lamb approx:i.mateéf_f;"that of the wild sheep, and under-
goes & very pronouhced change during growth. More-
over, in this breed it has been found possible to
recognise the existence of a far larger number of
fibres which are deciduous and succeeded by undesirable
kempy fibres, than in other breeds. It is felt that
the knowledge acquired by a study of the Blackface
'will enable a very much more accurate analysis to be
made of the fleeces of lambs of other breeds in which
:tha differences in fibre type are less gross and
 therefore less easily recognisable and demonstrable.
From the work in Edinburgh and from parallel work,
already in progress by other research workers, using
different breeds of sheep, it is quite evident that
‘underlying the progress in development of the fleece
 from birth to maturity there is a very definite

' biological law, which, most probably, holds true for
all breeds although there may be modifications of this
;1aw.

Various other facts concerning the fleece
came to light during the course of the experiments.
;Theae may be enumerated briefly as follows:

1. The determination of the appearance of each

| 5pe of fibre at definite time intervals was made.

2./
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2., Statistically the periodic ratios of different
fibre types to each other from birth onwards were

ascertained.
3. Density of fibres per unit area of the skin in

relation to live weight was found to be correlated.
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IIT. EXPERIMENTAL PROCEDURE.

On commencing this work it became necessary
4o devise new methods of approach and attack, since in
the Scots Blackfaced breed the evolution of the fleece
differs from that of other breeds and had not been
studied previously. Consequently, more practical and
applied techniques had to be elaborated to secure
scientifically accurate samples from the living animal
than had been used by other workers.

Weekly samples were taken from a measured
area on the right shoulder from each of ten lambs
(ineluding a pair thet were sampled on the right haunch)
and the number of fibres calculated per unit area.

Fhen the lambs had reached an age of three months,
hamplea were taken and the observations were carried
but at intervels of two weeks instead of weekly. A%
ﬁhe approximate age of six months the number of animals
2was reduced from ten to five.

| The individual live weights of the lambs were
recorded on each sempling day and from the periodic
inerease in weight the increase of body surface area

Wes calculated and finally an assumed density figure
Was obtained. :

Triengular/
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Triangular Method of Determining Density.

This method was first used by Roberts at
this Institute, and has been elaborated further by the
staff of the Sheep Section.

Principle. The principle of the method is that of
isolating & triangular tuft of wool from the rest of
the fleece in such a way that the sides are straight,
the angles cleanly defined, and the divisions in the
wool are made with as little breaking or tearing of
.the fibres as is consistent with complete separation
of the fibres from each other.

| The method depends upon the essential fact
that to make & perfectly straight par:i:: -{in the fleece
Iwhich shall be of adequate length it is advigable to
employ only one dividing agent at a time. The
:Bensory system of the sheep is of such & high degree
of sensitivity that the slight cutaneous irritation
ireaulting from the passage across it of any heavy
instrument, or of an agent which, used carelessly or
roughly, may prick the skin, may readily cause a
‘reflex contraction of the cutaneous muscle, with
consequent disturbance of the outlines of the area
from which the sample is to be removed. In the
‘me¥hod to be described it is believed that the sources
of error as outlined are eliminated.

The /



|
i
|
|
|

20.

The method is of most use for the long-wooll-
ed breeds, where separation of tangled staples of wool
ig difficult under any condi tions and impossible under
gome, It has been found inadvisable to employ any
form of instrument in which the points which must
geparate the wool are short or thick, for sheep such as
the Scottish Mountéin Blackfacedbreed, and since much
of the work in progress at this Institute includes
the use of long-woolled breeds, the triangular method
has been elaborated primarily for them by Mr. W.C.
Miller.

Instruments. The equipment consists of an ordinary

' steel ruler - preferably graduated in sixteenths of
an inch along one edge and having the usual centimentre
scale along the opposite edge, a pair of screw
‘dividers, one sharp-pointed steel dissecting needle,
‘one large porcupine quill or knitting-needle, and
three pairs of cross-action aural forceps. These
latter are not essential, but they facilitate keeping
the surrounding wool from the field of operation in
the initial stages when the fleece is still
comparatively short. A very suitable substitute for
these latter instruments is a large clamp with a broad
front which is turned upside down to keep the wool

rerted by its weight. An indelible pencil is most
‘Sultable/
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guitable for delineating the corners of the triangle,

.or if the exact area must be permanently marked for

future reference, an electric tattooing machine may be
used. Rubber bands are a convenience to slip round
the isolated tuft of wool, and a series of envelopes
serve as handy receptacles for the samplese.

Location of Sample. A series of samples were taken

from the right shoulder and right haunch respectively

and on some individuals the number amounted to thirty-

four consecutive Bampies from the same regione To

provide for such a large number it was found necessary

to arrange them in definite order on &8ll the asaimals.
Figure 3 illustrates very clearly the

arrangement of the samples on shoulder and britch.

It can be explained better by reference to the briteh

where the circular arrangement of the first series of

8ix triangles is indicated. The position of the

following six triangles in the series will be under-

stoad by refereace to the shoulder diagram, where the

‘triangles are all numbered according to the sequence

!of taking the samples., The diagram illustrates the

left side whereas the samples were taken from the

right side, The areas on the shoulder are located an
inch or two backwards from the actual point of the

Shoulder, (bicipital prominence of the humerus) and
not/
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DIAGRAM TO ILLUSTRATE THE ARRANGEMENT OF

SAMPLING AREAS ON SHOULDER AND BRITCH.

Fig. 3. A series of triangles is illustrated on
' the shoulder and britch areas in the diagram.

A similar arrangement was adopted for every animal,
except, that the shoulder area was placed slightly

‘more posteriorly than is indicated in the diagram.
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not strictly according to the illustration. The
order of the samples is greatly facilitated by the
| eolouring of every triangle with indelible pencil
.after the wool is clipped off. This procedure is a
great aid in detecting the triangle previously sampled
and also it indicates the general trend of the _
 successive areas.

This order of distribution is aimed at as
far as possible in practice but one is confronted
with the problem of irregular growth of the skin aresa,
‘which has a slight influence on the areaisation of the
triangles.

The smallest-sized triangles used in these
series of periodic samples ranges from le5 to 2.0 cms.
length on each of the three sides and it is suggested

that triangles smaller than that should not be used,

Method of Securing Sheep and Outlining the THangles.

‘The sheep is secured in the appropriate position, on
the table for preference, and should under no
circumstances be allowed to move when the messurements
iOf the sides of the triangle are taken. The area from
Which the sample is to be takean is determined by the
8ite of the previous triangle coloured with indelible

. Peneil and arranged in eireular order according to the

:diagram.

0/
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To get the best results an assistant should
be employed to keep the animal in position by holding
itg fore and hind feet. Its head should be kept
well down on the table. With these precautions and
gentle handling the animals soon become accustomed to
the process of sampling and seldom offer resistance.

A large sharp-pointed porcupine quill is
inserted gor?.zontally into the fleece until it meets
the skin and is then guidéd along its track with its
point pressed lightly but firmly on the surface of the
skin 1r£'such & manner that a straight course is
followed without pricking or irritating the skin. It
will be found that the line through the wool will not
;'ne straight unless the quill has parted the wool for a
distance of an inch or more. After the quill is
pressed sufficiently far forward and kept in position
on the skin, a dissecting needle is run along its
'llpper surface to.comple'll;e the separation of the wool
Which has been commenced by the passage of the quill
through the fleece.,
| With the quill in one hand and the knitting /
needle in the other the two walls of wool are carefully
parted, starting from the deeper part of the fleece
8nd passing to the tips of the staples until finally
;the distal ends of the separated wool are firmly

-.presaed over to either side. A cross-limbed forceps

or/
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or & large clamp is slipped on to that wall which is
to lie outside the triangle and separated from it,
(see Fig. 5) while the inner wall is released to
assame its natural position. This serves to preserve
the division in the wool already made and prevent
entanglement of the fibres which constitute the sample
by those outside ite.

If the fleece is long an_d the fibres some-
what entangled the division of the two walls is best
effected by raising the quill 3" to 1 inch from the
skin surface and the wool divided either with the
fingers or by another quill. Care must be exercised
20t to stretch the skin by having the outside walls
‘of fibres too tightly stretched since it would distort
the construction of the succeeding line to be made in
the fleece,

; The first line being considerably more than
I'she requisite length, the second quill is inserted
‘into the fleece in the same manner an ineh or more
‘behind the line of the first one, and in such a
direction that it will form an angle of about 60° with
:it. (See Fig. 4). The reason for constructing

longer lines than necessary is that the parting is
Tmon correct and easier and there is the additional
8dventage of better shaped corners of the triangle.

Following the same procedure as is
ideacrihed/



Fig.4. Diagram to illustrate the insertion
of each quill at a point about one inch behind the
.outline of the proposed triangle.
The arrows at the commencement of the dotted
' lines indicate the points at which the quills

' enter the fleece.

26.



27

Fig. 5. Photograph to illustrate the stage at
'which the first quill has been inserted and the wool
'divided back; the second quill can be seen in position,
:but the second side of the triangle has not been
demarcated. One pair of cross-limbed forceps has been
affixed.,
| Note: The actual skin line of the part in the
fleece made by the first quill cannot be seen because
of the natural spring of the wool, which could not be
‘madd to remain back out of the line of the camera

- While the exposure was made.
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‘deseribed previously a second side of the triangle is
demarcated, and the wool to the outside of it secured
out of the way by & second pair of cross-limbed
forceps. In the same way the third side is prepared
and the wool outside it also secured by the third pair
of forcepse. (When the fleece reaches maturity these
forceps are unnecessary and it is better to do with-
out them).

It is sometimes necessary to re-construct
the sides and angles to get the best results; fthis is
very easily carried out with a little practice. Each
point must not be allowed to rise from the skin level
bj even & fraction of an inch, or a faiae and
irregular line will result. The success of the
results obtained depends upon the careful observance
of this rule.

A triangular area of wool is now isolated
(see Fig, 6). 1Its angles are approximately of 600
and it is therefore practically equilateral in outline.

éf_lﬁe_poval of the Wool Sample from the Skin. The

Primary object is to elip the wool as close %to the skin
88 possible, A pair of strong sharp steel scissors
angled on the flat with the blades one and & half
iinehes in length, tapering to a fine point in front

8nd comparatively narrow at the back, is satisfactory.

The sample is clipped off a few fibres at a
time/
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Fig. 6 shows the triangle demarcated from the
surrounding wool. The quills are laid to the outside
of the divisions they have made in the fleece.

The cross-limbed forceps are in position holding
back the outer walls of wool, and a rubber band has
been slipped round the isolated triangle of wool

3 I3 (IA'
which is to costitute the sample.
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' 4time as close to the skin as possible by pulling the
fibres tightly against the blades of the scissors in
which way a double-cut of the same fibres is prevented.
1% is very necessary to avoid double-cutting the wool
since a large number of fragments of fibres present at
the proximal end of the staple interfere with
subsequent analysis. It is convenient for extreme
aceuracy to mark with an indelible pencil the exact
point of each angle of the triangle before removing
the sample so that the actual angles can be better
observed, The three sides, between these dotted
points, are accordingly measured by the dividers after
‘the sample has been removed (see Fig. 7), and it
requires care to ensure that the legs of the animal
are stationary during this part of the procedure since
1% would otherwise alter the measurements and there-
fore the area of the triangle. During measurement it
is important that the surrounding skin should not be
lstretched by endeavouring to expose the dots to better
view. Sometimes it is necessary to repeat the
neasurements if the animal struggles or the skin is

stretehed,

| During this investigation the lengths of
fach of the three sides of the triangle were immediate-
17 noted on the envelope which also cerries the

fumber of the sheep and the date of sampling, together

With/
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i L, ... -w’h ’:IT;"I ('.‘.' [ 3 I!Ji- .
Fig. 7. The triangular tuft of wool has been clip-

':ped off and is lying to the right side of the
photograph. The triangle of skin is exposed. The
| dots in each corner cannot well be seen in the
photograph since it was not convenient to enlarge
:them to such a size as would render them visible
' in the print,

[Note: Débris in the wool should not be mistaken

| for dots of ink.|
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with other particulars of live weight and birth-coat
appearances. The coanmon practice was to record the
live weights of all the animals before the sampling
gtarteds This avoided a loss of weight while other
animals were awaiting sampling, which might otherwise
have been the-case.

If the sides of the triangle are denoted by
AB, BC and CA; and if S = half the sum of the sides,
the area of the triangle is calculated mathematically

from the following formula:-

Area = \S(8 - AB)(S - BC)(S - CA)
It is suggested for convenience in measuring the sides
of the triangle that the metric system is the more
satisfactory. The various measurements of the
triangles with their calculated areas were kept for
reference and in many instances the triangles
corresponded to one another in their individual
measurements.
Classifying. Que samples were analysed in & way
similer to the method adopted by Darling (8)., They
Were held in the left hand while the right drew out
from the distal end of the staple the longest fibres
first, in numbers of ten to twenty, followeéd by the
shorter ones. Every time the fibres were drawn out
they were grouped into their appropriate classes and

8ually laid aside in toto on & black velvet covered
‘board,
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The different types were found to vary in
length which facilitated the grouping to a great
extento. The longer heterotype fibres extended to the

' distal end of the sample while the shorter wool fibres

only reached as far as the middle portion of the

 gample. Having grouped the fibres satisfactorily

' they were counted to determine the density per square

centimetre and the percentages of different fibre

types in each area.
Counting. The counting was done by a Hand Tally,

which has a quick set back and which records every

fifty fibres as one unit.

By analysing the sample twice and by the

' aid of the instrument, personal error was to a great

- extent eliminated,

The next step was to calculate the density,
the numbers and percentages of the different fibre

types per sq. cm. The data were tabulated in the

5manner shown on page 34 . In this way comparison of

the different fibre types was facilitated; particulars
of size of sampling triangle, live weight of the aheaﬁ

date of sampling, etc., being recorded on the one

table, Additional notes of a general nature on the

character of the birth-coat at the different stages

- are included,

MOunting/
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Mounting. The fibres were mounted on dark grey matt
paper in their respective groups, spaced at convenient
distances for comparison and appropriately labelled.
(see Figs. 8-15). Each mounting bears the number

and age of the animal, and serial number of the

sample. By this means the different series could be
kept for easy reference in & folder. This system of
preserving the fibres proved very sstisfactory and

required comparatively little time, labour or expense.
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GFLE --e--- 3rd.

Fig. 8. A few fibres belonging to heterotype "A"
and heterotype "B" groups have been separated from
their respective classes. The macroscopic structure
of these two classes of fibres is very important,
since by their different lengths, different distal
tips, uniformity and by the class of these, they can

be readily differentiated.
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51 DAYS.
8 th.

SERTAL NUMBER OF SAMPLE -----=----

Fig.9. The two longest classes of fibres were
again separated to illustrate the relative increase
in length of the heterotype "A" class in relation to
fleterotype npn,

b
it

fedium wool and fine wool groups are still increas-

F1ng in length and number.
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HETEROTYFE "A".

Fig.10. At this stage the heterotype "A" represents
the longest class of fibre while the heterotype "B"
are mostly shed but still lying entangled among the
other fibres of the staple.

Tips of kemp fibres immediately follow the shed

fibres and correspond to them in time, number and

length,
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114 DAYS.
17 th.

2

HETEROTYFE "A".

Fig.1l. The shed heterotype "B" fibres are decreas-
ting in number while the kemp increases in both number
and length,

Medium wool and fine wool are more readily

distinguishable at this stage.



AGE OF LAMD =m==mm=mwmmmoe 157 DAYS.
SERTAL NUM3ER OF SAMELE --- 20th.

Fig.12, The different fibre types show a further

stage of progress in development.

40
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Fig.1l3. The longest type of fibres are termed
long-hair at this stage as represented in the adult
Coat. Medium wool and fine wool considerably long.

Two types of kemp fibres recognisable as the
longer hybrid kemp class and shorter true kemp class

can be determined.
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Fig, 14, The initial stages of shedding of kemp
and reduction in diameter are observed in each of

the various types of fibres.
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Fig.15. A marked reduction in diameter of the
long-hairs at their proximal portions is to be
noticed. Hybrid kemps become finer synchronously, and
also both type of wool fibres decrease in diameter.
Kemp has begun to shed to a greater extent. Broken
hairs represent the distal deterioration of the long-

hair fibres owing to mechanical influence, wear and

tear’ etc-
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IV, FIBRE DEVELOPMENT.

Aocofd‘ing tc‘a Dr;r (9) the developmental
histdry of the fibres of the mouse can be divided into
three phases as follows:-

(1) The Anagen Phase; the longest part of the

growing period, lasting from the initiation of growth

in ntero up to the Catagen phase in the post natal

period;

(2) The Catagen Phase; during which the root

decreases in size;

and (3) The Telogen Phase; when the fibre has ceased

to grow, the medulla-free base then terminates in a

little club which is characteristic of every deciduous

fibre,

These developmental phases are observed in
the fibre types of the birth-coat of the Blackfaced
lamb, the Anagen commencing to function in_ gﬁg{g .

The first stage of development, that of the
Anagen, is when the fibre is developing from its
follicle in the foetal stages and is gradually increas-
ing in diameter. This stage occurs after birth in the
&8¢ of some of the wool fibres. The second or Catagen
stage of development entirely takes place after birth
&nd is charascterised by a fining down of fibre
strocture, nig stage is an indication of physiolog-

leal changes in the skin and is a forerunner of the
last/
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_1é.a’a stage, the Telogen, in which the fibres are shed
'.é,nd terminate in little clubs at their proximal ends.
The history of the different phases of each

fibre type in the sheep is discussed later. There

are various important differences.

Heter o‘b[pe UAT,

The term Heterotype "A" is assigned to that
type of fibre which has variations in structure in
different areas, In any typical Heterotype "A" fibre
there can be seen those features which are regarded as
characterigtic of hair, of wool, and of intermediate
fibres,

Crew and Blyth (4) héWe grouped the birth-
coat fibres of the Blackfac.e into three types and
‘termed the first two Heterotypes and the last Wool.
| A% birth Heterotype "A"™ ranges second on the
length scale but increases in length very rapidly to
‘occupy the top of the scale, from approximately two and
8 half months onwards. It can be differentiated with
‘the greatest of ease from the other groups. The best
and most satisfactory character to distinguish it by
is the fine, crimpy and woolly distal end which shows
_up distinetly. This tip is quite = specific

character. (see Figs. 8 and 9). On separation of
thege/
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these fibres from a semple taken at birth their tips

appeer very fine, crimpy and tapering. These tips

gradually increase in diameter until in the middleof PrOY Vun 0

the shaft the fibres show an opaque, white, rod-like
medulla similar to that of hair. This portion of the
fibre is straight for a considerable period and only
assumes an irregular weviness when the fibre fines
Idown'in the latter part of the Winter months (see

Fig. 15),

The cause of the fining down of the fibres
in their proximal portions during Winter months has not
yet been definitely determined but it is probably due
to more than one factor.

1t may be assumed that. this particular
characteristic is inherited from.it prototypes which
shed their coats annually and is probably a modifica-
tion brought about through domestication for many
generations. The coat of the mammal is influenced by
various environmental conditions, such as those
&8sociated with elimate, elevation, the state of
nutrition and health; and the care and management of
the animal. Duerden (11) and Keller (16).

Northeroft (19) discovered that the hairy
fibres in the Romney Marsh breed at birth have a fine
8plcal end about helf an inch long. About the time of

| birth they thicken and in the cosrse of a few weeks
- o/
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or months the fine apical end is usually broken off.

By the time the Blackfaced lamb has reached
the age of six months approximately, the Heterotype
A" fibres gradually deteriorate distally in having
their fine woolly crimpy ends broken off bit by bit,
like the Romney, with the subsequent appearance of a
uniform structure for the greatest part of its length.
At this stage, the fibre being uniform in diameter
with an opaque whiteness, structurally resembles hair
in the more generally accepted sense of the word.
Accordingly, an alteration is made in the nomenclature
of this type of fibre when the term "Long-keir"
replaces its initial predecessor "Heterotype "A".

In a few cases there is an apparent over-
lapping between the Heterotype "A" and Heterotype "B"
groups where the distal ends display characters of an
gintermediate nature, In such cases the length and
diameter standards of distinction were employed to
effect separation into the two classes. The Hetero-
‘type "B" fibres at one particular time are longer and
2% another are shorter than the Heterotype "A" fibres.
In addition, they exhibit characteristic features in
P0Ssessing an enlarged diameter distally and proxim-
8lly, with a fluctustion along the shaft between these

Iextremities. These features ensbled standards of

distinetion 4o be determined with acecuracy.

Another/
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Another point worth stressing is that when
confusion arises it is advisable to compare the
features of the different groups on their own basis
and then test the doubtful fibre with the two types
nearest related in structure, in order to verify by
experiment to which group it belongse.

At birth Heterotype "A" fibres are shorter
than the Heterotype "B" group and are thea in no way
responsible for the characteristic appearance of the
birth-coat. The curl seen on the surface of the
fleece of the newly-born lamb owes its characters
Ientirely to the arrangement of the Heterotype "B"
class of fibres. When these latter fibres start
- shedding the spiral appearance of the birth-coat is
 then determined by the longest remaining group, the
‘Heterotype "A". These latter fibres deteriorate
'distally as the length and age increases in that their
jfix:te tips get broken by the natural wear and tear to
‘Which the surface of the fleece is exposed with the
result that the secondary spiral of the juvenile-coat
is lost,

The fibres belonging to the Heterotype "A"
581'00.1) ére produced by those follicles in the skin
‘Which are least liable %o changes. It is well
®Stablished that these follicles are never inactive

ead attain theirp highest activity in summer, during
Whigh/
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'i{time autritional and environmental conditions are most
Jfavourable. During Winter, whea the conditions for
feeding and environment are adverse, follicular
;activity correspondingly diminishes and consequently a
gradual fining down of the proximal portions of the
fibres results which is in accordance with the trans-
migssion of the metaboliec gradient from the one stage
to the other,

| According to Salaman (25) there is in the
érahbit insufficient evidence to decide whether the
Ihighly variable shape of the individual fibre through-
out its length is controlled entirely by the follicle
;or whether it is partly dependant on changes outside
it. But this latter suggestion is inconsistent with
:tha view that wool is an inert and virtually dead
structure extruded from the follicle and up to date
there does not seem to be any adequate evidence on
which %o challenge the widely held opinion that the
'characteriaation of the wool fibre is determined by the
follicle itself. Several of the Heterotype "A"

fibres show, at a fairly early date while the body
:“eight is s$ill inereasing rapidly, a marked and
digtinet proximal fining down although the adjacent
follicles have not produced any sueh sbnormality. No f

®atisfactory physiological explanation can account for

‘¥hese differences: particularly when the live weight
nay/
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'may have increased to the extent of four pounds in a
fortnight. Moreover, it is incredible that a sethack
of & few days might produce such a profound defect.

The so-called Anagen phase, Dry (9), starts
entirely in utero on different parts in the foetal
gskin, In the post-natal period the follicles deviate
from the Anagen towards the Catagen phase, and the
reversa_fia also true, whenever induced by other /e
fastiors|to do St_:l;'

The Catagen phase or fining down is best
observed in thick medullated fibres and especially in
the Heterotype "A" fibres, ﬁhera, through the loss of
the medulla and the absence of air inclusions, the
‘opague white appearance of the shaft of the fibre is
lost, .

The occurrence of this Catagen phase appears
ito depend upon climatic and nutritional conditions.

'In Blackfaced sheep not exposed to unduly severe
Wweather on low ground pastures it occurs and is quite
!reeogniaable, but in those exposed to severe weather
and at the same time :::estricted in feeding, i.e.,
.typical mountain sheep, it is even more pronounced.

?011 the other hand, in young sheep, (particularly
Showyard sheep and high quality breeding rams) which
8T¢ wintered in sheds and given an abundance of good

food, it ig often difficult and sometimes impossible
o/
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to recognise it at all. It is here suggested that it
éis possible in most breeds of sheep to demonstrate a
Iaimilar catagenic condition by a careful examination
of the few thick medullated fibres which, in practical-
:ly all breeds, can be found in the region of the britch.

On examining very young animals and embryos
it is found that the longer fibres, like Heterotype
"A" and Heterotype "B", are developed earlier than the
shorter wool fibres, the follicles of the former being | 9
id_;o_gg_a__r in the skin than are the wool follicles. |
IBarkar (2) suggests that there is some relationship
‘between thickness of fibre and depth of growth from
;the skin, The Heterotype "A" type of follicle
originates at an early stage in the embryo and it secems
most probable that no more of its kind are developed
after birth. These follicles produce fibres of
nearly equal growth rate, and any which only became
active some time after birth would result in an
irregularity in the lengths of the fibres of this
;class, which, however, is not the case.

Only in very few instances is a small pro-
iPurtion of these fibres shed during the development of
the birth-coat; the follicles gradually pass into the

Telogen phase only in extreme o0ld age.

| Heterotype "A" follicles in general never




52.

cease to function evea under adverse conditions, and
the only decreased activity they show is shortly prior
to the shedding of other fibres. They resume their
normal physiologieal funetions to the full in Summer.
The same folliecle is therefore able to produce two
entirely different fibre structures. It has the
capacity to adjust itself to its fluetuat%ng supply

of nourishment, which is determined by varying

' environmental influences (e.g., climate, altitude,
herbage, etfc.) upon the physiological constitution of
the body.

| These fibres serve a very profitable purpose
both to the sheep and to the breeder, They retain
the entire fleece on the body prior to shearing when
:1nw majority of the fibres of other %types are detach-
ed from the skin, and in this way they afford the
‘chief means of security to the breeder for his
following clip. To the sheep itself they constitute
ia means whereby the growth of wool may respond to, and
‘harmonise with the supply of nourishment available and
:with the fluctuating environmental conditions in
‘perfect ad justment. They help to maintain the
‘balance between heat production and loss on the

8xterior surface of the body, during the extremes of

|3mmmr and Winter temperatures. Therefore the

increased activity in Summer affer e¢lipping which
~ Droduces/
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Iproduces a thicker fibre than in Winter, when weather
conditions are more severe and food less available,
‘naturelly follows. With the fining down of the
fibres in Winter more follicles of the fine wool type
'are brought into action in ratio to the deereased
activity of the Heterotype "A" class. This seems to
maintain the necessary body temperature under adverse

lconditions of elimate and available nourishment.

Heterotype "B".

To this type the distinguishing term
‘Heterotype "B" is assigned. These fibres range first
on the length scale at birthe As development of these
fibres proceeds, they do not show a rate of increase
in length equal to that of the Heterotype "A" class -
which rapidly become the longest fibres in the
Juvenile coat, Just prior to two and one half months
.. the follicles of the Heterotype "B" fibres exhibit a
‘decreased follicular activity which is suggestive of
i1:11& epproaching phenomenon of sheddinge

A characteristic Heterotype "B" fibre is
iﬁiatinguished by its unique and peculiar sickle-
I“-‘haped tip, composed of a coarse and opaqgue white
!atructure, which gradually merges into & fine and less

oraque one, while the original structure is

;reproduc ed/
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reproaucad in the rest of the fibre and extends fairly
close to the root where & gradusl fining down is
effected Eonstituting a Catagen phase, and finally
showing & complete shedding, - the Telogen phase
(Figs. 8, 9 and 11).

| In a few instances these fibres are not shed
in toto 2s is usual but continue to grow and for the
purpose of this description are classified under the
category of "Long-hair",6 affer the age of several
months. This phenomenon is very striking and
important on the grounds that the kemp probability
factor (which is discussed later) is less than when
these fibres are all shed and replaced.

The relative proportion of Heterotype "B" at birth
indicates the amount of kemp in the ultimate aduls
coat to a certasin extent. The shedding is very
significant from sbout two months onwards.
| The fibre sirueture varies in accordance with the
'_"‘Jpe of the birth-cozt. In a strong, straight lamb's
icoat more coarse strong Heterotype "B" fibres are
:;found. There they range from one extreme, the
coarsest typical Heterotype "B" fibre, to the other,
80-called "Intermediate” fibre which falls intermediate
in structure betweean Heterotypes "A" and "B". This
htermediate type only occurs to any extent in the
*‘t“iah'ﬁ coat and is seldom found in the soft curly
°°3t3 Where the distinguishing features between
T[ater“mﬂ "A"™ and "B" gre very marked.

'l
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Heterotype "B" fibres are entirely responsible
for the formation of the primary curl at birth on
Iaccount of their lengths and their curved tips. As
age increases the length of these "B" fibres
' diminishes relatively, with the result that the
' gecondary curl ig produced by the longest fibres,
lgﬂg,, Heterotype "A".
The Anagen phese of these fibres starts in the
Efoetal stage and continues for some considerable time
‘after birth, growth being for the most part very
irapid. The function of the follicle, which ceases or
‘undergoes a decreased activity in the Catagen and
Telogen pheses is renewed after the "B" fibre has shed
|and a new kemp fibre is subsequently produced. Dry
j(9) states that Segall quotes Garcia as saying that in
‘Man there is no sign in a follicle to indicate that
one hair has been substituted for another. As the
éremﬂx of my observations it can be confidently
iatated that this does not apply to the sheep. The
idifferent phases are repeasted agaein in the same
i ;fmjicle but to produce a different type of fibre.
| These follicles are periodic in activity and are
closely harmonised with the physiological mechsnism
0f the body in thaet they respond to such various

iﬁwtors &8 nurture, environment, constitution and age

Of the sheep, They are so adapted to utilise the
iatore/
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' gtore of nourishment most economically in providing a

' dual purpose coat which fits in with the Summer and

'Winter conditions remarkably well, especially during

‘the first year of life. On the whole they are

:inact'ive in Winter and afford more skin space and

| nourigshment to other follicles which are able to

satisfy the biological and physiological requirements

' of the body better than themselves.

In Summer they fulfil a most active part while a

proportion of the wool follicles are not operating.

' Phis potentiality of the folliecle has undoubtedly

been inherited by the modern Blackfacedbreed from its

. ancestral prototypes. They correspond very closely

in funetion of time to the coarse hair follicles eof

| the wild sheep but during the course of evolution

have modified their functions to produce birth-coat

 fibres previous to the development of kemp.

The presence of large numbers of Heterotype "B"
fibres is highly undesirable and it behoves the
breeder to select animals which have this periodie

funetion transformed into a continuous one, that is

 the ultimate production of long hair.

The fact that in those lambs which produce most
kemp when adult the number of typical shedding
Heterotype "B" fibres is greates$, and that in those

in which there is a larger proportion of intermediste
fibres/
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fibres less kemp is ultimately developed, is an
important indication of the different degree of
evolution reached by different individuals of the

breed.
Noel

An attempt is made to analyse the fibres of the
wool fraction of each sample into two groups as far
a8 possible; they are termed Medium Wool and Fine

Wool.

(a) Medium Wool. The medium wool fibres commence

Ito grow as fine, non-medullated, crimpy fibres and are
ggradually transformed into coarser, finely-medullated
:atructures. During Winter their shafts undergo a
Edecrease in diameter, when their medulla disappear
and they exhibit a Catagen phase to be shed in the
i“ausceptibl&“ period in Spring. Roberts (23) pointed
iout that there is a seasonal "susceptible period" in
‘¥he 1life of the animal during which time a cotting of
'the fleece generally occurs. This is preceded by a
éTelogen phase associated with the "rise " of the wool,
gﬂhich is looked upon by the practical sheep-owner as
indicating the time for shedding.

Fach medium wool fibre comprises two distinet

Structures, pertaining to both hair and wool (Figs.
14 ang 15).

i The /
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The Medium type in the Blackface is very similar
$o the Intermediate (b) type of fibre in the Ovis

vi_sng-i; and has much in common with it.

It is not always possible satisfactorily to
distinguish the two classes of wool from one another,
gsince a considerable amount of overlapping is

encountered in the early stages of the development of

' the coate. The medium wool corresponds to the "wool-

hair" occasionally found in improved Merino sheep and
readily found in certain other breeds like the Romney

Marsh and Cheviote. It is quite different from the

'general term long-hair as applied %o Blackfaced sheep;

to use the term wool-hair for long-hair would be
incorrect. The existence of graded differences
between fine wool, medium wool, wool-haeir (called also
"gare-fibres"), and long-hair lends support to the
évidence that the medium wool is & modification of the
long-hair and that the improved Merino has been

carried a stage further in theevolution of its fleece

than have other breeds.

The Catagen phase of both long-hair and medium

‘Wool heppens approximately at the same time in Spring

¥hen their proximal ends are similar in many respects.

Here, however, the similarity between the two types

teases; each deviates in that the medium wool is shed

Iand the long-hair recommences its previously thickened
t¥pe of growth,

These/



These medium fibres, being shorter than the
longer growing hairy fibres, have no significant
:inﬂuence on the external appearance of the coat. In
certain birth-coats, however, they are of some
importance since they are mainly responsible for the
phenomenon of the "Undercoat", which will be discussed
later,
| On aceount of the extreme irregularity in length
of this type the suggestion is made that some of the
fibres start their Anagen phase in utero and others
| only commence sometime after birth. Ténzer (15)
:maintains that new wool follicles occasionally
' develop in the Karakul and Electoral sheep even when
they are adult. There is no doubt that the Anagen
:phase of the medium wool fibre starts at a later stage
| of uterine life than does the longer heterotype fibre.
For a considerable time after birth new follicles
;develop to produce medium wool and fine wool, and
Egenerally it is the earlier developing follicles that
!817e rise to medium wool whereas the later ones yield |
!fine wool. This is purely a tentative theory since
' the fibre that develops at an early stage is subjected
ito Summer conditions whieh tend to coarsen it. Those,
Which develop at such a stage that they are not

influenced by the Summer conditions, will produce fine
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In Winter the fibres fine down proximally in the
' Gatagen phase and reach the Telogen phase approximate-

1y in Spring. The follieles remain inactive for some

weeks at least in Summer.

(b) Fine Wool. As the coat reaches maturity
fine wool fibres are more likely to develop. Length,
gbgence of medulla, and uniformity of diameter are
the chief characters of fine wool. These fibres are
of great importance when the wool is used for
commercial purposes, since they are chiefly respon-
sible for producing high spinning qualities of yarn,
having a high count.

The physiological constitution of the follicles
is such that they may, and usually do, produce fine
‘Wool, but are also subjected to considerable external.
‘and internal influences at any time of growth which
‘may result in a distinct thickening, and it is quite

Ipro‘nable that the medium wool is only & modification
of the fine wool.

| In nearly every instance the Anagen phase starts
I. Some time after birth when the external and internal
influences are less felt. The fibre is trensmuted
&radually into the Catagen and Telogen phases in
iIB-etaor-da.x:;c:e with the physiology of its growth and in

‘ocordance with the behaviour with other types of
fibre,
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The time of the season in which a lamb is born
' will most probably affect the numerical proportion of
fine and medium woole The later birth takes plsce
the less opportunity is there in the adult fleece for
the medium to predominate over the fine wool and -
' vice versa.

The fine wool follicles remain comparatively
inactive in the Summer months, in a similar way to
those of the medium fibres.

The fibres contribute nothing to the appearance
of the birth-coat but serve the purpose of giving
bulk to the proximal portion of the staple along with
i‘a}:m medium wool, which consequently endows the fleece
' with better powers of body heat,conservation and

protection.

General Comparisons of the Development of the

Various Fibre Groups.

| The time stages of development in neighbouring

' follicles on the shoulder area are correlateﬂi %o one
!&nother. It is poésible to determine fairly
_accurately the order of commencement of the Anagen
:Phaae, the Catagen phase, and the Telogen phase of any
‘Particular fibre generation.

| In comparing different parts of the skin (e.g.,
| shoulder/
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ghoulder and britch) with one another significant
differences in the developmental stages are discovered.
The transition from one phase to the next may be
gradual or rapid, and adjacent follicles may vary
considerably in this respect. The series of phases
ig completely repeated annually in the wool and kemp
follicles, but in the case of hair follicles only the
first two stages are seen. The follicles producing
the short true hair on the face and legs are as &

rule not subjected to such marked physi ological
changes. The diversity in length of the fibres
before birth appears to indicate the difference of the
initial develdpmental stagese

| The physiological development of the fibres in
the Scottish Blackfaced sheep has not yet been
Zinvestigated with any great exaciitude, and much

further research work is needed on the subject.
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V. THE BIRTH-COAT.

The coat of the lamb commences to develop
in ntero within the first three months of foetal life
'and the extremities are the first parts of the foetus
to become covered with fibres.

Various parts of the body develop follicles
at different periods of uterine life and the curls
‘produced by the longer fibres are quite visible during
the latter part of the fifth month of the gestation
period.

| The curl is mainly produced at birth by the

‘long, coarse, medullated Heterotype "B" fibres and
!Imay turn in either a clock-wise or anti-clock-wise
‘manner like the coat of the Angora kid. Duerden and
Spencer (13) (see Fige. 16). The curls of the new-
Iborn lamb vary much in size and closeness, according

‘o the fineness or coarseness of the individual fibre.

iD_L_fferent Types of Birth-Coats. Of the eleven birth-
coats investigated no two were similar (even including
!twma) 88 regards texture, formation of ecurl, the
Teglonal distribution of colour, or density of the
ibres, The character and formation of the curl

!?aried 8 great deal in one individual and usually

The anterior dorsal regions had the curl most

Pronounceqd/
|
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pronounced, while to the sides and on the forearms

and lower parts of thighs almost any irregularity of
eurliness could be found. It was possible to select
from the experimental lambs, of a few weeks old,
different birth-coats as regards the formation of the
curl, density of fibres and their macroscopical
structure. Four distinet types could be defined, as |
follows: -

Type I: A Dense Curly Coat

€.8e., Lamb Nos. 9 ¢
(See Figs. 17 & 18).

Type I1I1: A Long Open Curly Coat, e.g., Lamb No. 2 g
(See Figs. 19 & 21).

Type II1: Back Slightly Curly and Sides Wavy, e.8.,
~—  Lemb No. 8 g  (See Figs. 22 & 23).

- Type IV: A Straight Coat with a Slight Tendency to

Waviness, e.g., Lamb No. 10. &
(See Figs. 24 & 25).

Iype I: A Dense Curly Coat, e.g., Lamb No. 9 ®
(See Figs. 17 & 18). )
1

In this coat a fair amount of Het. "B"

:fibrea rroject beyond the surface of the fleece
‘independently and produce a eloudy eppearance on the
isurface of the coate. This type of coat has the
'igreatest density of fibres per uait area., (A.EE) |
IENW- 7-9), and is associated with fullness of handle.
E_ 'he curle are much narrower than those of the ordinary

curly/

(1) Bet. = Heterotype.
(2) AT, = Appendix Table.






Pig. 12. Type I, A Denge Curly Coat, Lamb No.95
The character of the curl is illustrated on the left
side of the animal 3 weeks after birth. A diffused
cloudy appearance is noticeable and is produced Dy
the Heterotype "B" fibres which stand out independent
between the curly tufts of fibres on the surface of !

birth-coat.
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Fig. 18. Type I, A Dense Curly Coat, Lamb No.9 0.
T

The photograph shows the change that has taken place
iEl'f- a later stage in the curl on the dame coat
%between 3 weeks of age, Fig. 17, and about 4 1/2
months'growth. The long, narrow, tight spirals shown
|are again photographed from the left side of the

!animal. They are very pronounced. The average

%2ge of kemp in the adult coat is 9.1%.
|
|
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curly coat and afterwards have a tight narrow spiral
tuft which is produced by the fine ecrimpy ends of
the Het. "A" fibres.

The wool fibres are present in eonsiderable
numbers, and are of fine commerecial quality, uniform
in diemeter throughout their length and they seldom
contain any of the coarser wool fibres.

For commercial purposes this type offers a great
opportonity to manufacturers on account of its fine
quality of wool and the relatively smaller size of the
coarse long-hair fibres in the adult fleece.

The average percentage of kemp determined by
count in the adult coat ranks rather high and is the
only serious defect of this type. In lamb No. 6,2
Bimilar type of coat is noticed and presents a fairly
high figure of kemp (A.T. Nos. 4-5).

The cur] is more pronounced in the shoulder areas,

'ien the back, neck and sides.

Iype II1: A Long Open Curly Coat, e.g.,Lamb No.2 &
ee HFigs, 19 & 21)

This type is very easily identified by its ropy
®d small open staples which fall apart very easily
8 expose the bare skin of the young animal to

Severe external conditionse.

| The density in relation to other types of coats
1s/






Fig. 19, Type II, A Long,Open Curly Coat,

Lamb No. 2, J.

The character of the curl is illuatrated on the

- left side of the animal 3 weeks after birth. The
structure of the curl is fairly wide and open with
visible interspaces between the staples. This type
of coat has a marked tendency to produce an

" Undercoat " with a distinct curl in the interlorof

the fleece, especially on the back and withers.
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Fig, 20, Type II, A Long, Open, Curly Coat,

Lamb No. 2 8.

f'lThe photograph shows the appearance of the curl on
%‘c.he Same coat as in Fig. 19 when the lamb was 4 1/2
months 0ld, The staples on the left side of the

lPody have lost their curly distal ends to some
txtent, and their ropiness is illustrated by the

long strands of fibres. The average %age of kemp
|
=Iin the adult coat is 5.4%.



Figs. 19 and 20
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is less and can be detected by the handle of the
fleece which lacks that all important feature of
bulkiness.

The formation of the curl is quite distinet and
wide, but its distribution varies, as in all other
coats, in being irregular from one part of the body
to another. The curl is partly & regional feature
that is associated with a silky and lustrous coat,
gince the more pronounced the curl in an area the more
soft, silky and lustrous is the wool there.

There is a great tendency for this coat to
‘produce an "Undercoat" with a distinet curl which will
‘be discussed later. Matting or cotting of fibres is
ffs;.eil:l‘seﬂ:tad by means of the openness of the staples
‘which encourages undercoat curling and allows foreign
matfer to get entangled in the adult coate. A fair
proportion of wool fibres is preseant, but these lack
the quality of the wool of Type I. The different
fibre groups are more distinetly differentiated from
'.0116 enother than in the coarse wavy type of coate

The average percentage of kemp in the adult coat
18 5.4% which is a medium figure when comparing it
Wth other coats that turn out to be kempy (A.T.
fos, 5-6),

This coat should not be encouraged by breeders on
#0Count of its defects; viz., absence of bulkiness,

I”“Pineas of staple, and tendency to form an undercoat.
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Type II1: Back slightlir Curly and Sides Wavy,
S

“Ge+, Lamb NOes 8  J

€6 g8« 22 and 29

This coat is inftermediate in appearance between

a straight and a curly coat; the curls are not

digtinctly demasrcated but there is a tendeney towards

waviness on the sides
aspect of the coat is
physical structure of
'birth. Later on the

 owing to the increase

of the lamb. The general
produced by the coarser

the long Het. "B" fibres at
coat changes into a curly one

in fibre length of the Het. "AY

fibres which reach beyond the Het. "B"™ fibres, and in

' this way the curl of the Het. "A ™ fibres becomes

'visible, being produced by the fine curly distsal ends

(of these (See Figs. 25 & 26). The density does not

differ much from that in the coat of Type IV, and

‘there is plenty of bulk when handled.

The respective fibre groups in this coat are much

i
‘eoerser in structure than those pertaining to a curly

'. coat, An overlapping of fibre groups is observed and

:| ‘e quality of the coat is slightly harsh and strong

:'50 the touch,

i The majority of Het., "B" fibres become shed and

®re replaced by kemp fibres with the result that the

%% Yurns out to be kempy, giving en adult figure of

II 12% kemp ,






Fig. 21. Type III, Back Slightly Curly and Sides

Wavy, Lamb No. 8, &.

The left side of the coat is illustrated; it
possesses a marked waviness of staples at 3 weeks
after birth. A slight d8ree of curliness is observed
round the neck and shoulder areas, not well shown
in the print on account of technical difficulty

in photographing. =
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Fig. 22. Type I1I, Back 8lightly Curly and Sides

Wavy, Lamb No., 8, d.

:Thié photograph illustrates the type of the curl on

the left side of the same coat at 4 1/2 months. The

(coat assumes a definites curl as a result of the shedding
'I of the coarse-tipped Heterotype "B" fibres, which

I: e replaced by kemp fibres later. An average

figure of 12.0% kemp on the shoulder area was

“tained in the adult coat. The staples are

Obviougly longdr than those illustrated in this

lam's brother, No. 10, ( Pig. 24).
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Pype IV: A Straight Coat with a Tendencg to Waviness.
GeRe, Lamb Noo 10 g {(Bee Figs. 24 & 25])

Occasionally, a straight coat with a tendency
' fowards waviness is produced. This has a reasgonable
density of growing fibres (A.Te Nos. 7-9) and shows
large solid staples. The component fibres comprising
' the staple are coarse and the two wool classes of
fibres overlap to a great extent during the first few
'months after birth. The straightness of the coat is
'mainly due to a great percentage of Het. "B" and Het.
"A" fibres., The numbers of these latter predominate
over the number of wool fibres in this type of coat
' (AeTe Noss 1-4).

In & coarse coat like this an overlapping of the
longer Heterotype groups of fibres is encountered.

‘The coat after a while assumes & less distinet curl
‘When comparing it with Type III, and is characterised
by & harsh and bulky feel.

This coat sheds the Het., "B" fibres at an earlier
date then any other coat does and the discarded fibres
;are consequently shorter in length than those of a
urly coat which are shed at & later date. A certain
Mroportion of the Het. "B" fibres does not shed but
®kenges, to become long-hair in the adult fleece with

o regul that far less kemp is present in the adult |
fleece/






Fige 23. Type IV, A Straight Coat with a Slight

Tendency to Waviness, Lamb No. 10, d.

This photograph, of the left side, illustrates the
type of coat which is mainly straight but shows a
slight waviness towards the anterior part of the

body. The lamb is three weeks old.
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| Fig. 24, Type LV, A Straight Coat with a Slight

| Tendency to Waviness, Lamb No. 10, J.

The change of the curl on the left side is illustrated.
|

The photograph is of the left hand side of the same
"Wa’ﬁ taken at 4 1/2 months of age. The coat has as-

!=sumed a very slight curl on account of a portion
'i°f the coarse-tipped Heterotype "B" fibres which

idid D0t shed. An average figure of 1.8% kemp on the
iﬁhoulder area was found in the adult coat. The staples

¢ shorter than those illustrated in the brother,
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| fleece than in any other type of coate.

| An average figure of 1.8% kemp in the mature
fleece has been determined and it is suggested that
is very satisfactory from the manufacturer's point

of view.

Discussion of Birth-coat.

Various other typés of coats are observed inter-
‘mediate in appearance between those already described.
' There is, in all probability, a definite range between
two extremes. Those types selected are not necessar-
'ily representative of the whole range. There is no
Ihard end fast rule by which one type of coat can be
\distinguished from another, chiefly, bec,;ﬁﬁa:'se of the
regional variability of the curl on the b;dy. One
'! fype of coat may appeasr similar in curliness to
‘another on one part of the body while in other areas
;HO similarity may be determinable. The different
ypes of coats described can, however, be identified
eesily in the majority of cases.
 The birth-coat may develop into either a long, &
Short or an intermediate coat in the zdult stage as
egards length of staple while the percentage of kemp

fibres may range from high to low, so that the shorter

e staple the less kemp fibres are produced and yice

'. Tersa, /
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| versa, Three pairs of twin lambs show that this is

| pm————

the case; their adult fleeces of twelve months' growth

verying proportionately in kemp content in direct

i ratio to the lengths of staples.

The data in the

' following table are selected to illustrate this fact.

" Identification| Type of [In Adult Coat;
number of Juvenile- Length ge

. Lemb & Sex. Coat. of Staplef; of Kemp.
150 o) Curly Long > 1660
151 9 Curly Short™ 10.5
152 S Curly Short 12.2

| 153 ¢ Curly Long 17.5

a8 3 Curly Long 12.0
10 3 Slightly-Curly | Short 1.8

stage for examination.

Other coats were not available in the adult

The coats in the table were

 compared on a basis of family performance since the

' pairs are twins; the differences cannot be directly

iaPplied to coats from animals of different bFeeding.

The first two pairs of twins have the same father and

 the mothers are from the same strain of ewes.

|
|
|

A short-stapled coat is associated with & thick

Staple with plenty of bulk in it, while a long-

Stapled coat grows a thinner staple with less bulk

ieu:uil density. At the same time it is not possible to

|
!state defiiitely which type produces the heavier weigt

] of elipped wool.

In a straight to wavy coat with no primary carl

'tha peed of shedding of Het. "B" fibres is



|
| T

.; gesociated with the speed of appearance and charascter
| of the secondary curl in the juvenile cost. If such
' a straight-to-wavy coat assumes a definite secondary
icn:u'l (See Figs. 21 & 22, Lamb No. 8 g ), this is due
ito the fact that the majority of Het. "B" fibres
| have shed and will be replaced by new kemp fibres
'resulting in & kempy adult fleece. On the other
‘hand if the coat assumes the curly formation only to
‘a slight extent after a few months' growth (See Figs.
Izs & 24, Lamb No. 10 & ), it is clear that the
!majority of Het."B" fibres have not shed and there-
;fore there is no chance for new kemp fibres to
idevelop; accordingly the uvltimate coat will be
comparatively free from kemp fibres.

The most critical stage in the life of a
!imountain sheep is that immediately following birthe.
'iThe lambs that have a dense, straight-to-wavy hairy
!ieovering at birth are noticeably quick in getting on
;‘50 their legs and taking their first suck of milk.
{The breeder therefore selects for a thick coat at
!|birth and a dense weather-resisting adult fleece.
8 is a1g0 the case in the Welsh Mountain breed of
S1¢6p. Roberts (22). The manufacturer desires
iﬁhaenee of kemp, a certain fineness of fibre in the
||31aekface, and in addition the elimination of coloured
{fihrea./

|
|
|

1
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:ﬁjres. The ideal policy for selection should be to
' breed a type of coet which will satisfy the needs and
' wents of both breeder and manufacturer within such
!1Jmits as are possible. The type of coat that is
;remmsented in Type IV - a streight-to-wavy one-
appears to be shown by this work to be the nearest to
the ideal Type.
A slight modification of Type IV coat might also
‘prove satisfactory although the percentage of kemp
'in some of these cases (e.8s, NOBs 4 & 5 lambs) is
;ﬂightly more than in the case of the ideal type.
‘A dense curly lamb's coat,as in Type I, has the great
|ileadvantage that it will give s high percentage of
ikemp in the adult fleece.
. The best criteria on which to select Blackfaced
sheep from the point of view of wool would seem %o be
ias follows: -
- (1) A thick densely-planted coat at birth;

- (2) Kemp reduced to & minimum in the juvenile
| stage;

I(8)" 4 formation and texture of the primary curl,

: Which corresponds to the straight-to-wavy Type
| IV which is described.

.~ It is scarcely likely that the hardiness of the

i*heep will be impaired if the thick coat of the lamb

18 retained ana the kemp reduced to a minimum, yet

|
iWMGbreedera still believe that kemp is associated
With/

|
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!mth hardiness in some obscure way or another.
| No particular importance seems to be attached %o
!fineness of fibres by the manufacturer of Blackfaced
‘wools The different types of fibres, constituting
I1ihe coarse type of Blackfaced fleece, are much
!coarser than tkhose in the soft type which is composed
‘of finer wool and long-hair fibres, yet each type can
find a ready market.
| Improvement of the birth-coat may be effected in
!two ways. Firstly, by selecting for a coarse,
2 straight, dense type of coat which hes the capacity
to retain rather than shed the Het. "B" fibres, the
I. foreruaners of kemp, and will eventually turn out to
Ibe 8 coarse fleece with relatively 1little kemp Dbut
Plenty of long-hsir. This hard type of fleece is
:Pl'aiaed for its resin-shedding qualities by the breeder
'and required by the Italian market for matiress-
‘king, It is of course to be assumed that
‘eviromment plays & very important réle in the
‘Tpression of the character of the fleece, but it is
| 0% desirable to complicate matters at this stage by

*Iphasis wpon environmental influence, since the sheep

%8¢ in this experiment were all kept under similar

‘ditions at this Institute and were grazed together

85 one f1ock,

Secondly, /
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Secondly, by selecting a dense curly type of
juoat with wool fibres of a fine commercial quality.
‘The kemp should constitute only a small proportion of
‘the fleece; the only way to determine this is by care-
ful exemination. The explanation of the variations of
kempiness lies in the expression of the gene or genes
in the germ cell responsible for kempiness. Severe
geleection should be practised each year on the lambs
vwhich are to be kept to become breeding animals later,
gince variations in them are liable to be reproduced
later in their offspring. ©Probably the most import-
:ant facts to keep in mind are: (1) the type of birth-
:coat, and (2) the rate of the shedding of the Hete.
i“B" fibres in the lamb's coat. Roberts (24) has
stated that in the Welsh Mouatain sheep the birth-coats
Which shed did not produce & thick growth of kemp
laters In the Blackfaced sheep the reverse is the
'0388. since if the Het. "B" fibres of the birth-coat
gpersist, as in Fig. 23 Lamb No. 10 & , a fleece
gll'alatively free from kemp is developed. To eliminate
%the kemp does not necessitate sacrificing the good
Helity of the birth-coat. It is believed thst the
Wpe of birth-coat and the percentage of kemp in the
Hult flgece are inherited though several factors

#T8 concerned, and therefore one way of reducing kemp
g/
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'ig to select adult animals for breeding, with little
or no kemp in their fleeces, and to practice severe
gelection of lambs while they are still in the
ijuvean:i.le stage of growth - i.e., probably at birth and
‘again at the time of castration or weaning. This
gelection would be based upon an examination of the
‘primary eurl, of the rate of shedding of Het. "B"
fibres, upon the length of staple and upon the
iappearance of the secondary curl, as already describ-
;ad. Thig would enable one to secure & strain of
sheep, in which lambs of the type required by the
ifarmer, and wool of the type desired by the manufactur-
ier would be produced.

Further, it may eventually be possible to
;correlate the regional distribution of primary curl
Il on the body with the regional distribution of kemp in
the fleece, 1If this correlation is possible it could
?he determined in the juvenile coat when the curls are
08t pronounced and the kemp-indicating fibres are

!being ghed,

The Iransformation of the Curl. As has been mentioned
||the birth-coat covering of the Blackfaced lamb carries
- Mimary curls of fibres on the surface of the fleece.
.(HEB. 16 & 16a). After birth, these curls continue

:their growth, and from approximately two months
QﬂW&rdg/
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|
onwards the curl becomes transformed to a secondary
l‘ curl, or short spiral tuft, at the distal end of the
 staple (Fige. 25 & 26).
!| The direction of the secondary spiral usually
I: shows a reverse between the first and second turns,
I'i.e., the first is usually anti-clockwise and the
'second clockwise; in some cases these directions are
: reversed. These spirals are produced by adjacent
fibres fitting over one another, the ends of -
'individual fibres having the same shape as the tufts
|I|"’Puerden (10)s  When the individual fibres are
i! ¢logsely spiraled, the distal tuft is long and narrow
i. 88 in Type I (Fig. 18), but where the spiral is wide
E'ahe tufts are larger, more open and less pronounced

|
|

irelat;:lv.'re proportions and length of Het. "B" and Het.

The character of the tuft is expressed by the

| "A" fibres present at different periods in the same
staple., The secondary spiral tuft in the juvenile
‘ﬂoat is produced by the long Het. "A" fibres in most
llaaaea, except in a coarse straight coat where a
|°0rtain proportion of Het. "B" fibres are not shed

i"’“ Persist in the coat. There are several stages

:thm‘lgh which the transformation of the curl passes.

#88, 25 and 25 show the transformation of primary %o

!‘ 86¢ ondarp y /






TRANSFORMATION OF THE CURL.

1 1/2 VONTHS.

2°1/2 MONTHS

Figs. 29 and 26. The photographs illustrate the

transformation of the curl of the. birth-coat on the
left side of one lamb, viz. No. 9 Qe The samples weré
removed at the ages stated under each staple. The
curl is pronounced in the three early stages and
assumes a spiral arrangement with the increase of 2

from 2 1/2 months onwards. Later,at 5 months this
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TRANSFORMATION OF THE CURL.

Fig. 26.

Figs. 25 and 26 (contd.). spiral becomes indistinct

and is lost eventually. The development of kemp,

Preceded by the shedding of the Heterotype "B"

fibres, is clearly illustrated in the later staples.
The shed fibres are gradually pushed up towards the

distal end of the staple by the growing fibres.

The kemps increase in length at a rate corresponding
% the time of the shedding of Heterotype "B"

fbres, whicn are their precursors.(See Page (19).
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' gecondary curl in staples taken from the left side of

89.

| the same animal at intervals from birth up to 5
imonths' growth when the secondary curl is completely
| losts The secondary curl is eventually lost
through the deterioration of the fine erimpy distal

| Iends of the Het., "A" fibres which are destroyed by
;anvironmental influences, e.g., weather, ordinary
wear and tear of the fleece, handling, etc.

fProbably each individual sheep differs from others in
 the mode of transformation of the curl, and there are

|also gsome regional differences in various areas of

l. the body.

!! It can be assumed, however, that the neck and

; shoulder areas retain the curl later than sny other
region of the body, while the back and side vary in
 this respect, the haunch losing the curl the gquickest.

Appearance of Undercoat Curl. The Undercost Curl is

on interesting phenomenon which occurred in some of

the birth-coats at the approximate age of 2% months.
||lnﬁm‘ner of lambs showing this curl and arising from
: lifferent strains of sheep were examined on various

!i farms,  In these cases it was found that the birth-
icuat exhibited a tertiary curl in the interior of the
I;fleeee. This tertiary curl becomes significant only

™en the longer medium wool fibres have attained &
T8sonable/
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|
ireuel.sonaat'bl«a length to form a curl entirely by them-
gelves, Apparently there is no fixed time for the
:; first appearance of the curl but it is mainly an
individval variation determined by age, density of
' the fleece and length and size of staple. It is
:lmoat prominent in the juvenile stage of birth-coat
development and disappears gradually as the coat
IE reaches the adult stagee. This tertiary curl has
| geveral different appearances; in some coats it may
:ihe very outstanding while in others it is only slight-

1y visible, producing small curly tufts of wool,
|
‘called "neps".
|

on ¥he area of the withers where it covers approxi-

This tertiary curl is mainly located

Imataly the size of a man's hand. It is largely

iassociated with decreased density of the coat so that

]when the coat is open and long, a curl is formed

8lmost one third of the distance from the proximal end

I:ef the staple (Fig. 27).

'| The staples on the area of the withers are
80ally ropy and long with empty spaces among them to

o
| low the tertiary curl & free scope for expansion.

This undercoat phenomenon seems to be inherited

fince one male is 1iable to produce several coats with

gthiﬂ wdesirable feature. It oceurs particularly in

| :
fiT808 of sheep which carry a long open ourly coat
"h soft si1ky feel.

|

l

Such coats have a lustrous



91

=8
:
=
=

][]}

Fig. 27 . The photograph demonstrates the
®fPearance of an " Undercoat " with a distinct curl.
A7 1/4 inch staple was taken from the withers. It
Sows the curl 2 inches from the base at an age
" 6 months. The long medium wool fibres are
Tainly responsible for this tertiary type of curl;

t ;
% photograph illustrates it clearly.
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' appearance while the wool fibres possess a commercial

spinning quality of high standard, but are entirely
|

undesirable for sheep kept either at high altitudes
|where maximum protection from the weather is required
from the fleece, or in districts with a heavy annnal
; rainfall and snowfall.

! There is a marked tendency for an open coat like
.. this to produce a matting or "cotting" of the fibres

‘ in the interior of the fleece during late Winter or
‘early Spring. The formation of this undesirable
‘I“oot“ is greatly facilitated by the presence of a

‘tertiar‘y curl and will be discussed later.
i
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VI. DENSITY.

Density of follicles on histological sections of
the pelt was first described by Nathusius and more
recently by Ténzer (29) in histological studies of
the development of the follicle and pattern of fibre
groups in the Karakul sheep.

An attempt has been made by Ténzer (26) to

 determine, by surface calculation, whether in the

 Karaknl the number of groups (which may be expressed

by the density of the supporting hairs) increases in

proportion to the inecrease of the skin surface. He

' maintained that hair density is proportionate to body

- surface in the Karakul breed of sheep.

On the Blackfaced sheep fine small contiguous

areas of the skin cantréd around the point of the

shoulder (Fig. 3) were marked out and the wool re-

- moved from each at weekly aad later at fortnightly

intervals by the triangular method of determining
lensity (see page 19 ). The same method was carried
- out on the haunch of one sheep to compare the

ll lensity between shoulder and haunch areas and to
|d3t9rmine the relative proportions of the different
 Bpes of fibres on the two areas.

Endeavours have been made to correlate density
off '



94.

of fibres per unit area of the lamb's skin with
pltimate adult density. In the progress of density
observations it was found necessary to devise and
'make use of a method for comparing the degrees of
obscured or corrected density in lambs of different
agess This consisted of relating fleece density to
the rate of growth in size of the lamb as evidenced
by the increase of weight. It has been possible to
devise & method whereby knowing the age and weight of
the lamb and the observed density, at a given date,
it is possible to determine the comparable corrected
density figure, which could be used for evaluating

' the density of the adult fleece within & normal limit

| of error.

Determination of Corrected Density. The corrected

I_ danait,;; signifies the number of growing fibres on the
‘increased area of the original triangle at the times
IWhen periodic observations were made. Each triangle
G0vered an approximate area of 1 sq.cm. on the body

8% the commencement of the experiment, and corrections
ere made to bring all density figures to a camparable
Siandard basis of 1 sq.cm. area. According to the
llcrease in size of each triangle over its original
818, the relative number of growing fibres was

t:1““’1'1111:'.1941 on each sampling day. ‘The corrected
- lensity)
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density figure was obtained from the observed density
figure, which latter consisted of the actual count of
growing fibres on each sampling sarea.

According to Armsby (1), pe 259, the body surfaces
of animals of the same shape are proportional to their
weight in grams to the power of 2/8 . This relation

may be expressed by the following formula:-

' S = KW 5
where W = Weight in gra.ms*
S = Surface area of the body

in square centimetres.

k A Constant (i.e., 9.41)

!The value of the constant k is 9.41 for animals in
nedium condition, and this figure is used for
:oalculating the increased surface aresa in square
jcenﬂ;i.met:res on the lambs in this experiment.

. The result of applying the formula S = kW

to the figures obtained for Lamb No. 6 ¢ (Table on

Page 96 ) is as follows:-
8 = 9,41 x 5555%
= 2043,

B0 that the surface area of this lamb's skin at the

ﬁ 8lven date (2-4 weeks) was 2929 sg.cms.

The next reading of weight gives a value for S
% 3418 sq.cms., so thet each original square
‘Abinetre/

| %
434 gremg = 1 1p, Avoirdupois.
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Tamb No . 68 (hx. Dense 3u1"l;}f Lype of Coatb ) -
R ; o
D t= (7] +
=8 |+ = o)
T ) Q
—~| ® -« n o —~ ()] 5 g {;* g
o S a| 2@ |Bas 3 H @ 3
e 2 50 mw =) D R O i L 3
e Hl o ol SIS g da i O
B D O RIS - i +
7L W= g E|pg® |f5Rn 3
i g o=l z EJ ;i% 5_'3 g g S = H
| L ke - g . I oM g =
'l 2-4 5533 | 2943 % 2964 1 2964
- 4-6 6923 | 3418 1 2580 1.167 | 3011
| 6-8 | 10555 | 4529 5 2625 1.546 | 4058
8-10 | 14528 | 5603 1 2006 1.913 | 3837
‘10-12 17138 | 6255 1 2513 2.136 | 5368
1214 |19976 | 6928 | 1 | 2181 2.365 | 5158
;14-16 20487 | 7044 3 1470 2.405 | 3535
16-18 123381 | 7695 1 1678 2.627 | 4408
18-20 122927 | 7595 | 1 | 1928 2.593 | 4999
||2.0-22 23267 | 7667 | 1 |1897 2,618 | 4966
2224 124062 | 7841 1 2099 2.677 | 5608
|
De

|_and observed density figures.

| tail table of one lamb showing how the corrected

’idensity figures were arrived at from live-weight
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centimetre of lamb's skin has in the time mentioned
(two weeks) inereased to -

g%% of its original area.

i.6. = 1l.167 sq.cmse.

Observetiong of density of number of fibres were,
however, made at each sampling day from 1 sge.cm. of
gkin only. To determine the corrected density
figure it was therefore necessary to multiply the
icfnser*:rer'zl density figure by the figure obtained as

' above for increased size of the original area of one

square centimetre.

Example: In 1 sq.cm. there are 2580 fibres.

" 1.167 sq.cms. there are 2580 x
1,167 fibres.

= 3011 fibres.
'IThe corrected density, 3011, represents the number of
iibres on the increased area of the original 1 sq.cm.
::‘ﬂriangle, at the same date when the observed density
Wag determined. A table was constructed for each

lamb as shown on page 96.

The figures for live-weight (in grams), observed
tensi ty (per sq.cm.) and corrected density are given
;iin the appendix tables Nos. 7-10, along with the

lber, sex and age of every lamb. In the seme tables

he &verage live-weight and average corrected density
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figures at fortnightly intervals are given, for the

total number of lambs in the experiment.

Gorrelation of Live-Weight and Corrected Density

‘Migures from 1 Week to 38 Weeks old. It was necess-

ary to determine whether periodic live-weight in-
creages were in any way correlated statistically with
Ithe corrected density values obtained by the methods
!outlined in the preceding pages. For assistance
with this part of the work the writer is indebted to
Dr. A.C. Aitken, Lecturer in Statistics, Edinburgh
University, who has kindly suggested the most
iappmp:c.‘.a'i;e methods to use, and has greatly helped in
the preparation of the correlation tables.

| The figures for live-weight and corrected density
sre divided by s unit figarel of 4779 and 2100
respectively., The units obtained by this division
;are then smoothed by & special method and finally the
relative increments of the two tables are obtained
from the differences of the smoothed units, (i.e., by
Wltiplying the respective differences with their
Iirespactive units), e.g., 4779 x 0.29 = 1386 and

200 x 0,13 = 273 (see Table on page 99). The
Moothed unit figures are plotted on a logarithmie
I.ml’h paper (Fig. 28), while the actual unit figures

e reyresented in each case by black dots on the
!|51'8.ph/



% _HEUH of Average Live-Weights (in grams) and Average Corrected Density Figures.
N 2 %
m Unit = 47790 & P e B
0~ Sl et w,mam i alti=i21000 2 |8
- w o] g o o ® . Le] e b Sl S k= (S D
Q@ m (0] [} (0] eeww +3 >y 0] @ @ D+ by
8 sl = . g eumg |8 = & (/42 e | € outs [E0P
W.O V)] 2 mae o+ (O | [4}] o (1)) 2 0o oL @ O
o () +2 O L% o PO I & [0)! + [0 L o P S
& S|E 5 @ |5 2 glEar il AESEl e i g e
= A | B |®» 8B @ |\a- S A& 5|8 58 & |ESA4
1ae 5018 1.05| 1.05| - ; 2144|1.02[1.02 | - i
2=4 6427 e 1.34 29| 1386 2208|1.05|1.15 13| 273
4-6 9025 15%9 1.9 +96| 2676 2870[ 187 L.37 22| 462
6-8 |4~ 12540 2.6 283 98| 4444 S592| LT T2 20| 135
8-10 | 16698 349 | &.48 65| 3106 4404( 2.10| 217 «45| 945
10-12 | 19768 4.12| 4.09 012915 5401| 2.87| 2 .48 28| 588
12-14 | 23188 4.85| 4.68 «59| 28819 5887 277|266 21| 441
14-16 | 23432 4.9 501 38| 1877 5309| 2.58| 2.78 12| 252
16-18 | 25361 5.31| 5.26 20| L 1G9H 6056| 2.88| 2+76 -.02| - 42
18-20 | 26076 5.46| 5.51 25| 1198 5972| 2.84| 2.71 - .08 -105
20-22 | 25367 531| 5.35| =.16| - 763 5510| 2.62| 2.74 038 63
22-24 | 25556 5:35| 5.34| =-.01 - 47 5635 2.68| 277 .03 63
24-26 | 26067 5.45 | 5.49 A ) Al 6362 3.08| 2 «98 21| 441
26-28 | 27694 L el T 22 10d5L 6921 3.89| .21 25| 483
28=-30 | 28337 5+93 | 1593 28 1081 7568| 3.0l & .45 24| 804
30-32 | 29623 642 6 .27 54l A6886 N526| 3.58| 3.72 27 567
32-34 | 30701 6 .42 | 6.42 .15 il ) 8804 4.19| 4.19 47 987
34-36 | 33104 693 | 6.98 +5 1l 2B 9991| 4.76| 4.76 S| (S B 2R
%6-38 | 31249 6.54 | 6.54| -.39 -1864 11868/ 5.51| 5.51 o TSTS
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graph to show the degree of variation from the actual
units.

The formula for smoothing, if Uo is the smoothed
value of Uo, was determined to be:

Uo= Uo - 37 & Uo - 21 ' vo.

"o and 8°Uo are the 4th and 6th "central differences
i.e.,, if a table of differences is constructed, the
central differences of a datum U are those which lie
on the same horizontal line as U, The method is a
complicated but useful one.

The live-weight and corrected density figures
are represented in a graph (Fig. 28) to show the
average relative increases of the two factors in
relation to one another during the growth of the
énimals in a specified time. The general live-
Weight trend is shown by & continuous black line
Plotted somewhat above a dashed-line which signifies
the average trend of the corrected density figures.
The two curves correspond very cleosely to one another
and g significant positive correlation figure of 0.88
With a Prebably error of . f0.0.’36 has been deftermined
for these two curves.
| Th@ graph shows that live-weight increases very
Tepidly up to 5 months, during which period lambs

*0uld be fed heavily to get a rapid growth rate.
After/
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DENSITY.

CORRECTED

Fig. 28 . The graph demonstrates, by a black
continuous line, the average increase of live-weight
of the animals from 1 week to 38 weeks old. The
verage increase of corrected density ( No. of fibres
Per unit of area ) is indicated by a dashed-line.

The figures on the left side of the graph are the
live-weights (in grams) of the animals, while those on
he right side ara corrected density figures. There

Is a Significant positive correlation figure of 0.88

"th a probable error of * 0.036, between the two
factorg,
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After 5 months the capacity for putting on weight
pecomes less (see Table on page99 ) and the animals
gre more subjected to environmental influences, such
as nutrition, disease, etc.

A conformity to the rule 'that greater density of
fibres corresponds to & greater surface area, or vice
versa, cananot be established, although the animal with
the smaller surface will generally be seen to show
the greater density. It should be mentioned, of
course, that the surface area in the lamb is relative-
ly much greater than in the adult. = Tanzer (26). |
Fibres with the same absolute thickness will take up

& much greater space in relation to the body surface

'lin the lamb than in the adult sheep.

| In Pig. 28 the corrected density values increase
in proportion to the live-weight but not to such a
imarked extent in the beginning as at the end of the
iperiod.

| A considerable early increase in body weight re-
isults in a somewhat less relative inerease in surface
iarea and therefore a less increase of corrected

!ﬂensity value. It is possible to postulate, therefore,
ilthat the large heavy snimal in the later growing

|_Et9'858 exhibits a smaller corrected density figure than

does the smaller, lighter animal of the same age.
iITha/
|

|
|
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The writer is aware that this examination does not
offer a complete solution of the problem of growth
rate and its relationship to fleece density, but the
findings are considered to be significant and indiec-
ative of the need for further study.

Observations on Density. The average observed

density figures vary from 1849 to 2687 fibres per sq.
em. but there is an average range between 2000 and
2100 in most cases (see A.T., Nos. 7-10)e. The
marked differences in density may have been influene-
ed partly or entirely by the following factors:-
I (1) The development of new fibres;
(2) The streteching of the skin on the growing
animal;
(3) Irregular local grouping or location of
follicles;
(4) The shedding of birth-coat fibres;
(5) Irritation of the skin by sampling
with consequent small localised
contraction of the cutaneous muscle;
| (6) Condition of the animal;
am (7) Individual error.
As already stated, after birth there is an
ilorease in the number of fibres per unit area which

‘e only be accounted for by postulating that certain
ley/
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ew fibres develop after birth, viz., wool and kemp
fibres., Because of this the relative proportions of
the different types are altered and the density
changed to a slight extent. The stretching of the
skin, during periodic observations from birth onwards,
ig very irregulsr as a result of which the density

per unit ares is affected. The stretching of the
gkin, i.e., its inerease in surface area, follows in
ratio to the increase in body weight; it is greatest
during the first two weeks of life, and in subsequent
equal periods shows a graduelly descending amount of
increase which is correlated with the descending body
Weight increase figures. A%t no time, however, is the
;increase in surface area of the skin quite regular, in
.that growth in longitudinal directions of the body is
faster than growth in transverse directions.

The arrangement of follicles in the different
friangles on the shoulder area varies. The follicles
&re supposed to be situated in groups and the group
lmbers vary from one area to the other. An
slteration of this sort results in & difference in
density in adjoining areas. It is impossible to make
fy allowance for the variation in locelisation of
follicle groups on different areas of the body: it is
0% even certain whether this localisetion is specific

T irregnlar. These matters require further

letaileq study.
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The gradual shedding of Het. "B" fibres in-
Tuences the density from approximately 2% months
NWards. They were not calculated for density
lefermination after they were shed in toto. The
ethod of sampling may entail a slight contraction of
bhe skin by passing quills, etc., along the surface of
.t but the response is generally minute. The
individual error in taking the samples may introduce
another minor complication.

The bodily condition of the animal &t the time
of sampling may be considered as another factor whieh
to same extent influences the number of fibres per
mit area, If the health of the animal is such that
i¥ loses 4 or 5 1lbs. in an interval of 1 week the
deneity may increase in proportion to the shrinkage of
the skin.
| The area on the haunch of one animal is less
dengsely covered with fibres than that of the shoulder.
The density of the coat is associated with bulky feel
eud in the Blackface as in most other breeds a dense
icoat seems to be correlated with length of staple,
';i.e-., 8 coat with a long staple is less dense than a
8% with a shorter staple. The dense bulky coat
Mssesses wool fibres which are finer and more uniform

1o diameter, and has fewer coarse and undegirable long-

2ir fipreg than those found in the long open coat.
rironment/
|
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invironment plays & very important réle in the
oxpression of the character of the fleece in con-
sequence of which the character of the fibres may be
nodified to a coarser type. In these experiments,

however, environment was &s nearly uniform and const-

ant as is possible.,
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VII. EVOLUTION OF NEW RFIBRE TYPES

IN THE FLEECE AFTER BIRTH.

fool. During the first 24 months after birth new
‘wool fibres are continuously developing with the
ireault that the wool fraction increases quite rapidly.
iE‘rmn that time the increase ig less rapid but a few
‘new wool fibres still develop for a considerable
‘period up to the adult stage. The differences in
‘length of the wool fibres are probably due to the
irregularity of follicular activity. The time at XN
Which the follicle commences to function determines /
the length and diameter of the fibre, so that it may"/
Ihe classed with either medium wool or fine wool as

the case may be.

iEEEE- Kemp starts to develop on different animals at
i"al‘ying times. The earliest appearance of kemp was
‘oticed in one lamb at the age of 7-8 weeks, and the
;latest appearance was in another lamb at the age of

:23 Weeks approximately. There is accordingly a wide
il‘ange of time for the commencement of kemp growth in
ditferent animals. On the shoulder area of one

:anm&l. viz., No. 153 ¢, an interval of 120 days was |
:diacovered between the time when the first kemp fibres
;d"“loped and the date of the appearance of the latest

,keml’- The fibres which grow at such a late date are |
Tuch/ '
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much shorter in length when shed in late Summer than
.thoae that started to grow earlier. These differences
in time of growth are more prevalent on the posterior
parts of the body than on the shoulder and neek areas.
‘Once the kemp has started, the growth is very rapid
and far surpasses the growth rate of the wool fibres.
S’cnne animals grow kemp of a type differing from

:uormal, in that they may be smaller in diameter, less |
medullated and less wavy when compared with the more
typical eoarse, medullated and wavy type of kemp on
other animals. The type of kemp produced is most
Iprobta.‘nl;qr profeundly influenced by environmental
conditions (see pages 118 & 121).

img_ge_mg. The hybrid kemp is a type of fibre
intermediate in structure between kemp and hair, It
!posseasea the character of a kemp fibre for about half
;Wﬂy 8long its distal end, in consequence of which it
Eia impossible to differentiate it from the typical

!kemli fibre at that stage of development when both

I"FPGB are equal in length and diameter. At the
°°1mlleneement of growth these hybrid kemps have = long,
fine, Deedle-pointed tip but this charascteristic is

W suffieient to enable them o be grouped as a class.

It 1g only possible from abont 150 days onwards to

ﬁ3“"‘138111&311 satisfactorily the hybrid kemp from true
ksmp /
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|
‘kemp.  (Fig. 29). The hybrid kemp fibre has a

maller dismeter and shows a less opaque white colour
than the true kemp, but it has a similar long, sharp,
pointed-tip (Figs. 14 and 15). These fibres grow
extremely fast and rapidly exceed the kemp in length.
fihen the coat has reached the adult stage they are
équal in length to the long-hair fibres. The hybria
genps are uniform in length but vary greatly in
dismeter and waviness. They have a peculiarity of
wisting and turning in 811 possible directions
emong the adjacent fibres and this intertwining is
Epartly responsible for the cot in the fleeece which will
;ha deseribed later. In the adult coat they are
!easily distinguished from hair on asccount of their

iopaque white colour and distal ends.
! A1l the fibres which showed a structure like
i?hia vere classed with the kemp group because they are

Undesirable fibres from the manufacturer's point of
View, They fine down synchronously with the long-hair
o Winter and do not shed but continue their growth

i Summep producing & coarse, opaque, white structure.
Uer shearing it is aifficult to distinguish the

tybriq kemp from the long-hair, to which group they

then be1ong,

The examination of the fleece of indoor-fed sheep
;““metimes/
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Fige. 29. The photograph illustrates a number
of hybrid kemp fibres before they have reached the
stage of fining down proximally. It was taken from
the left side of lamb No. 150 d. The fibres display
kempy characteristics at their distal ends, a distinct
break half way along their lengths with an irregular
¥ave proximally. They turn and twist in all possible
lirections especially in the proximal parts of the
fibre, The relationship of the hybrid kemp fibre to
the other types of fibres in the Blackfaced fleece
18 similar to the relationship of the Intermediate

(8) type of fibre in the Ovis viemei.
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sometimes shows that there is a small proportion of
strong, opaque white fibres which are intermediate in
gtructure between the long-hair and kemp. Such
fibres are irregularly crimped at intervals, with
plain, straight, intervening spaces along the lengths
of their shafts (see Fig. 30). The modification of
such a type of fibre may be bhe result of a response
which the hybrid kemp follicle has made, probably due
to the extra supply of nourishment received. It is
therefore assumed that the hybrid kemp follicle is
subjected to environmental conditions and retains the
potentiality of produeing a fibre with a coarse, white
‘structure similar to that in the adult coat at 1 year
olde It may be postulated that the hybrid kemp
observed in the coat at 1 year of age is a modifica-
tion of the long-hair. After the first year of
growth the variation is less significant with the
result that the fibre is not easily recognised. The
Ifleeces of such lambs as show numbers of hybrid kemps
Blould have less kemp the following season, because
these hybria kemp fibres would then be indistinguish-
able from the long-hair group.

The hybrid kemp corresponds to the Intermediate

l8) type of fibre present in the Ovis vignei,(Fig.1),

 far as its relationship to other types of fibres
lg/
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Fig, 30. The fibres illustrated were taken from
the left side, 2 inches from the head of the last
rib, from a heavily fed ram more than a year old.
The modification of the fibres is such that they are
irregularly crimped at intervals with plain, straight,
intervening spaces along the lengths of their shafts.
They are in a1l probability produced from the
tiginal Het. "B" follicles but instead of following
the

normal course of producing hybrid kemp, they tend

10 grow a fibre similar to long-hair in structure

Wer the first clip.
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ig concerned. The foregoing phenomena lend some
support to the theory that the modern Blackfaced
fleece has evolved from that type of coat possessed

by Ovis vignei.

The reduction in the smount of the kemp in the
fleece is affected mechanically in two ways:
firstly, by the Het. "B" fibres persisting in the
fleece and therefore not being replaced by kemp
fibres; secondly, by the hybrid kemp fibres changing
over to the long-hair after the first season's
growth. There is probably a correlation between the
growing Het. "B" fibres and the hybrid kemps as
regards growth and structure.

It is a well-known fact that aged Blackfaces of
either sex possess fewer typical long-hair fibres in
later 1ife than they showed when young. These ob-
Servations of the evolutionary differences between
‘those fibres which develop from i‘:[e'h. "A" birth-coat
fibres and those which develop from persisting Het.
"B" fibres, suggest that these latter are shed in
:asea sheep earlier than the typicsl long-hair fibres.
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VIII. DISCARDING OF FIBRES IN THE JUVENILE COAT.

eterotype "B". The birth-coat of the Scottish

lackfaced lamb has the characteristic of shedding a
ertain proportion of its fibres at an age of 7-8
eeks onwards. The fibres which are shed during
hat time belong to the Het. "B" class, and can be
ecognised by their proximal ends exhibiting small
lubs. They are distributed free in the staple
ithout any contast with the skin and some are pushed
jowards the distal end of the staple by the growing
fibres (Fige. 26) and eventually escape from the coat
altogether. As the coat reaches a growth of 7 or 8
tonthe the shed Het. "B" fibres appear very similar
t0 kemp in some respects, e.g., in colour, brittlenessg
length and diameter. At this stage, shed Het. "B"
and frue kemp fibres are easily confused with one
another (Fig. 31), so that the kemp content of the
fleece is 1iable to be misinterpreted by including the
Visible shed Het. "B™ fibres which lie on the

txterior of the fleece; in practice this should be
8voided. The coanfusion will not arise when the kemp
188 increased somewhat in length; it is then quite
:ﬁiatinct from the shed Het. "B" type of fibre. Some
'!la.mba shed their Het. "B" type of fibres earlier than

“hers and consequently there is a difference in
lengtn/
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ength between these fibres in individual animals.
he haunch retains the shed Het. "B" fibres in the
dult coat mueh longer than the shoulder does and has
, greater number of these fibres in comparison with
the shoulder. As a result of this one should expect
lore kemp on the haunch than on _the shoulder area
thich is actuaelly the case. It will be shown later
that the Het. "B" fibres are the forerunners of kemp.
femp,  During the development of the adult coat the
kemp fibres start to shed at irregular intervals.
The true kemp fibres vary a great deal in length when
shed on account of their difference in time of
development and periocd of growth. 1In cases where a
few kemp fibres have started to grow at an exception-
ally late date their shedding occurs very soon, with
the result that short kemp fibres are produced with
o pointed ends; these correspond macroscopically
in structure to those short shed kemps which are
frequently found on the fore and hind flanks and
around the posterior parts of the jaws.

A short-stapled fleece has the characteristic of
iﬁhedding the kemp fibres at an earlier time than a
il"ns-stapled fleece and in both types the shoulder is

Uemnded of kemp sooner than the haunch when the annual

hedding starts. Darling (8) has found that in the
Sottigh/
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—— Heterotype B Fibre:
id (Shed)

Kemp Fibres.
(Growing.)

Fig. 31. A staple taken from the withers of a
Slackfaced lamb at the age of 6 months. The white
Shed Het, "B" fibres at the distal end of the staple
flay be readily confused with the white growing kemp
fibreg towards the proximal part of the staple.

This confusion may lead to a wrong estimation of the

g of kemp during the development of the coat in

the first year,
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oot tish Blackfaced sheep kemp gradually dissappears
from the shoulder area in extreme old age and it was
310 illustrated by Mre. WeCo Miller at this Institute
shat kemp may be entirely absent on the fore part of
the body in aged breeding ewes, while the sreas on
the haunch, saddle and sides were still densely
covered with kemp fibres.

It should be interesting to investigate which
type of ccat sheds the kemp guickest and in greatest
numbers and what are their physical characteristies.

The fining down of the hybrid kemp and the
shedding of the true kemp occur simultaneously (Fig.
14) in the late Winter months when new fine wool fibres
are found densely packed in the fleece, the exigencies
of Nature demanding a dense warm coat %o protect the
skin agaeinst inclement weather conditions.

Eavironment, therefore, exerts its influence on these
o related types of follicles, in that both produce
& very similar undesira.ble type of fibre during

;Sllmmer but deviate from one another duriné the Wintery
i'hell the one fines down and the other is shed. It is
8ccordingly postulated that environment may to some

iex‘cent modify the expression of the inherited capacity

%0 produce kemp.

| If this is correct, those animals which live
Wnder/

|
l
|
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inder favoursable conditions of westher and nutrition
should produce a coarser type of coat with a greater
proportion of coarse long-hair fibres (since some
potential kemps are modified into hybrid kemps and
sre classed as coarse long-hair) and a reduction in
the amount of recognisable true kemps, than is the
cagse in sheep living under adverse conditions. In
actuality this is particularly well demonstrated by
examining samples of v\vool from Lenarkshire, Peebles-
ghire and other southern parts of Scotland where
weather conditions are less severe, and comparing
fhem with semples from the sheep on the exposed higher
nountains of northern Perthshire for example. There
is no doubt that the coarser class of fleece is
alvays found on the sheep of the former mentioned
districts.

‘The shed kemp fibres were included for density
determination since they are retained in the staples
constituting just as great a dissdvantage to the
élﬂanufacturer as if they had still been growing on the

! Bkino

i‘“:S’.,I_'E'ele.ti011 between Shedding of Het. "B" and Appear-

ce of Kemp, There is ample proof that one follicle
®n produce & fibre with & heterogeneous structure in

Successive periods of time.

The/
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The Het. "B" fibres are shed at different periods
on the individual animals but the average time for
shedding was determined to be from 2% months onwards.
They are shed gradually in the early stages of the
development of the birth-coat and subsequently new
kemp fibres develop in ratio to the shedding of the
deciduous Het. "B" fibres. The following facts came
to 1light and they suggest that Het. "B" fibres are
the precursors of kemp:-

(1) The sooner the Het. "B" fibres are shed the
garlier the development of kemp;

(2) The distal ends of the new kemp fibres
correspond in number with the visible shed ends of the
Het. "B" fibres in most individuals;

(3) The time at which the Het. "B" fibres are
shed influences the length of the kemp fibres when
they begin to grow, i.e., the sooner the Het. "B"
fibres are shed the longer the kemp and the later they
8hed the shorter the kemp, when making comparisons at
!. that time when the fibres replace each other;
ad  (4) There is a negative correlation between the
:P“Portions by count of kemp and Het. "B" fibres and

8 correlation figure of -0.94 with a probable error

f 0,03 was obtained. The correlation indicates

that the Het. "B" fibres decrease in number in direct

"8%i0 to the incresse of kemp Ffibres.
It/
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It was found by Mr. W.C., Miller at this Institute
that in rare cases the tips of kemp fibres adhered to
the brush-like shed, 'proximal ends of the shed Het.
"g" fibres. It can be assumed with exactitude that
the kemp fibre develops from a specific type of
follicle which primarily produces a different type of
fibre, i.e., the Het, "B" fibre of the birth-coat.

One is justified in ﬁssmning that some new kemp
follicles develop after birth on the ground that the
Blackfaced breed will probably have some characteris-

tics in common with its wild ancestor, Ovis vignei,

which so far as is known produces only kemp fibres
from kemp follicles. In addition to this, it is
mentioned that kemp fibres are produced at variable
times and the late developing follicles are possibly
of an independent origin.

Darling (8) has shown that the variability of
‘the kemp fraction is much higher then that of the
ilong-hair and wool fraction in the aged classes of
Blackfaced sheep. The evolution of the Blackfaced
fleece has progressed to a stage where the kemp is
iPI'eceded in most cases by a ty'pe of fibre which has
‘Sructurel charscters in common with kemp, e.g., the

Wd-portional diameter of a Het. "B" fibre is the

8eme as that of kemp. This constitutional and
Benetical /



121.

genetical behaviour of the follicle ean be modified

by the environment to such an extent that kemp might
be eliminated if some of the kemp follicles did not
cast out their fibres but continued to grow. Kemp is
probably the expression of one or more genetic factors
which can be modified by selective breeding and
environment to such an extent that this undesirsable

type of fibre may be eliminsted from the fleece.
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IX. CHANGING PROPORTIONS OF DIFFERENT TYPES OF
FIBRES DURING THE COURSE OF THE EXPERIMENT .

During the development of the birth-coat the
ratios of the different fibre types to one another
vary from week to week. These ratios represent the
percentage in counts of each type of fibre. The
relative variations in successive intervals are most
pronounced during the first 3 or 4 months (Fig. 32),
The relative proportions of the fibre types are given
at weekly and, later, at fortnightly intervals in the
appendix tables, Nose. 1 t0 6. Careful analysis of
these tables discloses the following variation in
the different fibre types:-

(1) Heterotype "B". From birth onwards the per-

éantage of this type decreases gradually as new wool
and kemp fibres commence to grow. This decrease in
amount is partly due to the development of the new
fibre types and not entirely to shedding. The Het.
"B" fibres disappear altogether from the flesce at

|5 or 6 months of age and do not reappear at a later
8tage, They are correlated in a positive manner with
il‘ﬁhe Het, "A" class of fibres. The correlation
'Ifizure ig+0.78 with a probable error of %0.083.
i|Th9 correlation is thus very significent. Both types

% fibres decrease with increasing age of the animal

I(E‘ig. 22y,
i

|
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Correlations Between Different sibre Llypesa =
Increase = + | Type Correlation |Correlation |
of .
Decrease = - | Fibre. Figure(r). | Error(Er). |
+ Kemp i
- 0.94 £ 0.03
- Het."B" ,
+ Kemp |
= 0.96 t 0.014 |
- Long-Hair !
+ Kemp '
+ 0.65 t 0.078
+ Wool
+ Wool - ‘
- 0.869 t 0.029 |
= Long-Hair
- Het. "B"
+ 0.78 t 0.083
- Het.HAII

These correlations were obtained by a standard

formula using statistical methods.



124

HETEROTYPE "B".
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Fig, 392. The histogram represents the average

percentages in count of the different types of fibres
at weekly and later at fortnightly intervals. Each
tlass of fibre is illustrated by a different method
of shading.

*%*these indicate the dates when Het. "B" fibres
commence to shed; it will be seen that commencement
of shedding is followéd immediately by the appearance
of kemp fibres.

4 indicates the time ( 25 - 27 weeks ) when the
Het. "B" and Het. “AM types of fibres were classed
t9gether and termed long-hair.

There are marked correlations between the various
Wpes of fibres as shown on the opposite page.
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(2) Heterotype "A". There is a marked decrease in

the percentage of this type of fibre during the early.
gstages of growth but the percentage remains fairly
constant when the coat has reached the adult condi-
tion. At this stage the Het. "A" passes over into
the long-hair class of fibres (Fig. 32). There is
in later stages of development a significant negative
correlation between long-hair and kemp; the correla- |
tion is -0.96 with a probable error of £0.014.

(8) Wool. The wool class represents both medium
wool and fine wool fibres which both increase in
number up to &bout 24 months after birth. In the
adult stage the proportion of wool remains constant
(Fige 32)s There is a significant negative
correlation figure between wool and long-hair of
-0,869 with a probable error of * 0.029.

(4) Kemp. The percentage of kemp fibres increases
| gradually from 2% months of age onwards, but apart
:i from seasonal shedding they probably remain feirly
constant in number in the adult coat although the

' Mrocess of shedding 0f some kemp fibres naturally
| influences this constancy.
| The count figures for birth-coat and juvenile
' %0a% are more true biological indicators than the

Weight figures which are much more easily affected

by environment.,
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eductions. The correlation figures which were
btained from percentage counts between the different
ibre typves are very Significant and may be used for
ostulating a workable theory which will harmonise
ith present-day breeding methods.

The proportion of long-hair and wool fibres is
mportant, since by affording greater or lesser
rotection the fleece may affect the health of the
sheep, and its value to the manufacturer may change.
'he optimum proportions of these two fibre types are
probably determined by eanvironmental conditions; i.e.,
3 severe climate tends to reduce the number of long-
iair fibres in the fleece while the wool fibres are
increased in number. A milder climate, however,
iends to produce an opposite change of proportions of
the two fibre types resulting in an inerease in long-
hair,

As the animal approaches old age the long-hair
fibres gradually diminish in number, the withers and
shoulder areas being usually the first parts of the
bYody to shed these fibres permanently. It is not
20ssible to determine from the phenotypical constitu- i
tion of the birth-coat what the genotypical constitu- f
{ﬁ$n will be, since two coats with similar proportions

% fibre types at birth may differ to a great exteat
|
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n the proportion of long-hair fibres growing when
dult.

The casting of the long-hair fibres can be pre-
ented within limits by selection and the sgheep which
re liable to shed early before old age,and their
rogeny, should be culled from the breeding stock. On
0 account should rams possessing this defective,
nherited factor of early loss of long-hair be chosen
or breeding purposes.

The balance between long-hair and wool can be
ontrolled by selective breeding if special atteation
8 paid to the percentage of the two types preseat in
ihe juvenile coast. This necessitates further study of
ihe proportions of these two fibre types.

The negative correlation between long-hair and
00l indicates that while the wool proportion in-
ireages the long-hair decreases with the advance of
e« This relationship can be balanced by selecting
those lambs with & medium birth-coat which will yield
& fleece in old age with sufficient long-hair fibres
0 protect the animal, but a sufficiently low
roportion of these not to detract from the commercial

|
Wﬂme of the fleece.

|
| It can be conceived that under trying conditions

?W'attempt %o inerease the size of the sheep will be

:Fﬁ'ﬁrimental :/



128.

detrimental; nor can the staple length be increased
greatly without seriously handicapping the sheep for
travelling in the snow. An effort should be made %o
gelect lambs from parents which possess desirable
mutton features along with a uniform fleece of good
quality, especially on the belly; since the

character of the wool on this part of the body is an
indication of the animal's capacity to retain the

growing fibres on the back in old age.
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= THE COT IN THE ADULT COAT.

During the development of the adult coat (i.e.,
rom about 9 months onwards) cotting usually occurs.
his varies in relation to the type of coat, its
ensity and the proportion of deciduous fibres in the
leece- The following factors are conducive to the
ormation of the preliminary cot:-

(1) A long open eoat with the presence of an

andercoat in the interior of the fleece;

(2) Eomidity of the atmosphere;

(3) Intermingling of foreign matter with the

fitres in the inner parts of the fleeee;‘

(4) Presence of shed Hef. "B" fibres;
nd (5) A large proportion of hybrid kemp fibres.

1) A coat which lacks density of Het. "A® fibres
Isually provides emough space for an undercoat, which
8 associzted with the tertiary type of eurl, %o
ppear. These curls beeome readily intertwined, at a
Sertain stage, with the carls of adjacent staples,
loreign matter and shed fibres.

2) The humidity of the atmosphere considerably in-
luenees tine tertisry curl of the undereoat. The
&ree of curl is augmented by moist conditions when &
"ty demse, undesirable met of fibres results. This



(5)

|
|
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phenomenon only appears under wet atmospherie
conditions and disappears partly when the atmosphéric
econditions become dryer. Where the undercoat is
absent the phenomenon is less severe.

(3) The occurrence of foreign matter greatly aids
the formation of an early cot. Sheep which feed
from hay-racks are frequently covered with portions
of the stems, chaff, ete., from plants on those parts
of the body exposed to the foreign matter. Accord-
ingly, the cot appears earlier and most markedly on
the withers, back and neek areas. The deposition of
foreign matter in the fleece is very objectionable
and should be avoided if possible by covering the
upper parts of the hay-rack. Care and management
therefore influence the cote

(4) The cot tends to appear first at that part of
the staple where some of the shed Het. "B"™ fibres are
85111 interspersed among the growing fibres. The
Presence of the remaining shed Het. "B" fibres assists
the intertwining of fibres at that stage when the wool
has inereased sufficiently in length to prevent them
from falling out of the fleece. The shed Het. "B"
fibres are not usually numerous at such a late date
a4 the severity of the preliminary cot is thus

reduced.

The hybrid kemp fibres are mostly responsible
for /
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' for the severity of the preliminary cot which extends
iover a period of approximately 3 or 4 months. Some
of the hybrid kemps are not able to penetrate the
cotted line with the result that their distal ends
turn in the reverse direction back towards the skin
:(Fig. 29).
| The early cot which arises during the develop-
:ment of the adult coat hinders the progress of the
faster growing fibres, with the result that they
!devia.te from the general course of growth. The long-
:ha.ir Tibres assume a distinet, deep wave along their
Iproxima.l parts (Fig. 33). Most of the hybrid kemp
fibres deviate in%%i, all possible directions (Fig. 34)
‘while some join tﬁe long-hair fibres to produce the
waves which range from the skin surface up to the line
iwhere the preliminary cot causes a hindrance. The
islow-growing fibres, e.g., medium wool and fine wool,
!eontinue %o grow in their normal direction, except
:for & few which are foreed out of the line of growth
by the mechanical force of the quicker growing fibres |
Which produce the waves. When a staple, as shown in |
lFis-» 33, is taken between the fore-finger and thumb
Of eithier hand at the two ends, the waves cannot be
Stretched strai-gh'b on account of the limited amount
of ela.aticitylafforded by the straight growing wool |
fibreg, It is however possible to streteh the waves i:
Iatraight by cutting the wool fibres with scissors. |
] Both/ | |
|

j
|
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Preliminary Cot.

Fig. 33. The photograph shows a staple taken from
he left britch of lamb No. 152 i°B at the stage of
 months., A proportion of the long-hair fibres
Bave been removed in order to demonstrate the proximal
aves more clearly. The first stages of the preliminary
0t are indicated. The waves towards the proximal end
f the staple are mainly produced by long-hair fibres
long with some hybrid kemp fibres. Most of the wool
f'ibres, which are not clearly visible, continue to grow
0 their normal straight course and these slow-growing
'Ibres prevent the attenuation of the waves after

"®Moval of the sample.
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Fig. 34. The illustration displays the inter-
itwining of the hybrid kemp fibres at their proximal
ends during the stages of the preliminary cot. The
different figures in the plate demonstrate the
triss-cross directions of the hybrid kemp fibres, when
forced up from below by the growing follicles and

tbstructed above by the preliminary cotted line.
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Both long-hair and hybrid kemp fibres may form
'1oops at the preliminary cotted line and these loops
further facilitate the intertwining of fibres. Short
shed kemp fibres are distributed among the confused
mass of fibres along with broken parts of other types
of fibres.
The preliminary eot starts aboutvz or 4 months
earlier than the true cot and the former offers some
resistance when an attempt is made to separate the
- individual staples for sampling purposes. This
imight affect the density to a slight extent if care
is not taken to disregard the broken ended fibres
- for densitj determinations.
| In Spring a true cot replaces the preliminary
one when the great majority of the wool fibres are
shed from their follicles. The process of shedding
is irregular and slow and may be caused by physiologi-
foal and environmental influences. Before the actual
iShedding occurs, all the growing types of fibres have
Talready been reduced in diameter along a portion of
their proximal ends. The ends of those wool fibres
IWhlch shed are extremely convoluted, and intertwine
|With the similarly convoluted, terminal portions of
0ther growing fibres to produce the true cote
@Imm6diately after the cot there appears in the fleece

& brownish-yellow line, caused by a surplus exudation
o2/
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 of yolk from the vacant follicles. Each cot is

characterised by this ceolour band phenomenon.
The matted area extends from where the pre-

' liminery cot has started to funetion ang gradually
inereases in degree to the stage where the matted
area has reached the climax of the true cot. Every

' individual has its own "susceptible pericd™ daring

' which time the mature fleece starts to cot and the

' pPhenomenon is largely influenced by the constitution-

al and hereditary characters of the animal.

The type of coat that sheds the Het. "B" and kemp
fibres at an earlier date than another type starts to
' cot earlier. A short dense coat cots earlier than a
long open coat since the former type sheds its fibres
in advance of the latter type. The average
"susceptible period" is partly influenced by environ-
'mental conditions which act by modifying the diameters
of the various fibre types in the first place, and
' the date of shedding of the wool fibres, secondly.

Discarding of Wool Fibres in the Adult Coat. The

' Wool follicle sheds its fibre annually in Spring and

iis the last of the series that stops functioning.
!This cessation occupies some few weeks. The wool is
éShed &% a period which is less variable than the
Period of initiation of its growth, since some

follicles start to develop during uterine life and
Others/
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- others not until some time after birth. After the
first shedding most wool follicles start to function
from Mid-summer onwards, but they inerease in numbers
in proportion to the severity of the weather in the
Winter months which necessitates a greater retention
of body heat.

A tentative theory is propounded that under
severe environmental conditions more wool follieles
may be developed. This is possibly effected at the

expense of some of the kemp fibres which are shed in

Winter; they may be replaced by finer and warmer wool
fibres for a better retention of body heaf.

The fact that percentage counts of kemp and wool
are correlated in a positive manner with a signific-
ant figure of +0.65 and a probable error of + 0.078,
‘appears to be strong supplementary evidence that some
of the follicles can produce both kemp and wool fibres
in successive periods to enable the animal to
accommodate itself to extreme conditions. The
contention is held that dormant wool follicles are

also present which may become functional later to

suit the requirements of the body. If, however,

 the conditions are favourable a proportion of the wool
|follicles may be induced to produce a coarser type

' 0f wool fibre. The reason probably is that the body

\Beeds less conservation of heat under such

Circumstances and the supply of nutrition is greater.
' The/
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The kemp, on the other hand, will be induced to shed

in smaller numbers and some kemp follicles may

‘eontinue their growth to produce coarse, long-hair

fibres.

Environment is the agency by which the genetical

Iconstitution of the animal is modified, %o give rise

to different types of fleeees in relation to the

ig9010gioal distribution of the Blaekfaced sheep.
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XI. SUMMARY

' 1. An investigation has been earried out on the

 development of the fleeece of the Blackface from

birth to maturity. Eleven lambs were used, serial

. samples were taken at weekly then fortnightly inter-

- vals from the right shoulder by the triangular

method of sampling. These were analysed for
density, form and structure, and a statistical survey
was made of the fibres which are deciduous and those
which succeed them. The phenomenon of cotting of
the mature fleesce was also studied.

2« It has been shown that in the birth-coat the

 Het. "A"™ fibres develop into the adult long-hairs
- Without shedding, that typically Het. "B" fibres are

deciduous and are succeeded by kemp, and that the per-
centage numbers of fine wool and medium wool fibres
increase from birth to 2} months. Typical kemp

fibres have a fairly constant life history in that

| they grow for an average of 6 to 8 months and are then

Shed and succeeded later by others which grow from
the same folliecles. Other kemp fibres may develop
into a new type called "hybrid kemp", while these

later may also arise from non-shed Het. "BM fibres.

8 It has been demonstrated that there is:-
(1) A negative correlation of -0.94 + 0.03

between/
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between Kemp and Heterotype "B" fibres;
(2) A negative correlation of -0.96 + 0.014
between Kemp and Long-hair fibres;
(3) A positive correlation of +0.65 + 0.078
between Kemp and Wool fibres;
(4) A negative correlation of -0.869 + 0.029
between Long-hair and Wool fibres;
| and (5) A positive correlation of +0.78 + 0.083
between Heterotype "A" and Heterotype "B"
fibres.
' 4. It has been shown that it is possible to classify
~ the birth-coats into four distinect categories as
follows:-
Type A, a dense curly type of coat;
Type B, a long open curly type of coat;
Type C, with back slightly curly and sides wavy;
éand Type D, a straight-to-wavy type of coat.
EThese types give rise to adult fleeces which have
?differing percentages of kemp, differing adult
édensities, different characteristics and it is shown
%that the best lambs to select for stud purposes are
ithose of the D type and the least desirable are those
' 0f the B type.

9% The character and transition of the curl of the
‘birth-coat has been investigated and it has been shown
that/
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that lambs with a D type of coat shed their deciduous
fibres earliest whiie those of type B shed latest.

It is shown that distribution of curl in the birth-
coat is associated with distribution of kemp in the
adult coat. Three types of curl, primary, second-
ary and tertiary are discussed, and the method of
their formation and their fibre constitution are

_demonstrated.

6. The variations in observed density of total

number of fibres per unit area of the skin are given

and calculations of corrected densities are made

using the growth-to-skin-area proportion formula of

Armsby. A tablq(between density and rate of body ﬁf “”“ﬁ&(i“A’

weight increase is given.

7+ The phenomenon of cotting in the adult fleece has
been shown to consist of 2 phases, a preliminary when
entanglement of hybrid kemp fibres oceurs, and a true
cot where shedding of wool fibres and their subsequent
felting in the fleece takes place. The mechanical
forces responsible for the cot in the fleece are

discussed in detail.

8 It is postulated that it is possible to make
Preliminary selections of breeding animals for wool
Quality by reference to the type and character of the
lamb's/
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lamb's coat, and its behaviour during the first 2%
months of life.
9. The results of the investigation show that it
should be possible to eliminate the kemp without
necessarily sacrificeing the optimum relastive propor-
tions of long-hair and wool fibres in the adult fleece
Kemp is probably the expression of one or more genetie
factors and its proportion and weight in the fleece
can be modified by selective breeding and environment
to such an extent that it can be -
(1) reduced in amount to negligible proportions;
(2) encouraged to develop into a hybrid kemp or
subsequent long-hair type of fibre, which would not
be undesirable;
or (3) eliminated entirely by careful and continued
selection.
10 It is provisionally suggested that by suitable
manipulation of the environment the character of the
adult fleece may be altered within certain limits,
but that fibre constitution of the fleece and birth-
coat characteristics are genetical.
11. The modification of the modern Blackfaced fleece
from an ancestral type similar to, if not identical

with, the fleece of Ovis vignei, is suggested, and

the evidence given by fibre modifications from birth

to maturity is reviewed.
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146.

Analyses of Right Shoulder.

WEEKLY SAMPLES.

Identification Age in _Percentage count of fibre group.

number of | Weeks. | Kemp} H.T."B"] H.T."A"] Wool.
Lamb &| Sex.
* 150 é 1-2 - 16.3 29.5 54,2
| 1‘51] g 1=2 - 25.8 27 .2 47 .0
| 152] 9 10 - 13 18.9 67.8
153 ¢ 1-2 - 14, 1324 718
Average of 5 Analyses = - 17.4 20.9 6147
ey 2-3 18,6 | 26,7 54,7
} 1?1_ $ 2-3 20.3 26.7 53.0
153 Q 2-3 - 13.2 16.4 70.4
51 9 2-3 - 18.8 20.7 60.5
| 4] e d 2=3 o 18.9 333 47.8
Average of’Analyses = - 1749 24,8 5743
151 9 3-4 - 15.9 24,3 59.8
153 Q 3-4 - 14:1 12.4 735
-4 18.3 21.1 60-6
g] : %-4 - 18.2 19.8 62.0
37 3 3-4 - 15.2 20.5 64.3
9_ & 3"4 - 15¢5 22.1 62.4
- = = 14.6 3251 933
%-, f %-i - 13.0 215 655
8—' 6 3-4 14.3 23.8 6109
10.. o’ 3"4- 16.3 33.0 SO.?
-4 = 14. 21.6 64.1
‘ ié] 2 %-4 fored 120 21.2 6602
1 127 3 3-4 - 10.8 17.8 71.4
17 0 3-4 - 7 .4 24,7 67.9
AR e i sl opma |M57e8
.' 16 3 3-4 = 14.9 29.8 22-3
- - - T 20.0 o7
| %%1 g %-i b l%.% 2?.9 5602
] -4 - 19.1 333 47 .
%g 2 %-4 - 10.4 21.5 68.1
| e 3-4 - 1o 95 20D 6549
I Werage of 21 Analyses = ~ 14.4 23.6 62.0
| 66.1
151 9 4-5 =283 15.6
;I 1;3 9 4-5 - 1 fe le 12.2 74.5
' | T - 8., 21.6 6907
g j i-g = 15.3 20.4 64.5
Bl 4-5 - 13.3 19.6 67.1
9- 5 4-5 e 14.2 . 1900 66.2
3 - - 15-6 26.6 5’7'
13— 3 i-g - 13.2 21.2 65.6
Verage of 8 Analyses = 14.0 19.5 66.5

X Twin lambs are put in a bracket, e.g. iggl
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Analyses of Right Shoulder.

Weekly 8amples.

Identification Age in

147.

Percentage count of fibre group.

number of Weeks. Kemp, «T."B"J H.T."A" ] Wool.
Lamb & Sex.

151 § 5-6 - 19.7 19,2 61l.1
153 ¢ 5-6 - 14.5 12,2 7343
5] ¢ 5=6 - 19.8 16.8 63.4
4 S 5-6 02 Jelen s 24,1 64.6
7 3 5-6 - 11,2 21,7 67.1
Average of 5 Analyses = -~ 15.3 18.8 65.9
151 Q 6-7 ~ 18.7 23.0 583
2] 3 6-7 Osl 12,7 18.0 69.2
6 9 6-7 Ol 14,3 1E Lk 68.5
3] 3 6-7 - 10.9 1742 71.9
9 9 6-7 0.2 12.6 16.1 771

10 6"' - 14‘¢5 2802 57.
8] g‘ 6'; - 11.1 19.0 69-%
Average of 7 Analyses = 006 . 1355 19,8 66.6
151 9 7-8 - 16.8 19.9 63.3
153 9 7-8 - 10.9 12.9 76.2
5] Q 7-8 13.1 10.4 76.5
4 3 7-8 - 8.8 18.5 727
7 o 7-8 = 12.2 13-? 74.1
Average of 5 Analyses = - 12.3 15,1 7206
151 9 8-9 - 1745 20.9 61.6
153 Q 8-9 O%3 10.8 8.9 80.0
6) ¢ 8-9 0.3 12.0 18.6 69.1
2 3 8-9 - 13%3 15.4 73.3
3— g 8-9 = 10.6 1603 73-1
9. Q 8-9 - 10.0 1357 76.3
8] 8- 0%2 9.2 13.5 7751
lverage of 8 Analyses = Ol 11.6 16.1 7242
151 > 9-10 - 12.8 16.4 70.8
153 Q 9-10 17 10.8 9.0 78.5
7. 3 9-10 - 8.0 14,1 779
| 5] g 9-10 - 110 10.4 78.6
4 9-10 0.1 7.4 19.2 733
E@Fége oT BdAneLyses = 0.4 10.0 13.0 7549
L1 9 10=1r——- 15.5 181 66.4
6 9 10-11 0.8 11,4 16.7 211
2] 3 10-11 - 10.5 15.7 73.8
3 10-11 0.2 9.6 12.9 7743
3J g - lO-ll - 9.0 12.0 - 79-0
10-11 0.5 Toalt 13.6 78.5
18] i 10-11 - 10.8 20,9 68.1
verage of.Gehmalyses = 0.9 10.56 1551 (3.4
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Analyses of Right Shoulder.

Weekly Samples.

Identification Age in _ Percentage count of fibre group.

number of Weeks. | Kemp.[H.T."B",[H.T."A".[ Wool.
Lamb &| Sex.

151 e 11-12 - 12.8 12,8 74,4
153 Q 11-12 8.3 10.0 11.4 70.5
verage of 2 Analyses = 4.0 11.4 12zl 72¢5H
151 @ 12-13 2.6 10.9 13.8 2257
153 Q 12-13 9.8 8.1 9.0 73 el
?] e 12-13 - 6,1 14,2 79.7
4 3 12-13 - 6.4 18.3 75.3
2 o) 12"13 0.2 8-5 15.8 7545
1g] é 12-13 0.7 10.5 19.4 69.4
8 3 12-13 D7 5id 10.1 84,1
verage of 8 Analyses = 2.7 8.4 14.0 74.9
151 S 13-14 7.0 749 131 72.0
153 9 13-14 10.5 8.3 9.9 71.3
3} 3 13-14 1.4 7.8 o | 757
9 5 13"14 005 9¢1 1114 79.0
Verage of 4 Analyses = 4,8 8.3 12.4 74.5
151 9 14-15 747 6.3 13.5 72.5
67 g 14-15 6.0 12:2 18.5 633
2] 3 14-15 2.0 77 14.4 75.9
5] 9 14-15 0.7 6.7 14 .4 78.2
4 3 14-15 0.7 73 174 74..6
107 g 14-15 kg | 757 18.8 7252
8] g 14-15 3.7 5.8 10.7 79.8
Verage of 7 Analyses = 3.2 7.6 15.4 73.8
151 g 15-16 749 7.8 13.8 70.5
153 9 15-16 13,1 .1 9.6 7722
3] g 15-16 3.0 8.4 14.5 74.1
9 § 15-16 1.8 ?.9 1102 79.1
lerage of 4 Analyses = 5.9 6.6 12.3 7542
1571 2 16-17 9.4 4,2 13.3 7341
g] 9 16-17 3.5 8.9 18.4 69.6
d 16-17 3-1 ?.8 15.1 74.0
z] Q 16-17 it 22 5el 14,8 78.8
{3 16-17 0-3 3.8 17.0 ?802

1 3 16-17 2.0 7.6 20.6 69.
% d 16"'17 llna 3.7 8.9 ?8.2
erage of 7 Analyses = 4.4 5.0 o i 3 74,6
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149.

Analyses of Right Shoulder.

Fortnightly Samples.

Identification, A8e in _ Percentage count of fibre group.

number of Weeks. Kemp. H.T."B",] H.T."A"%[ Wool.
Lamb & |Sex.

191 Q 17-19 9.4 | 1.3 14.8 74.5
é] < 17-19 8.0 | 8.0 17250 67 .0
2 3 17-19 4,2 | 5.4 18.5 71.9
%} g 17=19 R || Pk 15.4 | ‘73:5
9 ¢ 17-19 7.4 | 5.3 12.4 74,9
10] 3 17-19 1.8 | 6.9 18.7 72.6

8 o) 1?-19 9.6 265 9.1 7808

j} < 17-19 444 | A5 13.8 78.3

4 3 17=19 3.4 | 4.5 15e5H 76.6
Average of 10 Analyses = 5.9 - 455 14.3 7543
151 ¢ 19-21 8.8 | 0.4 1548 75.0
g] Q 19-21 8.9 | 2.3 19.5 67.3
o‘ 19"'21 5.4 4.2 1305 76.9

) 9 19-21 8.6 | 3.6 11.5 7643
19] 3 19-21 1.8 | 7.8 20.0 70.4

8 3 19-21 9.3 | 37 10.3 267
?} ¢ 19-21 3.5 | 3.3 121 81.1

4 % 19-21 4.8 | 2.9 15.3 77.0
Average of 10 Analyses = 6.0+ 3db g2 75.4
151 9 21=23 11,8 | 03 16,4 71.5
153 Q 21-23 12,3 [4.6 8.4 74,7
Q 21-23 9-5 102 17.4 ?149
g] d 21-23 4.6 4,0 15.8 75‘06
g] 3 21-23 4.3 | 4.3 16.0 | 75.4
¢ 21-23 8.3 | 528 1l g2 74,7
1(8:)] (o] 21-23 l.8 6-6 1904 ?2.2
3 21-23 12.0 | 0+2 7.9 799
%I 9 21-23 % IR (o 11.8 82.2

4 21-23 503 O-2 1409 79.
Average of i% Analyses = T B 256 13.9 750
151 9 23-25 Oab Wl 11.2 78.0
153 9 23-25 1392 | 05l 7.6 79.1
6 ¢ 23-25 g2 [11e2 18,1 2145

é} e 23-25 b9 12,8 1720 74.3

3 23-25 £,27 | 340 14.2 78.6
g] 9 23-25 95 | B 12.8 77 .6
e 23-29 47 1@ 12.X 83.0
z] 3 23-25 562 - 14.5 §0.3
Average of 8 Analyses = 7.7 1.1 13.4 /7.8
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Analyses of Right Shoulder.

Fortnightly Samples.

150.

Identification Age in Percentage count of fibre group.
number of Weeks. Kemp{ H.T."B". H.T."A"] Wool.
S X LONG,HATR.
151 9 25-27 10.5 1357 7548
153 9 25=27 15.5 8.3 76452
6] 9 25=-27 11.4 18.4 70.2
2 3 25-27 4.9 19.4 7547
3] ) 25=27 4,4 19.5 76,1
9. Q 25=-27 9.1 13,2 79.7
5] Q 25=-27 4,0 13.5 82.5
4] 3 25=-27 542 15.1 79.7
verage of 8 Analyses = 84l 14.9 7740
151 9 27-29 10.9 13.4 757
153 9 27-29 15.5 10.1 74.4
6 Q 27-29 11,2 18.7 70l
5 9 27-29 5¢3 13.0 81.7
3 3 27-29 5.ed 16.1 78.7
Verage of 5 Analyses = 9.6 1453 THol
151 Q 29-31 11.8 15.1 73.1
153 Q 29-31 17.5 6.9 79.6
5 ¢ 29-31 4.4 12.4 83.2
Egzage of 3 Analyses = 112 119 773
15 g 31-33 16.4 6ol 775
15 9 31-33 11.6 8e2 80.2
53 ¢ 31-33 4.3 13.2 82.5
Verage of 4 Analyses = 10.0 9.9 80.1
151 S 33-35 10.1 12.0 7749
lﬁﬂ 3 33-35 11.9 11,1 727:40
15 9 33-35 8.3 10.8 80.9
5 e | 3385 4.9 13.3 81.8
?Efgglof 5 Apalyses = 10.4 10.8 78.8
151 9 35-37 9.6 953 78.1
lﬂj 3 35=37 13.0 8.8 78.2
15 9 3537 17.3 77 7940
15%] 9 39=37 14.3 746 gg-l
5 0 35-37 3.4 13.7 &
'@EEE;pT“S“KﬁEIYEFE—E—— Y 10-0 {1247 o

¥ Long-Hair =

Heterotype "B" + Heterotype "A".
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Analyses of Right Shoulder.

Fortnightly Samples.

Identification Age in

Percentage count of fibre STroup.
number of Weeks., Kemp{ H.T."B". H.T."A"] Wool.
Lamb &|Sex. ILONG-HAIR.

151 ¢ 37-39 11.8 14,8 734
lgO ) 37=39 15.3 9.3 75.4
15 $ 37-39 171 7.6 g5.3
152 S 37-39 12.4 74 0.2
b 2 37-39 4,8 102 85.0
lverage of 5 Analyses = 993 9.8 7749
150] 3 39-41 14,2 10.7 75.1
153 $ 39-41 19.5 7.Q 735
152] & 39-41 12.0 5¢4 82.6
5 g 39-41 4,2 12.6 83,2
lverage of 5 Analyses = FT.5 9,8 78.3
151 9 41-43 10.2 138 76.0
1?0] g 41-43 11.8 107 2745
] Q 41-43 1743 8.5 74.2
133] 9 41-43 13.4 6.6 80.0
5 3 41-43 5.0 1150 83.9
ilverage of 5 Analyses = 11.6 10,1 78.3
151 g 43-4 11.9 12.6 75.5
1?0] 3 4%-4? 16.8 8.7 74,
15 Q 43-45 17.:7 9.2 73e1
153] 0 43-45 12.7 6.5 go.g
5 43-45 5e2 14.6 30
lverage of 5 %nalvses = 12.9 10.3 76.8
151 9 45-47 9.1 1233 78.6
153 9 45-47 18.2 8.2 73+6
152] Q 45-47 121 7.9 '80.0
\Verage of 4 Analyses = 13.6 9.1 77.3
1 -4 1.2 13% .6
1§%J 2 13-43 20.2 g.g %%.2
-4' 16.7 ] L
-ahiggj g 23-43 9.4 7.0 %?%?
lverage of 4 Analyses = 14.4 9.0 76,
B .8 11.7 78.5
%gé} : :3-;% 13.9 1607 g;.;
| -51 1727 7.0 .
153 ; d9-01 | 157 5.3 9.0
QEEQEQ_Of 4 Analyses = 130 S.7 :
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152.
Live-weight and Density figures.
Identification Ago in len—welgnt Observed Corrected
number of Weeks. 1in Grams. Density. Density.
Lamb & Sex. (per sq. cm.)
150 3 1-2 5108 1312 1312
151 Q 1-2 3461 2008 2008
* 152 9 1-2 3292 2538 2538
152] Q 1-2 6243 2225 3337
153 Q 1-2 4086 2015 2015
153 9 1-2 5675 1814 2258
153 ¢ 1-2 7264 1053 1543
Average of 7 lambs = 5018 1852 2144
15?] 3 2-4 6583 1568 1882
15T ¢ 2-4 4426 1571 1854
151 ? 2-4 5221 1346 1777
153 9 2-4 9193 2074 3561
153 Q 2-4 11066 1684 3078
ﬂ 3 2-4 6528 2505 2505
Q 2-4 5533 2964 2964
3l g 2-4 6696 2098 2098
] I - 2-4 6611 2463 2463
a4 4 2-4 4994 2173 2173
) 2-4 4994 2171 2171
8 3 2=4 5845 2409 2409
1 12) . 2-4 5504 1717 1717
R 2-4 6356 1gg1 1898
51 ¢ 2-4 6356 1380 2207
s 2-4 6923 2324 2324
1 g 2-4 o 2954 2954
Tir2] 2-4 3127 3127
2. g 2-4 2685 2685
ey .8 2-4 2202 2202
| o 2-4 1901 1901
| Sial - ¢ 2-4 1845 1845
1 lﬂ g D=4 2523 2523
s 2-4 1807 1307
1 Q 2-4 2018 2018
20| ¢ 2-4 2067 2067
verage of 16 and 26 lambs =6427 2l4l 2200
| 51" . ¢ 4=6 6923 1512 2404
e o 4-6 8399 1393 2521
o=, 9 4-6 13336 1600 3520
| 153 ¢ 4-6 15067 1717 4100
V7 3 4-6 8853 2004 2361
|8 4-6 7718 2078 e
| 6l 9 4-6 6923 2580 3011
& 4-6 8796 2298 2758
8 o 4-6 8739 2126 2562
49 g 4-6 9647 2413 3742
] s 4-6 9534 1639 2522
y 8= & 455 7434 2509 £779
0 4-6 5959 2414 2544
Average of 13 lambs = 9025 2022 < b

K In some cases the lambs were sampled more than
once in the given period.

1_ The Live-weights of lambs from No.ll to No.20 are
not available; and the number of lambs regarded for

the average lee-welght and Density determlnatlons
differs from 16 to 26 in number respectively.

e
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LIVE}WEIGHT and DENSITY figures.

155,

Identification Age in Live-weight Observed Corrected

number of Weeks. 1in Grams. Densi ity.
Lamb & Sex. (per sa?gm.)'DenSltJ
151 9 6-8 10101 16
151 ( 9 6-8 r 12258 1222 3%??
153 | % 6-8 16855 1803 4635
2 8 6-8 | 11804 2342 3475
6l | ¢ 6-8 | 10955 2625 4058
3 3 6-8 13676 1881 3034
9 0 6-8 12825 2086 3246
a1 |2 | 6-8 1373 2507 4921
g: v 6-8 1350 2042 3965
| & 6-8 11917 1898 3050
10. ‘ 3 6-8 9988 1849 2749
R 6-8 13279 2400 3706
Average of 12 lambs = 12540 2027 3592
|
151 | ¢ 8-10 13166 1325 3233
35 A A 8-10 15209 1502 4025
153 e | 8-10 19408 1735 | 4901
153 Q 8-10 21111 2282 6816
27 | & | 8-10 15776 2322 4182
6l (08 8-10 14528 2006 3837
37 | 4 8-10 18500 2147 4230
9] | ¢ 8-10 17592 2478 4760
. g 8-10 16230 2040 4476
o4 [ ® 8-10 16457 1988 | 4403
8} | @ 8-10 16457 2035 4056
101 | g 8-10 14528 2020 3858
A 8-10 18155 2200 4180
Average of 13 lambs = 166906 2006 4404
| 151 9 10-12 17762 1716 5096
| 151 | ¢ 10-12 18841 © L1951 6029
153 9 10-12 22757 1521 4782
153 $ 10-12 23835 1740 5639
21l g 10-12 19181 2165 4442
6. Q 10-12 17138 2513 5368
3 S 10-12 21905 2463 5428
91 | ¢ 10-12 20316 2934 6199
5 sl ~10-12 19408 2316 5725
51 | ¢ 10-12 19522 2339 5791
8] | ¢ 10-12 18501 2467 5316
101 | ¢ 10-12 18046 2263 4992
Average of 12 lambs = 19768 2199 5401
| as1. [ ¢ 12-14 20657 1983 6524
151 2 12-14 23721 2057 7426
153 9 12-14 25764 1737 5905
153 | ¢ 12-14 26672 1920 6700
an s 12-14 21678 2027 4512
g 10-14 JQQEee e 2383 ) 4 142 T~
28 . 12-14 25310 2238 5432
9a | ¢ 12-14 | 23948 2774 6541
81 | s 12-14 2247 1933 4742
oY 12-14 2167 2141 5331
Average of 10 lambs = 23188 2099 5827

et N
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-Live-weight and Density figures.

Identification Age in Live-weight Observed Corrected
number of Weeks. in Grams. Density. Density.
Lamb & Sex. (per sq.cm.)
151 g 14-16 24232 1692 6193
151 $ 14-16 25764 2034 7749
153 ¢ 14-156 29056 2021 7457
2] id 14-16 22246 2247 5089
6 g 14-16 2048 1470 3535
3] 3 14-16 2587 1896 4672
9l 9 14-16 24516 2176 5216
4 d 14-16 20430 1857 4750
5 e 14-16 20430 1824 4655
?} é 14-16 22700 1843 4552
10 é 14-156 22019 1800 4534
\vepage of 11 lambs = 23432 1896 5309
153 ¢ 16-18 27807 1978 7101
151 g 16-18 26105 2130 8194
2] 3 16-18 25651 2235 5567
6. Q 16-18 23381 1678 4408
3] g 16-18 28829 2111 5588
9 $ 16-18 27353 2800 7218
4 3 16-18 23097 1720 4773
5. ¢ 16-18 19976 2490 6275
8] S 16-18 26105 2268 6151
10 g 16-18 25310 1912 5287
werage of 10 lambs = | 25361 2132 6056
151 9 18-20 25310 2033 7664
153 Q 18-20 28375 1964 7148
ﬂ 3 18-20 24743 1808 4397
Q 18-20 22927 1928 4999
ﬂ g 18-20 30191 1936 5285
9 g 18-20 29139 2414 2496
4 - 18-20 22586 2304 0l
ﬂ 3 18-20 22230 2233 6242
?} 3 18-20 27240 2216 6180
10 3 18-20 | 27694 1574 4613
\verage of 10 lambs = 26076 2061 2972
151 Q 20-22 26218 1590 6137
153 Q 20-22 27694 1941 6987
ﬂ 3 20-22 25083 20661 5143
9 20-22 | 23267 1897 4966
3 g 20-22 29907 2048 9554
& G 20-22 22927 1614 4461
_E_Jﬂ__ 9 20-22 22473 1954 5325

\WWerage of 7 lambs = 25367 1872 2510




APPENDIX TABLE; No. 10. 155.

Live-weight and Density figures.

Identifieation Age in Live-weight Observed Corrected
number of Weeks. in Grams. Density. Density.
Lamb & Sex. (per sq.cm.)
161 ¢ 20-24 | 28034 1676, [ ez
153 Q 22-24 26616 1680 5863
2} 3 22-24 25878 1807 4526
6 S 22-24 24062 2095 5608
ﬁl 3 22-24 | 25878 1920 5750
g 22-24 22870 1919 5293
Average of 6 lambs = 25556 1849 5635
151 24-26 27694 1552 6209
153 9 24-26 28715 1719 6309
5 ¢ | 24-26 | 21792 2448 6539
Average of 3 lambs = 26067 1906. 6352
151 9 26-28 28148 1740 7030
153 ¢ 26-28 32234 1698 6724
5 Q 26-28 22700 2554 7008
Average of 3 lambs = 27694 1997 6921
151 Q 28-30 29169 1525 6313
153 9 28-30 32574 1815 7242
. 5 Q 28-30 23267 3063 8549
Average of 3 lambs = 28337 2134 7368
151 Q 30-32 29169 1665 6893
15 ¢ 30-32 33426 2686 8327
15 9 30-32 33142 1739 7026
S 5 g 30-32 22757 2859 7859
Average of 4 lambs = 29623 2237 7526
|
| 151 Q 2-34 30701 2201 9420
| 1? Q %2-%4 34844 2098 10374
15 ¢ 32-34 33653 2163 8825
e 5 9 32-34 23608 2342 6597
Average of 4 lambs = 30701 2201 8804
151 ¢ 34-36 31553 2275 9919
15 Q 34-36 34731 2692 13191
L5 Q 34-36 33028 1703 6863
iVerage of 3 lambs = 33104 2223 9991
151 36-38 | 28318 2364 9598
15 2 36-38 34531 3372 16151
Lﬁﬁ__zsﬂ o 36-38 30899 2326 . 8955
“iversge of 3 lambs = 31249 2687 B
| :
151 9 38-40 | 27013 2074 8151
15 Q 38-40 33993 2128 10091
15 9 38-40 31666 2166 8491
erage of 3 lambs = 30891 2123 8911




