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INTRODUGCTTION. ‘

In connecticn with a sheep hybridising experi=- |
ment which is being carried ocut by the Animal Breeding
Research Department, a microscopical analysis of the
fleece of the parental breeds invelved (viz. Scuthdown:
and Blackface Mountain) was undertaken. It-was hoped |
in this way to make & complete survey of all British
breeds, describing in the first place those which are ‘
mest frequently used feor cressing ocn acccunt cf their |
greater value in the study of the inheritance of
fleece characters. However,-this study had nct leong

been ccommenced, when it became evident that if the

original methed of examining each breed separately and

thorcughly in sequence were adhered to, while useful

data would be collected in large numbers, much of the

significance of such infermation would only be ex-
pesed at the end of the investigaticn, cr indeed scme
pcints would be entirely lost sight of if they were i
net accentuated until some breed towards the middle ofi
the series was reached. Morecver, the time required
to carry cut the work on such a scale would stretch
over many years.

Accordingly, the positicn wes reconsidered and

it was decided that the quickest way to op?*imum



| ively. Although nc information was availablz as to

| taken, it was considered that an analysis of these

¥

| results lay in first carrying cut a dbreed survey on

the smallest scale compatible with reasonable accuracy‘

in general and basic results. Such a study would at |

| least present a bird's eye view of the situaticn and

would, in all probability, show or suggest more speci- \

fic lines of research which might be followed with ad-

vantage.

The work was carried out at the Animal Breeding
Research Department, the University, Edinburgh, and my!
best thanks are due to Dr F, A, B. Crew, Director, fbr!
the facilities and opportunities afforded to me during |
the course of this investigation., I am very deeply
indebted to Professor Barker, University of Leeds, for

his kindness in supplying me with most of the wool |

necesgsary for this study.

Material and liethod. ‘

The material consisted of a series of samples

from British pedigree sheep, there being two samples

from each breed marked 'fine' and ‘coarse' respect-
the part of the body from which these samples were

would be sufficiently accurate for the present purpose,
egpecially as previous experience had demonstrated
that variation in the character of fleeces from the

same breed are due to difference in the proportions



| the fibres and the examination of their structure;

| cellaterally with this a number of measurements have

i
of the component fibre types and to slight changes in !

their average diameter (which would deflect the mcde
of their diameter frequency curve to cne side or the
cther), rather than tc any fundamental structural

differences. Other samples of wcol and sheep skins,

obtained from various scurces and nct described in

the present paper, have also been examined as a means

of contrelling the accuracy of the results from the
first series.,

Emphasis has been laid on the classification of

been taken but these generally pessess but little val-

ue outwith the sample to which they refer and are not
tc be lcooked uncn as fleece or breed criteria.

Fach sample was examined &s a whole before small«-
er portions were removed for detailed investigation.

The fibres were then classified by eye and ranges of

|

I

o | l
. fibres separated eut. Numerous fibres were mounted !
i

' both in strands as they were withdrawn from the

staple and individually. 1In all cases they were firsti
washed in ether; then those to be mounted in euparal |
were stained with picric acid while those mounted dry
were previocusly stained by dipping in an alechelic

soluticn of ecsin and Gentian vinlet and dried rapid-

ly but carefully over a low flame or other gentle heat,



| Both methcds of mounting wereused for fibres from all
gsamples although the latter was chiefly useful in
demonstrating the scale structure in fibres pigmented
er with a broad medulla as the scales are generally
masked by the presence of such conditicns. Further,
in these cases it was cften found necessary to use

| reflected light instead of, or in addition tc, the
transmitted light which in general was quite suffic-
ient. The technique used in cutting sections was that
| developed by J. A, F. Roberts.

| The method whereby the most consistent measure-

| ments could be obtained presented some difficulty on

; acceunt of certain general variation in the series of
_ samples. Some were obviously taken from first c¢lip

| fleeces which are in general longer than those of sub-
' sequent clips; moreover taking inte acccunt the |
lamb's woocl part would affect the avérage diameter

of the fibre. Again, it has been previously found
that fibres show a tendency tc be finer proximally
than distally; if, however, the clipping is deferred
till after the usual seascn, a thicker part again
intervenes between the fine pecrtion and the skin.
Finally it was decided to attempt no.correction 80
far as the length measuremente are concerned, but to
take the diameter in the three regions on the fibre

defined 3s follows: (1) The most uniformly thick




portion of the 'lamb's wool part. (This measurement
was only taken where this part could be clearly de-
fined); (2) The most uniformly thick region of the
distel. (but non-lamb's wocl) portion of the fibre.
(3) The mest unifermly fine prouximal region. In the

tables cf measurements these three regions are re-

| ferred to as A, B, and C respectively.

In measuring individu=l fibres the full extended

| length was taken. The staples were measured in their

natural position, for many of them were inelastic and
could nct be extended without bresking and confusing
the fibres.

Photegraphs were taken at a magnification of 400
by transmitted light, so that the fibres appear in
cptical section but at the same time exhibit a clear
picture of their scale structure. In each case the
phetographs were taken of the thickest region of the
fibre and an attempt has been made tc expecse as far as
possible the range of variation which may be met with
in each breed. Unfortunately, all fibres dc not phot-

ocgraph equally well and occasicnally scme figures are

not as gecod as might be expected from their appearance

under the microsccpe. Scmetimes the cuticular struc-

ture on the cther side of the fibre shows through the

shaft, giving a misleading appesraince. The ccarser

fibres of the Lustre breede appear to be most easily




photographed, while some from the Mcuntain Short Wools
(especially Cheviot) were the most difficult.
i On each plate the figures are marked according tc

the class of fibres which they represent, thus:

K

I

Kenmp,
I

Type 1, the coarse type of fibres where more

than one main type is found.

II = Type II, the finer type of fibres where more

than one main type is found, or the main

i ! type where only one is present. This also
includes the emall group of very fine |

fibres where such occur.

| Terminclogy.

i In order that breed descriptions might be made as
concise as possible, it seemed necessary to introduce

some preliminary classification of fibre structure,

' such as Hausman's method of grouping according tc the |
ccnfiguration of cuticular scales and medulle. Kow-

| ever, the graduality with which these strate of the
fibres varies and in scme cases their irregularity,

- have made it difficult to adhere closely to Hausman'se

echeme, though the general idea has been followed.

Cuticular structures appear to vary around or
between two main types whese characteristics are most

clearly brought out by ccmparison. The first, known



' as the wool type, is in its simplest form of the cor-

onal pattern, that is each scale encircles the shaft

of the fibre and rests in the cup formed by the scale

|
beneath it; its ectal edge is convexly curved, faintly

and irregularly serrate and points distally. Such a
type occurs only in very fine fibres, and as they be-
come thicker more than one scale tc the circumference
can be seen, which tend to be broad and shallow and
are either convexly curved or their free edges trace
out a wave-shaped line around the fibre shaft. This

tracing, which is most frequenfly found where more

than one scale per diameter cccur, presents a very

different aspect according to which part of the line

is visible: thus a convex, concave, or diagcnal line

| may be exhibited. It can alsc be observed that the

waves so formed tend to run equidistantly from cne

another, and where the scales are shallow this char-

acteristic parallelism is very marked. In many cases,|

however, they are not quite continucus at their lowest
(i.e. most concave) point and a narrow piece of the
slightly deeper scale breaks the regularity here.

The other variety of scale structure, known as
the reticulate or hair type, vresents the appearance
of a rather taut net stretched across the surface of
the fibre. The scales although actually slightly

curved appear te be gtraight and smcoth-gided in



| tally, in the former they often show a very marked

cemparison with those of the previous type. They meetl
three or four at a point and are frequently irregular |
in size and shape. However, in some fibres the maj-
ority of scales may be long and narrow, in others

squarer or broader and more shallow. The last variety

approaches the kemp type of cuticular structure tec

which special reference will be made later. Their ;
|
ectal edges form notches along the sides of the fibres|
but are, except in a few cases not so distinct or re-

gular as in the wcol type, this being probably due to

the fzet thet whereas in the latter case a2ll the scaleé

have their free edges directed gquite definitely dis-

lateral as well as distal orientation. It has been
mentioned above that in this type scales character-
istically appear tc meet three or four at a point.
The cause for such an appearance can be more cleafly
detected in some of the [ibres, Namely, the line of

fusion between two scales usually s*tarts from beneath

an angle or a point of the more proximal scale (below);
the scales, however, are so thin and so closely ap- |
plied to the fibre shaft that the difference in depth :
of focus may citen pass unncticed and the structure i
appears as an endless netwoerk rather than as an ire
regular slating which it really is. As was expected, |

tabulation of the number of scales per unit of fibre
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length yielded an indication of difference in scale
size between the two types, but while the results

are in agreement with the suggesticn that the cells

of the reticulate type are in general larger in sur-
face area than these of the weel type, the irregular-
ity in scale shape robs them c¢f much of their signifi-
cance.

Medullae, on the other hand, appear all to be
modificaticns of one main type and vary from an ex-
tremely wicde continucus type which takes up practie-
ally the entire fibre shaft partly at the expense of
the cortex, and) in which the structure can be clearly
seen, tc a very fine type which is indistinct in
structure. The wide medulla always takes the form of
a reticulum in which meshes lie both vertically and
hcrizontall& to the length of the fibre and are ap--
parently the shrunken keratinised cells and cell walls
of the medulla which, in the fcllicles of the growing

fibre before keratinisation can be distinguished from

the surrounding cortical cells by theirrcund or square|

shape zs compared with the spindle shape cf the latter.

As the medulla in the fibres beccmes progressive-

| 1y finer the reticulum is still pregent altheough it

is much narrower, until the finest grade is reached,
in which the medulla consists cf a single row of cell

spaces often apparently of irregular size. In all
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cases the spaces are filled with a gas, presumably

air, and this, unless expelled by some clearing agent,

’
masks the structure especizlly in the fine fibres
where its expulsion is mcét difficudd,

Medulla which occurs throughout the fibre (with
the exception of the tip and root of a shed fibre
where it is never present) has been termed continuocus
medulla, while that which is interrupted at fairly
long intervals is designateddiscontinucus. Since

the great majority of medullse come into the last

category, it has been found convenient to speak of '

fragmentery. WMedulla of which the width is less than |

pertion of the medulla as being continuous. Very fine

much and irregularly interrupted medulla is known as

half that of the entire fibre shaft is referred to as

rcd-medulla, since its appearance when examined by i
transmitted light under the microsccpe is not unlike i
2 black rod. That which is wider is termed reticulate
medulla since the network can usually be sgeen out-

lined by reason of the gas which fills the spaces,

The werd kemp as used in this paper designates a
fibre which is, in all but the long-wecolled mountain

breeds distinct from all cothers cun acccunt of its

ccarseness and because it is wusuz2lly found lying

loccse in the fleece (if this is examined towards
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: shearing time); it possesses a complete tip and rcot,
| from wnich it is concluded that it is shed at least

once a year. In medullary structure it does not dif-
fer materially from the other types (vide infra) but
the structure of its cuticular layer is rather char-

acteristic. Kemps possess in the medial region, (i.e.

thieir thickest portion) a very definitely reticular

| scale structure in which the meshes are penta- or
hexagenal, the sides being straight and the angles be-

| tween clear cut. In general they are fairly uniform
in size and rcughly regular, Travsalling towards the
extremities of the fibre it is found that the scales

. become progressively broader and alsc slightly shall-
ower, the apex angle of the scale becomes more and

| more obtuse until at last it disappears altogether
when the ectal edge is represented by a single firm
smooth continucus line. At first sight the scales
new appear tc be like large wcol scales, However
they have a tzandency to possess straighter sides and
take the form of long narrew rectanpgles while the

. weeol type exhibits a faintly ragged edge and curves

down to meet the superimposed scales without forming

definite angles. Finer kemps are occasicnally

clothed throughcut by brocad shallow scales and have

no reticulate markings.

The terms '‘hair' and 'wool! have been avecided as
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far as pcssible in the description although it has

cccasionally been found necessary to use ‘weol' in its|

more general sense to describe collectively all the

| fibres of the fleece. 'Staple' has been used ex-
clusively tc denote the small tufts or locks into
which the fibres naturally group themselves in the

é fleece. In order tc obviate the necessgity of intro-
ducing more figures, it has been decided to use the
terms 'wave! and '‘crimp' in contradistinction to one
ancther, that is, staples and fibres in which more

-

than 1 wave per centimeter occur are described as

'waved,' while where the waving is finer it is called

'crimping.!

In the following descriptions it has been found
cenvenient tc group the breeds inte fcur classes,
viz., Mountain Longwcol, lLustre, Dewn and Mcuntain

Brhort VWecol Breeds.
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MOUNTAIN LONGWCOL BREEDS.

SWALEDALE .

Coarse Sample. This is very similar to medium

quality Blackface wocl. The longest type of fibre
' (27.5 - 35 cm.) are very strong and hairy and fall in-
to free locks for the distal half of their length;

these are waved after the manner of the lustre wool

| staples, though conly very lightly and faintly so.

| Proximally the staples are bunched together into

' larger clumps by the second type of fibre which forms
a thick and fuzzy undercoat, and scattered through
this there are found many kemps showing up brightly

iwhite against the cream or faintly brown colour of the
other fibres.

As has been said, the longest type of fibres vary

a little in length; their diameter also shows some
variation and in general the finer fibres are shorter. |
Nearly all show a thin region (2 - 3 cm.) at a dis-
tance of 3 or 4 cm. from the proximal end and above

' this a deep locping or doubling on themselves. In

contradistinction to the loose wave which this type

possesses and which is more marked in individual
|

fibres, the other main type of fibres is crimped fine-

ly and fairly deeply although in its coarser members
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somewhat irregularly. This curling causes it to appear

| much shorter in the staple than the type just de-
| scribed, but the extended length of its component

' fibres varies from 17 - 24 cm. The proximal part of
Ithe fibre is finer than the rest of the shaft and the
diameter, while it is on the average smaller than in

the long type, appears to vary fairly regularly with

the fibre length. The range cf variation of the dia-

}meter merges into that of an extremely small group cf
|
fibres, 26 - 29 cm., long, which is apparently inter-

|
|
Imediate in every respect between the two main classes.

It exhibits a curling which, while distinctly finer |
;and closer than that of the first type, is yet not so
i-fine as in the pecond.

A small number of fibres are present which have i
been excluded from the second class solely on account
¢f their length. Some of these possess tips and are

4 - 6 cm. long, cthers are very fine and blunt dis-

tally and have a length ¢f 8 - 9 ecm. A very few pig- f
'mented fibres cf all types occur.

Kemps are 10 - 14 cm. long, thick and very numer-
cus. They show many breaks or flattened bends; also
‘in many a tendency tc simulate the short stiff crimp-
‘ing often found in typical hair is cbeervable. A4s a |
'rule the fibres are fairly uniferm throughout their

' length, conly thinning c¢ff abruptly for a very short
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distance at their tip and roct; in some, however, the
proximal thinning is much attenuated and may cccupy a
considerable part of the fibre length.

ﬁ Under the microsccpe kemp is seen to pcssess a
reticulate medulla taking up the entire fibre shaft
with the exception of a very fine layer of cortex and
cuticle which cover it throughout its length and of
which the former replaces it for a short porticn at
the extremities cf the fibre. Surface markings are
reticulate except at the two ends where the roughly

square shaped meshes are replaced by brocad shallow

scales, these in turning running intc the apparently

wool type scales which clothe the finer parte.
In the long type of fibres scales are throughout

reticular, except on the thin regions in one or two

;cf the finer fibres where woocl tyre scales, either
‘typically ceronal cr slightly modified, occur. In the
other main type and in all the finer fibres woecl merk-

'inga are found, although in a few of the coarser fibres

of this type there is a tendency to slight reticulation|
for a short distance in the thic kest parts; in these, i
however, the scales are small and exhibit somewhat
irregularly serrated edges, which shcw some indications
of parsllelism, | |
The fibres intermediate with respect to characters

visible to the naked eye alsoc occupy this position with




18 |
|

|regard to scale structure. Both types of surface mark-
ings may be discerned; the wocl markings, usually someJ
what mcdified, occur in the proximal half of the fibre,
while a reticulate surface structure is exhibited dia—:
tally.

In the fine parts of the lecng fibres medulla is

usually absent cr only occurs in the form of short fine

|widely spaced rods. There are however cne or two ex-
'cepticnal fibres, thick and kemp-like in appearance, in
iwhich the custcomary finer porticn is absent. They
!possess a very wide reticulate medulla similar tec that
‘of the kemp type, which, however, at one or two points

‘an their length, suddenly thins dowmn and disappears for
Iintervals of varying lengths: in one case it may be as
short as 0.5 em., in another several centimeters long.
This disappearance of the medulla is accompanied by an
equally sudden and great reduction in fibre diameter,
the shaft in the fine region being about the size nor-

mally found in the root part of a complete fibre (it is

'also covered by scales of the corresponding type).
? In the remaining fibres medulla varies in width
from continuous reticular three-cells troad one found
in the thickest distal part of the fibre, to a fine

apparently structureless rod which is continucus dis-

tally but beccmes discontinucus medially and is found

jto be more and more fragmentary as we travel toward the
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fine proximal part, where it often disappears. Gen-
erally, it re-appears again, though less well defined,
immediately at the proximal end. This latter type of |

medulla is alsec found in the fibres of the intermediate

group. .
In the shorter of the main types of fibres, the

coarser members also possese a rod medulla but in gen-

eral this is only continuous for a short distance in

their thickest part. In the rest of the distal region

| it occurs cnly fragmentary and is entirely absent prox-
| imally.
Fine Sample. This is very different from the

coarse sample. Practically all the long hairy cuter

fibres have disappeared, leaving the finer woolly cnesi
exposed as the most obvious constituents of the fleece;
congequently it is of much softer texture. ©Such long
fibres as cccur here are much finer than in the pre-
vicus sample and merge alme st unncticeably into the
fine woolly under coat which ies again well crimped; the
crimping is irregular in its directicn giving a fuzzy
appearance to the staples. The latter are 24 - 27 cm.
long, the long fibres measure 28 « 33 cm.,, while those
from the under coat measure 18 - 23 cm. While all
fibres are finer proximally, there is no tender part

in the long fibres as was the case in the previous

sample, No ghort pointed fibres are found but




SWALEDALE



smaller, comprises coarse fibres 20 - 27 cm. long,

 fleece. Fibres of this class, while not showing a

occasicnally there are present very fine untipped onesi
about 13 cm. long. Scale structure is mucﬁ as in the
previous sample, but medulla is much finer and less
frequent in the long fibres and is absent in the

fibres c¢f the finer and intermediate types.

LONK .

Cocarse Sample. In this sample the staple !

(18 = 19 cm. long) is soft and lustrcus proximally

but its distal end is coarser, drier and dull; it is
waved similarly tc the Border Leicester or Romney
Mersh, though not so firmly. Apart from the few kemp |
fibres 1 - 3 cm. long which are found scattered in the |

proximel part cf the staple, two more or less definite

classes of fibres may be distinguished. One, the

straight in their distal part but with irregular short
waves proximally. These fibres alsc show a fine part
near the proximal end. Their average diameter varies

fairly regularly with the length and the thinnest of

this type are not very different from the coarsest of

the second type which forms the largest part of the

large variation in diameter, are f inely crimped
throughout their length which ranges from 9 - 20 cm.

Pigmented black fibres do not occur as often as




| dust which have rubbed into the surface of the fibre

| usual cleaning processes .

a1 ‘

might be expected from a naked eye inspection. The
wool has apparently been grown in a mining district
and is extremely dirty. Many fibres are almost devoid

of cuticular scales distally and numerous particleé of
remain in it after the wool has been subjected to the

In the kemp fibres medulla appears to vary some-

what in diameter, more or less corresponding to the

difference in the width of the fibre. In the coarseatf

| it is of the reticulate type with wide clearly marked

meshes; in the finer it also forms a network which is ‘
proportionally narrcwer with its threade closer and E

1
]
|

somewhat confused. In the latter the scales are of .
|

- the broad shallow type, while in the former they are |

| reticulate centrally with broad shallew scales on
. either side. One or two of these fibres also possess

| an elongated fine root portion similar to that found

in some of the Swaledale kemp fibres.
The sample further resembles a Swaledale in that

occasionally a long fibre is found with a kempy part,

that is, distally it has the structure of kemp with a

very wide reticulate medulla and reticular surface

| markings, while proximally it is generally much finer

' with only a thin rod medulla.

The cther long fibres, while non-medullated in
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their fine parts, possess a medulla distally and usu- !

ally for a very short distance at the extreme proximal?

end. It varies slightly with the diameter of the
| fibre from a moderately thick two-cells wide medulla

to one taking the form of a series of very fine dis- '
continucus rode. Scale markings are as a rule reticu-i
late. Amongst the fibres just on the border line be- |
tween these two classes in which the medulla is very
discontinuocus the scales are proximally of the wool
type while distally they are apparently reticular.

A large number of the fine fibree show medulla

which is continuous only for a short distance in the
thickest distal regicn and gradually becomes discon-

tinuous until it reaches the proximal region where it

; disappears entirely; it is of the f ine rod type. 1In

. the finer fibres it is altogether absent or cccurs on-E

ly as isolated particles.
Several fibres in both classes are much flattened

and twisted and in croes-section show up among the

others, which are 'roughly rounded, as being somewhat
kidney=-shaped.

Fine Sample. In this sample which has a staple
15 cm. long the outer end is not so markedly coarse
and distinct from the finer under ccat. Among the
individual fibres toec the change from long and coarse

to fine and short is so gradual that no division into
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twe separate groups is possible. The long fibres range

from 14 - 24 cm. and, as is the case in the previous
sample, have no pointed tips. A few ncn-medullated

fibres 3 - 4 cm. long, with pointed tips and heavily

pigmented in their distal portion occur.

|also found though less frequently.

Kemps are
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LUSTRE BREEDS.

LINCOLN.

Coarse sample. This is composed of long (25 cm.)

staples with deep regular and non-extensile waves.
| Along the lateral edges of the staple straighter
]fihmas run through among the waved ones; they are in
any given length of the staple shorter than the others
gand, being caught in the yolk, appear tc assist in
preserving the shape of the staple. A few straight
| fibres are also seen lying along the cutside of the

staple, but these are looser and apparently do not

play the same part as the former.

| There are three distinct types of fibres: (1)
iKemp, thick and usually short (1 cm.) though occasion-
ially fibres as long as 6 cm. are found. (2) Long
éstraight fibres of which the fleece is mainly com-
pocsed; they show very considerable variation in wavie
ness and in length (21 - 31 cm.) and alsc to a lesser
extent in diameter. (3) Very short fine fibres about
one third of the length of the long ones (8 - 9 cm.)
'and very finely crimped, sc that 10 tc 15 curls of the

former are equal to one wave length of the latter.

These fibres compose a very small part of the sample,

pcesibly less than one 4.




:greater part cf their length a continuous and slightly

| this sample is that in a few cases it is split leongitud-

'hair shaft. When the medulla is single it is occasicne

| face markings are very distinct, generally reticulate

Iwith meshes drawn longitudinally. The jagged free

The kemps possess a very broad medulla; the sur-

face markings are centrally reticulate and distally i
broad and shallow. Of the long fibres roughly half |
have no medulla, in others it occurs intermittently
in minute rods in the thickest partes with occasionally |

a continuous piece. One or two fibres have for the
larger medulla., An unusual feature of the medulla in

inally and runs for a short distances as two lines of

black rods lying parallel to one another and to the

ally placed very eccentrically in the fibre. The sur-

edge of a scale is seen always to run to meet the line

|of fusion of the two scale immediately above it.

Ewool and in most cases each completely encircles the

As was expected, nc medulla is seen in the third

type of fibres. The scales differ little from typical

fibre shaft. No pointed tips are found in either of

the last two classes of fibres.

Fine sample. This is much like the coarse sample

in appearance, tut finer and softer to handle. There

'are again three types of fibres but the finest type is {

very scarce. The few kemps found are about 2 cm. long.i
|



LINCOLN
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There appears, however, tc be a greater variation in
the diameter of the long fibres, one or two being very
coarse and hair-like. ©Scme gtraighter ones are found
at the staple edges and a few cthers, almost quite
straight, are scattered throughout the staple, which
is ;;ain inelastic being run on the straighter fibres
and to scme extent fixed to them by the yolk in the
fleece. 1t is about 23 cm. long.

With the excepticn of & few very ccarse fibres
which possess throughout their length a medulla ex-
hibiting at its widest part definite reticulate struc-
ture, the long fibres have either no medulla at all or
else have short discontinuous pieces medially and dis-
‘tally.

The long fibres are about 26 - 31 cm., the very

fine cnes about 9 em. in length.

LEICESTER.

Cecarse sample. The unextended staple measures
[22 em, ,

| and is curled more closely than is usual in
this breed; the wool resembles slightly Oxford or
Romney and is also rather dry and brittle. The staple
e fairly inextensile; when pulled out there is a
tender point at which the fibres break readily about

& em, from the tip. Many kemps are present and are of
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two types: the more usual being very thick about 2 cm.
long and with a short finely tapering root and tip; I
the other has the usual tip and thick part which is
followed by a long fine porticn which merges into the |
root part. This latter type of fibre is about 7 cm.
long and even in its thickest part is somewhat finer
than the former. Both types occur at all peints aleng
the length of the staple from the cut to the distal
end.,

Amcng the cother fibres twe types can be identifieﬁ,
one long and ccarse, about 28 cm. in length, the other

shorter and finer, difficult tc measure owing tc the

brittleness of the fibres making it difficult te tell

whether they were short or merely broken., Possibly
the shortest are abecut 10 cm. long. In both types
varietion in average dizmeter cccurs between individ- 1
ual fibres but, on the wheole, is not very great. A
large number of both long and short fibres possess
tips. The 'lamb's woel'! part of the fibres tends to
be more dead white than the rest, which generally is
of a more pearly colour. All fibres show at their
proximal end a very fine curly portion about 2 cm.
long. The long fibres exhibit a certain degree of
waviness; in some, as is expected in firm staples,

there are straight pertions.

As regards structure, the short kemp exhibits that
|
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typical of a thick kemp fibre. There is a large reti-
' culate medulla, which occupies the greatest part of
the shaft of the fibre, and is surrounded by very fine
layers of cortex and cuticle. The latter shows over
the thickest part a reticulate structure, while above
and below the wide 'rectangular' cells are seen merg-
ing at the extremities into an apparently wecol fype of
scale,

The long kemp resembles in its distal part the
 above type; proximally, the medulla is fine and frag-
mentary and in parts disappears altogether. The cut-
icle here consists of long narrow scales forming a
reticulum which lies diagonally across the fibre.

The medulla found in the distal part of the long
fibres varies in width from one two cell-spaces in
diameter and showing a reticulate structure to one
which shows only as a fine more or less discont inuous
rod., In the central portions of the majority of the
fibres there is no medulla (as was the case in the
proximal region); it is, however, present in some
fibres as a fragmentary rod. Microscopically a short
portion at the extreme proximal end of the fibre ap-
pears slightly thicker than the rest and shows a small
piece of a medullary reod.

The cuticle of these fibres generally shows

reticulate markings and in these the type of scale
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which predocminates is long and narrow, lying with its !
longer axis more or less parallel to the length of thei
fibre. Such scales are observed both on medullated i
and non-medullated parts of the fibre. Shorter equarer'

scales also occur and these are occasionally misleading

-

P

in their appearance, in that a piece of a fibre may be

found which seems to be covered by scales of the wocol

. tremely careful focussing, a fine line of junction 1

| running down between the teeth of the scale edge may

| be discerned, which indicates that these are not
| scales of the wool type but actually rows of scales

forming a net-work. This type of marking is generally

found in the finer parts of the fibres.
In the shorter fibres no medulla is present. The
scale markings vary from typical wool structure in the

finest parts to a kind of modified reticular marking

which appears to be not unlike that described above;

however, no concealed cell fusions could be detected

. and accordingly it was regarded as wool marking., |

| though many straighter fibres are likewise found.

Fine sample. This consists of long distinct and
fairly inelastic staples of about 30 cm. in length

(unextended). Most of them are definitely waved

' There are, apart from kemp, two types of fibres: the

| first measuring about 39 cm., showing sligat variation
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' in length and thickness, and more or less waved; the
| fibres of the second type are very fine and short and
- are found only in very small numbers. Some of them

; are practically straight throughout their length whileE
| others are either well curled or possess an extremely |
é curly tip. A complete fine short (1 cm.) kemp is i
found occasionally. !
Most of the fibres run out to a fine tip. One or|
. twe have in their distal part traces of rod-type |
| medulla, while a few show here and there short black i
: medullar parts as far down as the medial portion of the

fibre, but in the main the fibres are non-medullate.,

The scale markings are very regular, being of the re-

| ticular type with the mesh as a rule slightly drawn

out in the direction of the length of the fibre. As
in the previous sample, the free edges of the cuticu-
lar scales are scmetimes soc prominent as ts appear
like very irregularly edged wool scales; on closer
inspection they are seen in each case tc consist of

- a row of smaller scales. In the shorter fibres there

: is no medulla., The scales are much shallower and ex-

| hibit the typical wool markings except in the thicker
parts of sane fibres where there is more than ocne

scale per diameter.
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COTSWOLD.

Coarse sample. This is a very long lustrous wool

with a staple of about 35 cm, Distally the strands
are loosely waved but proximally the waves are shorters
and more compressed and numerous straight fibres are F
seen running through them. These fibres when pulled .
out are found to belong to the longest class present. |
This class consists of both straight and of loosely-
waved fibres, comparatively unifoerm in length but
varying greatly in diameter, which is on the average
intermediate between those of the twe other classes.
Of the other twc types present one, kemp, is re-
presented only by one or two thick short fibres
(1 - 2 cm. long), while the cther, vhich is probably
equal numerically to the longest class, consists of
very fine fibres, 15 - 25 cm. long, somewhat loosely
crimped throughout the entire length. A few fibres
8 cm. long are met with, but as they do not differ in

any other essential from the preceding class, it was

concluded that they were either shorter or brcoken
fibres belonging thereto. In both the long classes

many fibres are found to possess pointed tips.

medulla 3in their distal part; in the coarsest of these

Roughly half of the longest class cf fibres show ‘
|

it takes the form of a continucus fine rod, beccming
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discontinuous in the medial portion and gradually dis- |

appearing as one travels down towards the proximal

| end. Other fibres of this type show at most only min-
ute particles of medulla here and there. The cuticu-

. lar markings are reticular throughout and show, es-

pecially in the thicker parts, a large number of long }
narrow scales lying more or less along the length of |
. the fibre. These also occur in the finer parts of the
- fibres, although the tendency for the meshes of the

' reticulum toc be sguarer is more marked here.

The finest type of fibres are non-medullated and

have typical wool scales.

Fine sample. No great difference is found between

this and the previocus sample. The wool is finer and
softer to touch. The staple is a little shorter

(30 - 33 cm.), and the longer and shorter fibres show
a corresponding decrease in length. (Long fibres |
36 - 40 cm., short, 10 - 18). There is in this case
no break in the series of lengths obtained in the

- finest class of fibres which confirms our suggestion
that the shortest fibres in the coarse sample belonged1
j to that group. The longer fibres are on the whole

| much finer than in the previous sample and not so many

have tips, while more of the finer under fibres run

out to fine points. No fibres apart from kemp show

any more than a few minute particles of medulla.
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SOUTH _DEVON,

Coarse sample. The staples are 31 cm. long, in-

extensile and closely waved. A number of straight
fibres runs through each lock. Three types of fibres
occur in this fleece: a few kemps, 1 - 2 cm, long, a
few very fine fibres which vary from 14 - 22 in
length, and long fibres (35 = 43.5 cm.) upon which the
character of the fleece depends: these last vary a

good deal in diameter. Among the long fibres are

classified the straight ones which, when separated out

| are seen tc be slightly wavy for a short portion at

each end. It is worthy of note that these straight

fibres are among the longest in this group.

The very fine fibres are either very markedly or

very slightly crimped, but never shew a tendency to

. a waved shape, as do the long ones.

The kemps have a wide reticulate medulla and the
corresponding surface markings. The meshes of the
medulla are very much drawn out transversely. Fine
rod medulla is found in the coarser of the long fibres

where it is continuous except for a part towards the

' proximal end, or else discontinuous and occurs only

distally. The finer long fibres have no definite
medulla and show only minute particles of it here and
there., Reticulate markings are seen on all those

fibres and are most clearly discernable on their
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thicker parts, where it is possible to focus down
until they are seen toc assume a very fine but sharp
outline.

In the very fine short class of fibres medulla
is absent and the fibres all show distinct wool sur-
face markings .

Fine sample. The staple is much abcut the same

length and shape as in the previous sample. It is a
little more lustrous and also softer tc handle., The

same three types of fibres can be identified; the

finest fibres occur a little more frequently than be-

fore but are still inconspicuous in the fleece as a

whole, and range in length from 17 - 24 cm. The long

fivres (36 - 40 cm. long) appear tc have as wide a

| variation in diameter but are on the average thinner

' than in the previous sample.

The structure of the fibres does not differ in

any way from the coarse sample.

BORDER _LEICESTER.

Coarse sample. The staple is 22 cm. long, well

defined, lustrous and has deep short waves which are

somewhat firmly fixed by many straight fibres running

through it; these latter, however, are not obvious

unless the staple is pulled taut. A few short thick

| kemps (1 - 2 cm. long) are found scattered in the

2=
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 bottom of the sample. They show up cpaquely white
against the translucent lustre of the other fibres
which can be divided into two types. The coarser type
ranges in length from 15 - 32 cm. and is waved corres- |
' pondingly to the staple itself, being a little straigh-
| ter at the distal end where the pointed staple also
becomes straight. At the tip these fibres are dull
' white in colour but elsewhere they are brightly lus-
| trous and in the proximal part in general noticeably
finer. 1Individually they vary a good deal in diameter.
The other type of fibres is numerically about
equal to the first, though much less in bulk., The
. fibres are fine throughout and their undulations do
| not correspond to these of the staple but take the .
form of a slight irregular though quite obvious crimp-‘
ing, perhaps best described as crinkly. They also
vary in length (12 - 22) but not noticeably in diameteﬁ.
| With this class were classified one or two other |
fibres which resembled it in diameter and curl, al-
though they measured only 3 - 4 cm. in length. As

they were very carefully removed from the staple, it

- seems unlikely that they were broken fibres, espec-

| ially as several had tips.
The varying length of the fibres of the main
| types present along with the fact that a very large }

number in both types had pointed tips leads to the
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conclusion that the sample was taken from an animal

clipped for the first time.

In structure the kemps present a picture usial

| when almost the entire fibre shaft is composed of re-

|

- ticulate medulla with air-filled spaces. Tips and '

| Toots are always complete,
Of the long group, the coarser fibres show in a
i number of cases (almost half the total) a continuous
| piece of rod medulla immediately behind the tip, which
although usually much worn exhibits clearly in most
| cases a tapering pecint. The medulla soon becomes dis- |
| continuous and in only one or two of the thickest |
| fibres it persists as far as the medial portion, though
even in these it is very fine and much interrupted.
All the fibres are non-medullate proximally. The
scale structure throughout the thicker fibres and in
the medial and distal parts of the finer ones is very
definitely reticulate, long narrow scales with straight
edges predominating. In the finer preximal parts the
markings are still reticulate but a greater irregular-
ity in size and shape is seen; pseudo-wcol scales are |
. also sometimes met with.

In the finer group of fibres wool markings are
the general rule, as might be expected. No medulla
is present. In the thickest part of one or twe

fibres, however, the scales might be called reticulate,
|:
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but they are broad, shallow and have rounded edges.
They dco not meet in sharp straight lines and angles
as do these of the coarser fibres. The extremely
short fibres are identical with typical wool.

Fine sample. In this the staple, 19 cm. long, is
elastic and is not fixed tc any extent. 1In other
words the fibres constituting the staple are all more
or less equally well waved. The fibre types are the

gsame as in the previous sample, although the proport-

| ion of the twe main types ig somewhat different. The

coarser fibres, having a length of 22.5 - 30,5 cm.,
are much greater in number than the finer which vary
from 12 - 26 cm. in length. The very short fibres

and the kemps are again present occcasionally. Struc-
turally there is little difference, the fibre diameter
is not noticeably smaller, but meduvlla is almost en-

tirely absent.

ROMNEY MARSH.

Coarse sample. These staples are 16 cm. long and

| rather dull white in ccleour; distally they are almost

straight, medially well waved and proximally have a

finer crimp. In some cases what appears distally to

be one sclid staple is found preximally to have split

| into several well crimped strands. The staple is not

' fixed and is slightly elastic, all the fibres being




All fibres show a distinctly finer and more closely

| Leicester. The medullary cell spaces are drawn out
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waved though somewhat irregularly as the staple is not
clean cut.

Variation in fibre diameter is great but gradual.'

waved proximal part which is roughly a third of the _
unextended or half the extended length. A few short i
thick complete kemps are present. The length of other
fibres varies a good deal, being in the majority
17 - 27.5 cm. (the strongest fibres are the longest),
while the very fine fibres which are not numerous
measure on the average 12 - 15 cm. The strongest fibn?
are distally not unlike fine Blackface ‘hair.! No
pointed tips are found. One or two of the ccarsest
fibres possess a medulla throughout; others have it in
their distal portion cnly and in the majority of these|
|

it is very fine and discontinucus. The finer fibres

are entirely without medulla.
The kemp has a broad medulla and surface mark-

ings of the corresponding type, as in the Lincoln and

to an unusual extent in the directicn of the breadth

of the fibre. Reticulate surface markings are found

along the greater length of the long fibres but in the

proximal part of some, especially the finer cnes, they

|
are modified in the direction of wool markings. The
coarsest medulla, not more than three cells deep, is

i
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|
|
present in the distal part of the long fibres cnly and|

occurs very infrequently.
The short as well as one or two cf the leng fine
| fibres show wool markings with only very little modi-

| fication in their thicker parts.

Fine sample. This is much finer than the pre-

. vious sample and more uniform in fibre diameter. The
| whole staple, as well as the individual fibres, are

. well crimped from end te end, but slightly more so

| proximally, in which region the fibres tend to be
noticeably finer., A few kempes 1 - 1.5 cm. long are

present. The staple is not at all rigid and may be

pulled out till the fibres are almost straight; when
; released, it springs back to ita_previoua length
(16 - 17 em.) but the fibres scatter as it does so.
| The very fine fibres are not so much shorter than the
| coarse ones (19.6 - 27.5 em.) and in general differ-
ence between the two types in this sample is not so
| marked.

The micrological structure of the fibres is much
the same as in the coarse sample except that medulla
occurs less frequently and in all but cne or two very

coarse fibres is finer and very discontinuous.
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DOWN BREEDS.

SOUTHDOWN .

Coarge Sample. This is finer and softer than

|
any c¢f the other samples examined, though it neverthe—i
less possesgses a slight harshness. The staples are
about 8 cnm. long and althcugh the fibres are well
cfimped this is not mirrored in the staples which are
nct well defined_so that it is difficult tec pull them
apart without breaking and disordering many of their

marginal fibres. In separating the component fibres

it is found that they are even mcre closely bound to-

gether and the greatest care has to be taken in order |
tc cbtain them unbroken.

Fibres are found to be for the most part of one
type which shews a ncticeable variaticn in diameter !
and in length ranges from 10 - 14 cm. The coarser
fibres which in thié case constitute a very small por-
tion of the fleece are finely waﬁed proximally and

distally show a slight tendency to Dbecome straighter

and a little thicker., Finer fibres are to some ex-

tent increasingly more curled and although nc finer

proximal part can be distinguished in these, the curl i
becomes soc fine end light as tc become quite indis-
cernable by the naked eye, so that at first sight the

fibre appears almost straight.
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After careful searching a few kemps can be found, |

measuring abecut 5 cm. in length and varying to a great

. extent in diameter. They alsc vary structurally

some having a fine, cthers a very wide reticulate med-
|
ulla. The tendency of the reticula to be drawn out '

transversally is alsc very strong. Scale markings are!
reticulate for the greater part of the fibre length, |
with the meshes scmewhat drawn transversely, but not
to anything like the same extent as those of the med-
ulla. Towards both ends, and in the finer kemps

throughout the fibre, these merge into rectangular

markings.
In this case there is no difficulty in deciding

that the scale markings of the long fibres are of the i

: wocl type. A tendency to form a pseudo-reticulate

. type of markings is only seen on one or two very thick

- other, as on focussing through tc the cther side of

fibres and is apparently caused by the scales having

their lateral edges in a rough line ocne above the

. the fibre the usual parallel lines of scale edges are i

seen, In this breed they seem a little closer tc cne
another than in cthers, though they still have the

faintly irregular outline met with in other Down

breeds. No medulla is present in these fibres but

here and there small pieces c¢f fibre are seen where

the cortex has beccme lcosened and the air, having
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| There is a noticeable variaticn in the diameter of the
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found its way between the cortical cells, roughly cute
lines them. An alternation in diameter together with
an extensive proximal thinning is seen clearly in

fibres of all thickness. Thick fibres however often |
exhibit many irregularities as though flattened and
twisted tc a great extent. Several of the shorter

fibres possess tips; they are thickest in their medial

portion and thin dewn very gradually towards the tip. |
|
Fine Sample. This sample is considerably longer

than the previous. The staples measure 10.5 cm.,

are curled from root to tip and run out tc pointed
curly ends. This, together with the fact that many

of the fibree had tips, points to the cconclusicn that
this sample differs from the previcus in being first
clip wool. The same type of fibres are found although

the diameter variation is less obvious, as is also

SHROPSHIRE DOWN .

Coarse sample, This is short and rather harsh.

The staple, 8 cm. long, is not clearly defined, shows

no distinet curling and is quite elastic. The fibres

themselves, however, are well mut irregularly curled, |

fibres which are finer and more cleosely curled at the
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| proximal end. Besides the kemps which are found

rather frequently at the base of the sample and in

. complete fibres measuring 1 - 1.5 cm. the sample ap-

pears to consist of only one cther type of fibres nct

| varying much in length which ranges from 10 - 12 cm.

Pigmented fibres are frequently met with, both iso-
lated and in small groups of two or three. All the

kemps except one short broken piece are heavily pig-

. mented and lock almest black against the dark brown

of the other coloured fitbres,

Kemp varies grestly in diameter and their med-

| ulla alsc varies from the broad reticulate type fill-

ing almost the entire fibre shaft, through a fine
rcd type, to an apparently complete absence of med=-
ulla in the case of a fine kemp. All these fibres
are of much the same length and pessess pointed tips

and finer cocmplete root parts with the usual brushe

like termination of cortical cells. OCOnly the thickest

fibres, however, show definite reticulate scale mark-

ings in their medial porticon. In others the markings

are either flat reticular or brcad shallow rectangular!

ones., The pigment is cenfined tc the cortex and med-
ulla, leaving the cuticle clear. In the cortex it
consiste of fine grains diffusely scattered but with

a certain tendency tc alignatiocn parallel tc the

length of the cortical cells; short strings of larger |



| granules are alsc found here and there throughout the

3 length of the shaft. In the medulla diffuse pigment

and large granules are also present but the latter

cccur separately and not in strings.

Even after the most careful searching no medulla

| has been found in the other and mein type of fibres.

| Pigmented fibres seem to occur ameng the thicker mem-

bers of this class and the distribution of the pig-

ment is similar to that in the cortex c¢f the kemps,

which gives the fibres a streaky appearance. Scale
structure is of a very definite wool type, quite

characteristic in the finer fibres; in the thicker

cnes, while the scales do net in scme case altogether

encircle the fibre, they are very breocad and extremely
shallow and their edges running parallel to these of

the scales above the below, trace out wave-shaped

| lines around the fibre. Scale edges are in all cases

slightly and irregularly serrated. Further it has

| to be noted that the difference in scale size - par-

| ticularly in depth - is more illusory than actual and

is chiefly due to the fact that whereas in the fine
fibres only a small portion of the scale is in focus
at a time, in the thick fibres the whole width of the
scale is exposed more or less in one plane,

An alternating thickening and thinning of the

fibres with every crimp is noticeable especially when
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the crimps are fine; and in the thicker regions fure

. ther undulations, but much shorter and finer ones, are:

| seen which under the microscope appear like wrinklee

| on the fibres. All fibres have the usual fine proxi-i

' mal part which is, as a rule, quite distinct, the

| change to the thicker part being slow and gradual,

Fine sample. Much finer than the above sample,

this one is a little longer (8.5 cm.) and more evenly

crimped, the crimp being this time exhibited in the

. staples which are extensile and clearly separated

in their distal parts. The same types ¢f fibre occur

' as in the previous sample, although kemps and other

pigmented fibres are less frequent. Kemps are thick

' and 1. cm. long. The main fibre type is 10 - 12.5 cm,

in length and shows ncticeable variation in diameter
between individual fibres. In general the curliness |
cf the fibres appears to vary in direct proportion to |
the diameter, extremely fine fibres being very well

crimped and coarse cnes rather more openly and irregu-i

lxly. Tips are found only very occasionally and ale

| though the majority of fibres thin a little at this

extremity they terminate in blunt cut ends.

In cross-gection the fibres from these two
samples are not so regular as these from the lustre
wools. The gecticns are rounded or cval in shape

but cften have flattened parts in their outline



SHROPSHIRE



46

besides occasionally exhibiting & blunt point which |

may be regarded as a ridge in the fibre.

HAMPSHIRE DOWN.

Coarse sample. The fibres are loosely and irrew

gularly crimped, but since they lie parallel tc one

another only in general direction and nct in respect
to their individual crimps, the staple, which is

about 10 cm. long and only vaguely defined, does not |
mirrer this curling. The sample is greasy but some- ‘
what harsh to touch. As in the Shropshire, the fleece!
is compesed chiefly cf one type of fibres which vary |
noticeably in diameter and in length range from 12 -
17.5 em. TFibres become progressively more finely |
crimped as they get finer; cne or two are found which
are extremely fine and very curly and measure 4 - 6
cm. The sample is bright but becomes dull as one
travels distally into a more or less clearly defined
part at the distal end which is probably the lamb's
weel growth or remains thereof, Many kemps are found ;
net only in the region near the proximal end but alsc
in the most distal, i.e., probable lamb's wcecl part,
the medial pertion of the staples being practicaily
free from them. As is to be expected, the kemps are
of the very short type, measuring 1 - 1.5 cm.

The majority of the fibres end in pointed tips
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| and show, with the excéption cf cne or twe of the very
fine ones, a small deposit of pigment immediately be-i
| hind it.
In the kemps the pigment, laid down in the same
manner ae in the Shropshire fibres, is however so
. dense that it‘masks almost completely the structure of
the medulla and cuticle. The density of pigment seemsé

tc be due largely to the great increase in the number

_ of strings of large granules. Medulla can only be
seen if it is air-filled, when by transmitted light !
it appears as a thick dark rod running down the centre |
of the fibre apparently differing little in colour

| from the large pigment granules. By reflected light,
_however, it shows up light and silvery, while the |
| latter remains dark. The scale structure is predomin-

ately of rectangular type.

At a distance of 4 - 5 cm., from the distal end i
fibres of the main type, show a thinning down and have!
a tendency to break. TFurther distally the majerity |
have a medulla reaching in the coarsest fibres a i

. thickness of 2 cells in diameter, while in the finest

;it takes the form of a number of widely spaced part-
icles; the majority of these fibres carry a fine rod |
medulla one cell thick. Travelling proximally the

' medulla disappears for a short distance and reappears?

ionly in a few of the cocarsest fibres as a fine much
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interrupted red. Other fibres have nc medulla in their
medisl porticn and ncne possess it in their proximal
third.

As regards scale structure, the wool type is seen;
clearly to occur in the proximal and medial regions .

of all fibres and throughout the finer and non-medulla-

: |
ted ones. In the coarsest lamb's wool paerts, however,

the type is sometimes more difficult to define, the

' mere sc as many fibres here are much worn down by att-

rition. The scales seem deeper and the edges more '
wide apart, but they still run fairly parallel even ‘
in places where the scales are irregular in size, It
has been finally concluded that the markings were of a |
modified wool type. The scale edges are again irregu-:
larly and finely serrated.

The few very fine shert fibres have no medulla
and are typically wcol-marked threoughout.

Fibres of the intermediate (main) type shew a

distinct series cof thicker and thinner parts throughout

the greatest part of their length, which is superime-

' posed on the usual varistion in diameter along the

length of the fibre. The cross-sections, while rounded

in their general outline, are of a flattened oval

. shape or else have the appearance of an &rc of a circle

with ite angles much flattened. These two facts lead

to the conclusion that the fibres are not only finely
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thick as the medial region. Many fibres are pointed,

but scme of these are much worn at the tip.

SUFFOLK  DOWN .

Cocarse sample. This weoeol is very greasy, the

staple is ill defined and crimped widely and lcosely;

distally it thins down tc a point and is here
straighter and harsher to touch. The chief type of i
fibres present is that which determines the character i
of the staple; it is 10 - 17 cm. lcng, scmewhat coarse%
ly crimped and generally shows a practically straight ;
piece at the extreme distal end. Neticeable variationf
in diameter between cne fibre and another occurs, but
differences within individual f ibres are not visible
to the naked eye. The general appearance is dull
white but one or two fibres are faintly pigmented |
while others have a small deposit of brown pigment at ;
the tip. Occasicnal brighter fibres are found, well é
crimped throughout their whole length which varies !
from & - 9 ecm. They are subsequently found te apprecach
in diameter the finest of the longer type. |

Kemps in this sample are somewhat unusual., In
addition tc a number of short thick kemps about 1.5 cm,
long, complete at beoth ends, darkly pigmented and

occurring beth in the proximal and in the rather

vaguely defined lamb's wcol regicn of the sample, there
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is alsc in the latter region a fairly large number of
dark brown fibres, a little finer and less brittle

than the rest, measuring 2.5 - 3.5 cm. and likewise

| possessing complete tip and root. Structurally the

kemps possess a broad reticulate medulla and the

recticular and rectangular surface markings usually

. asscciated therewith. The longer pigmented fibres,

however, are extremely interesting in that they‘poss-
ess a median thick rod medulla and on the surface
beautiful typical reticulate scales, a little longer
than they are broad, closely resembling those cn the
main type of lustre wool fibres.

Those fibres which form the bulk of the fleece
are clearly wool marked in all parts except in a few

of the coarsest fibres in the lamb's wool part, where

| here and there the scale approach very near to the

reticulate type; they differ however, in that their

edges are rough and serrated and also that in socme
parts they run irregularly parallel to one another
round the fibre. Elsewhere in the broader parts of
the fibres the surface markings take the for; of wavy
lines running closely and parallel, as described in
Shrepshire and Hampshive breeds. In the finest parts
and fibres the scales tend ccmpletely to encircle the

fibre.

In a few fibres the medulla persists more or
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less throughout their whole length. It is thick in
the lamb's woal part and in general thins down or dis=-
appears entirely for a short distance between this |
and the medial part. Travelling medially and proxi-
mally it is very discontinucus or fragmentary. Many
other f'ibres have a discontinuous rod medulla cnly in

the lamb's wcel part, the rest being entirely without

| it or, in one or two cases, showing a few fragments

in the medial portion. Finer and shorter fibres whichi
like those just described, in the majority cf cases
are completely tipped, often do nct reach beyond the

rough line of demarcation between the lamb's weool and

| the medical region of_the staple. It is further ob-

served on examining complete strands of fibres under

. the microscope, that in this case there are many

. fibres which lie in the lamb's wcol part and have been

shed somewhere about its junction with the medial re~:

- gion. However, they had not been shed simultaneously,

as some occur above and other below this point. They
do not pecssess the crimp of the main fibre type,
appear straight or slightly and stiffly waved, and
have a thin and rather irregular rcd medulla. Scales
are arranged in a reticulum which in some parts is
not a very typical cne, and are smaller than usual.

Their edges are straight and smooth but in cne or two

. areas tend te imitate those of the wool type forming



53

wavy lines. A very small quantity of diffused pig-
ment is present throughout the length of the fibres
but in general is not sufficient to colour it visibly.i

The few short crinkly fibres referred to above

. have no medulla and are typically wool marked. On

microscopical examination it is found that both this

and the main type of fibres show a considerable

length at the proximal end much finer than the rest of!

| the fibre, the medial region generally being the

. thickest .

Variation in diameter at the bends of the crimps,

while it does occur, is not at all obvious, and the

| general impression is that of a fibre gradually

changing in diameter, which is further supported Ef
the fact that cross-sections are round or oval. It
may be worth mentioning, however, that in the thick

parts of the coarser fibres short series of very brief |

| variat ions of diameter occur without any relation to

| their position in the crimp. |

Fine sample. The staples here are firmer, more

closely waved, and are more clearly marked off from
one ancther. The staple is softer and although

pointed shows no definite lamb's wocl area at the dis-

| tal end, but the crimp becomes a little more open here.

;The fibres can be classified intc the same groups as

in the previous case. Nc lcose fibres occur in the
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lamb's wool region except for those which in the

coarse sample described together with kemp; here, how-

ever, both these types while still heavily pigmented

are finer and smaller., The former and occasionally

the latter are entirely without medulla, Scale mark-

ings are somewhat masked by pigment, but appear to

cross the fibre at right angles and parallelly; their

edges show as a series of deep and regular serrations

distally directed along the sides of the fibre, so

that but for the straightness of their ectal edges

which is not typical cof the wool type, they might be

either wocl or rectangular scales.

OXFORD _DOWN .

Coarse sample. In this sample the staples

(12 cm. long) show a faint and moderately fine crimp-

ing and are fairly easily separated from cne another,

It is rather ccarse in appearance but does not handle

g0 harshly as one might expect. Numercus clusters

of pigmented dark brown fibres occur among the main

type. Kemps which are found fairly frequently, are

fine, about 0.5 - 1 cm. long and cccur mecre or less

all along the staple. In many cases they are heavily

pigmented., Other fibres vary ccnsiderably both as

regards length and diameter.

The ccarser fibres show
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a crimping which is fine in their proximal third and

coarser distally, where the fibres themselves are also

thicker. The finer fibres are finely crimped through-!

out, As regards length the former class ranges from

10 - 16 cm. and thus includes the latter, for although |

some of the finer fibres are found to be as shert as

the ccarser ones none of them exceed 14 cm. in length.

The pigmented fibres appear to belong chiefly to the
coarser class, though fibres with pigmented tips are
found in both classes. Complete tips, however, occur
only very infrequently, and it would appear that it
is only in such that a pigmented distal end is found.

Kemps have a medulla of large reticulate cell
spaces and citucular markings form a network medially
and merge into rectangular scales on either side.

While pigment is laid down in the same manner, the

. strings of large granules are fewer and the component

granules finer than in the Shropshire.
In the larger fibres there are, as has already

been mentioned, very few tips and medulla is practi-

cally absent occurring only in one or two of the thick-

er fibres in their distal half as three or four short
and thin fragments situated far apart. The cuticular
scales are in general of the wool type with the usual
modifications in thicker and thinner fibres. 1In the

finer ones it is noticed that their edges seem more



widely spaced than in the Suffolk wool, while the

| coarser markings, though showing in scme cases marked

parallelism, run in waves which are higher in propor-
ticn te their width than in the former breed. In !
parts of these coarse fibreg a few places are observedi
where they give a picture very closely approximating |
to the reticulate type, though there are cne or two
minor difference. The scales have an irregular edge
similar to those of the definite wcol type and, while
of different shape, some being long and narrow and |
other short and square, do not have their lines of
junction rising from an angle of the scale beneath.
Further, their edges stand cut much mecre freely from
the fibre shaft than in the characteristic reticulate

type of scales. The fibres which are fine throughout

' have nc medulla and possess cuticle scales encircling

. fairly completely the shaft.

Both these types although they do not exhibit

' the alternating changes in diameter seen in the Hamp- f

' shire, show in addition to a long and well marked |

| .swelling in the fibre., Cross-sections are oval in

: shape and twisting does nct appear to occur.

finer proximal pecrtion a certain amount ¢f unevenness

which usually takes the form of short and sudden

Fine sample. In this sample the wool separates |

| more naturally into staples, 11 - 12 cm. long, which
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are a little more firmly and finely crimped than in
the previous sample, while the fibres are similar in
|

form and structure. Long fibres vary from 10 - 20 cm. |

and kemps, which are again fairly frequent, from

|1 - 1.5 em. Two very short tipped fibres 2.5 cm. long|

which are at least equal in firmness to the finest of

the longer fibres are also found; they have typical

| wool structure.
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| MOUNTAIN SHORT WOOL BREEDS.

| EXNOCR.

Ccarse sample. This sample is very coarse in
texture énd appearance, The staple, 14 cm. long,
shows conly medially faint traces of a rather ccarse
crimping and 2 cm. from the proximal end it exhibits
a thin or tender part, which may be due to some factor
influencing the general health of the animal but more
prcbably is a seasonal variation similar tc that noted

in other breeds. If this is the casge then it would

! appear that this fleece had been cut very late in the

! season,

' On separating out the fibres a wide variation in

diameter is at cnce noticeable. The coarser fibres

are ccarse and hair-like in their distal half and

finer proximally; in the latter region some are very

fine, only thickening very slightly and gradually to-

| wards the cut end, while in others there is a short

| extremely fine tender portion running abruptly into
the thicker proximal region, which appears to be as
thick as the distal., In these fibres the fing parts
are very finely crimped, the ccarser widely but still

deeply crimped while one or two are almost straight

in their thick part.
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On working through the series to the finest fibres

' it is found that the difference between thick and thin

f parts of the fibres becomes less and less marked until

a point is reached where no variation can be detected

| by the naked eye. Roﬁghly 25% of the fibres have this

appearance, but in actual bulk they account for only

| a very small part of the sample since they are so fine

in comparison with the others. As regards length they

‘fall intec a finely graduated series ranging from 8 -

15 cm. and merging into the coarser class in which the
variation is from 14 - 19 cm. Apart from these there
i 2 considerable number of thick kemp fibres which

are 0.5 - 2 cm., in length and are distributed chiefly

| in the regicn above the thin part of the staple. A

few very short and tipped fibres are found which reach
only to’'the tender portion; they are mostly fine

theugh an occasional straight one is found. Assuming

. that this 'tender' portion of the staple is the usual

| seasonal break in the fleece, it has been concluded

that these are new fibres and need not, therefore, be
taken into account.

The kemps are found tec belong to the type with
an extremely thick medulla. They exhibit a scale
structure intermediate between rectangular and typi-

cal reticulate types except in the medial region of

| the fibre where there appears a reticulate scale

structure with broad shallow meshes.



Among the other types of fibres ncne can be found

| which are entirely without medulla; even the finest

| fibres show in their thickest part a few short dis-

continuous pieces, others exhibit a discontinuocus

medulla for the whole of their length with the ex-

| ception of a small piece at the finest part (corres-

| ponding to the tender region of the staple), where

there is either nec medulla or only a few fragments.

In one or two fibres only the finest proximal part is

as thickly medullated as the distal; elsewhere it ex-
hibits a series of medullary fragments fcllowing cne
another in close proximity. At its thickest the med-
ulla attains a width of two cell spaces, the most gen-
eral type is cnly one cell wide and further appears to
vary in very close relation to the width cf the whole
fibre shaft.

The fine fibres exhibit fairly typical woecl mark-
ings and on the majority of the ccarser ones the scale .

are found to be capable of classification in that

| group, although in all fibres there is evident a dis-

tinct irregularity in scale size, not sc much in ad-
jacent cells as between groups cf cells in different
areas or between the corresponding areas of different

fibres. Such variation does cccur in other breeds but

| nct to the same extent. 1In some parts, for example,

scale markings run closely parallel, while in others
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they are much wider apart without any relation to the

thickness of the fibre., Pseudo-reticulate markings,

| however, are only found on the thickest parts of one

or twe coarse fibres,

It has been mentioned above that not all ccarse

| fibres exhibit the wool type of surface markings. The

| exception in this respect are apparently those fibres

which, on naked-eye inspection, differ from the others

.only in that they lack crimpiness. At no part of

their length do these fibres show wecol markings of the
type where individual scales encircle the shaft of the
fibre. Further, their scales present an appearance
midway between the pseudo-reticulate cuticle in thick
fibres from some Dewn wools and the typical reticulate
markings of the lustre breeds. The scales are inter-
mediate in size between these twec and, while not so
rough=-edged aé woocl type, de‘nct ag a rule have the
smooth cutlines of the reticulate type.

Fine sample. The crimp is finer and more re-

gular in this staple which is a little shorter than
the last (12.5 cm.), but it also has & tender part
two or three cm. from the cut end. The texture is
softer and very ccarse fibres occur much less fre-
quently. Kemps are present in considerable numbers

and vary frem 1 = 3 cm. in length. The longer fibres

| have blunt tips while the finer shorter cnes run cut
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' to a fine point. It is seen cn microscepical exsmina-

: tion that the former alsc thin down gradually towards.

the distal end, but the extreme tips are missing:
possibly owing to thie rather brittle nature of the
fibres they have been rubbed off.

As is tc be expected, there is much less medulla
ﬁresent in the fibres than in the last case. Une or
two very thick fibres possess at their greatest
width a narrow reticulate medulla and are reticulately
marked thrcugh their length. Their medulla also per-
sists in the proximd half but is very fragmentary.

In the cother fibres medulla is fine and disccntinuous;
there is invariably a bresk between the medial and

the lamb's wool parte of the fibre, and no medulla or
only a few particles occur preximally. Thick fibree

show a tendency te be flattened and twisted distally.

CHEVIOT.

Coarse sample. This wcol falle into thin rather
well definel stsples, 11 - 13 cm. leong, which are dis-
tinctly and regularly crimped in their medisl part and
run cut tc fine points where the crimping is mere cpen
and not sc marked, Proximally the crimping becomes
mere irregular and the staples cling fairly closely to
one another, ¥ibres are in the main of cne type, the

length of vhich varies from 9 - 18 cm, It might be
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possible to subdivide this class according to length
and diameter (as the latter alsp varies a gcod deal
and apparently in direct proportion to the former), but
the change is so gradual that it would be difficult to
make any clear cut divisicn. All fibres are fcund to
be crimped mere or less regularly in their medial

part and less sc elsewhere. Proximally, all show a

very marked fine perticn which is more finely crimped.

In the ccarser fibres it extends to abeout 3 cm. in

length, in the very fine ones to 1 cm. As has been
observed in cther breeds, the fibres show most varia- |
tion in thickness in their medial and distal regions.,
The majority of fibres have pointed tips. Kemps 1 -« 2
cm. long are found but seem rather fine and are diffi-
cult to see when examining the sample as a whecle. Al-
sc they possess a somewhat irregular stiff crimp the
bende of which show under the microscope as finer
porticns of the fibre. In structure they exhibit a
wide reticulate medulla, not quite extreme in type,
for a small baml of ccrtex can be distinguished in
optical section rumning down the lateral edges of the
fibre shaft between the medulla and the cuticle. The
latter is.a little irregular and appears tec be com-
pesed of wide shallow scales, rectangular in the
narrower parts of the fibres and on the thicker parts
deepening to form reticulate markings in which the

meshes are still brecad and rather shallow.
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In the main class the majority of fibres show
medulla but in very varying degrees. Among the coars-
est fibres which constitute only a small percentage of
the fleece, one cor twe have a continucus thick rod med-
ulla, beginning from just behind the pcinted tip and
running continuously tc near the proximal end where
it becomes very fragmentary or disappears entirely.
Others show a tendency to have a discontinuous medull-
ary portion between the lamb's weel and the medial
regicn, In medium fibres the medulla beccmes more
discontinucus and fragmentary with only short continu-
cus pieces in the lamb's wool ¢or the medial or in both
these regicns. As the fibres become progressively
finer, it recedes further and further from the proxi-
mal end; many of the finest ones have no medulla and
cthers possess only small particlgs here and there in
the medial and distal regions. In working through the |
series from the thickest to the finest fibres, while
it is noticeable that the proximal part is always the
first tc become non-medullated, there appears tc be no
difference with this respect between the distal and
the medial regions.

The scale structure shew a fairly close resem-
blance to that of the fibres of the corresponding dia—l
meter and disposition in the Suffolk and Oxford Dewns,

but there is here a tendency for the scales tc be



situated over a medullary part of the fibre which

| cases they again exhibit pocinted tips. As might be
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|
i |
deeper with their edges more widely apart; these latter

are again slightly irregular in their outline; in the

| wider fibres the impressiocn of parallelism is much

|
i
less marked which is perhaps due tc some extent tec the|

|
wide spacing of the markings. As was also the case in |

the breeds just referred to, the thickest fibres poss-
ess small portions where the markings appear te imi-

tate the reticul ate type; in this case they are always

makes it impossible to obtain a clear view of the ‘

cuticular structure.

Fine sample. This is much finer than the pre-

| vious sample and is exceedingly soft, softer indeed

than any of the Down samples and it alsc pcssesses a
slippery texture foreign to these. The staple which
is 13 em. long is crimped in the same manner as the

previous one, but the medial crimping is closer and

firmer, The fibres composing the main type vary very

little in diameter either from one ancther or individ-

| ually, and only in a few of the thicker ones can a

finer part be distinguished proximally. Length varies |
from 11 - 19 em. but in this respect the fibres tend :
to divide themselves chiefly into two groups: one }

|

11 - 13 cm., the other 17 - 19. In the majority of

expected from naked eye inspection in which the fibres
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appear ﬁore translucent than in the previous sample,

| very little medulla is found., A few fibres show dis-~ |
' cerntinuous pieces in the lamb's wcol part, but only

in one or two of the ccarsest ones medulla occurs
further down the fibre and evren then in the form of

- short fragments very widely spaced; none is found
proximally. Scale markings are much as in the pre-
vious.case except that, ev;n in the thickest parts, |

they do not tend so much tcwards the reticulate type.

KERRY HILL, |

Coarse sample. In this sample the staples (12 =

13 cm. long) possess a deep but lcose crimp which

becomes closer and firmer towards the proximal end.
The weel is very white but nen-lustrous and harsher to

touch than it is expected from its appearance, Con-

giderable numbers of kemp fibres are found at all
stages from the outer to the cut end of the fleece.
These vary in length from 2 - 3 cm., are generally
curly and exhibit alternative thickening and thinning
at short distances. The remaining fibres pass through |
a very gradual series of lengths varying between 12 cmT
and 21.5 cm. Variation in diameter and in the degree |
of crimping is very wide and is preoporticnate tc the i
fibre length. A few pigmented fibres occur. Unlike |

cther coloured fibres examined #thne distributicn of
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pigment is uneven, e.g. & short portion shows up dark
brown the pigment being thickly deposited there; on
travelling along the fibre this is seen gredually to

merge intc a length with nc pigment and this is again

| followed by a pigmented part; the entire pattern may

| be repeated several times.

In the kemp fibres medulla varies in length. In
scme it is reticulate but of medium size, while in
cthers it has the appearance of a fine black rod.

In fibres of this latter type the wide apparently
homogenous ceortex forms an excellent background on
which to examine the cuticular markings; these atanﬁ
out clearly as a reticulum composed of rough squares

and hexagons of uniform size. In the broader kemp

fibres the stiff broad shallow scaleg tend to predo-

| minate .

In the main type of fibres only the very finest
cnes present typical weol markings, while other.
slightly ccarser ones possess proximally scales of the
coronal type but distally where the fibre widens the
scales are smaller and tend tc form an irregular net-
work in which the scale edges are faintly jagged.
Parallelism of scale rims does not cccur to so marked
a degree as in the Down breeds but what little is ex-
hibited can be readily detected when comparing with

one or twe other fibres in which the scales form a




| netwerk throughout, apparently differing from the sur-

face reticula of the lcng lustre wool fibres only in

| the size of the meshes which are a little smaller in
? the present instance. The edges of the scales are
comparatively smooth and their shape long and rather
| narrew. No medulla can be found in any c¢f these
fibres,. ‘
The finer proximal portion is as a rule long and y
distinct and in addition there are at intervals all ;
elceng the fibre sharp notches or 'breaks,' as if the |
fibre had been bent and on being released the flatten-i
ed part at the bend had nct resumed its former shape.

Pine sample. While in appearance this ig as

ccarse as the previcus sample it has a much softer
texture. The staples are slightly longer (13 - 14 cm.:

| and show a tender part 1 - 2 cm. from the proximal

end; they are straighter and do not exhibit so defin-
ite & crimping. Fibres cf the main type vary in
length from 12 - 19 cm. and in all but the finest a
very thin region near the proximal end is visible,
which cecrrespcends to the fine part of the staple. i
They pcssess on the whele straighter distal ends than
do those of the ccarse sample. A few very short
fibres (4 - 6 cm.) are also present, which have no
corresponding type in the coarse sample; they pcssess
pointed tips and reach only as far as the fine portien
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of the staple, They are regarded as a new grewth of

fibres and are not included in the classificaticn.

Other samples of Kerry Hill wcol which have been
! ‘ of medulla
examined all possess a certain ameuntAin their cocarser
fiktres and in this .respect the present sazriples would

appear toc be scmewhat atypical.
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DELI S C U-Si6 IO N,

| During the last century, Nathusius, Béhm, Lébner,

Iand others made nctable contributions te the literature
rrelating to the structure of the fleece fibres of the
isheep, both c¢f a general nature and dealing with a
particular breed. However, micrclogical technique has
imprecved since their days, and, morecver, as it is
known that there have occcurred distinct changes in the

Tfleece types of many breeds, it seems outwith the

| BCope cf this paper tc discuss their work. Mention

| must be made, nevertheless, of the credit due to Nath-

ugius for suggesting, first that the medulla of a
fibre ccontained air, and secondly, that curling in a |
fibre is caused by the curvature of the follicle.

Of the more recent writers, Bowman and Kronacher

appear tc be the only ones whese work impinges direct-

!ly upen the present investigation. With the former I

find myself in agreement in sc far as his description

of the particular breeds gees, but differing totally
as regards the structure of kemp; this, however, will
be discussed later. It would slso appear that he
ceneiders medulla to be composed of rounded nucleated
cells., While these are clearly visible near the base
of a growing medullated fibre, in my experience the

1

| cell walls always become keratinised and the cell




centents, owing possibly te a lack of nourishment
caused by the imperviability of the cell walls, dis-
appear before the fibre part in questicn reaches the
mouth of the fellicle.

Kronacher in the course of his comprehensive

paper, 'Neues Uber Haar und Wolle' gives short de-
lscriptions of the wool from Cctswold and Leicester
!sheep. The latter were imperted animals while the
iformer had been bred in the country for some time,

His micrcescopical description of the fibres appears to
agree with the present, but no classificatiocn into
types was carried cut and measurements were taken only
¢cf the average diameter. In the leicester breed he
makes nc menticn of fibres sherter than 16 cm., and
since in scme of my samples fibres of type II were
very infrequént, it is just possible that they may nct
have occurred at 211 in Kronacher's material. In the
!Cotawold e is greatly troubled by the variation in

length and diameter of the fibres which is no doubt

'partly due to the presence of the two different types.

| It is evident that the four classes into which
|

‘tas breed samples have been grouped in the foregoing
|

' description, namely, Mountain Longwcols, Lustre, Dewn

:Wcola, and Mountain Shert Weole, are definable by more |

'than their general appearance. The first and second

groups differ from the other twec in that they have two |
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types of fibres while the others have only one. The |
first and last groups differ freom the second and

third respectively in that there is more medulls pre-

sent in the main types of their component fibres, al-

theugh between the twe Short Wool groups the distinct-

tion is not sc well marked., Within a group where cnly

| cne main type occurs, the structure and dispositicn of
_ y s

: lengths of the twe types vary without apparent re-

the fibres are similar and there is nec doubt that
they are homeclogeus threcughout; likewiss2, where there
are a coarser and & finer type, the analogy in each
cf these classes throughout the grcocup of breeds leads
t¢ the same conclusicn,

The difference between the two types in a sample
¢r within a group of breeds would appear to depend
primarily on cuticular structure and on crimping.
There seems tc be scme mere or less definite degree

of the latter which is correlated with each of the two

types of scale structure; fibres possessing a wider
crimping tend tc possess the reticulate type of
scales, and those with a finer crimping - the wool
type; thus the ccarser type always exhibite a wider
crimping than the finer. The average length and dia-
meter of fibres cf the two types, although they vary
from breed tc breed, are alsc cocnstantly distinct,

the finer being always the shcrter. The proportional

lation tc their breed groups: hcwever, the tables cf



diameter measurements suggest that the range of fibre
variations in type II is greatest in the Short Weoel
breeds, and further that this increase occcurs at the
coarser end of the series, the finer being more or
less the same in all breeds. Type I, as would be ex-
pected, shcows the greater range of varistion in the
mountain wecels where the additional variations also
take place at the coarser end of the series.

Medulla appears to bear no definite relation to
fibre type and is very variable even within a breed.

It is not intended tc postulate that the differ-
ences in scale structure and crimp are the fundamental
distinctions between the twe fibre types, but rather
that they are the most ccnstant manifestations of
these distinctions, and any aberraticns which are
found tc cccur seem to be capable of reasonable ex-

pleanaticen.

It has been indicated in the foregoing description

that where thinning occurs in the proximal part it ie
usually short in the first type of fibres and longer
and less abrupt in the second, althcugh in neither is
its length at all regular. This seascnal thinning
especially in the fermer type would appear to occur
at the same time as the periocdical shedding of the
hair in the primitive breeds c¢f sheep and since it is

cencluded (vide inﬁgg) thsat these fibre types are
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heomologous it seems reasonable tc argue that the thin
pertion in the former cerresvonds te the fine root
and tip regicns in the latter. This suggestion re-
ceives further support from the fact that scme breeds
with a strong cuter ccat (i.e. of type I fibres) oc-
casionally tend tc ched their fleece at this period.
In such a case not all the fibres are shed, however, -

many snap at their fine part on account of the strain

. placed con them by the weight of the fleece.

| the tip and rcot parts invariably exhibit corconal

there may be scme undetectable difference in this

It will also be reccllected that in zll fibres

merkings which sre similar in external appearance tc
wool markings; moreover, there is no evidence to sug-

gest whether these are actually the same, or whether

category of cuticular structures in the variocus types.|
Nevertheleas, this snalogy between the fibre types in
the fleece of the present day and the primitive

breede partielly explains why cne finds occasicnally
on the short fine porticns of the fibres of type I
aberrétions from the cuticular structure typical of
thet group. The explanation of the occurrence of the

étypical fibres in type II is less clear but as these

| are the coarsest and straightest, it is possible that

they have been wrongly classified. Hewever these

as well as the intermediate fibres which are classed
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in 2 few cases between the two main groups are sc few
in number that it does nbt affect the hypothesis if !
they are placed in either group.

From the tables of scale lengths little can be
gleaned but it would appear that the reticulate

scales are fairly constantly larger than the wool

type. Further, they suggest that the latter are shortﬁ
I

| est in the Down breeds and longest in the Lustre group

As regards the relation between the grcups of

| breeds, it is clear that the Longwcols differ from the

| Short wool group in possessing an extra type of fibre.|

The coarse type in the fcrmer differs (intra se) only
in respect of the amount of medulla present. (A var-
iation in the amcunt and definiteness of waving is
also noticeable but as it has been cbserved throughout
that fibres possessing medulla are straighter than
others of the same size but ncn-medullate, it is pre-
sumed that this is a secondary modific#tion). Clese
similerity is also seen between the finer types
(again not taking medulla into consideratiocn), and
between *hese and the main fibre types in the Short
Weol Mountain wools on the one hand the Down wools

¢n the cther. There is the closest resemblance be=-
tween the fine type in the Lustre breeds and the Down
main type, a distinct variaticn in length occurring

in both these groups.



| fibre type present). While breeds may be arranged in

and Shropehire, or in Linceln and Scuth Deven), differs

. ences are due to the different hereditary ccnstitu-

| tiens of the parental breeds.
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The coarse fibre types appear to be more clesely

allied to one ampther than the finer ones. Again !
difference between breeds within a group are chiefly
those of length and axérage diameter (dependent on

varying fibre diameters and the proportien of each

a certain series with respect to these characters, it

is kncwn that the latter frequently varies greatly
within the breed and it seems probable that in breeds

!
in which the fleece is most similar (e.g. in Hampshire

All these facts together with the erratic var-

iability of the medulla point to the conclusicn that

| within each fibre type the fibres are hemeclogous in

- all breeds in which they occur. This finds some

further suppert in the evidence relating to the effect
of environment on weel. It is frequently stated that
coarse-woolled mountain sheep brought down to a more |
favourable climate produce a finer fleece, while the ;
fine wecel of Down breeds becomes ccarser under less
favourable climatic cenditions. The few samples of
such wcel which I have been able tec examine have lent

support to this statement in that those of the former

| possessed less medulla (in both fibre types), while
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those o the latter exhibited more medulla than was
usual. To what extent this is due to climate alcne
and tc what extent to differences in feeding and gen-
eral management there is no evidence to show.

Two cases are knowr. to me which appear to be in

direct coppeceition te the above remarks and which

shculd be mentioned here. Both refer tc the Blackface

Meuntain breed, which would be classed with the loun-

tain Longwcels. First, sheep in certain parts of the
a

' West Hignlands possess,much finer fleece than on the

mountaineg elsewhere. The contradiction is not so

| great as it would appear at first, for the thinness

referred tc above is due to modificatien in both main
types of fibres, whereas in this case it wculd seem
to be due only tc the shedding of the coarse ocuter
type. Secondly, the fashionable show sheep which are

usually more carefully lecoked after possess the

. coarsest type of fleecé. But breeders of such animals |

' have been consistently selecting fer a coarser type,

which depends for this character mainly on the ccarser

fibre type, and, when cne considers the obvious ef-

fect which this fashion fer streong weol has had cn the

breed, it seems probable that genetic facters affect-

ing amongst cther things the medulla are also invclved

| here.

I1f one returns now tc the varicus breeds



. supperted by the fact that, if fine and coarse samples |

| are ccnsidered separately, it is seen that the line of |
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described in the present paper and censiders *he en-

vironment as typified by climste, feeding and manage-

ment, it will be noted that they fall roughly into the
previous groups each of which is related tc a certain ;
type of farming - the greatsst differences in manage- |
ment are beftween the mountain and the non-mountain
classes, and it is suggested that the differences in
amount of medulla in ctherwise analogous types of
fibres are nct tctally due tc hereditary characters

capable of selection, but in some measure due to this

difference in envirenment. This contention is further

demarcation between the Short Wool groups must be
moved so aqﬁo include some of the fine samples from

the mountain wools in the Dewn weol group. That such

similarity between the Shert Weols and Down wocels is
not a chance happening in these particular sampleg is
borne cut by the fact that wool from mountain Short

Wool flecks, kept under more favcurable conditions

tharn the average is scmetimes classed as Down weel con
account of its fineness. Again it is necessary to
point cut that cortex like medulla appears teo vary
with environment, but its modifications are no* so
proncurniced as those of the latter while in socme cases

they secem to be dependent on it., But until some



| iecng from the gkins of a number of pure breeds and

| crosses. Thue, it has been fcund that the follicles

knowledge of the mode of their variation is cbtained
and the limits of variation measured, the exact genetic
relaticn between the corresponding fibre types in the
various breeds must remain obscure.

In suggesting a possible mechanism for such

changes, it is necessary to ccnsider the situation of i
the fibres in the skin. It has previously been

stated that fellicles in different types of fibres
penetrate to different depths in the skin; this is

confirmed by the examination e¢f a small range cf sect-

of thickly medullated kemp penetrate furthest into the

skin, while the fine wcol fclliclee are scmewhat
shiorter than those of the other fibres. It only seems |
necessary tc postulate some response of the skin te
environment whereby in unfavcurable ccnditicns the
follicles may be widened and deepened, sc that the

medullary cells may be preoliferated intc the fibre

' shaft; er, on the cther hand, in more favcurable sur-

roundings they may contract and raise the follicle

' so that enly certex thickness may perhaps cccur in a

similar manner but it must be noted that this appar-

jently varies in each of the twe main fibre types

| within more or less definite limits, This would

' fellicles meve.

stipulate two limited ranges of depth in which the
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The seasconal variation in fibre thickness might
alsc be put down to similar responses of the skin to
varying environment induced by the climatic conditions

8t the different seascns of the year.

Kemps .

Altheocugh in the samples described kemps are in
nearly all cases distinct from other fibre grcups,

yet their variaticn especially in length and in med-

ulla size (with its concurrent effect on diameter) may

arcuse scme dcubt as to their being homologeus. The
results of the present investigation tend to suggest
that fine kemps cccur in the finer fleeced breeds;
for although in these kemp with thick medullae also
cceur they are not sc exaggerated as in the ccarser
breeds. There appears tec be nc break in the sequence
¢f gradations of the width of the medulla and while
kemps cccurring in Mountain Longwools are on the whele

much longer, yet in structure they are analogous

with the coarsely medullated kemp fibres cccurring in

the cther breeds and differing from other kemps in

the same sample in conly one reespect, namely, in that
the latter possess a finer medulla. It seems quite
justifiable therefeore to regard them as cne homele-
geus type.

Duerden in describing kemps in the Scuth African:

Merine defines them as possessing "...a thick central |



kemp and 'flat kemp.' The latter he described as
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medulla with hellew inter-spaces containing air."
Further he mentions another *type of fibre called 'dog-
hair' er gare, possessing a finer type of medulla but
it is not clear whether this is quite analogous wit

the kemps with fine medulla described in the present

paper and it seems pessible that in length and dis-
positicen it mere clesely resembles the wcool fibres of
the fleece. That short fine kemps with little or ne |
|
medulla de cccur, however, we know, fer they have been%
found in a few ccarse pieces of lMerino wcel which I
had the opportunity tc examine,
Bowman appears tc be the only writer with whom

I find myself at variance with regard tc the structure

of kemp. He divides kemps intoc two classes: true

perticns of crdinary fibres where one long ring-like

scale encircles the shaft; but neither in his descrip-

tion nor in his figures is there anything in cpposi-
tion to the simpler_explanation that in the portions I
in question the cuticular scales have been rubbed off,:
leaving the smoocth cortical layer expoéed. True kemo i
he defines as a fibre withocut internal e?rﬁcture and I
he depicts kemp from a Highland sheep a8 a sclid |
gstructureless fibre possessing @ cross-section which

hasg the anpearance of three solid rcunded fibres joined

laterally to each other. This is quite contrary te



82

all other descriptione. Net only dc the fleeces of

mountain sheep generally contain kemp fibres with ex-
tremely thick medullas but even among the flat and

twisted kemps exhibiting many breake in their length

and which are occasionally found amenge the ordinary
recunded cnes I have never come acrcss such which did
not exhibit both in longitudinal and in cross section

some remnan*s of a reticulate medull ary structure.

Pigmented Fibres.

While pigmented fibres have been fcund in a
large number of cases it is not considered justifiable
tc draw any conclusions from their cccurrence in the |
present range of samples. It is perhaps worthy of
note, however, that in a2ll but one breed these were
either wholly pigmented or pigmented at the tip only.
In, the exceptional case (the Kerry Hill) the fibres
pcaséased alternating pigmented and non-pigmented
regions. ¥rom the analysis of the Down breeds it i
would alsc appear that kemps tend to become pigmented

more readily than other fibres.

Origin.

The question of the origin of the various fibres

has given rise to a good deal of discussicn. It is

generally accepted that kemp is homologous with. the



hair of ﬁhe primitive breeds and the similarity is

certainly remarkable in the coarser of the kemp fibres

found in the present series of samples. Since in this
investigation the conclusion has been reached that the
ccarse and the fine kemps are homeclogous, there would
appear to be nething in my findings to disagree with
the prevailing cpinien.

As regards the very fine fibres found in a few of!

the samples and cocmposing the seccnd small subsidiary

. group (this does not include the fibres which were con-

| sidered to be a new growth), these in structure and

|
dispesition are analogous tc the primitive wool and I
would seem to be homologocus with it. It must be notedf
however, that among these fibres complete rcots were !
|
!
|

found only very occasionally, which suggests that like

| the more intermediate main fibre types they tend to

grow continucusly; oa the other hand there is a poss-
ibility that they are shed at a period later than the
nermal clipping time.

It is more difficult to come tc a definite de=-
cisien regarding the other types cof fibre. It is ob-
vious, however, that of the two main types of fibres
cne tends to resemble more clesely the hair, the other
the wecol of the primitive breeds, or rather they ap-
proach in structure the two intermediate types which

have been found in some primitive breeds. The chief



difference is that of length: both present day types
have outgrown their primitive analogues, though it
should be ncted that in the former, as is alsc the

case in the latter hair-like fibres are the longer

and in them medulla cccurs in larger amounts as in the

primitive hair.
Ewart has suggested that the fundamental differ-
ence between hair and wcol is the presence of medulla

in the former and its sgbssnce in the latter. This

distinction certainly does hold to a very high degree

in the primitive breeds but when one cemes tc con-
sider the present range of samples it must be ad-
mitted that in attempting to classify fibres in ac-
cordance with this criterion, one weuld in many cases
separate into different classes fibres which are the
gsame in every cther respect, while fibres markedly
different apart from the occurrence cf medulla would
be grouped together. Further, it would frequently

occur that samples from the same breed might be at

one time classified as 2ll hair, and at ancther as all

wool, according to the ameunt of medulla present.
(This follows from evidence given above, which leads
to the conclusicn that envircnment has a marked ef-
fect upen the amunt of medulla in the fibres).
Again, while the two main fibre types described

are for the mest part fairly distinct from one
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another, medulla varies greatly in both, and its pre-
sence or absence does nct appear to be asscciated with‘
any cther clear cut differences in the fibre type.
In some breeds, particﬁlarly the mountain Longwecols, |
there is no very definite line of demarcation between
the twec *ypes although the number of transitional
fibres is small and the great bulk of both types are
clearly distinguishable frem one ancther. In most |
lustre breeds also the two types are quite distinct. |
It seems most precbable that the twe types are not i
variatiens of one original type but rather twe separ- |
ate ones tending tec scme extent to be modified in j
converging directions and further that they are also
homologcus with the primitive hair (coarse type) and
wool (fine type), for each type in its extreme form
is analogous in structure to its presumed ancestral
prototype and their medifications are only such as
might be exnected when the change in fibre size is
taken intc ccnsideraticn.

Thus, I am of cpinion that the hair and wecol cof
the primitive breeds each possess two homologues in
the fleeces of modern breeds. Kemp cccurs in all
breeds and it seems precbable that sc does the cther
class mest similar tc the ancestral type, S.ge the
very fine weccl fibres; in all breeds the finest

fibres are very similar in diameter and in structuire
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de not differ from the finest members of type II, so

that the twe groups merge intc cone another (i.e. the
series of lengths and diameters in the two greups is
without a bregk), sc that it is nct possible to draw i
a sharp line of demarcaticen. It is for this reascn |
that nc distinction has been made between the two }
groups in phctographs or tables and they have been
classed tcogether as type I1I.

It has been seen that the twec main types are nct
always present together. In the Short Wcols it would ;
appear that only type II is present or at most that ;
type I is only represented by an occasional greatly
| modified fibre in the mountain breeds of this group.
It is alsc possible that in scme of the lustre wools

(1

type II may be absent, but there being no definite

difference between this and the very fine class of i
fibres it is impossible to determine when this occurs.i
The relation between kemp and type I dces nct

appear quite clear. They resemble cne another mest
closely in the ccarsest mountain breeds (e.e. SWaled31§
Blackface), when cccasicnally it may be difficult to ;
decide to which type a particular fibre belongs. ;
Elsewhere they appear to be mcdified in diverging ;
directions. The significance of the scwcalled rect-
angular scales of the kemp fibres could not be de-

termined. In some fibres they merge on cne side into



| be gquite distinct from one another but it is difficult
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the corcnal markings characteristic of the rcot and

tip regions, and on the other into typical reticulate
markings. Again it may be difficult to find any
material difference between them and wool type scales,
altheougn cne always has an impression of stiffness
from the former which is nct prezent in the latter.
This is probably due to the sharp rigidly pointing

ectal edges which possess a longer free portion than

doe wool scales.

As was anticipated, the material used feor the
present investigation proved tec be insufficient for
the purpose of exposing the differences between the

various breeds. The short and long wools are seen to

to find clear cut distinctions between their ccmponent

breed groups. While a definite range of variation in
length, diameter and crimp for each fibre types may i
be obtained for the different breeds in many of the
meore nearly related breeds these cverlap to a greater |
or lesser extent. Scale gize has alsc been put fer- |
ward as a breed criterion but the present data cen-
cerning this are not sufficient tc give a definite

answer, though they seem to indicate that in this case

| too there will be coverlapping.

It will be observed that several breeds, includ-

_ : I
ing a few well-known cnes, have been omitted from the i
|
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description. While samples of these have nct been
examined in such detail as those described in the

present paper, I am satisfied that they supply no

evidence which disagrees with the conclusiens arrived |

at here.

The results of the present investigation seem tc
have scme bearing on the analysis of cross-bred wools
as well as those from hybridising experiments. Un-
doubtedly, the wide range of variation in the fleece
fibres:of the so-called pure breeds accounts for many
ef the difficulties arising in this connection; this,
it has been suggested, is due te environmental as
well ae hereditary factors. Moreover, it is ncted
that mest of such examinaticns have been carried out
on crosses between a long and a short-woolled breed,
where one parental breed carried two main types of
fibre and the other cenly one; it is cbvious that
failure tec ceonsider the two types separately must

nave complicated the results.

Many other points have arisen in the cocwse of
the present investigation which it would be of ine
terest and importance to follow up. The wuestion of
lustre might be mentioned. Is this characteristic of

the Lustre breeds due tc the reticulate cuticular

structure of type 1 fibres which are the predominating

class in the fleeces of the more typical breeds of
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this grcup? 1If this is so, then is the non-lustrous
appearance of mountain Ienowoecls to be accounted for.
by the greater amount of medulla carried by their
fibres? This appears possible fer finer samples of
the latter wools sometimes exhikit-a typical lustre
appearance in their type I fibres.

The fibres of type II alsc show a greaster degree
of epagueness wher. medulla is presemt but the most im-
portant variable in this class is that of 'handle'.
In the Mountain Lengwcols type 1I is often notable

for its soft and silky feel, while in the Short Wools

it is frequently scmewhat harsher %o touch. That such |

differences may occur within the same breed may be
seen by referring to the Cheviet sample described in
the present series. One would expect variaticns of
this kind to be dependent cn the cuticular layer of
the fibre, but whether they are due to differences

in the angle between its scales and the fibre shaft
or to differences in their sheape or resistance is nct
yet known.

The brittleness of type I fibres in the liguntain
Longwecols and of heavily medullated kemp as compared
with the strength of the fcrmer in the lustre wocols
is undoubtedly due to the large amounts of medulla
present; in scme cases the solid part of the fibre is

a mere shell rendered inelastic by the inclusion of
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air. This lends support to the often quoted remark
that "good weool has no medulla." |
Lastly, the formation of staples must be men- i
tioned., It has been stated that they depend for theiri
|

digposition on the arrangemznt of the fellicles in !
the skin. Thus it is necessary to mske a histolop.‘icali
examination of the skin in crder to find an explanation
¢f the variation in staple ferm in the different

breeds and especially of the inelastic staples which

are typical of scme lustre breeds. The examinaticn

of secticns of skin would further be of interest in

disclosing the inter-relationship between the two .
main fibre types in the fleece.

The object put forward at the outset of the in-
vestigation, namely, to obtain a general survey of
the gituaticn, has, I think, been achieved and this
together with the many suggestive peints which have
been briefly mentioned would appear to justify the
rather long period of time spent on the microscepical

analysis.
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SUMMARY,.

Twe main types of fibres occur in British breeds

of sheep. Type I is proportionally the longer
and cecarser and exhibits characteristic scale
markings. It appears to occur cnly in the
Lustre and the Meuntain Lengweol grcups of
breeds. Type II is shorter and finer and pess-
esses a coronal type of scale marking; it oc-
curs in all breed groups. It constitutes the
main type in the Short Weels, istpresent in
varying preportion in the Mcuntain Longwcels
and the Lustres. In some samples of the latter
group, however, its component fibres are very

few in number.

Two small subsidiary classes of fibres are alse

found. Kemp, the ccarsest type, is present in
all breeds., It is shorter than the main types
and is shed periodically, being usually found
lyirg lcosely in the fleece with a ccmplete
tip and reet. The other small greup cengists
of very-fine shert fibres similar in structure
te the finest members of type II. They were
enly identified in a few of the samples, but
it is possible that they were present in all

breeds but were not separable frem type II.
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Type I and kemp are censidered toc be hcemelogous
with the hair of the primitive treeds of
sheep, while the primitive wecel is represented
in modern breeds by type II and the small group
¢f fine fibres.

Medulla varies greatly even within individual
breeds. It has a greater tendency to appegr
in the homologues of primitive hair than those
of woel, and occurs mere frequently in the
licuntain than in the Nen-meuntain weele. It is
suggested that this variability is not whelly
due to hereditary influences but is in some

meagure caused by environment.
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TABLES ©SHOWING THE RAUGE OF VARIATION 1IN

FI1BRE

PER

KEY

DIAMETERS AND THE NUMBER OF SCALES
CM. OF FIBRE LENGTHE IN THE VARIOUS

BREEDS. *

TC LETTERING (SEE INTRODUCTION bp. )

e
I

Lamb's weol portion.

Distal (non-lamb's wool) porticn.

td
]

C. = Proximal portion.
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