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sheral o s POY follicle

lateral to a PFCy follicle
80U unbranched original secondary follicle
S0B branching original secondary follicle
8D secondapry follicle derived by branching
from the neck of a SOB

Within each type two states of development are

’fgesgﬁzgﬁé.

i incompletely developed (p or s of Carter &
Hardy 1947)

£ conbaining a keratinised fibre (F or 8 of
Carter and Hardy).

These symbols are used afber the letter denoting

the btype of follicle, for example Sf: a mature gecondary

follicle,
n signifies density per sguare millimetre
% signifies mean density per square nillimetre
d signifies diameter of the fibre in the follicle
g signifies the mean dismeter.

2

For example 4P signifies mean diameter of primary fibres

g@

while dS signifies the mean diameter of gecondary fibres.
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B Fibres.

the past (Dry 1935, Sutherland 1939, Goot 1940, Stephen

1952, 1956) that it is not necessary to detail them fully,

¥

However since they are fundamental to the present study a

Te

Halg-haoirs { throughout

: * s & o epaps - x ® Y =, = %,
Halo-hair (HH®) As above but with a short break in the

Super-gickle A (SS4) Similar to HH but less robust with a

pre-natal region

2o Curly-tip fibres

Hairyv~tip-curly-tips (HTCT) Medullated in the pre-nstal

region

Checked curly-tips (ChCT) The longest curly tips with a




large number of curls in the tips. Ho medulls
throughout and followed by medullated CT.

Ordinary curly-tips (CT) Curly tipped fibres non medullated

in the pre-natal region

3e Post curly-tips

Histerotrichs (Hi) Straight or waved short fibres

¥here it is desired to differentiates on the basis

- of the poste-natal medullation the terms "fine" or "medullated”

(ned) are used. (med = chalky)

Dry (1935) has called the largest, pre-precipice

curly tips, peak curly=tips (peak = CT).

Baby fibres Short shed fibres which do not grow after birth

Infant fibres Shed fibres which grow for a short time after

birth.

RBibbon—ghaped fibres Fibres flattensd in cross gection,. Alao

called "infilled”™ or "collapsed® fibres (Elphick 1932)
"gqueezed” fibres (Sutherland 1939), "partially air-filled®
fibres (D.A. Ross 1950) "squashed" fibres (Dry personal

communication },
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which the precipice is judged to occur.

Post-precipice fihres (post-pr.) PFibres of size smaller

than that at which the precinice iz Judped 4o ccour.
= €5

Frecdon from the nre-nstel check zg measured in

terms of the fibre type arraye. Plateau is considered

%

®*tougher® than saddle which is in turn considered to




Fibre types in the different arrays (Based on Stephenson's 1956 graph)

Array HH SSA 68A' %%@‘ 8k Pine pre-=CT ChC? ITCT Med CT PFine OT Med HI Fine Hi
Plateau Po 4+ | ” + e + +
Plateau Py + + + + & + +
Plateau Py + R + + & & + +
Plafeau Pz + + + 4 % & * w +
Saddle + + & o+ + * 22 * o #
Ravine + + + ® & & + % & o %
Valley @ + o & + o A & 0 4+
Plain & % ® & o + + [ %
Escarpment £ 4 . * P P
All in + 3 + P * o+ * * % + o +
Incline + * + + * + & o +

4+  Probably presend

@ Only occasionally presente.

¢ Presence would not affect classification but never found.

2 Some CT present which would be classified as ChCT i

med OT were present.

oL
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Enowing the difficulties of sectioning skin

satisfactorily and failing to recognise the importance and
significance of certain features in the skin, the majority
of earlier wool bioclogists avoided the use of histological

technigues., Host of these early workers did not realise
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development was accomplished in these early deys.

preparations of skin to estimate fibre density and he noted

the group pattern of follicles. Various other German
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12
Carber 194%). These workers made a very detailed gbudy of
the skin histology of HBuropean breeds of shesp. They
recognised two different types of follicles, named after
Toldt's (1910) fibre types, "Leithaare" and Gruppenhaare",

vy &

These corresponded to Wildman and Carter®s (1935) primery
and secondary follicles. Also they referred to the exist-
ence of a group which, (since they thought the. trioc only

)y consisted of one Leithaar with
its associated cluster of Gruppenhaare. In calculating the
number of Gruppenhaare per Leithasr as an index of group
size, they were the first to make use of what is now called

the S/P ratio. In recent years this has beconme the main

mmerical criterion in studying, the development of bhe
follicle group.
Duerden and Ritechie (1924) studied follicle develop-

ment in Merino foetuses. In relating the developnent of

- =

ividy follicles, they described only the first to begin

=

growth, apparently not realising that these, being primary
follicles, made up only a small proportion of the tobal

populatioc They also noticed clusters of ten to thirty

Q:?
&
ot
[
P h
[
S
oy
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e
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o
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follicles sgsepar

5
ot
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Wildman (1932) could find no differences between the

o

foetal follicle development of various British breeds and
the Merino, as described by Duerden and Ritchie. He also

described the development of a primery follicle only,



although he stated that not all follicles possessed sweat
glands. He made reference to trios but did not sgstress

the importance of this occurrence, while he classified

Ly

follicles on the basis of their order of appesrance into
"primary” and “"secondary® follicles, comparable to FCX and
i, A1l other follicles fell into his "later™ class.
Teodoreanu (1934) compared Raembouillet Merinos, Tsigais
and Ramboulllet~Tsigail Fis in such characteristics as fibre
density, sebaceous and sweat gland density, and size of the
hair group (1P+ x5). However the value of this approach

was not recognised by other workers at the time.

Galpin (19343(19%35) working on the prenatal develop-
ment of the New Zealand Romney lamb emphasised the importance
of the "itrio" and also suggested that a "nine" gtage followed
the trio stage. However later workers, (Duerden 1939,
Carter 1943, Ross 1945, Ryder 1956) have nobt been able to
find this stage. She also classified follicles into the

following: -

X (rC%)
Y (FCT)
b4 | (PLx)
v (FLy)
x' (8 associated with PCX)

v (8 associated with PCY)



4
:

Terentjeva studied follicle development in the Hirgisz
Fab=-rumped breed (1937) and in the Askanian Ramouilliet and

& 27 5 5 g = 2 N ) = &
ecace (19%9)., Pollicle development showed a2 similar

2

e B, = - -~ o~ 5 : PO . - - by g o L ;
pattern in all three breeds, Terentjeva stated that tvhere

was more rapid development of fine follicles in the fine
woolled bresds, but it seems that this finding is at least

partly due to his considering the primary lateral follicles

2 o po T sa s TR e som A D . . s o L v F- 14 %’f 2
of the Rambouillet snd Précoce to be fine follicles. He is
the only worker who has used a large encugh sample of
PO s o e e
fosbuses to give a good indication of the varistion between

et PO TN o Ees o 1 b F A ST S LY W T 2 g B o e g N
sheep, bub unfortunately he did not go inbo histological

e s
detaili,

Ze 1939 Onward

has changed markedly, Carter and his colleagues in Augbtralia

being the main instigators of these changes.

Firstly Wildman and Carber (19%9) presented a new
classification of follicles, into "primary” and "secondary”
depending on whether they grew in the tric or the posgt-trio

phase. They further classified primaries into: -

Wt Yt st Sg? S
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18
secondary feollicles in terms of this classification. %&ﬁ%
they were the first workers to gi?% a detailed descript iﬁﬁ
of individual secondary follicles in the sheep. Hardy and

ILyne accepted the eighteen stages of &%?%iﬁ%&%u% of

follicle population defined by §§§%@f but in the 1

more recent work they were able to give a more precise

aper iz the clearest and most concise account

s 2 - £ b SO . fos Jow Ty £ - & L e %
ayvailable, of the develomnment of the follicles of the lerino

Hardy and Iyne siressed the importance in the develop-
ment of the secondary follicle population of an early formed

secondary (S0) branching to produce a number of "derived”

(SD) follicles. de Heijere (1894) described situations in

f follicles shared a
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reasons for this.

i Hecks of closely adjo

together,
ii Follicles arising by "budding" from another

follicle,”
?&%@@% (1926 ) cbserved budding in the Karakul and in other

- R . - . - S .o
breeds (unpublished quoted by Frolich gSpottel and Tanzer



x%%}
1929 ), but he apparently considered that this was an
anomalous condition, and that most of the bundles, which he
obgerved to be guite common, were formed by fusion of the
necks. Hbfer (1914) carried out a debailed study of
budding in the skin of the caty; and showed this to be a
normal occurrence in the development of the coat. Other
workers including Duerden and Ritchie (1924), Duerden (1939)

$}iELT) and Adrover (195%) Auber and Ryder (1955) noted

o

bundles in the sheep, but they considered these to be an
anomaly resulting from fusion of follicles. Doy

(unpublished, quoted by Goot 1940) has suggested that the
second wave of histerotrichs grow in follicles which bud

from the follicleg of the first wave.
Iyne (1957a) reported finding bundles of 2-6 fibres
assocliated with a single sweat gland and arrector muscle.

He postulated that follicles develop by budding from an

original primery (P0), something which has been found to occcur
in the bandicoot. He called the associsted follicles derived

2

primarvies (FD). Although it is rather difficult Ho
any knowledge of the actbual tinming of development of these
follicles, it seems that since the so called "derived®

follicles do not possess sweat glands, or arrector pili
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2. Tric periocd
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appearance of the first Plx follicle in the region. This
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generally occurs on the poll
rest of the body becomes covered with these follicles from
about 70 days onward, 21l PL follicles having appeared by
approximately 80 days.

% FPost-tric periocd :

follicles commence development on the head at approximately

80 days, but the posit~trioc period does not really commence
% -

until 8590 days, when gecondaries start appearing over the

rest of the body. In ecach region

&
Before 100 days 80 only are initiated, these first follicles
being situated at the secondary margin of the group, but
after 100 days SD follicles begin to bud from the ental
side

af the nechk of 508 follicles. Littls is kuown as to

proportion is fairly high (Hardy & Iyne 1955a, 1956b).
Since bundles have been cobserved in other breeds with a
lower 5/P ratio, some secondaries at least are probably

formed by budding, and Iyne (1957b) has stated that the

frequency of common follicle openings becomes progressively



i
A5

greabter from the Moufflon to the HMerino.
P+ B

Possibly the rapid increase in 5 found by Carter

and Hardy (1947) in Herino foetuses from 100 days onward is
due to the commencement of budding,. This rapid increase
continues until shorbtly before birth. Ryderts (1956) data
from Romney foebuses suggested that S/F ratio increased
fairly rapidly from 100 to 110 days bubt was then fairly
stable.

While Short (1955a) and Schinckel (1955b) in the
Herino, and Margolena (1954) in the EKarakul, have found
potential S£/Pf ratio to be determined before birth, the
low ;é{%i% found in new-born Blackface lambs by Fraser
and Hamada iﬁ%§§}9 and Burn's (1954a) data on Suffolks, seems

to suggest that this might not be the case in British breeds,

Cur knowledge of post-natal changes of the follicle
population is ra @é@? sketchy in breeds other than the Herino,
and because of the small number of animals observed it is
not possible, except in the case of the Merino, %o formulate
any pabtbtern of development on which much reliance can be

placed,

In the Merino it seems that for a periocd of about one

o

£l
r
C«;«
oy
(o2

development is limited to the maturation of

T
a few 8i Ho Si. However after this period of lag in develop-

¥

ment there is a sudden spurt lasting about 21 days during

which the majority of the secondaries mabure. Following this
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wave the rate of follicle maturation slows and continues
a low level for a period of up to twelve months.
Burns (1955) stated that follicle development is

to the first 2-3 months of the lamb's life aix

that 6a§%ur & Hardy's earlier finding of maturatio
follicles up to 12 months was due to failure %o recognise
follicles which were regenerating following shedding.
However in the face of other evidence from Austrslian

workers showing increase in S£/Pf ratic up to 9 months in
Merincs, it seems that we must accept the longer periocd

of development as the true picture. Burns's results could
be due to differences between the British breeds znd the
Merino, to the slightly different method of &g@?ggcﬁ used
or possibly to the few lambs involved, many of which were

not thriving at the time of sampling,.

Carter (1943 ) combined the pre-tric and trio periods
into the protopha while the post-tric period he called

»

neophase. He pictured the phases as two entirely separate

x

pericds of development, with primary follicles only being

o

produced in protophase and secondary follicles only being

produced in neophase, the primaries having a complete set of

&

ot

e

possegased at the

L]

accessory structures while the secondar
most a sebacsous gland, However Burns (1949) found
follicles at the secondary margin of the group which

possessed the full complement of accessories, while other
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a higher level, These differsnces showed up in the 200 day
fleeces which were coarser, longer and less dense in the low
plane groude. Panfilova (1955) carried out a similar study

comparing lambs from normally fed Soviet Herino, Precoce

gimilar ewes ich were fed supplementary concentrate during
pregnancy. At birth, lambs from the concentrate fed ewes

Hogo (1953) fed Herino ewes at two treatment levels

during pregnancy lactation. After weaning, some lambs
were gwitched from the high to the low plane treasiment and
vice vers The only significant differences betwesn the

%

groups in the skin and fleece were those attributable to

=
;j t
o
o
£
o
ol
ke
3
by
o
)
&
i
&

the high plane feeding following weaning
follicle development had not been affected. Ryder (1955)

reported a similar trisl in which feeding Cheviot ewes

gsupplement during pregnancy and lactation had no effect on
8/P ratioc of the offspring. Ryder (1957a) however stated

that a later trisl, not at the time completely analysed,
suggested that differences of S/P ratio of Romney lambs,

had been induced when a lower unsupplemented diet was used.

Galpin (1948) and Henderson (1953} have shown that
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the better Homney lambs grow in the early
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with growth hormone and found the treated animals were

significantly higher in secondary density and in S£/Pf,

snm’
@'%*
‘Mh
3
B
0]
[

De Fellicle pomu

is a result of these developmentzl processes the

in groups, separated in the upper levels of the skin by

Ll

bands §ﬁ§ connective tissue, the trabeculae.

The normal type of follicle group consists of one

situabed on sach side of the PC. All these primary follicles

%

have a complete set of accessories, the sebaceous gland being

asbar. These zccessories are situated roughly at right

angles to a line running through the three primary follicles.

On the side of the primaries opposite the accessories, (i.e.

on the ectal side of the primaries) are situsted a varisble
mumber of secondary follicles, the largest secondary fibres
being those furthest from the primary margin of the group.
Generally these secondaries possess a unilobed sebaceocus gland,
but in many cases these are absent.

=

# 4 2, e b £y _Qs
Despite earlier work, notably by Spottel & Tanzer
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{1934, 1936a) on array gradients, studying seven positions
on lambs of 4 ff% ent N ge ﬁﬁéggm anﬁli genotypes the
most heavily checked sample f@agé,ﬁag that from the
shoulder patch. Since this position is giﬁag% immediately
§$§§%§z§& to the shoulder position it seems that Galpin's
{é%%é} statement, that positions anterior or inferiocr %o
another, are always less heavily checked; does not always
hold. Also Stephenson (1952) reports one case of a lamb
with "tougher™ arrays on the back and side than on the

britch.

Stephenson (1952) stated that as the arrays became
"tougher" the precipice became more noticeable in ﬁ%@ cT
fibres, This he asecribed to an iﬁé?@%giﬁﬁ difference
between P and S fibres. In studying percentages of the
different fibre types, &t%ﬁ%.ﬁmﬁﬁ (1952, 1956) was unable
to find the high @wggafﬁzgag of pre~CT fibres on the
britch reported by & Eﬁaﬁ {1534, 1936a), although this
area 4id tend to have the &1%%@3@ proporéicn. He found
very low percenbages of f?%QS@ on the shoulder patche
of +/+ lambs however. %@@@&@Mu@ﬁ {(1952) was also
ggaéia to find a higher proportion of histerotrichs in H-

%gg%g than in non-N. Sutherland (11939) and Goot (1940)
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had reported that

Stephenson (1952) applied a diseriminant function

anslysis to his data from the shoulder patch position, to
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47
n pr/nr, PC grew pre-CT and %@sgiézg some
%, PL: grew HTCT and C%, while 8 grew CT
From this and other data, Fraser et al concluded that
in H~-type, CT fibres never grow in PC, although this occurs
in some non-H lambs. If this occurs many, if not all are
ch CT. Data from fibre length supported the above

agsunntions.

Rudall (1955) published work carried out in the early
19308 relating fibre types to papilla morphology. Hig
evidence seemed to suggest that the rate of growth of =z
fibre was proportional to the papilla volume/papilla surface

ratioc. Also there seemed to De a relationship betweer

3
frud
B
O
Y
o
b
o)

medullation and the bulb volume/papilla
Fudall observed that halos had papillae of large diameter,
and sickles very short papillae 2/3 the length of those of
curly-tips to which it was similar in other respects.
Budsll ageribed this shortening to the action of the pre-
natal check. Rudsll algo found a relationship between
sccentricity of té@lgagééia and the fibre. Thig sgrees
with Teodoreanu and §@?2§§@3*§ (1956) statement that the
cross section of ribbon shaped fibres was similar to that

cf the "roots™ that produced then.

Fraser (1951, 1952a, 1952b 1953) expanded on suggeste
ions of Galpin (1934, 1935, 1936b, 1947, 1948), formulating
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in PC follicles, These fibres were subject to a constant
amount of crimp per unit of time, but since the rate of
inerease in length was declining, the result was an
increaging degree of curvature in more proximal regions.

The thickening of the fibre in the post-natal region was

explained in berms of aged competition as & result of
skin expansion. Braser (1952a) also stated that the

later, by &ag'gm more crimps.

or efficiency of & follicle ig a function of

Since Fraser (1951) had previously stated that the shape of
the sickle end was due to compebition and Dry had said the
gickle end was the result of the pre-natal check, it sesms
that competition would be the c¢ritical faetor in the check.
The above equation approaches much more nearly a statement

of the base concept.

Frager (1952b) feund that in the birthcoaks of

ordinary Romneys the length distribution was bimodal, the

m:w
kﬁ%
Y o
o

modes correspondin

, £ oy P WET e R —
rpes however there were bthree modes, with the prinmery




and early secondary fibres occurring in separate modes.

deas den ating how
deas demonstrating how

i

ol

Frager (195%) elaborated on these
they could be fitted into & plan to explain all aspecis

of fleece growth. He suggested that the type of flesce

#

which a sheep grows was determined by three factors
i The amount of substrate available

i1 The pelative efficiencies of the different
types of follicles

iii Density of follicles and the resultant
competition.

5

within a certain radius. In Hyeland, Lincoln and Herino

in the three breeds. Froser and Bhort stated that while a

2 Pel

gerbain amount of biass would resuli from the maethod of
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provide any evidence for the competition theory. However 1%

Possibly the main argument which can be levelled agzinst
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while the fibres are keratinised and fixzed in dismeter at levels
below this., The distribution of follicles is more diffuse

and does not conform rigidly to a group pattern in these

lower, prekeratinisation reglons where competition, if it does
occury will be taking place. Ryder (1957b) also argued
against the competition theory, on the grounds that since each
follicle had its @%ég individual blood supply (Byder 1955b),

he did not see how the competition could take place. This
argument does not seem valid however, since gystems "in
parallel” (physics terminology) can compete with one &%ﬁ%%%fg

and compebtition is not the sole property of systems arranged

g?

&

Tin smeri

In conclusion, the literature shows that while much
theory has been brought forward to relate fibres to follicles,
@gé factual Eknowledge is limited. #hile the competition
theory certainly provides a useful concept as a basis for study

it still remains only a theory and many workers in the field
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In mid October 1956, é%iﬁ &ﬁé‘@§§3 samples were
taken from a number of %{E ‘lambs (Dry 1955, 1956) varying
in age from 8 to 63 days. The sampling procedure was based
on that described for catile by Carber and Dowling (1954).
The use of this method on sheep has subsgequently been
described in deball by Carter and Clarke (1957a). The

procedure was as follows: -

i The wool was removed from a gmall ares on ﬁﬁ?’
standard back position by cubiting with scissors

as close to the skin as §r&sﬁi@&%1@

ii The wool sample was placed in an envelopé.

iii The areca was QQ&?%% with a 50:50 absolute
alcohol-ether mixture to remove wg@é grease,

iv A 1 cm, diameter circle was cub in the skin of
the cleared area by pressing a i?&?ﬁ&ﬁé to the
back and rotating it clockwise and anticlock-
wise once.

v The disc of skin was 1lifbted with forceps and
freed from the subcutaneous tissue with scissors.

vi The disc was pres sed, s ubcutaneous surface
downwards, onto a piece of cardboard, to which
it adhered.

vii Cardboard and skin sample were placed in a jJar

' of 5§ f@?ﬁ&ziﬁ in isotonic saline for fixation.
viii The wound was treated with antiseptics
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The method proved entirely %&@E%§%G$%§§‘§?$¥i§$§ the
cperator was resolute in applying the trephine, In
preliminary trials half heartedness in the first cutb had
often led to the reapplication of the btrephine, If the
two cubs did not coincide, the samples obtained were rather

gsmaller than bthe prescribed 1 cm. diameter.

Skin samples were treated using a method
modified slightly from thal used by the Department of

sgriculture and Stock, Brisbane (Anon. 1955).

n

imilar to the btechmique reported by Carter and Cl

Fe Processing

The majority of the samples were processed

aubtomatically with an Elliot automatic tissue processor

but prior to the arrival of this machine a few samples had

been prepared manually.  The samples were washed in tap
water to remove formol-saline, most of the excess connective
tissue beneath the follicles was removed with scissors

{removal of too much mekes the skin rather more "plastice”
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made in four directions across the image of the sections

4=

ugine a special direct reading scales The average of these

0]
8
o
W
el
b
i
k
W
s

four measurements w to give the correction factorse

Gorrection facbor

”E §ﬁ + §g~+ §’-+ 3%
&
This correction factor then is the ratio, area of the

section/areca of a circle of diamebter 1 cm. The raw
densities were multiplied by this factor to give the

corrected densities.

Because many of the sections were far from oval or
circular in shape, it seemed that posgsibly the above method
might not be very accuratbe. Consequently the edges of the
sections, magnified 208X were mapped on papers The c¢ircle
cut in a piece of paper by the itrephine was similarly mapped
and a planimeter was adjusted so that two traverses around
the edge of this cirecle gave a reading of unity. The map
of each of the skin sections was then placed under a large
sheet of transparent paper and the edges were traced round
twice with the planimeter. Then the correction factor
could be read directly from the planimeter. Differences
were not as great as might have been expected, the average
error being only 2.8%. A1l densities were subsequently
revised, using the correction factor determined with the

planimeter.,

Sf/Pf ratios were caleulated from tobal uncorrected

PT and 8f densitiesz from the ten counts.
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calculations, night be an undevesitimatbe, Hinor fibre

wag axpecked to be of nore use than minor mednll

a
diasmeber, since medulls diameter can be rather difficult to
MEeasSurs. Standard de iations and coefficients of wvarizbtion
for the four characteristics of PC and FL follicles were
calculated from one seciion. In ¥C fibres, standar
deviabions and coefficients of variation were both larger
for the medulla diameters, with the major fibre diameter

In the case
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slightly larger than minor fibre

of the PL fibres there was little difference bebtween any of

gomewhat greater in the case of the medulla diameters, while

e

the minor fibre diameter had a slightly greater coefficient

of variztion than the major fibre dianster. §§ the basis
f this it seemed that the choice lay between minor and nsjor

o
fibre diameters. The greabter difference bebween PC and FL
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more sultable but doubibs about the angle of the cut across

the fibres weighed the balance in favour of the minor dismeber,
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uring the development of the 8 foellicle population, it

frequency distributions of f{ibre diameter of the different
£fibre or follicle typss. The series for fibre types is
placed immediately above the series for follicle types to

allow easy comparison of the frequencies.

All fibres from a pumber of follicle groups were
measured, data from 200-250 fibres being taken and plotted
in the graph for the different follicle classes. The
graph of dismeter disgtributions of fibre types is made up
of measurements of a similar number of fibwres to that in

iiamebers of sach

ey
o

the follicle class graph. The number of

k3

£ibre type included in the graph was calculated by
multiplying the number of measurenments for the different

follicle classes %g the proportion of each fibre type,

1

bzl by

where Ng= the number of diameters of fibres of itype
1 plotted in the graph.

| B = +the total number of fibre diasmeters of all
fibre bypes, plotted in the graph. ( = the number in the

follicle class graph)
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f1 = +{the number of fibres of type 1 counted
in the array analysis.
P = the total number of fibres of all btypes

counbed in the array anslysis.

Data for ribbon shaped fibres were omitited since
the minor diameter is not a good indication of the size of
the fibre and also because it is impossible to measure the
minor diasmeter accurately. Fuarther, the occurrence of
ribbon shaped fibres has alsc been used separvately in
studying the origin of the fibre types.

=

By comparing fibre diameber distributions of the
different fibre types with those of the fellicle types it
should be possible to get some indication as to which fibres
grow in the different follicles. The reliance which can

be placed on the method is however limited by the followin

"

factors that could possibly lead te wrong conclusions being

drawn.
i Variation bebtween different regions of a fibre.
ii Variation bebtween fibres from adjacent pieces of
gkin,
iii Variation between fibres of one type in the sanme
piece of skin.

{Studying distributions should eliminabte the possibility of

large errors due to this cause).

iv Variation between axes of fibres.

While an attempt was made to measure the nminor

fibre diameter of fibre types, reducing factor iv, the

method wag far from satisfactory. Heasuring the dismeter
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Lo Summary
Finally for each sheep an atiempt is made o
gummarise the results from all methods inbte a cleary concise

description of the most probable origin of the different
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Percentages of fibre types and ratios of fibres and follicles-

Sheep 52

Trpe Sample 1 Sample 2 Total
BH - 1e1% Oe 6%
588 - %,7% 2.1%
S84* O 5% - 0e2%
Broken pre-pr - 1:8% 16 0%
BICT 18+9% 136% 1509%
CT o 3% 20e4% 27 0 3%

Hi

Ho. of fibre 206 273 479
"Expected" S8/F deZ 460 4o
HICT/ pre=0T. 39 2eq=3e2 Le0=5e8

Sfype = Be7, £0e2

nFf =  7e4, L 0.6

R(EESE)  34.7, L 2.9

The "expected™ S/P ratio calculated by assuming
that all pre~CT and HTCT fibres grow in P follicles is not
greatly different, either in btotal or subsample counts, from

* The dobtbed 1i

k] A2
ne maris cne

k.
¥
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of the precipice bebween the HECT and (T fibres, suggests

£ i

The problem of determining which of these fibres
grow in PC and which in PLy is confused by the extremely
large difference in the pre-0% counts of the two subsamples.
The unidentified, broken tipped fibres also created a
difficulty, since if they are assumed to be pre~CT fibres,

the HICT/pre-=CT ratioc of 2«1 for the second sample, is not

s

would expect for

growing in PC follicles. It seems certain that in the

k. {:}
area of skin supplying the first subsample, most of the FC

follicles produced HTCT fibres. Hany of the HTCT fibres were
very robust and approached supersickle fibres, but under
normal circumstances they would not be placed in the pre-CT

ZrouD. The posasibility that the lack of pre~CT f£ibres is

&
due to shedding of PC fibres as "bables" in a small localised
area, does not seem very likely, since if This were assumed

to be the case, the "expected" S/P ratio would be 29 whic

%

1
is even further away from the skin sample S£/Pf ratio. Also

none of these fibres were found in the sample, Cne P



%

folliele in the skin section was Judged to have shed its
fibre while sone secondaries also had apparently shed.

%

I T P T, ! A wrssen mren o] o
Bven although the lamb was seven weeks old at

L e - z y , < : - E L e o IRy
the time of sampling a good proportion of immaturs secondaries

the "expected™ 5/P ratio should be slightly less than the

immature were in sctual fact follicles cut below the level of
keratinisation, Since Sf+ 8i/P is 4+2 this would agree

better with the "expected" S/P ratioc. The possibility of

of

z the case is however nobt very great since the

%

b

i

chis bedl

&

follicles clagssed as immabure do not resemble, to the

rerienced eye the appearance of follicles cut beneath the

level of keratinisation in lower layers of the skin. Also
sinece Schinckel (195%a) and sShort (1955a) have shown the

seven weeks old Herino to have over 20% of its follicles as

yet immature, it seems that 12% of imme

a reasonable proportion for an H-type Romney

-
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with the actual S£/Pf ratio whebther the ¢ fibres are
i

congidered to be P fibres or S. Since it seems likely

that the "expected” rabtic should be slightly smaller than
%2@ actoal ratio, possibly the figure including the Ci4
fibres, expresses the ratio of P fibres to 8 fibres nmore
ageurately. The "expected® PL/PC ratios provide us with
ce

1ittle further information as to which follicles produc

=) £

gags

the Cnq fibres. If we assume PC follicles to produce 8S4
and YL follicles to produce fibres of the T groupy the
ratios are not markedly different from 1°9 whether or not

we consider the (Pq fibres to grow in PL.

The frequencies then suggest that SSA grow in
FCy HTCT in PL and OTp and Hi in S. G4 fibres could be
produced by either PL or 8 follicles. Possibly they

are produced by P follicles abt the secondary : regin of

groups or by follicles inbtermediate in character possens-

ing only = sweat gland or an arrector muscle.

Ze Bibre dismeter

grow in PC and HICT grow in Pl The ons HTLT fibre which
N vy B &t B2 ; v % e, e oE e -
approaches the €7 fibres much more nearly in diameter

could possibly be a HTOT fibre growing in a 8 follicle
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Te

Percentages of fibre types and ratios

Sheep 83

Freacuencies

TABLE 4

Sheep 83

s

of fibre

84

and follicleg=

Fibre type Sampile 4 Sample 2 Total
HH 76% Lo 5% 6+ 3%
SSA 342% 5¢5% 5+4%
SBA° - 1o 5% 0e6%
Broken pre-pr Ted% - 0+ 8%
HICTy 22e4% 19¢2% 24 ¢ 1%
HICT2 6+ 5% 3e 5% 5 3%
o 300 3% 47 5% 352%
Hi 28e 5% 258% 27 « 4%
Ho. of fibres 277 198 474
CT+HL/HICT+pre~CT+br 1ed 2¢1 G/
O+ Hi+ HTCTo/HTCT, +pre= 109 5e5 DeD
CT+br . )

HTCTq/pre=~CT (Ebr.) " 1¢8«2. 240 18G4

Ze

all HTCT/pre-CT(Ebr ¥ 2¢4~

z‘f
8

2ed=2e6

fairly low S£/Pf ratio.

conmplex with btwo sizes of HTCT Fibres,

fibres in each groupe.

range,

s£/Pf 2.9 = 0e4
APf 65 = 008
B(PL+ 8E) 253 £ 207

This lamb, sampled at six wesks of age
3

=,

)

* Separate calculations we
These result

ing the broken
aken as the



85
were below one precipice, yet, since the shortest %%ﬁ%z
were longer than the longest CF they appeared to be above
another "secondary" precipice. Since the ratio §§,§%f
pre-CT approaches the 1.9 we would expect for the PL/FC
ratio much more nearly than does the ratio %%@%%
pre=0T, it seems likely that the g%%%g fibres grow in &

=

follicles. 1is

e

foen

dea is further supported by the ratios,

CT+ Hi/HTCT,+ HICT,+ pre-CT and HIGE, + CP+ Hi/HTOT,+ pre-CT.

1 X
Although both ratios are considerably smaller than the

Bf/Pf ratio, including the HTCT, with CT and Hi gave a
figure more nearly approaching the S8£/Pf ratio, The fact
that "expected®™ 8/P ratioc is lower %&aﬁ S£/Pf is possibly
due to a number of secondary follicles not possessing fibres
long enocugh to enter iﬁ@% the fibre g&%ﬁié@; Since however
another estimate of %i{?ﬁ based on a circular counting area
gave a figure of 26 the difference is probably a sampling

@00,

&

The frequencies do not provide any data suggesting
that pre-~CT fibres grow in follicies other than PC or that
PL produce anything other than HTCT. It does seem however
that as well as CT and Hi certain HTCT fibres are produced

by secondsry follicle

o

&

Ze Pibre disnmeter

The fibre dismeter data was made more difficuls



20

FIG.3 SHEEP 83,

DISTRIBUTION OF FIBRE DIANETER

Hi

“ N
20 o A, FIBRE TYPES :
cT

post=pr. HTCT

HTCT
N
e o o Ml om  m ,.
B. FOLLICLE TYPES
Inner S Q\‘ .
Outer S
PL

§

60 80 100 120

'Minor' Fibre Diameter ( u).




87
to interpret by the fact 'that'a very large proportion of the
pre~CT fibres were ribbon shaped. This means that the

3 L2

fibre diameter data of only a small proporition of these fibres

is inciuded in the graph. This small sample of pre~0T fibres

5]
o

is the probable reason why the pre-C% series does overlap
with the HTCT series. In all other cases there is a large
amount of overlap bebtween different follicle types or the:
different classes of fellicles. This overlap does not

permit the drawing of many conclusions from the diameter

agssunptions made from the frequencies, although the position
of the post-precipice HTCT fibres suggesis thalt these fibres
could possibly be growing in FlL. This position however does

not rule out the possibility that these fibresg are growing

b
by

in secondaries. C ibres are apparently growing in the

later developing secondaries as well as those around the

e

Be Fibre charscteristiecs

A very high proportion of the pre-(T (80~50%) and
a small proportion of the pre-pr HTCT (aboubt 20%) fibres
were ribbon shaped in the basal regione. While 50% of the
PC fibres were ribbon shaped, only one ribbon shaped FL

%

fibre was found in the complebte skin

1

ection. This suggests

i
U

i That the majority of the HTCT and nany of the
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4o Summary
The relationship between fibres and follicles in
the birthcoat of this lamb seems to be reagsonably clear.
The relationship however differs markedly from that found
for B/H lambs by Fraser, Ross and Wright (1954) and is

apparently as follows: -

9

i

PC fibres are HH, probably some SSA and

PL fibres are 5S4, SSA', HECT and pre-pr. CT.

2 k.3

g fibres are post-pr. CF and Hi.

-

It also seenms a possibility that some HTCT might be

growing in PC and that the pre-pr.CT could be growing in S,

This is unlikely however.
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TABLE ©

Percentages of fibre types and ratios of f£ibres and follicles-
Sheep 120

Fibre type Sample 4 Sample 2

HH 10 2% Sed

854 G’%?é %o ;jé

F é! - §°§§§

HICT appr.S8 L 5% 5e4%

HICT 22e%5% 240 0%

post-pr. HICT ; Se3% - ) 377%
{un B e 0

if"‘é" DG Fiod '{},2{; } e o o 9
Hi B2y ) 22057 y 9e6% y 7.2k
Hoe. of fibres 264 334 508

3

CT+HL /ore-CT+HTCT 1

CT+Hi+post pr. HTCT/ 1

TCT+pre.CT

HTCT/pre. 0% 3
2
2

°
RV

L]
@

6 o
S LN IS 119 4
PO TS b b
* o

AN

HECT appr.SS+HTCT/pre=
Ch.

HTCT/HTCT appr.SS+pre.
cr

S SR L5 I A B

®

SJt
—
°
=

These fibres were very short, the lamb being only
nine days old at the time of sampling,. Conseqguently it was

rather difficult to recognise a precipice. The fibre type



post-precipice grow in S follicles. Yo great reliance
could be placed on this however since both "expected®™ 3/P
ratios are considerably lower bthan the true ratio. This
is probably due to a high proporbtion of follicles which
have not produced fibres long encugh to enter into the

£ibre sample.

The nearest approach to the 1¢8 we would expect
for PL/PC ie given by the ratio of HTCT/HTCT approaching
super~-sickle, plus pre~CT. This suggests that some of the
PC feollicles are producing HTCT fibres, but %ﬁ@ée fibres
regemble super-gsickles more than the other HTCT fi%z@g 

E
present.

Ho really good relationship can be agcertained
from the fibre type frequencies of this lanmb, It is very

difficult to decide the boundary between the P gnd 8 fibres.

2e Pibre diameter

Figure 5, the fibre diameter distributions of
fibre and follicle types for this lamb tells very little
about the fibre follicle relationship. The fibre diameter
of the different follicle types is considerably greater than
that of the fibre types. The explanation is probably that
the fibre types have been measured above the thickening that

occurs in the fibre at the birith point. The diameter

digtributions suggest the birth thickening has cccurred



Number of fibres,

FIG. 5 SHEEP 120

DISTRIBUTION OF FIBRE DIAMETER

A, FIBRE TYPES Hi :Q:
237,

post=pr. HICT} .

Py

rrcT | |

A3
N w5

HTCT appr. SSA |

SSA Y
ax I
11
] ]

B. FOLLICLE TYPES

‘!Ogr

B A Wud -
*Minor*® Fibre Diameter ( u)

96



almost entirely in the P fibres, and the § follicles have
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been 1ittle affected. Th

s

i
(1956 ) who found that the birth thickening was much greater

ol

for the larger, more heavily medullated fibres. Taking

the fibre samples at this early stage resulted in a much reduced

range of fibre diameters and considerably more overlap
between diameters of fibre types. This overlap prevents
much inference ag to which fibres are produced by the
different follicles., Ho decigion can be made on the basig
"of the figure as to whether HTCT appr. SS are produced by PC

or PL or whether the post pr. HICT are produced by FPL G& Se

B Fibre charsciheristics

ttle could be gained from a study of the ribbon
shaped fibres since although a few HH were ribbon shaped only

bre could be found in the skin section with a "sguashed®

)
b
o
-
fputa

Appearance. This was a PC fibre.

4o Summary

antiate any definite

Ly

The data will not gubs

e%*

¢ fibre types of sheep
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conclusions regarding the origin of
the mogt likely situsbion is as
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ordinary HTCT are produced in PL
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o and Hi are produced in S.
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With this and subgeguent sheep, frequenciesz only

have been studied as "crisis thinning® of some fibres has

&éﬁ&ﬁ*@ﬁg confusing ¥ bubion, or because i%

wag impossible to differentiabe between FC and FPlL.

Percentages of fibre btypes and rabtios of fibres and follicleg=—
fe ] D . g’ §
heep

Fibre type Sample 1 Sample 2 Tobal

HE  4e9% 4e2% 4e6%
SSA 200% 1e7% TeG%
SSAt - Oe3% 02%
Broken pre-pr. 20 5% 1e7% 20 0%
HTCT 16e3% 122% 140 3%
cT 42.0% 39¢5% 40+8%
Hi 32e6% 40e2% BGe 3%
Ho. of fibres 507 286 593

post=-pr/pre-pr. 269 %G Bed

HECT/ pre=CT Foe8=ed | Te5=1eG Te7=2e2

IR
O

.
W

SE£/Pf 57
Pf 60 & 0e6
X

=]

n{PHSE) 2841

The two figures given for HTCT/pre-~(T ratioc arise

2

by incliuding the broken fibres in each group.

The obvious assumpbions from fibre and follicle
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TABLE 8
T SNSRI

. i e o % 2w g, s = o SR -1 . - e R
Percentages of fibre types and ratios of fibres and follicles-

Fibre type Sample 1 Sample 2 Total
HE %6 3% Ze 5% el
SSA Te0% 0« 8% 1%
SSA? 0e 5% 0=8% 07%
HTCT 148% 11.9% 131%
Pre=-pr. OF Te6% 2e0% 1e8%
poat=pr. T 48e1% 50e2% 4Ge%%
Hi 3061 % A0 8% 306 5%
Hoe. of fibres 183 253 435
CT+HIpre-CT+HTOT Bel 4o 4e5
pre-pr/post=-pre 305 467 4e0
HTICT/pre-CT 2e7 2e¢3 245
Pre-pr. CT+HTCT/pre 0T 30 2e7 28

s£/pf Fen £ (o5

npPf 4de) = 0e3

The precipice in the CT series of this array was

b
o]
oy
<
&
<
e
fute
]
ot
fpote
£
G

t and consequently the division of fibres
into pre-precipice and post-precipice curly tips might not
be very real. However since the ratio of post-pr.CT+Hi/
?E%c@%'*§%§§%°§§%m§?. CT more nearly approaches the skin S£/
Pf ratio, it seems more probable that the pre-pr.CT fibres

grow in ¥ feollicles with HTCT and pre-Ch,.



Including the pre-pr.CT as PL fibres in caleculat-

ing "expected” 8/P gives a still wider deviation from 19

e , L3 x 5 . e L., 2 . . Lin, 4 oo
than the plain HPCT  vre. 07 rabioce This spegests that the
& £ A 2]
o omo, pes - wordf w2 &% 2 " s I o
pre=pr.CT are growing in 8 follicles. However other
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In a search through the main wool sanple two shed HTCT fibres

anad a smell number of shed % fibtresz were found bub no shed

2 4 ETy. %, * o g & -

pre-CT f£ibres were logated. In the skin gection the only
-3 - = % E 4 TET = o5 L 3 L
obriocugly shed follicles were two PL and z number of 8 in
£ T L L kT T s T & ; B2 2 N T R D
the close proximiity of these Flse. This is obviously an

abnormal pattern of shedding and since it seems thabt the
shed fibres are still present in the sample, shedding nmust
disregarded as a facbor causing the high “expected® PIL/EC
ratic. An interesting fact about this array was that the
HTCT fibres were consistently longer than the Hi. This
could possibly mean that the reduction in oubput of fibre

material which causes the crigis thinning has affected the

HH earlier or more severely than the HICT.

To conclude, it seems that the most likely

patbern in this lamb is: -

?%g giég 8S8A' and possibly some HTCT are produced
FC follicles. ,
HICT and possibly the pre-pr.CT are in PL.

>

post=pr.CT; Hi and possibly pre-pr.CT are in S.
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H Sheep

Pibre type Sample 1 Sample 2 Total

HE 746% 9e 3% 8e3%
S84 191% 0% 1o 1%

Ss84A° Oe 4% - 0e2%
@&%ﬁ 15«6% 20 5% 17 7%

CrF £9+0% £943% - £941%
He Pt 2?2? 25}0{;% 250 %?é

Ho. of fibres 26% 205 468

post=pr/pre-pr. 360 2e% 27
.7 0

HICT/ pre=CT 4 18

SE£/PtE 2eG H 03
nPf et &£ (ed
n{PE+BEY 2042 £ 462

The fibre type array of this lamb featured a very
digtinet precipice between the HTCT and the CT fibres.

This suggests that all the HICT fibres are primaries while

the good agreecment bebween "expected" and actual S£/PL
ratios.

Since HTCT/pre-CGT is very close to 1+9 it scenms
reasonable to assume that the pre-CT fibres have their

origin in PC follicles while the HTCT fibres have their
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4 %

with the

m.%;

PL, folliclen.

The sample from

aser, Hoss and Wr

HH, SSA and SSAY are apparently PC £
HTCT are apparently FL fibres.

T and Hi have their origin in 8 follicles.
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e B o % T 0%
- BhReen o

7y o Lo g F I 5.3 "I S, - 0SB s £e
Percentage of fibre types and ratios of f£ibres and follicleg-

Sheep 18

Fibre types Sample 1 Sample 2 Tobal

HE Ge5% 4o f}f@
3588 o Oe6%

Broken pre-pr - T1e2%
= e 4
HICT appr.HH Lo 1e7%

HICT ' 9+ (% 11e0%

cE 40ed% 2%e1%
Hi 5%‘5%’35 ‘?”’“:ﬂf
Mo, of fibres 245 175 418
§§§@§EX§§$@*§§/ Ze de2 Lo}
A1l HICT pre~CT 2e7 s mgde’] Zel=Ze 5
HICT/pre~CT+ Int. Ce8 | Fed=tof Fe0mTe]
SE/PE 440 £ Ood
ATF 45 L 2es
T(PE+8E£) 2203 £ 065

;;’t%

with the S£/Pf of 4.0, suggesting that the precipice does

mark the boundary bebween P and 8 fibres and that HTCT and
pre-CT fibres grow in P follicles. Since the ratio of all
HTCT fibres/pre-CT fibres approaches 19 more closely than
the ratic HICT/pre~CT +HTCT approaching halos it seems that

all the HTCT fibres grow in Fle The one S4B fibre found is



b
o
o

rather anomolous, While knowledge of the follicular origin
of thig fibre would have much inbterest it is impossible %o
= w1,

Jjudge its source from frequency data. While Fraser, Hoss

and Wright assumed these fibres to grow in PC there is no

o

HH grow in FC.
HTCT appr. HE and ordinary HTOT grow in PL.

CT and Hi grow in S.
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Fibre type Sample 1 Sample 2 Total
HH 3e6% 4s0% 3+8%
8sa - 207% 0+9%
Broken pre-pre - 0o 7% é*g%
HTGT 160 0% 161% 1Ge 0%
cr 60w 0% 424 3% 53.8%
Hi 20+ 4% 34e2% 25e2%
Ho, of fibres 275 149 424
CT+Hi/pre=-C+ HTCT Lo Be 5 5e7
HICT/pre-CT Lol 292205 3e2=3+5

SE/PL 3.8 L 0o

en N +

nPf e85 = (o6

A(PL+ SE) 26¢7 £ 4.7

In this lamb, although the precipice was not very
¢lear, there is reasonable agreement bebtween the ratio of

post-precipice / pre-precipice fibres and the S£/Pf ratio;
g~ ?

Py

hence it seems the precipice marks the boundary between P
and S fibres. The agreement between the ﬁ%%%/@f@éﬁ% ratio
and the %%f%% ratic is not good and it seems that the
suggestion that the PC fibres produce pre-CT fibres does not
hold perfectly. From the ratiocs it seems that some HTCT

fibres must also be growing in FPC follicles.
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The conclusion to be drawn from these frequencies

PC follicles produce pre-~CT and some HTCT,

Toa

4]
1

FL follicles produce

-

S follicles produce CT and Hi.

K Sheep 39

TABLE 12

Percentages of fibre types and fibre and follicle ratios -
Sheep 39

Fibre type Sample 1 Sample 2 Total
HH 8+9% 7+8% 8e5%
HTCT 160 3% 178% 16+ 9%
cT 3802% 42+8% 40e1%
Hi 56+6% 31 7% 34+ 5%
Ho. of fibres 246 180 426
CT+Hi/HE+HTCT 300 269 | 209
HTCT/HH 18 263 240

S£/Pf 300 L Qo4

nPf 700 £ 055

A(PP+SE) 2746 L 1443

The fibre type array of this lamb was very simple
4 wd of Zo 9



109
only four classes of fibres being present. The post-pre/
pre-pr.. and HICT/HH fibre ratios agree almost perfectly
with the S5/P and PL/FC folliecle ratios. This suggests

that in this lamb the corigin of each fibre type is specific.

Two conmpletely different types of HTCT fibres,
one with a large curl in the tip and the other with only
fine curling in the tip rezion occcur, A possible reason
for this is that one type is produced by PLx while the other

type is produced by PLy follicles.

The evidence suggests sbtrongly that the follow-

ing relationship holds: -
HH are produced by FC follicles,
HICT are produced by PL follicles.

CT and Hi are produced by S follicles.



L Sheep 60

TABLE 13

Percentages of fibre types and fibre and follicle ratiocs -

Sheep 60

Fibre type Sample 1 Sample 2 Total
HH - 3e3% Te1%
S84 5e3% 5¢3% Se 3%
HTCT-S8A Bed% - 2+3%
HTCT 140% 2403% 17« 3%
o 326 4% 27 6% 3009%
Hi 44:09% 39e5% 45¢1%
Ho. of fibres 3241 152 473
post=pr./pre-pre Zed 20 2¢8
HTCT+HTCT-884/pre=CT 363 248 Fe
HTCT/ pre=-CT4+HTOT=-584 166 28 20

S£/Pf Be% = (o4

nPf 6¢1 £ 0.5

D(P&SE) 25:9 % 1.4

interpretation of this data.

Differences between the subsamples complicate the

It seems that two localities,

close together on the skin, must be producing rather

different fibre populations.

z

The posb=pr/pre-pr fibre ratio

of the first subsample agrees well with the

8/P follicle

ratio, but the difference between these ratios iz 1¢3 in the
%

second subsample.

Although only a small number of fibres

were counted in the second subsample, this discrepancy is



large enough to suggest that random variation and fibres
#oo short for inclusion cannot account for all the

difference, I¥ it is sssumed that 32% of the HTCTs of this

4]

subsample are secondaries the "expected" 8/P ratio beconme

However the assumption conflicts with previous ideas about
the precipice which has generally been considered to mark

the boundary between P and 8 fibres.

An alternative explanation for the difference
is that a small local variation in follicle S£/PFf ratio
hag occurred. Since however an S£/Pf ratio of 2«0 was not
approached in any of the 1 sg. mm. areas counted this

suggestion is probably incorrect.

P

The "expected" PL/PC ratios for the two subsanmples
are also very different, In the first subsample reasonably
¢lose agreement with 19 iz obtained if the fibres inbermed-

iate between HTCT and S84 are included with the pre~CT

SrouDe It seenms that these fibres probably originate in PC
follicles. Hales are lacking in the first subsample and

= =

the intermediate fibres are lacking in the second subsample
while the percentage of HTCT - SS8As in the first case agrees
with that of the halos in the second. This suggests that
pogsibly the intermediate fibres originate in similar

gilicles o the halos.

e
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TABLE 14
of fibre types and rabios of fibres znd folliclesge-
Sheep 103
Fibre type Sample 4 Sample 2 Total
BH 9e2% 2e% 7 7%
S84 Oe86% gf§% $¢8%
Son 04 1452 0+6%
HTCT 29+1% Ge % 27e0%
cT 477e0% 27 5% 42¢6%
Hi 1537% 45¢8% 20+9%
0. of fibres 552 153 685
CM-HI/HTCTHpre-CT Te 27 Y
%@ﬁg/“?@”g? 29 27 Ze8
8£/Pf 3¢5 L 068
npf 7.6 £ 0.9
A(PF+8E) Ble2 t 3.9

frii

]

ampling had a short

o

diffevent £

Fhile it

Co

g ig generally the case

at and the precipice

&

5,

with later samples

ibre types were reagonably distinet.
iz to be ezpected in a lam

This lamb, only one month old at the time of

that a large namber of foliicles will possess fibres too

short to enter into the birthcoat sample the "expected” 8/F

ratio (CT+ Hi/HTCT +

solely in these terms.

The higher ratioc for the

pre-CT) seems too low to be explained

mecond



e z 2 o % < T4 e VRN W S o . , o5 L 3
subsample is possibly best regarded as a random effect due

to the small number of fibres counted.

The high HICT/pre-(T ratio suggests thalt the
low "expected”™ S/P ratio could possibly be due to soume of
the HICTs growing in the early developing secondary follicles,

Calculations, based on the asssumption that 35% of the HICT

09

g - P . - ; * N P e i . s wyrr Lrwn-
fibres grew in S, gave an "expected" 3/P of 2s4 and PL/PC

,

of 19, 2+4 is approximately the figure we would expect

St

n&o

for 8/P taking newly mabtured follicles inbo acééaﬁze The
data thus agree satisfactorily @‘%&yﬁﬁé hypothesis that

gone of the HTCTs are secondariess However this evidence
is not sufficient to ?égéggﬁﬁ completely the %3 ernative |

5

thesis that the small “expected” 5/P ig due to follicles

with very short fibres and that the large HTCT/pre-CT

}
e

o X 2 L % Tre wred 2 s’
ratic ig due to some of the HTCTs growing in FC.

éwz

In conclusion, while no really satisfactory
gvidence is available Lo debermine the origin of the

£ibre types of this lamb, the following relations seenm

§§iizséeg sroduce pre-0T and possibly some

PL follicles produce HTCT,
S follicles produce CT and Hi and probably
some HTOTE,



1.

Summary of the probable origin of the fibre types.

Sheep B 2L &

52 HH 884,584 JHTCT HICT 0Ty HA
80 a few HH, SSA HTCT C3q,0Tp,Hi

83 HH,884,854° pre-pr.HT0T f%aﬁzwwé.gggf cr

gl P
g7 . HH,SSA,S884¢ SSA,S8AY, posb-1 GHI
pre=-pr. T

120 HICT G, Hi.

5 1, BTOT T, Hi.

%‘% Eéﬁﬁ ﬁa}&.}g %é}éa g it HT %{f‘% uéfv% ?}3:'%““?}? {3? E}ﬂgém;@?* §§§$ Eii. =3

9 xggg&igizé* &%%g g Hi.

18 HE ' HTCT ?gaea.
25 ' SSA , HIX HICT CT,Hi.

39 HTCT CT,Hi.
&0 HToT CT,Hi.

584
103 HEL 88 HTCT HICT,CT+ Hi.
#* The prelationships beneath the dotted line are nob as

tionsh
well substantiated as those above.
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VII DISCUSSION

A Hethods
T Frequency conmparison.

must 6%&%55@% two features of the method: -
i its basic validityys

ii errors due to the technigues invelved in assessing
frequencies.

It is possible that fibre type frecuencies are related to
follicle class frequencies by a path other than the follicular
origin of the follicle, 4 likely pathway is via the fibre
and follicle densities, since high S/P ratios tend to be
agsociated with high density, while 1if competition occurs
density will have an effect on the morphology of the fibres.
1f gsuch a path of relationship between fibre and follicle

frequencies exists it is possible that while the freguencies

of the fibre types and follicle classes agree, a fibre type

follicle class might not be produced by that class of
follicle, Hence the method would not be valid. We have no
knowledge whether any such paths of relationship exist bub
they probably do not. Therefore, we can draw some guite
useful assumptions from fregquency dabta, although we must

remenber that the validity of the method is in some doubt.

The errors due to the technigues of freguency



determinations fall inbto thrse categories: -

i differcnces between fibre ratios and follicle ratios
due to fibres too short to ineclude in the sample.

ii errors in estimating follicle ratios.

jii ervors in estimating the fibre ratios.
Errors due to the first factor are difficult to assess butb
they will become progressively less as the animal becomes
older. The proportion of Si follicles *gggéﬁé will also give
gsome idea of these errors if we congider the proportion in
conjunction with a graph of secondary follicle maturation,.

Fiducial 1imits have %é@ﬁ placed on the estimates of the

follicle population means to indicabte their accuracy, but the
errors associated %i%%tfi%r%'cggﬁtg are more difficult teo
agsesss  Hepeab counbs, while giving some idea of the

variation involved, do not provide enough data to derive a

precise, numerical measure of it,.

& and a formuls for

4
=t

Burns (1955) provided a tsb
estimating "percenbtage errors® of fibre counts. These
Perrvors® are apparently the eguivalent of the standard error
expressed as a percentage although the probability limiis
are not stabeds The equation from which these "percentage
errors”™ are calculated is derived from the formula for the
variance of a binomial distribution. -Consideration of the

structure of the birthcecost and the differences bebtween the

repeat counts suggests that the fibres are not spread at
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random throughout the coat. In this case the distribution
of each fibre type in relation to the other fibres will
not be binomial and will therefore not comply with the
agsumption made by Burns. Hence the suggested "errors”
will be underestimated. To what exbent the arrangement
of the fibres will affect the error is rather difficult to
SEYT e It seems that as well as the grouping of the
follicles affecting the arrangement there is the possibility
that the longer fibres are drawn together into tufts because

the tipz beconms entangled at an early sbagee.
4 £ £

»

The fiducial limits of the estimates of SE/PF
ratic and some calculabtions based on Burns's formuls suggest
P and FL/PC ratios
of one or more would §zé§§%z§ be meaningful in most lanbsg,.
In some cases %&%zé the fiducial limits of the S£/Pf f&tié
are éig% or where the lamb is §%§§$ with many immabure
follicleg, differences of greater than 1 bebween follicle

S£/Pf and “expected" 8/P may not signify that the wrong

relationship has been postulated in calculating the Yexpected”
rabio.
2 Fibre diameter

The chief sources of error in the method of fibre

diameter relationship used are: -

i Variation between regions over the length of fibres.
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i1 Variation bebween fibres fronm adjacent pisces of
ohin,.
iii Variatbion between axes of fibres.

These erryors could be largely elinminated by minor alberations
to the btechnigue. Variation bebtween pregions of the fibre
would become of little importance 1f fibres were left

atbached to the skin and removel close bo the zmebaceous

»

gland level when making the first cut with mi
Variation bebtween fibres fron adjacent pieces of skin would
+t be encountered if all folliecles in a piece of skin and
all fibres removed from that plece of sking were measured.

ue to measuring the wrong axis of the fibre would

&

be eliminsted if the fibres were sectioned on a Hardy

nicrobone and mesgured in oross section.



B Findings

The present observations do nobt progress very far

towards providing a full undersbanding of the relationship

betwsen fibres and follicles but do have a certasin

@
&

(7?

amount of value when considering some of the theories on the
physioclogy of wool follicles during their development.
Fraser (1951, 1952a) sugsested that the sickle shaped %ip

was formed when fibres growing in PC follicles had their

Results guoted previcusly seenm to prove that in one lamb
super-sickle fib

while in several other lambg HTCT are produced in PC follicles.
These findings indicabe that follicle class per ge does not
determine the morphology of the fibre. Therefore while
competition from Plg could cause a reduction in growbth rate

of PC fibres, it seems that this, if at all important, cannob

be the only factor resulting in the production of the sickle

ifi”»

J&Eﬁ?&

Dry (1952) has also criticised Fraser's theory on

the grounds that although triocs occurred during the formation
of the follicle population in many gpecies, only in the case

and the Angora goat have sickle fibres been

shea

o
bty
ot
Ls
o
W

%

found. Possibly however Fraser and Short's (1952 ) suggestion

that competition 4id not occur when follicles were more than 2
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nore fibres had commenced growbth before the onset ¢

check in these regions of early development of folliclese

If it can be proved that fibres of the CT group

‘can commence growth before some members of the pre~CT

group it secms bthat we will have to fall back on Goot's

ts presenbed here do 1ittle bo clarify
the problem of whether the pre-nabtal check is a local
vhenomenon or whether it takes ace simnlbanecusly in all
regionsg. The differences in fibre proporitions between

the gsubganples in sheep 52 and sheep 60, and the fibre
diameter comparisons of sheep 97 tend to suggest that the
check does not occur simulbanecusiy in all areas. Bvidently

.

in the plece of skin a& yplying the fibres of the

gubsample for sheep 52, almost all the PC folliecles were
ocour vied by HTCT fibres, while in the region from which the
second subsanmple was removed %Ew&ﬁ all the PC foilicles

Y =

roduced pre-=0T fibres. The obvious explanstion is that in

b

the skin supplying the second subsanmple, more fibres had

;‘ e

been growing abt the time of the pre-natal check, This could

be achieved by two nmeans: -

i The check being later in the second piece of skin

L3

ii Follicle development not being as early in the first

case,
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fibre types can be readily explained in terms of these two
hypothetical forces. Those fibres which commence growth
at an early sbtage will be relatively robust over the early
stages, the robustness depending on the power of the base,
At a certain sbage these fibres come under the influence
of the pre-natal check. This Ycheck™ causes a reduction
in the fibre matber oubput of the follicle, t&ig‘f@é§@%ia§
being manifest in two ways.

i Beduction in length of fibre produced per unit
of time,
This results in the characteristic sickle shaped tip of the
pre=-0T group as suggesbed by Fraser (1952a).
ii Reduction in the diameter of the fibre,. p
uction in diameber is controlled by the intensiity of
the check itself and by the power of the base. If the base

is strong, as in most H-type sheep the fibre will be very

£y

coarse at the time of the check and there will proportionately

diameter is apparently depe
1950, Cockrem 1956) the fibres of these sheep with a powerful
base, will be strongly medullated. If, because of a weak
base or a strong check, the reduction in diameber is greater
than the medulla diameter before the checky the fibre will

becone non medullated and hence will be a gickle fibre,

Those fibres which had a medulla diameter greater than the

)

raeduction due to the check will be suner-gickles or halos,

|



=

fects of the check apparently last until birth in most

o
[43]
Bty
&

CEBEs. Thus in bthe case of super-sickles medullstion is
generally weak over this period and after a while may cease
albogether. Some pre-CT fibres apparently never recover,

2

from bthe effects of thse check and remain "fine®s

It seems that if only a proportion of the O

fibres are growing at the time of the check thoge PO fibres
which develcp later will belong to the CTF group. In the
case of N-type lambs the base is powerful enough for these

£ibres to be hairy tipped. In many cases it seems that
the check must occur when the PG fibres are all well grown
but before the PL fibres have beconme thoroughly established.
Thus all PC fibres will be pre-CTs while the PL fibres

fziz be memberg of the CT groups In some casges however,
guch as on the poll many PL fibres as well as the s will
be growing at the btime of the check. Consequently there

will be pre-~-CT fibres in many PL follicles as well as the

The type of CT fibre produced by those P follicles
nob ﬁ oducing pre-CT can be explained hypothetically in
terms of "base®. The sbtrength of this "bage" is apparently
determined by

i The diameter relationship bebween P and 8 fibres

(In Fraser's terms their "relative efficiency”).

ii The mean fibre diameter,
iii The keratinising ability of the follicles,



If the base ig very weak the primary CTs will be non-~
nedullated. Bince in these cases the check is often very

strong and long lasting, in many lambs these fibres will be
ch CGTe If the "base" ig very strong all the P follicles
not producing pre-~CT will have HICT fibres. In between
the two exbtremes there are various intermediate stages.
Sheep 6 and 120 of the study apparently had weakish bages
and conseguently some of the laber developing PL follicles

were occuplied by pre-precipice CT fibres.

Possibly the first of the faectors which contributbe

[

to the "base®™ is conbtrelled to some exbent by the lasting

The factor controlling the hairiness of secondary
fivres has not received as much attention. It probably
is very similar to the "base®. If the factors controlling

secondary haliriness are identical 46 the three factors

making up "base® we would expect greater hairiness of
secondaries in those sheep where the size differences between
P and 8 fibres is least. This does nobt seem to be the case

however. It appears that agsocisted with size differences

tation of the

md
o
i
e
.
e

between P and & fibres there nmight

i

reratinising power of the secondary follicles since in the

£

hairy sheep studied, many ¢f the finer curly-tips and

[

histerotrichs were medullsbed.

The results did not support Burns and Clarkson's
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rather anomolous fibres found are those that originate in

these intermediate types of follicles,

Bxcept in the caeses of sheep 52 and sheep 60 the
repeatability of the fibre type array estimaste seemed
reasonably good. In other cages differences between sub-
samples, when not attributable to normal sampling errors,
were due bo difficultvies of differentiasting bebtween HH and
SSA (Reoss and Wright 1954 did not attempt any distinetion)
and between the smaller CT fibres and Hi (in plateau arrays
the CTs tend to be rather straight). If large differences
such as those that occur between the subsamples for sheep

on, the value of fibre type array analysis would

v

hat there is little justification
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boundary between HH and S54A.
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The pogsibilities of finding the follicular origin of
the different fibre types were examined, Of the

nethods studied, a combination of frequenecy and fibre
dismeter comparisons offers reascnsble
for relating the fibres to the follicles when fibre
diameter differences exist between classzes,

Results suggest that the relationships derived by

’!

Fraser, Ross and Weight (1

xﬁé

354 ) from mean frequencies
of fibre and follicle types, are true for only a

of §$@§§§ lambs. Bxamples were found of

n PLy, HICT in 8 and CT in PL

Fraser, Ross and Wright (1954) suggested that in N-
sype sheep FO {1 icles produced pre-(7 fibres except
type sheep FC feollicles produced pre-CT fibres except

aving very
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few super-sickles. These could have some primary

f

central HICT fibres. The present resulits do not

support this gstatementd. HPCT fibres apparently grow

Since pre-~0T fibres can coriginate in FL follicles and

fibres of the CT group can grow in PO
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Iittle data has been published on the errors
involved in the estimation of follicle population means and
no study has been made of the efficiency of different

methods.

from ten counts of follicles in 1 mm., square pleces of skin,

circular sampling area would have a shoriter margin than a

sguare of gimilar area, it was thought that the circle mighb
be nmore efficient. Uongequently the efficiency of 1 sqg., mm,

.
i

2 - = ‘ sy 2% o5 & Ay K ok 5
cireles and 1 s8g. mm. squares was compared.

Primary and secondary follicles were counted in

ten squqres and in ten clireles for easch of 15 lanmbs, Fron

(45

these data the variance components have been analysed for

Ty

sl 238 S T 25 e ’ o : & mok Ay 5 e
and 8£/Pf ratio, These analyses are presented in tables

Tables 16 and 17 indicate that counits of P

=

follicles on circular areas had & much lowger error varisnce
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to be the more efficient sampling area. The superiority

oo T EW N s LRERE LR
also mskes them more efficient

i)

of the squares for S count
for counbs of all fellicles. it is rather surprising %o
find the error variance higher for secondary counts than
for primary counbts since 1% %ﬁg expected that the smsall
mumber of P follicles would increase the error. For

estimates of S£/PL, tables 22 and 23 indicate that squares
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giving much better estimates of S£/PF and it seems that
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Analysis of variance components for counbts of =
foliicles in sguare ganmpling ares

o
L incent savisean f

Tobal 149 357 Hed2 Geth
4

M:@

Between sheebs 14 624 Ld =57 LeZ% &3+ 02%

L STy 2 o , = 2 . b iy 230
Within sheepe 135 333 2ed'7 2edF A7 G8%
" & / vy & o b =P 2 E P 5
Analysis of wariance components for counds of P
follicleg in eirculay sampling sreas
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52 JOE W | : £
Total 149 15 Getd HelB5

;ﬁq
[0
i
)
&
fed
b
i
G
)
il
h
"
]
L
wi
W1
b
Q
ST
e
o
&
éﬁ%
k3

Within sheep 135 13 0+84 084 12+95%




1y
it WowW W
&~ B D !
(he Y U
. % 4
hr €@ < <
£ W L5
&i ]
< L
1 o s : now 49 AT B A
L w m% AN e I«
ﬁ @ % s # @ oo # » ;
o ST & AT S {5 JE TR Qo T B Y S
(eI s 0 g Qw1 & woee
0N 9. o
s , o H =
i be 1
(& I {3
| I 2 N O 3
3 L [T [ ® L I & A T
@&M ; : @ ] 3 .%&M,M ”@ e Mf M.,x .ﬁ%
L g 0 MYy oI s o] i
QW oo g ] - RS T ¢ ¢ B A\
ol Y &l o
1 , Mo
o » o @m g IR 5 ° L AR ¢
e @ €} e o " O 8 Yy
W owm Wrooelt e Mw o4 m WY A M
- el =]
&) iw,w Mm aged
P ]
S 1 6 i m.mw 0 »
A B B B WOl ] O o
fo el # oo My [ ped 8 w0 g Y
o 1wl L g LA B o g
i o] g il
€ pd & =
e e
w o m o
.a% G a @m,w Gt
y 4 U
> (C O = Py
”W@ ﬁw mw I
Q,/, awﬁ i &
8 9 A
ke i 5
£l
@ o o 0
1 B B 3N I
2 oy B ﬁ w
o S AR I 5 4
B O O e & o
k] oW B th ]




S
&
Rt

Analysis of variance components for countg of PL+8%

follicles in gquare sampling areas
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