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INTRODUCTION.

The original purpose of the present thesis
was to answer this question: "Po what extent is a
britch of high halo-hair abundance an indicator of the
hon-kemp hairiness of the fleece?" It was assumed
by Dr. Ury in the light of earlier observations, that,
on 8 briteh with very many halo-hai re, the large Curly
Tip fibres would be very hairy, and this has proved to
be =o. Especially did we want to learn about the
degree of hairiness on the part of the fleece near to
the britech. The gradient over the body from the
briteh was also much in mind, all the more because the
boundary between the area on the britch with very many
halo hairs and the neighbouring region with far fewer*halo
haire is often abrupt.

The aim of the work was that just defined,
but the analysis of the samples examined provided in-
formation on a number of other matters, several of
which may be thought more interesting than the prob-
lem proposed at the outset, These various recsults

are reported in thies thesis,



In carrying out this work it was inevitable
that I should review the facts and ideas contributed
by earlier workers at the Massey Agricultural College.
Their work has all passed through my mind. This
little band of workers, it has been pointed out to me,
has never been large and it has always been isolated.

I have entered this school of thought from Professor
Prawochenski's Department of the Upniversity of Uracow
(Cracow, Poland) and have sometimes found myself offer-
ing interpretations &lterm tive to those put fo rward

at the Massey Agricultural College. These ideas have
been welcomed, although those holding the older views
tell me that they do not expect to prove wrong every
time.

This will explain why I have dealt with my
csubject broadly and at some length. Not only has the
method of presentation helped my working acousintance
with the class of fact and mode of thought of my new
associates, but at the same time I have heen encouraged
bo review critically the conceptions about the fleece

which I have encountered in New Zealand.
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Guided thoughtfully by Dr.f“mh Dry, and his
¢ losest associate, Mr.J,A, Sutherland, who were kind
enough to teach me the principles of Fibre Type Arrays,
I was surpricsed $to find the sheep's birtheoat such a
wondefful object for a fundamentsl sbudy of manifold
aspects of wool. One may think that the birthcoat
is a "microeosmos” of its own, and, if opne has a suit-
able method of approach the birthcoat - f#;;Hsure -
will turn out to be an indispensable object for bio-
logiecal studies. 3

Dr. Lry's pioneering work has already furnished
not only the concept of approach, this being the wibre
Type arrays, but also the msterial for comparative study.
This work and line of thought have copened up quite a new
branch of biological science, which car be cazlled "Com-
parative anatomy of wool". This new discipline - I am
convinced - will open a large field for investigations,
which wiil help to get far deeper understanding of wool,
from the purely practical point of view. Also, it will,
to my mind, throw light upon such vivid problems as those
of Goldschmié;s physiological genetics, as well as the
guestion of evolution. Iet me be permitted to give but
one example. The pre-natal-check, as we understand it

now, is a8 forece, which mainly causes fibres at the head
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of an array to be fine; We can distinguish at least

three important properties oﬁthe check, namely:

(i) the outset, that is the time when the pre-natal
check starts to work;
(ii) The intensity, that is the strength of the check,

‘ whether it is powerful enoughtto
cause tke fibre to be fine throughout
or in the neck region only,

and finally,
(iii) The extension of the check, that is, how far it

extends in the Curly-Tip Group.

The pre-natal cheeck is the result of the work of genes.
This work we can measure very accurately. For instance,
vIn Valley arrays the outset can be measured by the number
of hialo-hairs and super Sickle & fibres, the intensity by
number of fine sickle fibres end the extension by nymber
of checked curly-tip fibres. We can, furthermore, ex-
press the measurement as a percentage of certain fibre
types, thie being decidedly more advantsgeous and probably
t00- more accuraté:%han arbitrary terms used in Goldschmidt's
"vestigial" case in Yrosophila. (It seems to me that the
work of gencs causing "vestigial" in Drosophila, is very‘
similar to the work of genes causing the pre-natal check ¢

in the birthcosatj.



I have dealt to some extent with the question
of the evolution of the fleece in the Wew Zealand Romney
breed. the material for this part of my thesis has
been growing during the course of my investigation, which
indeed had nothing to do with the problem ofthe evolution
of the fleece and therefore I could hardly be accused of
"having an eye seeing what the eye looks for", Indeed,
it was too great a temptation not to use data obtained
in the course of the precent investigation in an attempt
to outline the way i. which the evolution of the fleece
has probably taken place.

The study of evolutionary processes requires
evidence from three sourees: Paleontological, embryo=-
logical, and genetical. ‘these sources are discussed in
my thesis, using perhaps different wording. In passing,
we may add, thet by embryology of wol, is meant the
developmental changes as noted in the prenatal part of
a staple, It is felt, however, that en explanation must
be given as to the first sourece. Drj's Experimental

sheep could hardly elaim to be paleontological examples.
Nevertheless, I feel at ease t, say that as far as paleon-
tology serves as a source of evidence of evolutionary
changes, Vry's Experimental flock may be regarded as &
source of phylogenétical evidence of the evolution of the

fleece, provided, however, that hq one will agree %o regard
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the Merino wool (being generally of Flain array) as the
most evolved wool - that is, the most removed from the
wild sheep's coat, and on the other hand, the mixed
woolled sheep (Blackface, Folish Cak iel, N-type=~ being
probably at least of Platezu array) as the last evolved
wool, that is, not too far removed from the wild coat.
This being so, we can claim to be in a very fortunaie
position to have the "paleontdiogical" evidence not in
the form of foesils, but in the form of live cheep.

Ag to me, I have had the opportunity to ge! aequainted
with Polish mixed woolled sheep ac well as Merinos. The
gep between them was too broad to bridge. The bridge,
however, ic to be found in Dry's Experimental flock.
Indeed, it was worthwhile to sail seveh seas, a8t leact,
to find the "lost"™ links in the chain of the fleece's
evolut ion. Yet, although my new home is remcte from
Central Burope, it is interesting to have it pointed out
to me that the work in which I have ¢ome to take part
has roots in Vienna, in Told's fibre types, and in Am-
sterdam, in de Mei jere's fundamentals of hair arrangeéent
and development. I am told, besides, that the voyage
from Turope should have been msde by the BGape, where
Duerden's "birth thinning" foreshadowed the pre-natal

check,



My philosophy, it is hinted to me, occa&sionally
shows signe of running ahead of my facts. This, X 4%
be true, ic deemed a merit in the department where I work,
provided one be aware of the free rein given to imagina-
tion.

It is & source of pride rather than shame in
this department that & paper osnce submitted to Professor
P.B.S5, Haldane in his capacity of Editor of-"The Journal
of Gepetics" was refused on the score of being too specu-
lative,

Speculation is valued here for two. quite dif-
ferent reasons. In the first place on present knowledge
the surecst scoring shots in livestock breeding - one
naturally thinks of progeny testing - are apt to be eclumsy.
Deeper umi erstanding may make defter strokes posshble, &and
this understanding will be gsined only through lively
imagination.

Speculation is also welcomed because adventurous
thinking is essential if our materisl is to yield some con=-
tribution to fundamental genetice. #hen indeed one reflects
how willing to speculate ab ut evolution comparative
morphologists have been on less explored materizl, this

provides our justification. To be sure, the value of
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such phylogenetic speculation has teen called into question

by Bateson himself. Yet whatever a paleontologist can

show cause to believe has taken place, it is the business

of the geneticist to discover the genetie principles therein
involved, and it is a very similar sort of thing that is/ being
attempted with the manifold variations revealed in the coat

of the sheep.

The importance of the pastoral industry attracted
attention to wool resecsrech. Hence the intensive study of
the fibre types of the Romney coat and their development.
Once this investigation was well launched, the conviétion
came to prevail that this elass of facts, serving as s
basie for the planning and interpretation of experimental
breeding, would be of value to pure geneties. That tﬁis
is not an unreasonable probability,as pointed out before,
is apparent in this thesis.

At the end of this introduction, I feel it is
my duty to apologise for having written this thesés in
very poor English. In spite of having started to learn
English before being taught "hair-splitting™ it has tupped
out that I am & fer poorer linguist than a "hair-splitter".
I hope indulgence will be granted me all the more, if one
is not apt to lay "........blame on the pear-tree for not

bearing plums™. (Alain).

cewe 000 =m==



SECTION I.

I. MATPRIAL AND METHODS.

This thesis is based on a study of the birth-
coats of Homney lambs, born in ¥ry's Experimehtal stoek,
in 1939, This flock has already been described dy Yry
and his co-workers (25,46) but since Section V deals with
the evolution of the fleece of the New Zealand fomney it
is considered necessary to describe some of the character-
istics of tke Zflock. Although no attempt will be made
to give a full survey, certain points which are of? great
importsnce in connection with the evolution of the fl ece
will be stressed.

1. Dry's Experimental Homney Sheep.

Dry, in his recent work at Msssey Agricultural College has
been corcerned with the genetics of kemp as well as with
the genetics of wool. He has veen able to build up a stock
of pedigreed New <ealand Romney, with coat very different
from typieal Homney @wool,.

The foundation animals of this experimental floeck,
collected in 1929, were either cull Romney studs or Hom-
ney floek sheep from stud flocks. The same spplies to
the few animals introduced later. In view of

this, anyone who has been working with a



primitive wool breed of sheep, such as native sheep
of Poland, would be greatly surprised, as I was, to
discover within such a stock a full range of wool
types, differing in the amount of hairinese, its ex-
tension glong the length of the staple, the fineness
of the erimp and in other fleece characteristics,
which will be described in due course.
let us take a simple example in order to
illustrate the comparison between some of the animals
of Dry's flock and the primitive sheep just mentioned.
According to Kaczkowski (32), and Prawochenski (40)
" the Polich mountain sheep of Gakiel is regarded as a
typical example of & primitive csheep in which the
coat consicstshf two main types: (i) the outér coat,
and (ii) the inner cost. the former consists of
tso different types of fibres (1) those very hairy
or"chakky"throughout their length, rigid, straight,
long fibres, and (ii) a modification of these giving
less hairy and shorter "transition fibres"”. The
inner coat consists of fine short wool and is often
called the down. Almost exaetly analogous types
are to be found in the Dry floek and we can adopt
his terminology to decscribe the primitive fleece.
Thus these most hairy and chalky outer coat fibres

are no doubt largely Hairy~-tip-curly-tip fibres,
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the "transition fibres" are curly-tip fibres, while
"the Cown comprises histerotrichs. Very little, if
any, work has been done on the shedding of fibres in
the folish Caskiel fleece, and therefore the comparison
cannot be extended to the pre-curly-tip-fibre.gfoup.
The latter, however, and especially halo-hairs could
be linked up with certain shed fibres of the ~cotch
Blackfaces (34) and of wild sheep (10).
Returning now to the Experimental Romney

csheep, we found that they may be roughly divided (46)

into two groups, N-type and on-N-type (17).

2. N-Type

#ithin this group all the intermediatec exist, bat as
a rule the B-type ie (15, 46) Grade VI] with Plateau
array over the large part of the body. In other
words, the HN~type lambs have the coarsest birth-coat.
But there are considerable variations in the coarse-
nese, some N-type being as coarse, or coarser than
bhe Yolish Cakiel,. In this comparison is inecluded
the very primitive type of Polish Uskiel, called by
Prawochenceki's school "KOZIARA™, which is particu-
larly coarse and primitive. It would be difficult
to find any coarser long-woolled fleece among domestie

sheep. Temb No. 74 VI! (N-type) of lry's experi-



=]1Z=

me ntal Romney sheep ies the most striking example

of this in that samples of wool would be classed
immediately ~&s "Koziara" by one accustomed to

that breed. So far N-types like KNo. 74 are rather
exceptional. They occupy very well the extreme
wing of the HN-type group, which, in turn, links

up with other long-woolled breeds of sheep situated

lower on the ladder of the evolution of the ifleece.

Non-N-Type

Within Non-N-type animals, again 211 intermediates
oceur. Grading of Halo-Hairs (13) ranged from VI
dgwnlto ; 4% In the w-type there is only one array
to be found, namely Plateau {(or near-Plateau). in
Non-N-type lambe all others, ineluding Plateau (on
some regions) exist. It would not be feasible to
draw 2 line of demarcation between the Non-N-type
group of Ury's experimental Romneys and other New
Zezland Romneys to be found in normal flocks. There
are great variatiopns within this group and the ex-
treme wing can be linked up with the best Romney

stud sheep.
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Thus we can say that thanks to Yry's saccese-
ful attempts to build up a stock of one breed, in which
it was possible to find out all the divergence in plus
and minus directions, from the common type, puts us in
the pocsition to study not only the different properties
of the birth-coat, but aleo the progressive evolution

of the birthcoat of the Homney.

é;_Covering.

In order to protect the britch against the influence
of weather it was necessary to alter the covers ad-
vised and deseribed by Lry (15). These covers are
shown in kigs., 1 anc 2{ Besides such covers, it
was considered afigisable to tie threads around the

staples at the standard positions.

5, OSampling Positions.

There were six sampling positions, e.g.:
(i) Britch, immedistely posterior to the stifle
Joint and mid-way across the thigh.

(ii) Helf Britch, halfway between (i) and (iii).

(iii) Rump} On the mid-dorsal line, halfway between
the standard back position and tail set-
ting.

({iv) Side On the right side at the distal end of
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the last rib.
{v) Baeck, On the mid-dorsal line, level with the

Iast rib.

(vi) Withers,0On the mid-dorszl line level with the

£1£5h -rib.

6. Sampling Time

Samples were taken in the last week of January and the
first week of February 1940. The lambs were from 148-

181 days old, the mean being 168 days.

7.Llaboratory Equipment

The ecuipment laboratory for sorting of fibres is very
simple (46) and consists of & table covered with black
velvet, two pairs of sharp pointed tweezers to grip
single fibres, a2 microscope slide and & cover slip with
a drop of benzol. This euaﬁles as to check with suf-
ficient certainty whether some part of a fibre is meduk
lated or not. Sometimes, as when studying the
shedding situation, it is necessary to make a minate
study and for this purpose & microscope is used,
Farther, it is desirable to have a benzol tray (23)

and benzol in order to ascertein the general srrange-
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ment of hairiness throughout the sample.

Although the equipment and the procedure is very
simple, the conclusions to be drawn from them are often
very complicated. Some €ix monthe were ocecupied in
gresping sll the aetéils of the different features of
the v¥&8fious arrays and daring this time 136 arrays from
4] =sheep were analysed.

A gart of these samplec, teaken at three
sampding times (October, February, Shearing time)
belonged to Vr, Ury's sbored material and were kindly
placed by him at my disposal. The recults of this
work are not ineluded in this thesis, but it will,
on occasions, be necessary to recall some of the main
features of these arrays.

I am grateful to Dr,F.W, Dry and to Mr.
J.A.Sutherland for opportunities for discucssing the
gost interesting of the arrays found and for their

kindness in checking various features of the arrays

8. Measurement.

The length of fibres was measured by means of a black
ruler, The two ends of the fibre were gripped by two
peirs of tweezers and stretched out until the erests

of the crimps were °tr71ghtenea. This method was con-
Jﬁ\_L *(‘u\_-{ (v(‘,A_C:”k ¢
cidéred more desirable ,than the one uted by the Polish

Wool Institute.
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9. Dyeing

Four lambs (N-type and Non-N-type) were dyed &m-
mediately after birth in order to ascertain -
(i) the general arrangement of pre-natal fibres;
(ii)the developmental éycle of pocst-natal fibres
(histerotrichs); and

(iii)shedding and succession.

On the advice of Mr. R. Waters, of this
College, two dyestuffs were used =~

(i) Picric acid (yellow)
(ii) Carbol Fuchsin (pink).

10. Dyeing the Sheath of Shed Fibres.

It wae found that Orange G very rapidly dyes the
sheaths of shed fibres, leaving the fibre uncoloured.
The procedure is simple and con:c ists merely of plung-

ing the shed end in ecold Orange G for 5-8 seconds.

11. Benzol Test,

All samples were tected by the Fleece Testing Depart-
ment, using the photoelecliric apparatus described by

McMahon (35).
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12. Tatooing.

At the suggestion of Dr. MeMahon, four lambs {N-type
and Non-N-type) were tatooed a few daye after birth,
in order to ascertain the behaviour of skin expan-
sion in accordance with the growth of the body,
especial ly on the hind guarjers. It is hoped to
publish jointly elsewhere the result of this pre-
liminary investigation, For the present it is
sufficient to mention that 9 well-defined points

on the skin were tatooed and when the last obser-
vations were made on lambs at about six months, no
appreciable shifiing of the tkin with reference b

the skeleton, could be noted.
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II, FIBRE TYPES AND FIBRE TYPE ARRAYS,

l. Introduction.

Dry discovered a number of fibrd types in
the birthecoat of the Romney. There age more or
less 6losely related to one another, the types differ-
ing in certain characters. Thus there is sufficient
difference to distinguish the fibre types and also
there is sufficient similarity to show the relation-
ship be tween those types. In otber worde, there is a
transitionél series of fibrees easy to distinguish from
each other,. In some lambs the recognition of thecse
fibre types is not difficult while in others consider-
able difficulties are encountered. These difficulties
are due to the existence of intermediate fibres and
therefore it ics much better to regard & given fibre
type as a series of fibres linked with preceding and
subsequent types. It must, however, be emphasiced,
tha%?the majority of lamb® under investigation the
aif ferent types have, with practice, been clearly

Gistinguishsble.



Furthermore, Jr, Dry found differences in the
namber of fibre types present. In some eampleé certain
types were not found while in others they were abundant.
On the basis of "presencg and absence" of s given type,
he succeeded in arrznging these fibre types into arrasys
aad thus he laid the foundétions of a new branch of wool
zoology which might be termed "comparative anatomy of

wool",

2. Fibre Types

The types of fibres found in the birtheoat of

Romneys might be divided into three major groups :

éi) Pre C.T. Group (Pre-Curly-Tip Uroup)
i)} ©€.%2. Greup (Curly-tip group)
(tii) Post C.T.Group (Poet Curliy-tip group)

(i) Pre C.T.Group

eonsiste of (a) Sub=-halo-hairs

(b) FHalo hairs

() B8N (Super’ Sickle A)

(&) S.5.A (Super Sieckle 4A7')

(e} S.5.8. {Super Sickle B)

(£ Sk, (Siekle fibres)

Fibres comprising this group have one common trait,
e.8., the falcated tip. This sickle-like tip is
better marked in suaper sickle 2nd sickle series than

in the remszining types of this group. These fibres

i
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mey be sh&d or persistent. As a rule Baby hairs
and halo-hairs are all shed. All of them may be
chalky., SSS.B, and S5k, may be either chalky or
Lfine. Other details of thic group will be dis-
cacssed later,

(ii) Carly Tip-Grofip.

consists of : (a) H.T.C.7, (Hairy-tip-curly-tip
fibres)
() eon (Carly~-tip fibres)

Roughly spesking, there is only one point in which
H.?7,C.?., diflers from C,T., namely the fineness of
the tip. If the tip is not medullated it is fine
and the fibre belongs to C,T, series provided that
the tip is curled.

In my materisl H.T.C.T, is usually chalky
throughout the post-natsl region, right to the cut
batt of the sample.

C.T. may be

(a) Chalky thro.ghout

(b) Fine throughout

(e) Chalky in the distal portion and

fine in the proximal part.
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(iii) Post Curly-Tip Yroup

consists entirely of Histerotrichs - that ies, those
fine fibres whieh start to pierce the skin of =&
lamb after bifth but which are not successors of
ghed fibfes.

—

é. The Fibre Type Arrays.

The arrays in order from the lesst to the most checked are

Platean

Saddle

Ravine

Valley

Plain.
There are two further arrays, namely All-in and Escarpment.
This latter was recognised and defined by Galpin (25]).
These two &arrays are very rare and &s they are confined to
the poll and vack regions they may be neglected.

Sutherland (46) defined thece arrays as follows;
"Platesu: An array in which there is a complete, or
glmost complete lack of sickle fibres, that

is, those fibres which owe their macroscopiec

appearance to & distinect check are absent.”

"Saddle An arrsy in which chalky e=ickle fibrec are
found but in which there is a complete or

& lmost complete lack of sickle fibres fige
after birth."
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"Ravine: An gssociation of fibree in which fine sickdes

bat no checked curly-tip fibres are found."

"Valley: An array in which the pre-natal check has bveen

of sufficient intensity and duration to give
fine siekle-fibres and ehecked curly-tip fibres.
These latter are followedflater in the array by
curly-tip fibres that are définitely more

robuast. ".

"plain¥ An array in which there is little or no increase

in coarseness from the fine csickle fibres to the

carly tip fibres."

From the above defipnitions it is apparent that:

(1)

The FPlateau, Saddle and Ravine arraye are defihed by a
lack of & particular type of fibre.

This is a comewhat negative definition, neverthe-
less it suits its purpose very well. This applies
particularly to the Platezu array in which the lack

of checked fibrec is the most striking featbure.

) Bacp array, except Platesu, has its key type. In

Saddle array the key btype is chalky sickle-fibres
while in the Ravine arrsy the fine sickle-fibres,
and in the Valley arresy the checked carly-tip fibres,

ere the key types respectively.



(3)

(4)

(5)

DD -

There are qualitative differences between
arrays, e.g.

Seddle array has csickle-fibres, whefeas Plagesau
array is lacking in this type, Bhe Ravine array
has sickle fibres, but no fine sickle fibres
exist in Saddle or in FPlsteau arrays. The
Valley array has both fine sickle fibhres and
checked durly~tip fibres, whereas none of the
preceding arrays has them both, Only the
Plain arrsy does not differ quaslitatively

from the Valley array and therefore one may
regard the Plain array ac a saper-fine Valley
array.

There are quantigdbtive differences within each
array, e.g. One Valley array may differ from
another as to the number of checked curly-tips;
The Flain arrzy differs from the Valley array
ge to the number of peak curly-tip fibres; the
Ravine arrays may differ from each other as to

the number of fine and chalky sickle-fibres, etec.

The clessificati .n of these arrays depends
chiefly upon the pre-natal development of the

vie
fibres, although the post-natal eareer of indi- —
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J&dual fibres plays an important part in deter-
mining the array, e.g. if within a series of
sickle fibres none of them is fine in the post
neztel region the array cannot be clascsified as
more deprecsed than tsddle.

(6) The Pre-curly-tip group and perhaps to a lescer
extent the Uurly-tip group is of decisive impor-
tance in the classification of the arrays;
whereas the post-curly-tip group (Histerotrichs)

is left out of account entirely.
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ELE. FIBRE TYPES ON DIFFERENT BODY REGIONS,

A, PRE-CURLY-TIP GROUP

1., Sub-Halo-hairs.

Dry (16) described Sub-halo-~haire as "fibres which
grow for 2 cshort time after birth, but are much shorter
than hale-hairs, and chorter, too, than super-sickle-
fibres and sickle fibres"”,

Sub-halo-hairs were found in three lambs in

the Plateau arrsy on the briteh, though one odd sub-
halo~-hair was found on the rump in the Ravine array.
Here, perhaps, are included baby halo-hairs, fibres

like sub-halo-ha@iirs, but finishing their growth before

birth,

e e S ]

TABLE I,
Percentage
No. of Arraye Percentage of pre-
Lamb. )£ Total eurly-tip
fibres groups
z7 - Platean 0.6 6.6
46 Plateau 0.4 5.6
76 Plateau 0.6 4,9

i | S

The above Table shows that the percentage of
Sub-Hs lo-hairs is negligible in any material whieh I

have examined.



=2

2. Hal o=-Hairs.

These fibres have been described by Dry (13)
as "Hairy throughout apd projecting above the rest of
the coat at birth but completing their growth at about
sevell or eight weeks and almost invariably shedding dur-
ing the-next few weeks", Galpin (26), studying the pre-
natal development of the Homney birthcoat, has found that
the first fibres piercing thesskin are halo-hairs. Suther-
land (46) in his very minute study of the plateau array
on the back and other regions, brought to light many de-
tails of birthcoat fibres, hence it is not neeessary %o
repeat once more ¥%hat has already been described. Therer
fore we will confine the description of fibre types to the

most important features,

(a) Halo-hair Shape

The shape varies from animal to animal and from one
region to another, and even within a sample. In
VIi{ lambs, halo-hairc are not projecting sbove the
surface of the birthecoat, but halos are bound to-
gether with super sickle fibres in brgad curle,

In this case they possess the same shape as the

curls, namely broad and round tips. In lower
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gradings than VI! the shape of the halo-haire on the
britch tends to be straight, whereas on other regions
it tends to be rounded. 1t seems that the chape of
these fibrecs depends upon the cozrseness of the dis-
tal portion of the fibre. If the tip i= heavily
chsl ky the shape is more or less round, otherwise

it is straight.

(b)Halo-hair length.

The longest halo-hairs were found on the britch.
Sometimes the differences in length are striking,
but sometimes the length of halo-hairs op the
britch is the same as on other regions. This is
varticularly true in the N-type group No.74,VI!
(N-type) has very long halo-hair fibres in all six
regions, #hen halo-hairs on the britch are com-
pared with ones on the half-britch, the lastter seem
te be longer, but this difference 48 of no signi-
ficance, :

Usu&l}y, Halo-hairs are longer than all other
fibres whiech constitute the bulk of the birthcoat.
This is the rule in the more checked arrays. In
arrays that are very little depressed or not at all,
like Plateau or near-Plateau, the length differences

are not clearly marked.
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Iet us illustrate this view with two examples:
No. of Iamb: ged - (Semple 31.10.1931)
Briteh - Saddle Array.

Iength fihres in em.

Halohsirs 12-9
cuper sickle 4 10s6
Super Sickle A! 10-6
Super cickle B 9
Sickle 8-7
Carly tip 9-6
No. of Lamb: 1320 v
Britech = Plateau
Haloshasirs 11-9
Super sickle A 10-8
Hairy-tip-curly-tip 10+8
Curly~-tip 6-2

Thus it is apparent that in lese checked arrays

some overlapping in the length of fibres occurs.

(e) Hal,-hair Ugarseness:

Within the H-type Wroup (VI!) there are no clear
differences in the coarsenecs of halo-hairs on different
regions of the body, but in the Non-N-Tgpe group bthe

coarseness of halo-hairs varies a good deal, Usually \

§
£\
on the briteh, halo-haire were found coarcser than on the ;
other regions of the hody. Whe ther thece differencesi
74
i



{a)

1= shown in the Tables in the

489

are due to the body regions or to the different arrsys
it is difficult to state.

The coarseneses of a8 halo-hair is not always
even throughout length. In some halo-hairs, no
matter where they come from, the proximal portion is
much coarser, whereas the part of the distal portion
whiech in super-gickles and sickle fibres is ealled the
"neck" is less medullated.

In Plateaun, there is no marked difference
in cosrseness between Qalo-hairs and other chalky
fibres. Some timee, indeed, Hairy-tip-curly-tip
fibres look coarser than halo-hairs in the post-

nated region.

Ha lo~-hair asbundance on the same

body9region of different lambs.

For the present 'nvestigation the lambs
were chosen with none or very few halo-~hairs on the
back standard position (Dry's Grading System, I, II
and III), hence the only position with the Platean

array suitable for comparison is the britch. Ae

Appendix, the abun<lance

of halo-hairs on thie region varies a g£ood deal from
animal to animal. The number of ha lo-hairs expressed

ag & percentage of total fibres ranges from 1.2 per

L s b

cent to 5.4 per cent, the mean being 2.5 percent. /s

i

Again the abun-
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dance of thece fibres expressed as percentage of
the pre-curly-tip group only, ranges8 from 14.9
per cent to 77.& per cent, the mean being 30.3
per cent.

It will be interesting to note that Lamb
No. 74, VI! on the back and 4! on the briteh, and
pggxiously N-type, has less halo-hairs than a few
others in this lof. Wwe can readily understand
this when we remember that in W-type halo-hairs
which do not projeect above the surface of the bir th-
coat, and in tip form, are closely associsted with
related fibres with tips hidden in the curls of the
birthcoat. For this reason it is more difficuls

to Jjudge the abundance of halo-hairs.

Ha lo-hair abundance on different body

regione, of the came lamb.

Dry (16) published figures showing the cor-
relation between grades of halo-hsir abundance on
different body regions: @

"If one of the extremeties has & very few or

no haie hairs, you can count on the halo-
hairs being negligible on the back."
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Lamb No. 196 VvI! 4! with a sudden drop in
halo-hair abundance Just behind the wi thers.



Further,‘he noted a sudden drop in the abundance of
halo-heirs on the withers in "all lambs with the halo-
hairs in appreciable abundance on the back, execept
come of the Very Many Grades". The precsent study
fully confirms these ctatements. #g to the sudden
drop in the abundance of halo-hairs on the withers,
it is very interecsting to note that even in n-type
animale such "drop" existe. The reduaction of halo~-
hair abundance is not confined to the i thers, but
it reaches the shoulder and csome parts of the side
as well (Fig.3)

In all Non-N-type lambe in the presen}t 1lot,
halo-hair abundance on the britch was always higher
or at least as high a® on the beck. Fror N-type
lambs the dataavailable ies rather scarce, e.g:

The abundance of halo-hairs expressed
as percentage of pre-curly-tip fibres.

No. 74 & VI! (H-type) No. 12 o VI! (N-type)
-+ -

Briteh 51.4 54

Half-britch 44.4

Rump 35.3

Side 51.5 56.1

Back 55. 6 65.9

#ithers | 45.7

From the above examples it is unsafe to draw

general conclusions for HA-type animale, but it may be

poigted out that the britch does not always have the
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highest percentage of halo-hairs in the pre-curly-
tip group. On the contrary, the above data suggecsts
that on the back the percentage of halo-hair may be
higher and the percentage of super sickles lower than
on other regions.

Before csuggesting the sighificance of this pre-
liminary finding, one cshould of course compare the
geveral body reglons of a larger number of lambs. It
may, however, be pointed out, that in view of the in-
creasing importance which is being given to the britech
in judging the merits of the fleece, all relationships
between the britech and other areas of the body decserve
investigat ion. The practical experience of the Pleece
Resting Depertment, Dry's work on halo-hairs, and the
theoretical ideas emerging in the present resesrch all
combine to focus attention on the hind leg.

A series of plates is given that illustrates the
most typical behaviour of halo-hairs én the hind quar-
ter. This series starts with an N-type lamb (fig.4),
that is the highest grade of halo-hair abundance. Lamb
No. 198, VI, (fig.7), is a Borderline ¥-type, that is an
animal in which the abundance of halo-hairs is very
high, bat halo~haire &re not associasted closely enough
with other ¢onstituents of the birthecoat - that is,
they do not form the curl but are projecting &bove the

other fibres. This picture chows that there is
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an appreciable deGrease in the halo-hair abundance on

the hindquarter, but the next pieture shows us already
a significant change.

The =ide Aand a rather large wedge on the hind
guarter is almost entirely free of halo-hai rs, but the
rump has still a grect number of halo-hairs, The fur-
ther step ie shown in Figs, 8 and 9, namely Lhe reduc-
tion of halo-hair abundance on the rump &ac well 2s on
the set of the tail, Lamb No., 206, II, 4, £ hows
a £till further step in this "ecleering process". Here,
however, must be pointed out that ruch a low abundance
of halo-hairs on the tail iz & rather unusual opne at
this stage of halo-hair abundance on:the hind leg. Two
further pictures (lamb No. 43, III, 4) show that this
wedge pushes its way downwards and still other pietures
show the further decrease of halo-hair abandance. Thus
lamb Ng, 195 II 3+ has a large part in the briteh regiosn
free of halo-haire, whereas lamb Yo. 6, I¥, 2 shows that
the tip of this wedge tlready reaches the stifle joint,
leaving at the same bime margins offthe briteh with a
&ood desl of halo-haire, and finally the last three
pictures show the britch entirely free of helo-hairs.

From these pietures it is apparent that:
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(i) The controlling foree responsible for decreas=-
ing halo hair abundance acts firstly can the
cide, then wedging its way below the rump,
reaches the set of the tail, Thus getting
hold of a rather long b&acse for further oper-
ations, 1t attacks the upper part of the
hind quarter and simultaneoucly drives &
wedge down Boward the briteh. As soon as
the bulk of hélo«hairs on the rump is anni-
hilated it concentrates its attack on the
britch and still in this wedging wmay it
Gakes 1ts way through until the field is

entirely free of halo-hairs.

(ii) PThis proecess is réther clear cat, e.g. the
sbandard britch position and the part below
may befull of halo-hsirs whereas only 2 few
centimetres up the leg may be almost entirely

free from haslo-hairs.

3. Super-sickle A

Thece fibrecs are described by Dry (16) as
"Chalky throughout the neck, coarse medulls thus being
continaous from the start ncar the extreme tip into the
post-natal reghon™. Since halo-hairs sre chalky through-

out too, it is clear that in some arrays, especially '’
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‘in those very little checked, that is srrays in which
halo-hairs are closely acssociated with the rest of the
birthcecoat fibres, it is difficult to draw the line of
demsrcation between thece two types of fibres, With

regard to the length in sach arrays as Platesa, or

even Paddle, there is a gredual trahsition in the length
of fibres from halo-hairs to super sickle A, Rhis 18,
however, not the rule, for s Sutherland (46) pointed
out, in such an array chort "super sickle 4 fibres are
found¥ furtnermore he sugge:cted that thesce super csickle
A fibres may be regarded aes the cuccessore of fibres
which complete their growth and are shed long before

the birth of & lamb. (Dry, 13). It may be recalled

that in the more checked arrays, halo-htire are defi-
niﬂely longer, at birth, than all other fibres and they

project above the rest of the birtheoat,

(a) The Tip =hape

of super sickle & varies a goodudeal too. In Plateau
arreys, especially on the briteh of Non-N-type animals
the tip of super sickle A is very offten very chalky

and more hook-like thsan sickle-like. Very often, too,
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the super sickle A fibres in FPlateau array on the
briteh are morellosely ascocisted with hairy-tip-
curly-tip than with other fibres, Phis, 1t will

be observed, is &ll part of the question of the
proportion of halo-hairs on the pre-curly-tip

group to whieh attention has been drawn on pages

B4 and 66 - In more checked arrays, like
Ravine and Valley, the super sickle & fibres have

a very regular sickle shape; such a siekle tip

is earily distinguished from a halo-hair tip, for
the latter usually have the extreme tip fine and
then the tip becomes gradually thicker, In super
sigkle fibres, when once medullation begins, &
little proximal to the extreme tip, the fibre quickly
thickens. This difference in the rate of thickening
is.probably responsible for dhfferent shapes disting~
uishing halo hair tips from the tips of other fibres.
%hen the thickening tempo is slow the tip of a fibre
tends to be straight or at least rounded, hence the
tip shape of halo hairs. When, however, the medul-
lation starts a little proximal to the exireme tip

- and rapidly thickens, the tips of such a fibre tend
to be sickle like. If the middle part of sich &

sickle is over-built it becomes hook-like. This
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shape is rather a common feature of super siekle
fibres in the Plsteaun arrays on the briteh. Thise
problem is more fully discussed from & somewhat

different angle in Section V.

(b) Super Sickle 4 Shape

It must now be recazlled that the birthecoat consists
of tufts or curls. 1In N-type animals the curls

(see Tables V and VI) are rather large and resemble
in genersl architecture the Lceoteh Blackface birth-
coat (34) or & certain pattern of Karskul birthcoat
(Goot, unpublished). In Non-N-type lambs, the
tufte are diverse in their shape, composition and
arrangement. Hence différencés in the gepneral shape
of super sickle fibres as well as others depend to &
certain degree on the shape of the tuft - in sther
words the general shape of 3 tuft is superimposed
upon individual fibres,

(e) Super Sickle A abundance on the sape
body regiont of aiiferent lambs;

Sutherland (46) pointed out, thaet the abundance
of super sickle # depends on the srray rather than on
the body regions. That is true, and furithermore, as
we will see later, the abuandance of all other fibres

depends far more on the array than on body regions.
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One glance at Table IT is sufficient to prove this

statement.

let us, however, bt2ke a few examples in

order to show the abundance of super Sickle A fibres

in relation both to the body regions and the arrays:

e et
TABLE II.
Mean of Super sickle 4
expressed
Ro.of as percentage as percentage
Arrays of total of pre-curly-
fibres tip.
Briteh: Platean 12 3.40 41.5
Saddle 2 L.62 19.8
Raevine ; 0;0 0.0
Valley 2 0.0 0.0
Ha lf Platean 1 1,42 22.2
Briteh: Saddle 5 0.76 8.6
Ravine % 0.37 4.2
Valley 4 0.0 C.0
Rump: Plateau 1 3.78 60.6
Saddle 3 0.40 4.8
Ravine 7 0.22 27
Valley 4 0.0 0.0
Side Plateau 2 0.69 173
Saddle 2 0.0 0.0
Ravine ] 0.0 0.0
Valley 10 0. 10 0.9
Back Plateau 1 1.39 27.9
Saddle 1 0.0 0.0
Raviae 2 0.20 2.8
Valley 12 0.15 Aot




FProm the above Table it is plain that the

abundance of cuper sickle # is mainly due Lo the
array. Moreover, there are considerable varia-
tions within arrays on the same Body regions, e.g.
the percentage off cuper sickle fibres exprecsed

as the percentage of totsl pre-curly-tip group

in the Plateau arrays on the britch ranges from

18 per cent to 77.4 per cent, the mean being 41.5
per cent. In this light the question arises as
to whether the differences in the percentages of
super sickle A abundance on different body regions
is of any cignificant importance or not. Phis
question might be of =ome interest since ESuther-
land (46) regarded the higher abundance of super
sickle A fibrec as an indicator of a weak pre-
natal cheek in low grade apnimals, It is feared
that detsa in hand are too scearce to throw much light
on this question. If seems, however, plsueible to
assume that the cstrength of the prc-natal cheek
varies within an array. Thus in Seddle arrays
the weakest pre-natal check is found on the britch,
for this body region has as many as 19.8 per cent
of super sickle 4 fibres, whereas half-britch has

8.6 per cent and rump 4.2 per eent. No super
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gickle & fibres were found 6n other regions in Saddle

array.

If we can, then, regard the sabundance of
super clceckle A fibres in & given array with low grade
for halo-heirs as =zn indicator of the pre-natal check,
it seems probabde that the least checked saddle array

is to be found on the britch region.

4, Super Sickle A!

These fibres, Ury (16) described as:

"Chalky throughout the neck except in Jjust a
short section grown about the time of birth,

the fibre immedistely becoming chalky again

proximelely in the post-pnatal region®.

From the above definition it is spparent that
the only difference between Super‘sickle & snd saper sickle
A' fibres lies in the chalkiness of the "neek". . a
follicle cesces for a short while to produce medaulla and
this happens about the time of birth, the fibre growing
from this folliecle becomes super sickle A°'.

Phus, all that has been said in the saper sickle

A section, as to the length, tip form and shape applies to

super sickle A' as well.
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(a) Super Sickls A' Abundance

The percentsge of super sickle &' fibres varies
a good desl. Generally speaking, super sickle &? is
numericslly one of the smcllest pre-curly-tip groups.
Super sickle 4' may or m2y not be present in an array.
Table III shows that the super sickle A' fibres are
rather scerce in the material under investigation,
except in the Plateau arrays and some Saddle arrays,
especially on the briteéh. Even in these two arrays
greet variations of super sickle 4' fibres (expressed
as the percentage of total Pre-curly-tip Group) were
encountered,

For example: In Platezu arrays on the hriteh
the abundance of super sickle A' fibres ranges from 0
to 21 per cent, the mean being 11 per cent. In the
S8addle arraye, on the Half-britch portions the data
obtained from five lambe is 0-22.4 per cent, the mean
being 9.5 per cent; In Ravine arraye on the same
position, the data secured from 7 lambs is 0-7 per cenb,
the mean being 2.5 per cemt; finally for Velley arrays
on the back (12 lambs ) the super sickle 4% abundance

ranges from 0-15.2%, the mean being 2.8 per cent.
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TABLE 111
Means Of Super sickle &' expressed as per-
centage of:
Total Fre-Curly-
fibres tip=-Group.

Briteh Plateaa 1,08 11.08
vaddle SRk SR
Ravine 0.0 0.0
Valley 0.0 0.0

Ha 1f Plateaun Bk S840

Hri tech Saddle 0;76 9.0
Ravine 0.65 7.48
Valley 0.0 0.0

Rump Platesu 0.358 6.1
Saddle 0.40 4.8
Rayvine 0.22 2.8
Valley 0.8 0.0

Jide Platesu 1.26 $1.4
Seddle 0. 14 2.0
Ravine 0.0 .0
Valley Q.26 9.0

Hack Fletesa 0.3 6.5
Saddle C.56 6.4
Ravine 0.96 106.8
Valley 0.28 2.8

From the tables concerned and the few examples
{ 2
et

» 15 1 apparent that there again the abun-

enumerated
dance of super sickle A' fibres mainly depends on the
array, although the body region must npot be negleeted.
For more checked arrays like Ravine or Vally the stan-
dard back positions seem to have had a less severe pre-
natal check, or strietly speaking the beginning of this

cheeck, tham on th the side, Lt is felt, however, that




in view of such large deviations from the mean within a
given arrsy super sickle A' fibres are not good indica-
tors of the strength of a pre-natzl eheck.

Super =ickle &' fibres are, however, of great
importance from a genetical point of view, because to
one who thinks in terms of fsmall™ mutation they indicate
the way in which a gene responsible for the existence of
super sickle A' fibres works, This point will be discus-
sed in detail in Section V. Here it wi 11 be sufficient
to point out thet, in arrays in which super sickle &#°?
fibres do exist and no super sickle B or sickle fibres are
found, namely some "tough" Plateau arrays, as for example
all Platezu arrays on the lamb No, 74 (N-type) the very
‘existence of super sickle A' fibres indicates that the
genes that govern the pre-pnatal check htve reached their
threshold but only for a limited time. On the other
hand, in such arrays in which no super sickle #!' fibres
but super sickle B and/or sickle {ibres were found as,
e.g8. other Non-Plateau arrays, bthe absence of super sickle
A' fibres indicates thgbt this threshold was reached and
well maintained at least until tke time of birth. whether
the differences in the time in which the pre-natal check
acts upon the individual fibres and determines different
fibre types, are due to a number of genes or the limita-

tion of time in which a certain gene may act, or perhaps
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to still other cauces, this ie a problem which will be

treated in Seetion V.

5. Super Sickle B.

These fibres are "chalky" in part of the neck, but
not chalky in some portions other than, or in addition to,
the non-chalky region of type A' (Dry, 16). From the above
definition it ies apparent that this is the type of pre-curly-
tip fibres in which the greatest variations in the fineness
at the neck must occur. Therefore it is no wonder that
Sutherland (46) in his very minute study on the Plateau array
has divided this group into four sub-groups. In view of his
etudy it is consid ered not necescagpy to describe the s=uper
sickle B fibres as thoroughly ac he has done. For the
present parpose it will be guite sufficient to stress a few
pointe only, whieh perhaps bring to light some interesting
cheragteristice. In short, super sickle B is s ceries of
fibres which ranges from super sickle &' to sickle fibres,
or from super siekle A' to hairy-tip-curly-thp fibres. The
last situation is of course the ususl one in Plateau array.

Super sickle B fibres like all large bir thecoat
fibres may be shed or persistent. The shedding of fibres
will be treated in a special section and therefore it will

now be enocugh to say with regard to the shedding of super
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gickle B fibres, that ususlly only echalky cuper sickle B
fihrec are shed, although this is not an absolubte rule
because find cuper $ickle B fibres are shed &as well., The
percistent csuper csickle B fibres may be divided into four
classes, This division is based upon the behaviour of
chalkiness &along the fibre length and therefore has nothing
to do with previous clacssifications (Sutherland, 46), based
on the behaviour of the chalkiness in the neck region only.
As we seid, the super sickle B fibres may be:
(a) Chalky throughout;
{(b) Fine throughout;
(e¢) Chalky in the distal portion &nd
fine in the proximal portion;
(d) Chalky in the distel as well as
proximal portion, but fine in
the middle part of the fibre.
Thie classification based on the behaviour of
cha lkiness in the post-natel region is obviously not con-
fined to super sickle B fibres, but holds true for saper
sickle & and A' - with the exception of "2 clssse" (fine
throughout” as well as for fibres comprising the curly-
tip group. Therefore, in order to be able to distinguicsh
super sickle B fibre from other super siskles, it is neces-

sary to bear in mind Yry's definition based on the pre-
natal part of fibres. Since the latter d&8finition does
not describe the post-natsl ecareer of a fivre it is con-

cgldered Jjustifiable for simplicity's sake to arrange super

csickle B fibres into these four classes.
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(a) Super Sickle B fibres chalky throughout.

This elass of cuper sickle 8 fibres is very Eommon
in Plateau and Saddle arrays, especially on the britech.
After a longer or shorter period of pre-natal check which
causes the neek to be fine, the fibre suddenly e comes
chalky agsin and this chalkiness is maintained throighout
the fibre length, Phe one possible explanation is (Dry,
13) that the pre-natal check was powerful enough to cause
éhe part of the neck to be fine, but it was not powerful
enough bto cause the other region to be fine as well.
Genetically spedking one might say that 2 gene or genes
responsible for "neck thinning® reached the threshold for
a limited timee After that it subsides and the revivial
of chalkiness ensues.

This class of super sickle B fibresis of rather
rare occurence, confined to very little checked arrays
and ecuriously enough has almost always a tip not typie-
ally &ickle sheped. In an array we usually arrange the
fibre type in linear order. Usually, too, the ¥ ft whng of
such a series is closely related to the preceding fibre
type while the right wing is closely related to the sub-
sequent fibre type. Let us explain this by an exsmple,
In an array, say Saddle, the super sickle B series, for

instance, we arrange in order so that the left wing is
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related to the preceding type, namely super sickle A!
fibres, and the right wing is related to the subseguent
type, namely sickle fibres. In such arraye Wwo sorts
of &ip shape are commonly found. The first has a
typical sickle shape, the second recembles more the
curly-tip shape. The first type ic always situated
on the left wing and the second on the right wing
within the serie s.

Parthermore, when & super sickle B series
comprises chalky fibres, those of them situated in
the left wing are usually shed and those in the right
wing, chalky too, persist. This is shy the persie-
tent cha lky super sickle B fibres are fo be found on
the right wing of this sefies.

A far more common class of super sickle B
is -

(b) Fine Throughout.

This clase, however, is confined to well
checked arrays like Valley and Havine znd is almost
always accompanied by the C class. In faet this
class is very muech akin to fine tsickle fibres, the
only difference being in the chalkiness of the neck

region, namelj super sickle B fibregfvom this class
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have & shorter neck thinning than sickle fibres and
this is only one difference. The tips in thies class
have very typieal cickles,

It might be of interest to point out that in
a number of Valley anc Havipe arrayse it has been found
that the percentage of cuper sickle B fibres which are
fine wae grezter than the percentasge of sickle fibres

which are fine. These two examples support this state-

ment:
Ro. 60
Briteh - Ravine approaching Valley.
No. _ﬂ
Saper sickle B,fine & 100
Sickle, fihne Bi 87
Sickle, chalky 2 13
Tetad 16 100
N5, 76
Side =~ Velley
Super egickle B, fine 9 90
super cick® B, chalky 1 10
4 __._’_ 3 ] O 1 <TO-~
Siecxle, fine 9 56
gieckle, mild'yehal ky 7 44
L 160

In the la st array even sa.super sickle A'!
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fibre was comparatively fine. Phis array, it
is poinﬁed out to me, affords as good an example
ae has ever been found in this laborztory of e
pre-natal eheck becoming intense very early.

Far from common, however, is & series

of super sickle B fibtres consisting of "C elass".

Chalky in the distel portion

and fine in the proximal por-

Giion.

Agein this clase is usually &ccompan-
ied by at least one of the preeeding classes.

Since the thinning of the proximal part of a

ol

fibre is due to Merisis thinning"™ (Dry, 13) bthis
type of fibre will be treated in a csection devoted
to this phenomenon. Now the points will be
stressed which are characteristic of super sickle
B fibres, If in & given array super sickle

B fibrea do shed almost always, some proportion

of of them persist though there is no difference

detecteble, at any rate by macroscopic examina-
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$fon, in the chalkiness or diameter of the
fibres, Almost always, too, the shed super
sickleiB fibres are situated on the keft wing
of thelr series, that is, have sickle-~like
tips, while the persicstent super sickle B
fibree show crisis thinning after ahich the
fineness is well maintained to the "cubt point"®
(the bottom end of a fibre ac well a8 & csample).
The "right wing" is usually closely relsted
either to sickle fibres or to some curly tip
fibres standing most early in the array.

If the first alternative is the eace, some
parallel arrangement is to be found within

the sickle series. ¥hep on the other
hend, the second alternative happens to be
found, enf this is the case - in some Flateszu
arraye of a rather common appearance, the
"right wing" is linked up with hai ry-tip-

eurly-tip fibres or if these are lacking
with curly tip fibres, Super sickle B

fibres compricsing this "right wing"of their
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series are very gimilar to the firet few
fivbres of the curly-tip series, and some-
times great care is to be exercigsed, aad
someone familiar with "hair-splitting” is
needed in order to ascertain properly
whether a certain fibre belongs to this

or that series, The possible explana-
tione of these happenings will be discus-
sed in the second part, devoted to the
evolution of the fleece. Here it wi 1l

be worth while, however, to add that in

8 less checked arrsy and partieularly on
the hind-quarter of the lamb's body &
parallel arrapgement is not an uwnusual
happening, that is, the arrangement des-
e¢ribed above was simultaneously found in
$bhe same arrays, within super sickle 4,

or super sickle A', or both of them as well
as within the sickle series In other words,

the gradnal transition from one type of
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fibre to the other was obscured by the presence of
fibres linked direetly with either hairy-tip-curly
fip fibres or curly-tip fibres e thus one might
spesk of a "double linkege", instead of cimple "ehain
linkgge". An example from chemistry'will illustrate
thie point better : - the strueturasl formulee of hypo-
chlorons acid isc n-0-Cl, et the "H"™ be a super
siekle B series, "0" sickle series and "Cl" the curly
sip series. This is & simple linkage that oecurs.in
the majority of well checked arraye, rach link (in
this cace a given fibre type symbolised by & letter)
is boand by mesans of a single bond in 2 chsin in which
egch link represents a given fibre typé.

In structural formula of, s2y, urezs, the ar-
rengement is somewhet different, namely,

_—¥H,

G ®

~ Hz

Here the letter "C" has as many as four bonds. et
us again denote the hairy-tip-curly-tip as "G"; curly
tip fibrec as "O" and super sickle B series as well

as slekle series as WHE

in the form N§g~‘and thu

, even the 1a tter can be sh own

§ to denote the left and right
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wings as well ss the middle part of the fibre type.
From these comparisons it is plain that
(a) in some little checked arrays ezch series
may be linked up direetly with hairy-tip-
eurly-tip series or curly-tip ceries, and
(b) instead of forming & single chain it forms

a double one.

(d) Super sickle B fibres chalky in the

proximd) ac well ac distal portion,
but fine in the middle part of the
Tibre [di CldSS)

This elass was found ¢Gto be of very rare
occurrence, in my material. In faet, it was found
only in ope srray (Lamb No. 82, Ravine, Side). This
cace may be of some interest in throwing light on
the way Ghe follicle worke and therefore thece
fibres should receive some mention here, Thece
fibres, judging from the tip form, belong to typical
saper cickle B series, that is, the tip shape is
typical for esuper sickle B fibres asc well as the
"neek thinning®. After that the msdulla revives
and the distal part of the fibrees is chalky. This

cha lkiness extends to "erisis thinning®™ and then

s B
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the fibres become fine for & rather long distance (3-4 cm)
and then the medulla regppears and is custained dowmn to

the "eut"bottom,

(&) Tip shape of super sickle B fibres.

It was pointed cut earlier thatihe tip shape
of supef sickle B fibres does not differ greatly from
that of other fibres in thie group, no matter whether
these are super sickle 4, csuper sickle 4' or even
sickle. However, looking at tips from the evolution
point of view one might make & rather genersl state=-
ment, pamely that more perfect tips are found within
saper sicekle B series than within the two preceding
series. This is true so far as typiesl sickle-like
tips go. Again, one might be tempted to explain the
improvementv of the tipiform by means of the rate of
thiekening of the tip as it was already outlined on
page 36.

If the thickening is rapid after a while the
folliele turns sbraptly over to produce the very fine
neeck, the fibreloses its solid foundation and is apt
to have & sieckle-1ike shape, providiang that other

fibres do not ‘nterlere. Very often, homever, they
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do, and this being the ocase, the cickle end is en-

tangled in the coile of a spring for the tips of
fibres in well checked arrays &re very much like &
spring. Sometimes it happens that the chalky part
of a tip is comparatively long and rigid, and in
this case the shape of the pre-natal portion of
this fibre, without being coiled, is curved like
the external margin of a tuflt, This has already
been mentioned on page 37 snd will be further dis-
cussed in the sickle section.

(£) Super sickle B abundance.

Sutherland (4c¢) pointed out that super sickle
B, if present in Plateau array, may be regarded as an
indication of a rather strong pre-natal check, and
furthermore he baséd the judging of toqgnness or
wesknesse within Plateau arrays on the presence and
abundance of cuper sickle B fibres. Thus if in a
given ¥lateau array no super sickle B fibrés are
found, that means that this Platesu array is a very
tough one; that ie, one in which the pre-natzl check
is so weak, that it can leave a very slight trace of

its existence, e.g. super sickle A' anly. On the
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TABIE 17¥.

THE PE ENTAGE OB <ITDL o i e e
PERCENTAGE OF “UXLR SICKLE B FIBRES EXPREESED
7 Hide A LORIEER  Meanerefn
! fibres Mleurly-tip
group.
Briteh Plateau 1.4 15.0
Saddle 3.4 2957
Ravine 0.0 0.0
Valley 0% ) 5B
Halibritch Plateau - -
vaddle 2l 96.5
Ravine 1.4 16, 2
Velley L0 13.1
Ruamp Plateau
saddle s 13.0
Raviane 27 19T
Valley & 6.6
Side Pla teau
Saddle 1.9 28. 0
Ravine L 25.8
Valley Resed 28,8
Back Plagezu
Saddle 1.8 o B
Ravine 2o 25.4
Valley Lol 12.1

5
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other hand, if a certain Plateau arrsy has an ap-
precisble pnumber of saper sickle B fibres, the array
ie 8 "wesk"™ one because the pre-natal check was

strong enough %o cause the "neck thinning" and herce
the importance of super sickle B fibres in the Plateau
arrays. In other arraye than Plateau the key ilype
has been cthifted to sickle fibreec and curly tip fibres
and therefore the abundance of csuper sickle B fibres
is not of oubtstanding interest in determining the in-
tencsity of the pre-n&atsl check but if it should happen
that super sickle B fibres are fine, thés iR taken to
cshow that the check becomes inltense esarly.

Teble I gives the abundance of super sickle B
fibres. In studying thics data it must be remembered
that it ies only aversges which esre given and plus and
minus deviations are very great. On the other hand,
the actual data collected is too scarce to enable us
to draw any inferegce bssed on statistical mebthods.
Thue ~ to give & few exesnples - the abundance of
super cickle O fibres in Plateau arrays on the britch
has been compabted from twelve apimals., Qut of thece
twelve only & Platesu arrays lack super cickle B
fibres. Thus these three arrays represent the
"toughest" Platesu arrays in our lot. The rest

arranged from ¢-weakest to toughest are as follows
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No, of Percentage of super
Apimal sickle B expressed

as percentage of
Pre-curly-tip fibres.

75
76
ga
46
27
44
81
40

s . .

L Ll
(@ oo BES W o e ol v 1T~ ST

01 6 O Do P
co O OOy O W DY

the mean being 15 per cent.

For ~addle arraycs on the half-britches
the data obtained from five animels, reprecents
a trend which starts on & moch higher a2ltitude
than in Plateau array, In fact the lowest per-
centage found in Saddle arraye on the briteh
is as high as the mean for Plateaun arrays and
as will be later shown this stabtement applies

to all other =acddle arrays.

Saddle arrays on the half-britches

No.of lamb Percentage of super

gsieckle B fibres ex-

pressed a8s percentage

of total pre-curly-
tip group.

8 15.0
11 27.5
65 38.8
27 42.9

v 58.3
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Saddle #rrays on other Body Regions

Bo. of Percent age of
lamb. Super sickle B
fibres exprec-
- ced as bhe

percentage of
total pre-

curly~-tip-
ZIoup.
Briteh 6 38.2
o4 46.2
Phe mean being 39.7 per cent.
Rump 8 7.0
11 .4
48 0.0
The mean being 20.2 per eent
Side 8 z8.4
g1 15.9
The mean being 22.1 per cent
Back g2 21.3

From the sbove tables it is apparent that
the percentage of super sickle B fibres in the
saddle arrays is much higher. Thie result must
have been expeeted, because the very existence of
saddle array depends uwpon & much stronger pre-

natal check than that working in Platesu array.

e v Pe Sy T



~f0.

Therefore a stronger pre-natal check must csuse
more pre-curly-tip fibres to become at least
saper eickle B fibrec, hence the lowest percenbage
of super sickle B fibre 2bundance is at lesst

(i) aes high 2s the mean for Flsteaa

arraeys and furthermore,
(2) the deviation from the meap is appreciably
reduced.

The rump regions of lambe Hoe. 8 and 48 with none or
very low percentage of super sickle B fibres furmish
exceptions, but these execeptions are easily understood
Ag it hées been said the pre-natal check determines the
arrayz. If it ie @ weak one it is not powerful enocugh
to cause an appreciable number of pre-curly-tip fibres
tc be sickle fibres and the array is nothing else but
Flateaau. If it is stronger and doe:c produce sickle
fibrese, it is understandable that the existence of
sickle fibres involves 2 change in the percentage of
other pre-curly-tip fibres; hence the centre of
gfafity must be shifted. The centre of gravity
within pre-curly-tip fibres lies in 1little checked
arraye either in halo-hairs or super siekle A fibres,
but in more checked arrays this centre must iie in

super sickle B fibres or sieckle fibres respectively.
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This is the ﬁne poseible explanation to the sbove-
mentioned cases anfd of course when anal ysing these
two arrays we can cee that these two particualsr
arrays have got & very strong pre-natal check,
which has shifted the centre of gravity of pre-
gurly-tip fibres to the sickle fibre series, for
in thespre-curly-tip group only 7 per cent com-
prises super sickle B fibres and 93 per cent sickle
fibres, and in the second c&se all pre-gurly-tip
fibres are sickle fibres. =4
Summarising we can say that :-

(i) Saper sickle B fibres play a very important
role in determining the "toughness" within
Platesu arrays. In more checked arvaye,
however, the indicational funetion of super
sickle B fibres has been shifted to sieckle
fibre=z or checked curly-tip fibres. That

shifting is due to the pre-natal check.

(ii) In comparisone of the 2bundance of super
sickle B fibres in Plateaun and baddle arreys
the latter is found to be apprecianhly richer

in saper sickle & fibres,
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($11) With regard to other arrays it might be
generally stated that Valley array tends.
to have less super sickle B fibres than

either Havine or Saddle arrays.

6., Sickle fibres.

This series of pre-curly-tip fibres is of very
great importance, for the classificecation of nearly all
arrays of fibre types depends upon the sickle-fibres.

It may te reeslled that the very definition of Plateau
array hingee on the absence of sickle fibres and Saddle
array owes ils existence to the presence of chalky sickle
fibres, whereas Ravine, Valley and Flain arraye tre de-
termined by the presence of fine sickle fibres wi thin

the pre-cuarly-tip grouo: It is thus natural thet the
career of sickle fibres during their pre- and posti-

natal developmen! should be stua This

o
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particalar type of fibre is of still greater interest,
sinee other workers in Wool 2o0logy succeeded in reveal-
ing the existence of sickle fibres in other beeeds of
sheep. Thas Duerdén (18,22) prior to Yry, has dis-
covered sickle fibres in the “outh African Werino and

he states (22) that sickle fibres have been found on

the birtheoat of practically all the British breeds®.
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Here a recervetion must be made as to the definition of
sickle-fibres, because it seeme thet luerden's classifi-
cation comprises super cickle fibres as well),. Gelpin
(25) had found sickle fibree in New 4ezlsnd Merino and
Ryeland breeds ap! finally Sutherland (46) found this .

fibre type both on the Merino and "ensleydale breeds.

(a) Definition

Dry(13) deseribed this fibre type acs

follows :-

"I'ip region shaped like a sickle and often

hai ry; poxtion of fibre below sickle,

and grown before birth, fine nolt hairy".
He also described in different publications the varia-
bions within the sickle fibre series and therefore it
is proposed to focus attention only oa such cheracter-
istics as fare of most importance, in getting a better
ineight into the forces at work in the birtheoat of

the Romney cheep.

(b) Tip ~hape A
Ag it has already been mentioned in the pre-
ceding chapters, the shape of the tip of the pre-cmrly-
tip group varies a good desl . In all less checked
arrays, that were found especially on the Britech, the

half-briteh and ruamp regiors the tip shape of Z sickle

/ fibresis by no means perfect. Sometimes it was very

e ~
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difficult to asgertain whether a certain fibre

be longed to the pre-eurly~-tip group or curly-

bip group. The difficulties enecountered were
mostly aue to non-tmypical tip shape, Sach 8

non-typical Lip approaches in form the tip of
the hairy-tip-curly-tip series. or curly-tip
series, and 4l most always furnicshes the right
wing of the pre-curly-tip series. Uenerally
epeeking when a fibre startes to grow, and at
the same time the chalkiness begins, the distal
end of 8 fibre ouaickly thickens and becomes
sieckle or hoock=-like. If the middle part of
the tip curve is rounded, the tip resembles, of
course, & hook or curl rather than a sickle,
This is always so when the chaltkiness skanbts to
thicken immediately; that is; the chalXkinecs
begines to appear pmactically at the time when
the fibre starts to grow, andi this chalkiness is
well maintaiged antil the pre- natel check comes.,
i

Now/g typical sickle~like tip the medul-
lation behaves guite differently. The fibre
starte bto grow with a fine tip and the chalkipess
begins to aprear rlowly or even very slowly and

gradually tae further from the extréme/ond Lke

distal
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thicker is the fibre. Usually it seems as though
the pre-natal check gives the chalkiness a chsnce bto
reach its peak and then the pre-natal check comes,
It is so powerful that it abruptly causes the ces-

sation of thke production of medulla in the neck

-

regions. Iris traneition from the sickle tips 1o
the neck occurs so suddenly and the echange in the

diameter between the sbock of thecsgickle and neck
region is co mepifestly and profoundly msrked that
Dr.Dry (13) could not help remarking "Indeed, one
might well regard the roots of sickle fibres as
displaying great resocarce and ingenuity in discover-
ing varied lines of action®,.

Thas we arrive ab the coneception that the
action of the pre-natal echeck is not only respoansible
for the fineness of the neck but also for the bend of

this
the stock of &Hs tip. It is reasonable to believe that
the pre-natal echeck changing the dismebter impairs the

splid and brosd founds tion of the tip and the stoek

D

bends, The differences in th

&

> Lip shape within

sickle fibre seriec might be as well explained on

the behaviour of chalkiness. It hes slready bdeen

said that the time the medullation sppecrs, =nd the

e D
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rate of thkckening, play a significant role in deter-
mining the diffferent variations in the tip shape, e.g.

in the hook or curl like tip off the sickle fibre the
bhalkiness starts from bthe ektfeme distal end and is

well maintained antil the neck. In typical sickle -
tipsy however, the chalkiness appears a bit later,

thus leaying the extreme distal end fine. Moreover, -
the chal kinecs greadually thickens and thus the diam=-

eter is gréiually augmented agein until the neck, and
consequently the tip is & perfecet one, and strietly
spesking recemblec more c&osely{a spythe than a sickle.
In dealing with halo-hairs (p.£%7 it has beeh e mphasised
that the same factors might be responsible for halo-hair
shape, nsmely the lack of pre-natal check and the manner
in which the medulla begins Lo thicken. Thic id ea was
also emphacised in desling with other fibre types belong-
ing to pré—curly tip groupe sné bLrhe explanation hase been
put forward showing how the typiesl and non-typicael form
of each series might result from the interaction of these
faclors. This hypothecis thet the tip shape depends

apon th teration of
%aﬁ %ge rate of thickening of medulla and

{(b/ the pre-nstail cheek,

leads to the @ sic
one conclusion - nemely that the difference<
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&stonichingly large ended fibres

sm&ll siekle ends,

counted different gradients as

-

in the tip shape are not confined to one particular
series of fibre typesc, but ared common festure of the
pre-Curly-tip group.

It ie feared, however, that this hypothesis
gttempts to reveal only one part of the truth, but
thie 1e not the whole story, It is reslised that
behind the Zorce fust described there sre others,
the method of working of whieh ic etill unknown. One
of these we have mentioned in preeeding chapterse, that

ie that the general shape of a tuft is superimposed
apon individual fibres, The infduence of tuft shape
apon sickle fibre will be discussed =2t the end of this
chapter, Fow let us consider other feabtures of the
siekle-tipe, that is -

Length and Hairiness of Sickle Ends.

Dry in his publieaticns concerning the
birthcoat decscribed the variation in the length as
well as in the chelkiness of cickle-eands. In these
features Lhere are great differences bebtween wool
sample s, Within the same wool sample, sickle fibres

have been found forming & continuous series, from

to fibres with very

In different €pecimens we ep-

#e pase from left to
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right along the sickle series, The lengths of
sickle fibre ends are of great ipportance since
Dryk(16) found & relationchip between large-ended
siekle fibres and the shedding situsation of the
suceessorse (Gz) of shed birthcoat kemp. Here it
may be pointed oit that no measurement of the
sickle ends length is aveailable and a comparison
may be made within a series of sickle fibres from
one array. Some arrays have a sickle fibre
series in which it was possible to arrange the
sickle fibres im order of the length of the btip
from "large ended" on the left wing to "small
ended™ on the right wing. It ic especially ia-
teresting that such a seriee were found in so-
called "truncested" arrays, thst is, an array ir
which the firsu fibres of the pre-curly-tip group
were Super sickle B or sgicklse, TheQQifferences

in the length of the tip may De expleined egain

in only one wayy namely that the pre-natal check
which is responsible for forming sickle fibres
starts to work at & given time and causes the necks
to be fine, but the fibres Go not pierce thefkin

ip one short period of time. As Galpio (26) has
shown , new folliclec are constanily being founded.

W#hen the gene® respousible for the existence of
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sickle fibres reach their threshold or in other words,
when the presnatal check starts to act, it must aet on
an_g;en lot of fibre tips, henece the differences in the
length and hairiness of the sickle fibre tips. Indeed
the difference: are}é?gat. In some &arrgys the right
wing of the sickle fibre ceries consists of sickie fibres
having very tiny sickle ends and great care must be
exercised in order to put the e fibres into & proper
geries, The diffieultiec wi 11 be better understood
when we reesll that the sickle-end must not necescarily
be a chalky one. In the ligzht of the preceding discus-
sion it will be understood that the chorter the cickle
end the less chance for it to be chalky. Farthermore,
the general shape of & tuft is csaperimposed upon indi -
viduzl fibres and in very well checked arrays like
Valley or Plain, such a tiny sickle end is ausaally
entengled in the colls of a spring and it is very

muech like the tip of & ceurly tip fibre (Fig.22). There
are cacee in which it was impossible to decide whether
these fibres were sigkle or ceurly tip and in eush a
case we usually cpeak of a very cloge zacsociation

be tween sickle =nd curly tip fibres (Figss 23, 24)

e.5. lamb No. 27, Ravine dn rump, and Iamp No. 44,
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Valley on Hal®-briteh, with 9 and 5 intermediate
fibres, this being 1.7 and 2.9 per cent of total
fibres respectigely.

Thus we have discussed the right wing of the
gickle fibre series closely associated wi th the cuarly

tip serie s, How the lefl wing of the sickle series

m

deserves mantion as well, It was said thet the le ft
wing ususlly consists of large ended sickle-fibres
and therefore it cennot be hidden in $he coils of the
neck spring. This being the case, no difficulties

in recognition of sickle fibres were enconntered.

This close associsation of tw types of fibres
or linkege between twe fibre types has already been
dealt with in the super sickle B chapter. The
"double bond" has been shown whereby the super sickle
B and sicxle &sre linked up directly to the hairy $ip
carly tip fibres.< Kow one exemple of such & linkage
will be encugh to illustrat that if & tip shape is
non=-typical this is almost alwayes confined to little
checked arraye like some Saddle arrays or to a lesser
extent Havine arrayes. Phic is again Iamb No. 27
with a vaddle arrsy on the half briteh region. In

this array nine intermediates, between sickle fibres
]

and hairy tip curly btip were found, thies being sbout

2 per cant of total fibres, and it ecould not be decided
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whether they are cickles or hairy~tip eurly tip fibres.
Sueh 8 linkage is a rather common feature of arrays on
the half britech regions, when the Plateau array is found
on the britch region.

(d)Tuft Shape influeneing shape of
Pre~-"atal Part of &ickle Fibres,

hs it hae already been pointed out, the shape
of the tuft or léeck has its influence upon the shape of
the pre-natal part of a fibre. The tuft of the Romney
birthcoat deserves special attention. However, the
preseant study is conéenned with fibre types and reference
is made to the tuft shape insofar as eertaih fibres are
concerned. Briefly it might be said that manifold varia-
tions in tuft shape exist, variations from one lamb %o
another, as well &as on the ssme lamb but in different
body regions. Farther, the investigations on the in-
heritesnce of the curl gshape in K arskul lembs have
chown that shapes of curls are very strongly inherited
in complicated multifectorisl fashion. Thus it dis
plain that a tuft as an entity exercises en influence
upon individual constituent fibres, rigs. 25, 26 and
2% show #ufts from the withers. These examples illus-

trate the profound influence of tuft chspe on the shape
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of constituent fibres (see aleo figs. 28, 29). Even
in sueh tufts large ended sickle fibres were found,
having rounded sickle ends, thie being due to the super-
impbsed general shape of the tuft. There are many
other instances in which fibres with shorter necks
were found, e.g. super sickle A' or super eickle B,
and some of them were practically cehalky throughout
yet having the identicsl shape of the tuft, so that
one might speak of this fibre a=s a ezst of the tuft
eonbour,

From the few remarks above the conclusions
may be drawn that :

(i) The shape of the pre-natzl portion of a
fibre ic 2 result of manifold interac~
tions of festors, some of whieh are known,
others sre unknowan, and

{ii) the inf uence of the tqft shape upon con-

‘stttuent Tibres must not bde neglected.

The Post Natal Portion of wickle #ibres.

In fhe super sickle B fibre seection a c¢lassi-
fication was made based on the behaviour of the chalki-
ness in the post natal portion of & fibre,. This
classification holds truéd for the sickle series too.

It must ve remembered that we z2re dezling with ver-

cistent fibres only.
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Here again percsicetent sickle fibres may be
grouped on their post-natal region, in the following
clasmes:

(i} Chslky throughout;
{ii) Pine throughout;

(1iii) Chalky in dictel part and fine in
proximal part of a fibre;

(iv) Fine in the middle part;
(v} PFine in the distal part and chalky

in the proxim&al part of & fibre.,

(i) Chalky throughout

This elass of sickle fibre is of rare
ogscarrence, because it usually happens that if
a sickle fibre ic chalky in the distal part of
ite post-natal career, it either sheds or gets
8 "grisic thinning®. Sometimes, however, when
shedding is vexry poor, and "erisis thinning"
does not occur, it happens that sickle fibres
are found chalky right fo the cut butt of the
sample. In & series offsickle fibres from the
same srrey there have been found sickle fibres
cha lky throughout, situated in the right wing

of their series, whereas other Tibres were
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either shed or finme throughout, or chalky to
the "erisis thinning®; (for instance lambd
No; W6, Valley array on the vack region).

In the tip shape, chalky sieckle fibres
rezembled clocely the hairy-tip-cuarly-tip fibres.
—uech sickle fibres, chtulky bthroughout, may be re-
garded as indieators of poor "erisis thinping"®
and will be dicscussed later on.

{ii)Fine Throughout:

This'clags of sickle fibres is of vexry
great importance in determining Havine ae well
as Valley array. It will be well remembered
that the difference between faddle ané Ravine
ie that the latter has an appreciable number
of fine sicixle fibres, wheresas the former lacks
this elascs,an: the Valley array must have fine
;ickle fibres too. Therefore this elass of
gickle fibres is not only the key type of
Ravine arrey, but alsoc the abundance of fine
csickie fibres might be regarded =& an indiedtor
of toughness or weakness of Ravine array, and
thus fine sickle fibres play the same role sas
super cickle B in Plateaun array. Before
analysing the abundance of fine sickle fibres

a few words may be said about the general mac-
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rogscopic eppearzenee of these fibres, Ususally they
tre fine throughout, but sometiems & very tiny
string of medulla is seen in benzol. Those fibres
which do pocsess & remné&nt of medulla are referred
to as "intermedizte”™ between chalky and fine and
&re placed in ceparate cclumns in the statistieal
cection on fibre -type aburdsnce. On the other
hand, it is .very easy indeed to find sickle fibres
which are extremely fine, usunally mueh shorter and
they seem to be very flimsy, without trace of crimp
wha tevever, yet the tip form is = lmost élways a
perfect sieckle-like tip and usually too having the

stock of the siekle chtlky.

{(£)"Toughness” of Havine iArrays.

In v&ble V the sickle fibrec are srranged
in order irom toughest to weskest. For simpli-
eity the columns 1 and 2, that is "sickle Libres
fine" and "intermedia te" were added in column 3
apnd they are regarded &s "total fine sickle fibres”,
The same applies to column 6, which is & sum of
columne 4 and 5, andé here agsein ched fibres are

regerded as chalky sickle-fibres,
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Siekle fibres expressed as percentage of Pre-

TABLE

7
L

Ravine Array.

Carly-Tip Grouap.

Body

Sickle fibres

Tamb—

Regions No, Fine Inter- Total Chalky Chslky Total
mediates Fine pers, caed. chalky
(1) (2) (&) (4) (5) (6)
Briten 1 20 0 20 80 0 80
Ha 1f 6 6 15 2 73 6 79
Briteh B2 7 36 43 a7 0 857
81 18.5 18.8 37 52.5 10.8 63
46 42 0 42 28 38 58
45 375 19 06.9 .56 6 43,6
76 7o 0 75 28. ¢ 0 25.0
15 60 40 100 0 0 0
Rump 08 16.8 1.5 2% . 7 = 79
< 82 egan 28.2 41.0 56 23 59
A 11.4 5 e & 48.5 &2.9 28.6 51.5
45 40 0 49.0 54.3 5.8 60
81 29 17.4 56.4 34.9 B.7 43.6
76 19 0 60 30 10.0 40.0
6 819 18.9 100 & - -
Side © A o 28 12 - 72
25 9.5 48 57.5 25.8 19 42.5
gz RS 31 54 46 - 46
Back 81 10 14 24 21 55 7%
8 24 ol 66 S8 ¥ 45
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This table epnables us to draw the following concl usions:

(i) the lowest percentage of finme or not chalky sickle
fibres expressed as the percentage of totsl pre=-
curly tip #Zroup is 20 per cent, and the highest is
100 per cent. The former figure denotes the tough-
est Ravine array, whereas the latter indicates the

IS

weakest array., All intermedizstes of toughness or

N
weskness exist:

(ii)In light of these intermediates ih toughness as
well as the gearé€ity of material under the in-
vectigation, it is unsafe to draw any conclusions
&s to whether some body regions are prone to have
weaker or tougher Ravine arrays:

(1ii)Bone of these arrays has its sickle fibre series
comple tely fine, 8t least 18.5 per cent of esickle
fibres in the weskeset Ravipe belongs to "inter-
mediate column®. This lact statement may suggest
that if a cheek ie powerful enough to cadse all
"sickle fibres" to be fime, it causes simultaneously
a few curly tips to be fine and the array becomes
Valley - in other wrds, the upper border line for
Ravine arrayes is about 80 per ceant of fine sickle
fibres, Up to this point, the array is shifted
towards the Valley series, Thie, however, does

not mean that this point is simultaneously the
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lower boundary for Valley array because Valley array

mey have as few as 11 per cent of fine siekle fibres,

5

ag Table V

e

{(page & | ) shows.

(g) Abundance of ¥ine ~ickle Fibres
in Valley Arrays:

Table VI is arranged in just the same order
& &a& the previous ome, and shows an appreciable increase
in fine sickle fibres in Valley arrays, that means, the
more checked the array the more sickle fibres. of
course, bome overlapping between Ravine and Valley
exists, &s W 11 be understandable when we remember that
the check xesponsible for determining the arraye comes
to expression in at least two pheses, namely, & pre-
natal phase and s post-natal one. If the effect on
fineness is confiued to the pre- natal cureer of &
tfibre then nothling more depressed is brought about
than the Saddle array, &lthough as will be seen later,
the pre-natal check has the power to shift the centre
of gravity from one side to the other in the pre-
euriy-tip group by determining the relative abundance
of pre-sickle fibres and sickle fibres, and thuas

change the balance of the pre-curly-tip group. This
a

balance ic/very important feetor because it influen-

ces the abundance of secondary kemp. In ite post-

natel effect the check cesuses the {fibre to be fine

throughout and this is responsible for determining
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more improved arrays, that is Ravine, Valley and Plain.
If the post-natal check is confined only to the pre-
carly-tip group, agsin nothing finer may be expected
than Ravine arrsy, but if it also attacke eurly-tip
Tibres it will cause the array to be Valley. Eow
again we know that the spread of this check variea in
& way that can be deseribed in terme of time of action
or in terms of space along the series of fibres, It
the spread of the cheek is confined to the pre-curly-
tip group it changes chalky sickle fibres into fim

bat it does net touch the eurly-tip group, until a
given point,{which was tentatively fixed as E0 per

cent of fine sickle fivresj but when the post-natal
check catehes all the late sickle fibres its effect
will spread into the curly-tip group, leaving the

left wing of sickle fibres chalky. Phies is actnally
what happened in some Valley sarrays and in this way

it is possisle to explain so-¢s "approaching
arrays", e.g. Valley apprceaching Saddle. This means
that the post-natal phase of the eheck has spread
more over the curly-tip fibres than sickle fibres amd
thus extremely low percentages of fine sickle fibres
were found. Such evente are however of rare oceur-
ence and coming baek in our consideration to these

two tables we can see that as a rule the percentage

of fine sickle fibre is in favour of Valley array.



TABIE VI,
Valley Array.
Sicekle fi bres expressed as percentage of R
rre~curly-tip group.
cilckle Fibres z
Body Lamb Inter Total Chalky Chalky Total
Regions No. Fine mediate Fine Pers fhed Chelky
Briteh 35 100.0 - 100.0 - - -
4 100.0 - 100,0 - - =
Talf 1 s U O BB S 7€.4 2.8 - 2248
Briteh 44 93.0 10.0 100.0 - -
55 .0 - 100.0 - -
£4 lu».f - 100.0 - -
Rump 5 6415 VR € T4 4.7 14.7 20.6 38.3
75 45, 0810 100.0C - - -
i I8 1520 1000 = = =
84 100.0 = 100.C = = -
Side 65 50.0 - 50.0 50.0 - 50.0
43 50.0 -~ 850.0 80.:0 20.0 . 80.0
76 56.0 - 56 .0 44.C - 44,0
1 4555 180 63.8 36,8 - 26.8
4¢ 80.0 - 80.0 20.0 - 20.0
i 84.0 27.0 91:0 9.0 - 2.0
46 47.0 53.0 100.0 - - -
1 91,3 8.8 100.0 - -
a8 . 1e0i0. = 100.0 - -
84 100.0 - 100.0 : - -
Back - 0O 2659 - 26,90 % - 787
aT < S R ot 14,2 56,0 64.53
1 41,2 - 41.2 e 11.7 - 58.8
70 80,0 - 85.5 . 39:0 5.5 44,5
4% 6b.8 - 56.8 4, 39.2° 48,2
48 57.2 14.3 718 - 28.5 28.5
15 46,2 43.6 89.8 10.2 - 10.8
6 90. - 98.9% 9.4 - 9.4
84 96,6 - 96.6 - 2.4 5.4
i 95.8: 5.0 100.0 - - -
35 100.0 = 100.0 Jr - -
44 100.0 - 100.0 - - -
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(ii) Tn the present materisl under investigation,

the perceantage of fine and fairly fine sickle
fibres found ranges from Z0 per cent to 100
per cent (the mean being 42,1 per cent) and
thus the former figure is regarded as the
lowest boundary for Ravine array. As to
the latber figure, & reservation is to be
made in that the upper boundary for Ravine
arrays must be let down to 8C per cent of
fine sickle fibres (this 108 per cent com-
prises fine and intermediate sickle fibres)
When this upper boundary is exceeded the

array is chifted towards the Valley seris s;

The percentege of fine sickle fibres in
Valley arrays ranges from 26 per cent to
100 per cent, the mean being €9 per cent.

The intermediate csickle fibrecs ipn Valley

)

arrays are considerably reduced,

Phe (¢) and (d) classes of siekle Tibres,

namely those chalky in the distel part and fine in
bhe proximal part of the fibre and thoce fime in the

middle part only, respectively, have been deseribed

<



B
already in the section om:Suaper sickle B fibres and
will be farther dic cussed in the seeltion dealing
with "erisis thinning". Here, however, may "be men~
tioned that the(®)class is very common in all per-
gisbent sickle fibres apd the fibres of the Column 4
(echalky sickle fibres) are nearly al 1l eclass (e). oOf
course bthe ma, ority of cickle fibres found in the
Saddle arrays belong bto this ekl ses to.

#ith regard to the (e) class, it may be
gaid that very few sickle fibres of this class were
eﬁcounhered. The presence of this class may sug-
gest a complicated genetic basis of the check mostly
responsible for thinning of chaslky fibres. This
point may be still more cltrongly emphasised in the
(e) eless (finme in distel éart snd chalky in proxi-
mal part of a fibre). Such fibres were found in
only two arrays -~ nemely in Saddle arrays on the
rump of lamb Wo. 48 and on the ricde of Lamb No. 81.
In the first case enly one such sickle <fibre has‘
been found, the dictal part was fipme and the ehalki-
ness has revived in the proximal part of the fibre.
The second case was of greafer impor tance, begause

gquite a number of such sickle fibres were found,

Y

none of them being f{ine tnroughout, and this fset

has shifted the array, virtuslly Vsllgy, beck to
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Saddle series, Thies arrasy is discussed on page

(§) Abundance of Chalky sickle fibres,

(1) Plateau asrrays:

Dry and cutherland have found in some
Plstesu arrays & negligible pumber of sickle
fibres. In the present study cuat of 1§ Platean
arrays, two such arrays were found, namely leamb
Ne. 27 2nd 81 both on the britch regions. The
former possessed 1.6 per cent, Lhe latter 7.%:;
per cent of ciekle fibres, exprecssed &s peresn-
tage of totsal pre-curly-tip group. These two
arrays border on ~addle arrays and therefore
the presence o sickle fibres may be explained
in terms of intensity of pre-nztal check, whiech
ie about to overstep the upper boundary of the
Plateau series of arrays or,in other words,the
pre-natal check estches a few fibres sterting
to grow later than the super sickle B fibres and
bringe: about the fineness of the neck. Such
Plateau arrays are neither typical nor common,
but they are oi very great significance from
the evolution standpoint snd furnieh the evi=-
dence of & gradual trancition of fibre type
arraye from Plateau to faddle., It will be re-

membered thest such borderline arrays likewise



T
100

90
80

70

Graph 2.

Percoentage of siekle fibres in Saddle Arrays,

{ecleulated on total numder of
pre-gurly~tip fibres)



(11)

ST

exist linking vaddle with Ravine 2nd Havine with

Valley.

Saddle iArrays

A

Ags 1t was said in preceding chapters the
difference between Plateaun and Saddle array lies
in the fect that the latter possesses sglckle
fibres. Further, within Saddle arrays the sbun-
dance of sickle fibres varies and these variations
must be regarded as due to & weaker or stronger
pre~natal check; 1f this is the caee, the abun-
dance of s=ickle fibres may bemme&sured and expressed
as the percentage of the total pre curly-tip group
anl bhus we -lmave a way of expressing the toughness
or wmeaknecs of Saddle arraye, a: was already done
for Ravine arrays,.

In Table VII the abundsnce of sickle fibres
isg given and graph 2 of cickle fibre sbundance arran-
ged in order from toughest to weskest Saddle arrays,
showe pleinly the gradosl trend starting from 11.4
per ceabt up to 100 per cent, fhe mean being 61
per cent, Thus in the lot of Ss2ddle arrays under
precsent investigation the Szddle array having 11.4
per ecent of sickle fibres may be designated as the

toughest, wheress the Jeddle arrey having 100 per
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cent sickle fibree in itse pre-curly-tip group ic the
weakest, thet ie the moct checked Saddle array, Al-
though theoretieally it is possible to pieture a
Jsddle arrasy having 2ll its pre-carly-tip group re-
duced to sickle fibres, yet 2 reservation cshould be
made to this particular Saddle erray, because as it
hae &lready been pointed out on page B5 this Saddle
array is virtuwally a Valley array and only owing to
an unnusus l happening the praximel portion of fine
gickle fibree as well as checked curly-tip fibres
have become chalky. PThus in the light of these
great plus and minus devistions from the mean we
capnot expect any outstanding differences in the
percentages of sieckle fibres in other arraye. One,
however, might expect the means to be higher the
more certain srrays are checked because the centre
of gravity in pre-curly-tip fibres should be
shifted towards more depressed fibres in this
group. The actual data obtained justified this
assumption:

The Meane of “ickle fidre population

éxprecssed as percent2ge of total pre-
curly-tip-Group.

ERELY : :
:ﬁﬁ?le arraey:s 6l per cent

Ravine arrsys 78.8 per cent
Valley arrays 85.1 per cent
Plain arrays 100.0 per cent
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TABLE VII.

Saddle Arrax.

Sickle fibres expressed as percentage
of pre-curly-tip group.

Body Lamb Total
Region No. Fibres
Briteh 65 0.75 11.4
6 2.94 25.0
Half 48 2:02 41.7
Britech 11 3.23 41.5
27 4,72 45.2
65 J.75 55.6
8 5.84 80.0
Ramp 11 11,30 61,8
8 5.24 93.0
48 6.47 100.90
Side 8 8.39 T1.6
1 10.54 8l.8
Back g2 6.51 72.8

Mean = 61 per cent.
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(k) Influence of Body Regions
Upon £ickle fibre abundance

Table VITI tabulates the means of cickle

fibre ahundance, on different body regione. The
first column giving the percentage of total fibres
may be omitted sipnce it depends on more than one
variavle. The second columh giving the percentage
of total pre-curly-tip group may throw come light
on the question whether the body regione have any
csignificant influence on the Bickle fibre popula-
tion. In 8o far as Ravine andValley arrays are
concerned, no significant influence is shown.
However, Seddle arrays chow significant differences
in the percentage of csickle fibres between Briteh
and half-britch regions, others do not show any
appreciable diflerences. Thus an inference follows
that the toughest Saddle arrays are to be found on
the britch region, wheresas Saddle on the half britech
may be called mediuam, for the percentage of sickle
fibres is a little below the mean for Saddle arrays.
Saddle arrays on back, side, and rump regions muct
be regerded as "weak" because all of them are ahove
the mesan. The result above is understandable in
the light of Galpin's (25,26) work on the britch~

poll fibre-type arrsy gradient.
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B, CURIXY.TIP GROUP

This group has been divided (see page 19) into

two seriec, namely

(a) Hairy 6tip eurly tip fibres (in short "H.2.C.%.%)

(b} Curly tip fibres (in short "C,T.)
The above classifiecation is based upon two features, that
is the cshape of a tip and the chalkiness of the prenstal
portion of a fibre., 1In H.,T.C.?. fibres patt of the pre-
natal portion can be recognised by eye to be chalky. It
is in practice often helpful to examine the tips in ben-
zol. On the other hand, theprenatal region of the C,T.
fibre is not chalky to the eye and it is comparatively
fine. The apical end of both sorts of fibres has the

form of & curl, as distinet from a sickle. "

l., Hairy-tip-curly-tip Fibres,

Although in previous publications by Dry
and his co-workers the curlytip group has been con-
sidered as ore entity rather than as two separate
geries of fibres, yet the existence of H.T.C.T.
fibres in appreciable numbers has been stressed.
Sutherland (46), especially studying the Plateau

arrays, dwelt upon the struecture of these fibres,
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for the presence of H,7.C.T. fibres in Plateau arrays
is a very usual event.

One could argue the nececssity for splitting
the curly-tip group into two series of fibres. of
ecourse, a8 minute study calls for a subdivision. It
must be remembered that curly-tip group compricec the
bulk of the Tleece and this sole faet justifies this
division. Moreover, from the evolution point of view,
the origin of curly-tip fibres, whieh, in some arrays,
form four-fifths of the total fibrec, must be of out-
standing interect. Further, there are many features
of H.7.C.?, Iibres which distinguish them from C.T.
fibres, more clearly than (e.g.) Super cickle B are
distinguiched from sickle fibres and therefore the

classification is an easy one,

(a) Tip shape
A pumber of illustrations (£ig.33, 34)

cshow the differences in the shape of H,T.C.T.
fibres. All these 111uétrations show that as

a rule the tips of‘H.T.C.T. fibres become heavily
chalky & very short distance from the extreme
point of the tip and the chalkiness is well main-

tained at least until the "erisis level™. There



are, however, some exceptional cases. @ne of
the most usual is that the medunlla starts later;
it thickens rapidly and céuses a small portion
of the middle part of the tip to be heavily
chalky and fin&lly disappears as suddenly as it
hae appeared.

(b)Length:

Hairy-$ip-curly-tip fibres are ususlly
longer than curly tip fibres, and they are at
least ag long as pre-curly-tip fibree. A few
examples showing H.T.C.T. fibre length in com=-
parison with the length of other fibre types
are given in Teble IX.

In the first example the H.T.C,T.fibres
are as long as halo hairs and longer than other
pre-curly~tip fibres, and far loanger then ecurly-
tip fibres. In other exampk s some halo hairs
are loanger than hairy-tip-curly-tip fibres but
no fibreé of the pre-curly-tip group are longer, and
all curly-tip fibres =2re definitely shorter. %o
the latter statement 2 reservation must be made
in that zn apprecisble number of curly-tip fibres

have been found to be &s long as H.T,C,T. fibres.
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TABLE IX,

The length of Birthcoat fibres in em.
(all fibres cut at skin level].

8 9 - 10

(3N
N
(63}
»
~3

Cm.

Tamb No. 124

Plateau on
the side

No. of H.H. 6. 7

60 30

3
L]
[

Lamb No. 89.5¢ VI!
+

Plateaun on
the side

- 09

48 8

H_H 3w
. . . -
(%]

.
3
0o O
6%}
=

= 73 84

Lamb No. 89.5¢ VI!
7

Plateau on
the briteh

No, of BH.UBE. g N
B.2.0.%. : 27
- 12 66 12 ]

n
(€N
o

jeon)
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TABLE IX (eon.)

Cm. S 4 5 6 2 8 g 10 13

Lemb No. 1320 ¢ V
r

Plateau on

the Britch
No. of H:H. 4 4 1
B SL A, D o i
L R N 2 16 2
T o 24 o 16 >

Lamb No. 86.557VI

Plateau on
the Brifeh.

Bo. of H.H, 5 7 17 6
S o s 1 S 4 4
DSt 6 !
H. T, 0.0, 19 39 22
25 14 56

(e) Structure of the Post Natal Portipn.

BH.T,.C.T. fibres seem to be speeially resis-
tent to all forces tending to finenes., Consequently
if they are not shed, they are chalky throughout and
sach fibres are very comuon indeed within the H.,7.C.T.

geBies. However, other fibres of this series

exist whieh furnish all gradations from chalkiness



to fineness of the fibres, Henee in very little
checked Plateau arrays H.T7.C,T, fibres were encoun-
tered having a very tiny piece of their length fine
end this phenomenon has been called by ~ry (13)
flerisis thinhing";after this thinning the chalkiness
revived to the came degree ac before, Very often,
however, at least a part of H.T.C.2. fibre populabtion
behaves like other fibrec already described - that is,
the medulla whéch has undergone thie "erisis thinning™
never recovers its full strength anéd becomes st the
best a remnant of the psst, that is to say the proximal
part of the H,T.C.T. becomes fine, bat the fineness
varies considerably and the meduila c=n often be detec-
ted in benzol, ruch a post-natal part of a hairy-
tip~curly-tip fibre we cen call "ehalky in di stal part,
and fine in proximal part™. A still more common
feature of a hairy-tip-curliy-tip fibre's career is
that it is "fine in the middle part and echalky above
and below"; that ie, the chalkiness undergoes "eriseis
thinning™ and needs a while to recover to full strength.

This elass of H,7,C.T. fibres is perhaps as common as
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the class comprising fibres chalky throughout. One
faniliar with comparative wool anatomy could easlly
imagine these four classes of H,T,.C,T., fibres, bat to
find hairy-tip-curly~-tip T{ibres fine throughout seemed
beyond comprehencion, Chalkiness of H,P.C.T, fibres

was a condition sine qua non of the classification of

this series of fibre ac a whole. However, since fine
hairy-tip-curly-tip fibres have oveen found, it must be
desceribed as 2n unusual happening which stresses once
more that the forces afk work on the sheep's fleece are
very complicated,

The actual array in which all the hairy-tip-
carly~-tip fibres are fine is Valley on the Withere on
the Lamb No. 46 v

B;S.B. Sk. H.T.C.2. 8.2, Hias

No. 2 8 10 206 18B
% 0.5 2.1 2.Y 54.8 39.9
All super sickle B and sickle fibres fine; out of 100
curly tip fibres are
18.1 checked curly tip
1.0 peak curly tip
80.9 fine curly tip.

Wo shed fibres.

Benzol test: 7.1% (Ht. )

/
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Thus from the data above it is =ppearent
that :-
(i) Thie Valley ie 2 very checked one apnd
approaches Plain;
(ii) ™The post-natal expression of the chekk
was very strong and so kept all fibres
fine throughout their lensth,
and:;
(iii) Yet an appreciable number of H,?7.C.T,
fibres was found. Here it 1e well to
remember that all sickle fibres are very
typical, having rather large ende¢ and
standard sickle tips, and therefore no
mistake in Judging these H.T7,C,.T. fibres
ecould be made, and needless to say these
H.,T.C.T., fibrecs have & typical curled end.
The very occasicnal appearance of fine
H.T.C.T. fibres may be explained in only one logieal
way : let ue assame Lhat those fibres were compelled
for come unknown reason to 8ccelerate their grodth,
and pierced the skin surface before the prenatal

check was at work, or rather suppose the genes
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responsible for causing the tip of the fibres to be

fine had not reached their threshold at their usual

tive and hence & out 3 per cent of the total fibres
or about 5 per cent of the curly-tip populatli on has
ehalky tips. This explanation is very suggestive
when in addition to the above it will be revealed
that guite a large part of the carly-tip fibres has
visible remnants of hsiriness. These tiny bits of
medulla in the tips of curly-tip fibres suggest
two things:

(i) the piercing of the skin taking place is some-
what "goose-oréer", that is the fibres do not
jump out bf one group but théy are steadily
péercing the ckin at very short intervals of
time; &and

(ii) the pre-natal check being about to reach ite
threshold was poweriul enough to cause eurly-
tip fibre ends to be suffieciently fipe in order
to be recoznised as such, but for earlier germs
it was still too weak to cause any visible dif-
ferences in the chalkiness and the check was
not powerful enough to depress the chal kiness
of hairy-tip-curly-tip fibres until the thresh-
hold had been reached and after that it held

throughout the 1enéth of 8 fibre. In obther
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words, thies Valley array is a very good example show-
ing how the gene acts upon the Ffibres and proves the
applieability of the threshold concept to the forces
recsponsible for improvement of wol.

Now the following question arises: It is
believed (Dry, Sutherland and Galpin) that fibre
types begin their development in the order:

. Halo hairs
. Super sickle fibres

. Sickle fibres
. Carly tip fibres.

B 01 00

Consequently we should expect to get in such a
Valley array in which the growth of fibres was
accelerated or the check was retarded, & richer
pre-curly tip fibre population and therefore it
would be more logiezl to expect & full array (and
not truicated as this one) with much more Super
eickle B fibres or even super sickle A' fibres!
Why hase _his not been the case? In Secetion V
this question will firnd ite proper answer. To
anticipate the lis cussion as to "the foundsation
fibree" it ma&y be necessary to state briefly
thet there is no égidence that H.R.C.P. fibres
develop after pre-curly-tip group fibree and

on the contrary there are convineing pieces of
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evidence whieh very strongly suggest that hairy-
tip-curly-tip fibres start to develop a8t the came
time as at least super sickle fibree or even halo-
hairs, and this one example is a farther proof

in the chain of the evidence. Thus those hairy-
tip-curly-tip fibres have hed the same, if not
better opportunity to develop &s any other con-

stituents of the pre-curiy-tip group.

(d)Hairy-tip-curly-tip fibre abundance.

Hairy-tip-curly-tip fi bres are an almost
indéspensitle part of the Plateau fibre types
because they sre very little, if a&at all, checked.
In other more checked arrays, H.T.C.T, fibres are
of negligible value ‘except for a few Saddles on
the briteh and half-briteh regions and for a few
Ravines on the half britch regions. Table X
gives the percentage of H.T7.0.%. fibres in dif-

ferent arrays on different body regions,
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TELBIE X,

The means of H.,T.C,T. Fibres expressed as the
percentage of

Total G per 100
fibres Group G
Briteh:
Plateaun 15.4 B9.0 63.9
Saddle S50 - 10.4
Ravine 0.0 0.9 .0
Valley 0.0 0.0 0.0
Half-bri tch:
Plateau (1 sample) 15,8 62.7
Saddle 3.2 9.4
Ravine et 8.5
Valley ’ 0.0 : 0.0
Rumg:
Platesu 15,3 61.6
Saddle 0.9 1.0 1.4
Revine 0.0 0.0 0.0
Valley 0.0 0.0 0.0
Side
Plateaun 2.8 ST.8
Saddle 0.2 0.2 0.4
Ravine 0.0 .0 0.0
Valley 0.2 ~ 0.48
Back:
Platesau 18.0 58.1
Saddle R 0.0 0.0
Ravine g.0 0.0 0.0
Valley Ol 0.15 (355 2

(con.)
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PABLE X {eon.)

Total 0.2, per 100
fibres Group IR e
Withers:
Platean 78 25,6
Valley Gl 0.9

The svove Table shows & detectable influence on
the body regions upon the less depressed non-plateau arrays,
whereas for well-checked arraye the percentage of hairy-
tip-curly-tip fibres is negligible. As to the Ravine
arrays on the half-britch regions the percentage of hairy-
tip-carly-tip fibre is of some importance onﬁ%hen a
Platesu arrsy, or "tough"™ Saddle array is found on the
briteh region, Hairy-tip-curly-tip fibres in Saddle
arraye have stilllonger range over the body for nearly

1 per ceent of hairy-tip~curly-tip fibres have been found

on the mmp snd 0.2 per cent on the cide, whereas the

means for briteh and half-britch sre 5.2 per cent apd

.2 per cent respectively. This distribution of H.T.C.T.

density within array

y& cuggestes firetly that the better

(=42
= o

(3]

checked an array the lesser the percentage of H,T.C.T,
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fibres; secondly, the great decrease in hairy-tip-curly
tip fibre density between Fla teau and Saddle arrays cor-
responds in some way with the cudden increase of csickle
fibre dencsity wikhin & series of Saddle arrayc and may
indicate a rather great advance in the intensity of

the pre-nat=2l check; thirdly, the further from britch
region the less the H.T,C.T, fibre, in obther words
lambs with an appreciable number of hairy-tip-eurliy=~
tip fibres having the same array on a8l1l body regions
will have the greatest percentage of hairy-tip-curly-
tip fibres on the britch and the smallest on the
withers {e.g. No. 74) fourthly, H.7,C.T. fibres may

be regardedas tn indidator of "toughness" within
Plateau arrasy and this may be measured and expressed
either as a percentage of the curly-tip group or per
100 C.2. fibres. The data arranged in order from
toughest to weskest for the Flateau arrays on the

britch region is given in Table XI,
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TABLE XI
: e
The toughness of the Platean series 5f arrays com-
puted on the basis of H.T.C.T, fibre abundsnece,
Lamd HB.T.C.T. - Gt A i o Ko 1R 0 S.S5.B. Percentsge
Ko. fibres as fibre per fibres fibres of Hairi-
$ of 0.7, HOp 6.7, 8s % of as %o ness,
group total pre~curly
fibres tip group.
46 796 546.0 LB 16.6 31.6
48 8.0 141.0 0.0 0.0 63.0
27 56.5 138.0 1,88 18.1 35.0
8 43 .7 75.6 3/69 38.0 28.3
74 41.3 70.0 0.0 0.0 93. 0
82 40.0 b, d .52 6.4 49.2
1y 27 62.7 6.0 0.0 6.4
75 521.4 45.6 0. 18 2.4 24.6
76 80,2 43.0 0.58 4.0 370
8l &2.0 28.6 4,33 30.7 49,8
44 22.0 B8, & 1.12 26.8 30,7
42 T: 9 &.6 3. 72 36.8. 29.3

Tfhe table above is very instructive because it shows:
{i) ©Wo relationship between th: abundénee of hairy-
tip-curly tip fibres and S5.5.B., fibres;
(ii) no significant correlstion between ecither of them
and the percentage of hsirinecs.
The first fact isof great theoreticsl interest, throwing
light on the mode of working of the pre-natal check and

it fevours the conception, mentioned in previous sections,
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of the pre-natal check acting upon individu=l follieles
of each group of fivbre types rather than working upon
the whole population of fibres, the folliecles of whiech
were already laid down &t the time when the pre-natal
check reached its threcshold. .However, without further
pre-natel studies it is difficult to estimate the truth
of such a suggestion.
The second fact is easy enough to understand

because the percentage of hairiness is a result of
guch factores as

inborn chsl Xiness {8 base upon which the

e i .pre-natal check wWorks),

erisis thiaoning,

the precipice, and -

the abundance of histerotrichs.
All thece factors play & very limited part in determin-
ing arrays of fibre types. Thus & term "weak Eﬁateau
37/8" (37 per cent of super cickle B fibres ané & per
cent of ﬁairy tip curly tip fihres) gives the idea of
the streng th of the pre-matzsl check within platesu
series only.

The toughneses of the Plateazu arrey, a concept

derived by ~utherlenéd (46) is tackled in the present
study from a somewhat different &angle. Phis is so

because it is confined in the Plateau and Saddle
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arrays to the work of the pre-natel phase of the check
and in Ravine and Valley arrays to both pre- and post-
natal phases of the check, lLeaving 811 other variables
like shedding of fibre, abundasnce of cuper sickle 4
fibres, preecipice, etc. out of account, Ii enables us
to measure the intensity and the spreading of the check
and to express the characteristice on & comparable
basis, for instance as the percentsge of s certain type
or a given class of fibre types=s. In other words, the
"toughnese” of an array expressed &s a figure permits
ue to estimate the guantitative value of genes res-
poneible for this check, as well ¢ its upper ané lower
limit and in this way it »ill probably be posshble to
geparate the forces at work on the cheesp's fleece archi-
tecture. Thie latter point must be emphasised very
strongly, especial ly whén dealing with the evolution

of the fleece. Knowi ng the power and the limitation
of esch force responsible for the improvement in the
course of evolution of the fleece, it is feasi ble to

separate them according to their meesurable valueq

2. CuBly tip Fibres.

s,

ry

Curly tip fibres, &s it hes already been mentioned

comprise the bulk of the sheep's fleece anéd are therefore
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of great importance. Hence very much attention has been
paid to the career of these [ibrecs by Dry and his co-wogrkers.
Curly-tip fibres were found in this laboratory on the fleece
of other breeds of sheep as well. The overseas workers

in wool anatomy described rCibres found in other breeds of
csheep which may be regarded as curly-tip fibres. The
differentes lay in terminology used rather thean in the cehar-
acters of {ibres. Thus we c&n pre-ume that curiy-tip fibres

constitute the bulk of every fleece of British sheep breeds.

(a) Zip Form
Curly-tip fibreec have the pre-natal portion

fine and eurlec. These two traitc vary w»it hin cor ly-
Eip fibre series. In lecs cheeked arrsys the tip is
usually stronger thap in more checked ornes, In some
Platezu arrays ¥wWhere & gradual trancition from H,T.C.T.
fibres to curly tip fibres tckee place, cowe L o
fibres linked with hairy-tip-curly-tip fibres will, of
course, show very tiny éif ferences in the gener«l charae-
ter of the tips and thersfore great care must be exer-
cised in order to avoid a mistake. In such a case &
drop of benzol on the microscope slide proved indispen-

sable.
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The number of cu®ls on the tips variesc eon-
gicerably. A general statement, based on maeroscopie
Judgement mey be made - that the ctironger the tip bthe

"

fewer the curls. "he word "strong"” means a thicker
diameter of the tip providing however that the tip is
fine. On the other hsnd @urly tip fibres with many
eurls on the tip seem to have very fine tips, This
is elearly manifecsted in very fine checked arrayc,
like valley near Plain, or Plain arrayese found on the
withere region, where the curlk form a typlesl "wateh-
spring”.

Sometimes cuch a tip has zn exbrewe spiral
end like s remnant of a csickle end, especislly in Plain
arraye on the withers, in which the abundance of Lickle‘
fibres is curpricingly smal 1. This suggestion Wi ll be
diseusced lster on. Here, however, mgy be r=called the

existence of intermediste fibres linking pre-curly-tip

group with curly=-tip group (see page 69).

(b}Post Batal Strueture

Curly-tip fibres may be divided into classes
in just the same fashion as previously described fibres.
The claseifieabion runs &s follows

(i) Heiry throughout
(ii) Fine throughout

(i this class has been divided by Dry (13)
into tw cubelasses, namely -
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checked. carWy -tip fibres, and
fine curly tip fibres

(iii) Chalky in thlec distal portlan but Tine inlG
the nrax1mai*oortlon. 5 Gl

(iv.) Chalky in the distal as well &s proximal pof~
tion, bat fine in the middle part of the fihre.

{iy) Fine in the distal portion &nd chalky in the

Classes (i), (iii) ené (iv) are kuown from previous
publications by Pry and his co-workers, as peak C.T.
fibres and this term ig reserved especially for Valley

p seriee in a Valley srray

=

arrays. Hence géurly-t
arrenged ip order from left to right consists of :
Checked C,?. fibres
Feak C.7, fibres, and
¥ipe G.T, Tibres.
The last classification will be ucsed hepnceforth for bthe
Valley arrays only.
£1] the c¢lacses epnumersted above will be di:cus-
sed lecter on together with "erisis thinoing®™ and "the
precipice”. . Hers brief mention will be made as to the
general arrangement of the above classes in the “arly-
e ol
tip fibre series. From the analysis ;t i suggectesd
that -
(i) the more checked the array tae larger
is the percentage of fine curly-tip fibres;
(ii) the sooner the chalkiness disappears;

(iii) the less the probability of the revissl
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of the ehalkiness after crisis thianing.

Hence from the point of view of hairiness, the most sait-
able array ics a fairly well ehecked velley arrey, that is
an array which is not escssociated wi th S8addle arrays. It
has already been men tioned that the toaghhess of each

arrsy may be measured in terme of the key type or a cer-

tain class wit hi

ks

& series, this has already been done
for ?la teru, Saddle an Ravine, and it has heen pointed
out with regard to Valley arrays that the cheeck was ex-
tended.to the Cuarly-tip group, hence checked curly-tip
fibres in valley arrayc. This being the case, it will
be of ‘great interest to analyse the percentage of
checked, pesk anC fine curly-tip fibres within velley
arrays ip order to be alile to answer

firetly, how wide is the expension of the eh>ck

es,

e

in the curly tip ser
second ly, do the checked curly-tip fibres play
a decisive roie in the diminution of

the hairiness in Valley arreys.

In Tavle XIT, the dats for these fibres ex-
pressed as the pereentage of the totél eurly tip group

is given. ¥or the sake of simplicity, columns 2 and &
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may be added btogelbner and thas

the percentage of checked

curly tip fibres ranges from 4.9 per ecent {(Iamb No. 1,
Valley on the cide )} to 24.2 per cent [(Lamb Ho, 70, Valley
on the side} the means belng:
for the britch 10.5 per cent

B " half-britch 15.6 per cent

. s T e B 12.€ per cent

H ARG e 3.8 per cent

¥ e o e 12.0 per cent
#ith regard to the variations between the means, it is
concidered that thece variations are more due to stan-
dard and sampling errors thasn to any significaat dif-

bS S o =1

ferences bebween given body regioans. As to the upper
limit of the check whiech ic responcible for checked
curly-tip fibrec, 1t must be added that one Plain array
has been found which may be deemed an example of the

upper boundary of the cheek, Wi
fibre series, That array is :

thin the curly-tip

Lamb No. 44 - Plain approaching Velley

on taoe
<ieckle fibre
Curdy tip fibres
Histerotrichs
Fine sickle fibre
Checked curly tip
Pegk ecurly tip
Fine curly tip
Heiriness

side region:

5.56 per cent
56. 84 ”n b §
orL68 " 2

100.0 2 i
SRS - .

2.5 i £ 24
60.2 3 #
3. 1 {31 143
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It is worth while to mention that in some

Valley arrays it is impracticzhle %to count the actual

due to the

m

namber of peak ®Burly tip fibres. This 1
existence of transitionsl fibres between pesak curly
tip fibres and fine curly tip fibres (see column & in
Table XII). Unly in Valley or plain arrays which
have & cudden and abrupt change from chalky peak
curly tip fibres to fine ecurly tip fibres like the
above FPlain arrey is gn accurate count possible and
therefore it ie not pretended that some figures in
Table AIT are precisely accurate. 'he same applies
to a lecsser extent to checked curly tip fibres in
some Valley arrays and in nearly all Plain arrays,
owing to the lack of transitional fibres and searcity
of peak C.T. fibres. In such arrays a great deal of
difficulty was encountered in distinguishing fthe
checked curly tip fibres from fine curly-tip fibres
begause the Gcifference lies only in the length and
number of curls at the tip of curly tip Lfibres.

Hence the importance of the above &rrey in which the

count may undoubtedly be regarded &s correct.
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TABLE XI1

CURIY TIP FIBRES

No.of Checked Medium Pesk Mecdium Fine Arrange % of
Lamb ment of hair:
hairi- hes:
ness
(&) 2) {3 (4) Pa) {6) {53 {8)
BEitch 25 g 0.1 33.6 1882 35.2 He 15.2
T 84 8.1 8.0 2.4 D.OHRE.H- . BE 9.4
Mean S 5.0 P R o TR s [ 2 U 12,3
Half- i ; 0. HY 9.3
BRitch 35 8.0 10.5 22.5 59 b 15.9
i e 44 18.% = 2¢.0 44 15.3 HS 15.7
84 6,4 3.4 33.5 27.9 28.8 Hb 10.9
Mean  11.0 4.6 26.0 33.6 24.8 13.(
Rump 3 8.3 - 2.6 = - b 10.9
T 43 5.0 N 22.0 20.3 38.5 HE 10.4
75 5.6 5.0 - - 23.6 Tb 16.5
84 13.0 3.4 < = 1.3 ®b 12.8
Mean T 4.9 - - - 12.9
Side 1 4.9 - RN b 10.7
11 9.1 1.4 20.8 56.7 12.6 &Eh 9.7
%5 7.8 10.4 18.2 27.6 36.0 Hé 8.9
4% 16.1 - 3. 5.8 73.0 Et 7.0
46 2.7 12.2 15.1 0 70.0 Bt 9.5
48 5.8 - 39.0 24.5 30.7 Hb 29.3
65 § 7 5 ol B & 26.5 20.2 34.0 Hb 10.1
75 18.2 11.0 20.8  22.0 33.0 Bt 4.2
76 11.6 - G.4 7.0 He 15.0
&4 12.4 = e T SR | WS- Hb 8.2
Mean 9.4 4.4 1955 23,1  45.4 11.4
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TABLE XII {(con.)

No.of Checked Medium Peak Medium Fipe Arrange- % of
Lamb ment of hairi=
hairiness ness
(1) (2] (3) (4] (5] (6] (7] (€]
Back 1 gt 12,6 3.0 40.3 15.8 Ht 4,4
6 68 % SRR o pLR MRS s 5.0
11 200 - ol b IR TR/ S 134
27 9:5 - 7as0. 1AL 60.7 B 18.1
25 4.5 B. b 21;5 ‘22,5 &5.0 He 9.8
43 17,1 g 5.1 0.4 8.4 Bt 6.8
44 18. 6 = 16.8 64.7 Bt 4.6
48 4,4 gog 40N 18 . B5-20.0 HE 20,7
5 4,8 - 26.2 24,0 45.0 Hb 19.7
75 4.6 5.3 34,2 40,3 15.6 Bb 10,3
76 7.3 > 9.0 34,2 49,5 He 26,7
84 13.0 8.1 RO 48P 3.0  HE 6.8
Mean 9.4 2.6 - 27.2 18.8 46.53 12.7

It follows then that 37.5 per ce
gerded ss the upper limit of the
checked curly tip fibres as well
are, however, other factors like
an important role in determining

standing importance as far as the

t checked C,T., fibres may

~be re-

check responsible for causing

as determining the arrays,

the precipice which do no

The re

t play

the array but they: are of out-

dimanition of the ehalkiness

is conecerned. These other factors cannol be - for the time

being at any rate - properly messured. fometimes the per-
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éentage of checked curly btip fibres is relatively small
and yetb Lhe’;ekcentage of peak curly tip fibres is small
too, a¢ in lambs Nos, 43 and 44 - Valley on side. These
examples show that other factors than the check are res-

ponsible for chsnginz pesk curly tip fibres into fine

or
[N
m

ones, ané this aspee discussed in weebtion TII. Here,

L3

however, & very important point mucst be stressed, that isg,
the limitetion of the cheek, responsible for the determin-
ation of the fibre type arrays. Ifhie check is referred
to by Pry ané his @o-workers as "pre-natal echeck” but
somebimes it is convenient to spesk of the "head check"”

g
ad of the pre-nztel check. By "hesd-check" will

ina;

henceforth be understood the echeck responsible for the

m

determination of the arrays: since tts base is con-
fined to the head of the srray it is termed "head-
check™ dicstinguishing it from "tail check" responsible
for causing the tail of the curly tip fibre to be fine.

In this latter at least,two cepsmate factors find ex-

ression, with which we will deal later, and for

i)

simplicityls sake it ie thought better to use these
two terms. Thus, in view of ths facts now being

ced we c2n gtate that the "hesd chegk® is

m

ascu

£

limited to about 37 per cent of the curly tip fibres,
but some overlapping oceurs and the "tail check” may

extend its influence so as to invade the realm of
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"head check"”, Lamb No. 76 - Valley on the side -~
furnishes an example in support of the latter-state-
ment.

I1amb No, 76

Checked curly tip fibres 11.6 per cent
Peak curly tip fibres 9.4 per cent
Fine curly tip fibres 79.0 per cent.

In the light of the diseussion above it is plain that
in order to answer the second question, as to whether
the checked curly tip fibres play a decisive role in
the diminution of the hairipness it may be tentatively -
etated that for the dimipution of hairinees "head ‘
check®™ as well as "tail cheek"” are respongible and
therefore these curly tip fibres which are no#t
checked should be cdeemed indicators of the c¢halki-

ness within curly tip fibre series, and peakturly-

tip fibres are the very Z=isgeat fibres upon which the
cha ikiness depends. 4L reservation, however,muct be
made ;

Pirstly, it was mentioned that the differences
between glasses of curly tip fibres
ere not alwaye clear-cut ones, because

there are intermediste fibres, and

- > e . == R
R o et e A e
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£ it has already oveen pointed out, the

)

cecondly,
total chalkiness depe:.ds upon several
aetors, such as the base of inborna chalki-.
ness, the crisis thinning, the number of

pre-curly-tip fibres,and Histerotrichs. N

With this reservation in wind, the data tabulated in

Table XII give full support to the above statement,

that is, the smaller the percentage of peak eurly tip
 fibres, the lower the percentage of hairinmess, The

faetors influencing hairiness are to be discuassed from

a8 comeshat 4ifferent angle in Seebion III and it will

be chown that this very Important practical aspect of

wool firnds its solution im “hair splibiing™ and it wilk

probably be possible to base the selection against hairi=-

ness on the analysies of arrays taken from very young

lambe, as was suggested by Dr. Yry in a personal communi-

sation.

The thirg group of fibre types ig eonfined to

only one type, hamely:

€. POST-CURIY-TIF GROUP (Histerotrichs)

These fibres, &c hecs already becen mentiopned, are
fine throughout, &nd are not to be found in the pre-

natal population of fibre types of Romngy lambs.



5

-118=-

Strueture of Histerotrich fibres.

Histerotrichs are always fine, although Dry
found a small part of hisbterotrich fibres mildy
chalky for a very short period. FHowever, no suach
case has been found in my material. The fine=-
nesg of histerotriehs, Jjudging meécroszcopieally,
seemg finer than the fine parte of curly-tip fibres,.
This is especidlly emphasised in less checked
arrays like Plateau or Saddle, where the dif-
ferences in the dismeter of the fibres are aston-
ishing and usually histerotriche seem to be finer
tham all the other fibres, 1In better checked
arrays the differences are less prcnounded, but
wi thout actual measurement it would not be prof-
itable to discuss the gaesftion. Pehhaps this
tiny item may be added - that some extraordin-
arily checked sickle fibres which are to be fund
in Ravipe, Valley and Plain arreys look muach

firper thapn histerotrieh Fibres,

. N ———— s g
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) %7 t:'\
Phe tip is, of eourse, without curl., Some histero-i o
& ?

®

; ; g i z i i : {
trichs, however, have their tips curved, this constituting |

one of ithe greacatest difficulbies in disbtinguaishing histero=-
o 3 3 & ‘

%

trichs from late (fine) curly tip fibres, This faect has

7 Y

been emphasieed by tutherland (46} too. He, however, pein-

ted cut that this difficulty may be eacsily overcome after af-c
fairly chort period of "hair splitting”. In the course Qfl
the present investigation a number of double samples have

been anslysed ané & few lamb's birthecoats were dyed in order
to ineresse agcuracy in judging histerotrich fibres. The

tion supports culherland's views

o
e

resalt of this investig

that in spite of the

m

light differences betseen histero=-
trieh and fine ecurly tip fibres in some arrays, errors of

apalysis werc negligible.

2. Time of Fisterotrich Growth.

By means of Gyeing it was possible to ascertain

not only the varistions ipn the chape of histerotrich tips

but aleo the time shen they start to grow. The lambs!
birthcosisimere dyed as soon as feasible after birth

anl it hae been Pound that a smsll part of histerotrieh

ibres have 1

ad the extres ips dyed, ot 8 i
eolouriess. 5 s ne tips dye others being

o s
dyed part of the tips was a very short

-one. Ae will be chown later on it wac poegisie to com=-
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pute the approximate rate of growth of histerotrich fibres,
this being about 0.60 mm a8 day, hence Jjudging on the dyed
tips a2 conelusion may be drawn as to ths time the histero-
$rich Tibres start to pilerece the surface of the skin. <This
fime is 2 or & days before the birth of the lanb§f this
last stztement confirms previous investigations published
by Dry (14) that, practically speaking, the histerotrieh
fibres start to grow at the lamb's birth. Moreover,

the present Iinvesbigation has given interesting data with
.regard to the time when the last histerotrich fibre follicles
are laid down, in other words - since histerotrich fibres
are the last lot of constituent fibres of the cheep's
fleecce, it was of great interecst to find out at wnhat age

ofAé‘lamb the fleece is complete. In order to answer this
guestion it was necessary to know exactly :
(i) the time in which the firet and Jastlot -of
hicterotrich fibres pierce the surface of
the skin;
(ii) the é2te of birth;

(iii) the d=te of sampling.

Thércelculation is a wéry simple sne. The lengths of his-
terotrichs were measured and dates both of odirth and sampling
were available, and it has ceen found that, e.g. lamb No. 27-
Saddle - on the half britch region , the longest his terotrichs

<5

were 10 cm. and shortest 2 cm., this lamb being 179 days old
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N
at sampling time, hence in order to compute the rate of ,
growth a day it ie necescary to divide: \

107 mm : 179 days = 0.56 mm a day.
No® knowing, (2) the growth 2 day, and {b) the length of
the shortest hicterotrich fibres we may compube that it has
taken zboult doc days to grow 2 cm. lepgth of the histerotrich
fibres, that is the shortest fibres found, snd hence
189 days - 36 days = 143 days.

It follows then that Lamb No. Z7 being 143 daye old has had
a2 complete fleace. The data computed for other lambs suns

ag follows

No.of Region The fleece The growth
Tambs is complete per day.
in
an half briteh 143 days 0.56 mm
A side 143 days 0.56 mm
43 britch 144 days 0.6C mm
48 rump 141 days 0.65 mm
74 britech 138 days 0.59 mm
Mean 141 days C.60 mm

It is underst,od that the figures calcula ted
above mast be considered only aspproximate and therefore
we may say that a Romney lamb sbout 5 months old has its
fleece complete, or, strictly speaking, ai this time the

i . @i < E;’ 3
last histerotrichs are piercing the suriace of the e¢kin




-lzz-

It must be added, however, that although the actual calculB-

tion is based on only 5 examples, the length of the shortest

ﬁ\

histerotrichs in all other lambe in the preseant lot is very
much the same., Thus we can conclude that at 5 months the
NewlZealand HRomney lamb has ite fleece complete. Thic may be

. regarded ac the apper boundary, since it has not been found in
later samples, e.g. hogget! camples, that any new follicles
are laid down 8fter the lamb is more than 5 monbthe old. In
very well depressed arrays, showing greal scarcity of histeré-
trichs, (cee page 13 7 ) the T ter starting histerobtrichs are
probably added earlier, Tais problem needs further investi-
gation.

3. Growth of Histerotriehs and the &
Density of the Flesce,

The above discussion seems to be very important
cince Burns (9) has published & table showinz the growth of

ekin ares in sh

v
o
z
)
N
e
G
L
o
e
5
o

to this author the growth
of skin area is maintzined until the cheep rezched 12
monthe of age. Unfortunately the data for the Homney
breed is not avsilable and therefore the data for Iines ls

gnit Vorridale breeds will be chosen:
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TABLE X111

Three-aquarser 3lood Ewes out of one-half
Blood-Bwes, sired by Various Breeds of Rams,

Body area: Mid-shoulder Mid-side ¥idg thigh
Breed of sire: Linme. GCorr. Line, - Corr. Line. Corr.

Age in months: Indices of skin area:first month equals 100.

z 187 116 124 L6 118 116
D 150 141 142 137 124 132
4 162 144 176 160 150 183"
8 187 lo4 216 174 157 187
© ' 196 170 227 188 LT 183
i 2056 190 262 207 179 200
g 210 193 264 218 170 206
9 217 195 270 281 174 215
10 229 201 2E2 243 152 226
;3 254 200 283 249 152 230
1z 249 201 300 250 152 237

(this Table is after Burpns (39).

b e e

fhe Tatle above sﬁows an appreciavle inecrease
in gkin sres after 5 months of age and therefore in the
light of the present investigation it ies apparent that
the density, that is number of fibres per unit area 1s

decreacing after five months of age. ‘herefore, in
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gpeaking of the aensity of the lamb fieece it is
neceegsary to emphasise the age of a lamb, and it

st zuiteble time for in-

o

S Ny eac bFan 5 §
ic =suggecsted that the me

¢

vestigation on the denesity of the sheep's fleece
ie when the lambs are above five monbthe old, but
not older than 6 months, AL thie time the Iatest

hi

7o)

isterotrich fibres are availabd le for counting
sné¢ the differencec ipn the skin expansion are not

very marked.

4 Wode of Histerotrieh Growth.

Graphs & apd 4 (74, 27) show the length
of histerotrich fibres. Tet as discecuss for the

gsake of example Graph 3, concerning the briteh of

lamb Ro, 74 YI}, Platean. The curve represents
two peske, with a deep gap between. Thie is the

moS8t typicesl mode of histerotrich fibre growth,

whick has teen checked in other arrays as well,

For the reason which will be explained in the see-

t1-n desl ing with the evolution of thefleece, these
=

bwo peake or &t least one of them uandergo a reduc-

tien and therefore in more checked arrays the gap

is not very well marked. However, ipn 8l]l arrays,

it has been found thst the same main features of

development can be recognised - we shzll therefore
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 Graph 3,
rength of Histerotriche, curly-tip and hairy-tip-curiyetip fibree,

Lamb 8¢, 78(158 days old), Saddle on halfbriteh, TNote the tw peaked
curve for his lerotriche, single curve for other fibres; negligible
overlapping between firet hieterotriche end late curlytip fidres; the
deep precipice between hairy-tip-curly-tip and curly-tip fibres,
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B
Graph 4.

length of His terotrichs:

Iamb No, 27 (179 days old), Saddle on half-
briteh.

Bote the two pesked curve; the first peak
{shorter fibres) is high-r than the second.
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spesk of the wave theory of the development of his-
terotriche. In other words, hiestrotrich fibres do
not time their entry iato the fleece in & way whieh

-

may be plotted in cimple fachion as a feequency
gurve, but Lhe curve consists of btwo distinet waves
topped with two peeks, <uch a curve indicad%ée that
hisvemotrich fibres pierce the sarfsce of the skin
in two waves, either of which may be higher or lower,
that is, the first or older igousisting of longer
fiores) may be higher than the second anile the con-
brary ie qgfiifte common as well. ihie means that at
least two phases in the dGevelopment of his terotrichs
must be recognisea. 7The Jirst phase ig when the
histerotrich folliecles are laid domn, at first,
slowly, then the develo ment of new follicles is
gccelerated until its cl imax, denoted by the second
peak on the graph, tLhen tﬂe foundation of new fol~
licles is withheld until the trough of the gap in
the graph is réachc&. The secund phese is iden~
tical with the first and lasts until the last fol-
licle i¢ 12id down, Sometimes the second phase is
farther £plit into two more or lese marked pesake
withi a shellow gap between (see graph 4). Luech a
carve, with an additional peak in the second phase,

will be diccussed .in the evolution section.



Abundance of Histrotrich fibres.

DLBIE XIV.

The means of Histeroirich abuandance.

Platesu Saddle Ravipe Valley Plain
& 2 1 & 1 “ 1 2 ;! 2
7o No. % B3, 9o BE W Ho % No.
Briteh 51.8 294 38,3 89 45,1 82 81.7 Hl - -
Ha 1f 52.2% 206x 38.5 84 36.3 71 31.6 53 - -
Briteh
Rump 54.0x 219= 24.8 73 39.9 84 41,3 85 - -
Side 60.2% 238x 34.0 60 42.2 B9 39.3 76 - -
Baek -09.8% ZI0x 48,8 87 §6.2 67 39.5 8. = -
dithere
od. 8% L2o% - - - -~ 7.3 64 32.5 81.7
Mean - - 2.8 78 .33.7 79 56.8 68 - -
Column 1: Histerotrichs expresced as percentzge of
totezl fibres
Columpn 2: Histerotrichs expressed per 100 curly tip
fibres

Jnly Iamb WTo.
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From the &bove table it is apparent that:

'S

he highest abundance of histe®rotrieh fibres

@D

—
e

—
=

wae found in the rlateau arraye 2nd the lowest
in Plain arrays:

(ii) The differences between Seddle, Revine, and
Valley arraye are of no significance - per-
haps Valley arraye are inclined fo chow a
slight tendency to lower histerobtrich abun-

dance;

(iii) Very marked drop in the histerotriech fibre
aburdance from Flatean sasrrays to more de-
pressed ones,

It musti, however, be pointed out that the greet

s L

ma jority of the lambes eoneerned were chosemn with
the briteh standzrd region heavily hairy with
grezt abusdanee of halo hairs, In desling with

ha lo-hair abundance the way in which the decrease

of halo-heir abundance tzkes placés has been men-
tioned sand it was ssid as well as shown in plates

thet already a few centimeters above the britch

o

the birthcost may be entirely free of halo~hairs
and this means the other regions heve more checked

arrays It seeme, therefore, that the drop in
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halo-hairs a2bundance is not only relasted to the
better or more severe pre-natal check, but &lso

thic drop brings about s simulbaneous drop in
hicsterobtrich abundance. Data given by Suther-

land (46) supportse the last statement. he
apnalysed Smddle arraye were closely associnted

+1th Plateau arrays on Romney lanbs of Grzdes

¥V ané VI. 1if the sudden drop in halo-hairs
abundance is correlated wiih & simultaneous drop

in histerotrich Tibre abundance, we chculd expect an
appreciably higher percentege of histerotrieh fibres
in high grade lambs. In Saddle erraye of Urades V
ané VI the mesn percembtage of hicterotrieshs ié

46.3%2 £ 2,12 S.E, with the co-efficient of veriation
11,36,

1t may be added, too, thet Cubtherland's mean

for histerotbtrichs in Plateau erravs, =211 the lambs

being Grade VI) ie 51.45 % 1.31 S.8. with the eo~
efficient of variation 12.286. Thic mean ie almost

identicel with the mean found in the present investi-
gation, ‘this beipog 51.8 per cent. The relatively
small coefficlent of variati on shown in Suther-
land's figure strengthens the real value of the

means, although tables of the &ppendaix show much
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greater variability of histerotrich abundance in
my maberial, hence this variability rather sug-
gects maltifactorial inheritance of histerotriceh
abundance. Thaoe we may conclude that a suadden
drop in hel o-hair abundsnce is correlsted with a
gimultanesous drop in hister trieh abundance. This
drop ie £till betbter emphacsised by compubing the

number of histerotrich fibres per 100 Carly tip

fibres (codumn 2 in Table XIV)
There is snobther inference to be drawn from
theee data as to the correletion of histrotrieh
gbunéance with arrays. It has been said that Valley
arrays tenda to have very low histerotrich abundanece,
this being £till better merked in Plain arrays. In
& previous diceussion it hac been pointed out that
Valley arrays as well as all the others should be
eonsidered as a geries of srrays having common

characteristices which sllow the classifieation,

n

and this eclassification ic based upon the resulls
of the sction of the "head check” but as it has
alresdy been pointed out th@”heéd check hazes its
limitetion, leaving at least 63 per cent of curly
tip fibres under the inf luence of the "tall check".
This tail check must not nececssarjly be confined

too, say Valley array. The trace of ite work may

~ ~ e A A ==, e D e
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be found as early ia Saddle or even Plateau arrays
end hence the veriation in the percentage of hairi-
ness, It is true, hevertheless, thazt the fullest
deve lopment of this "teil cheek” may be watched in
Valley arrays. In other words, in my material the
"tail cheeck” is a2lmost alwsys found whesn the array

is Valley and slways when the arrzy is Plein., Now,

. both head and tall checks are responsible for im-

provement of the fleece, the first by causing 8ll

)y

an sappreciable number of

{

pre-curly-tip fibres and
curly-tip fibres to be fine; the latter by ceaus-
ing all remeining carly-tip fibrec to be fine as

well, hence without interaction of these two checks

marked improvement of the fleece could not be made.

[

It is, of course, only in Valley and flain arrays

thet these two checks Jolning foreces and there=-

jie}

¥
fore we feel om surer ground in looking for wool
improvement on these more Gdepressed erreys, HNow,

instead of speaking of "tough" or "weak"¥alley

03]

~+

arrays, we are justified in saying "more or less
improved" ¥elley array - that ic & Valley array
with a smaller percentage of pegk early Gip

fibree will be more improved than one ®with a

greater number of these fibres, and s£till further
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when & Valley array reachec & stage when all fibres
sre fine or nearly so there is still left ample room
for further improvement in the length snd diameter of
fibres, at least, fiow coming back to histerotrich
abandance and keeping in mind the ftendency to de-
crease the histerotrich populetion @ was concluded
from the mean of histerotrich abundance wit hin

Velley arrays, we m8y cuspect that thie dimanition

would be better marked in more improvedValley arrays.

Here again, Sutherland's d=ts furnishes the evidence
that the above supposition is corrcet. He analysed

low grade lambs from Vrvie experimental stock as well
ag from stud stock of the Romney breed anc Wensley=-

dale breed. It is understood that Romney stud

(&>

stock of Massey Agricultural College as well aspedi-

gree Wepsleydales may undoubtedly be regarded as

i

well improved sheep as far sc¢ the present dis cas-

7

cion is concerned: Sutherlend's data are as follows:

Dryls Experimental Homney Sheep: - Valley Arrays

224 Grede 1

Jbé Grade II

22% Grade II
Histerotrieh mean Zl.llﬁ

Curly tip fibre mean 58.44%
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Romney Stud Ewes:

Histerotrichs
Curlytip fibre

Wensleydales:

Hicsterobtrichse
Coefiicient of

Carly-tip Fibres
Coefficient of

Valley arrays

Mean 21.15 %
mean 58.44%

Valley Arrayse

WMean PR B T A
variation ©5.25

Meen 15.98¢ 72 93 9,
variation 17.83

S.E,

E.

Thus we can safely state that the more im-

proved the Valley array th

fibres.
Hicterotrich
citesed in the

@ifferent gngle.

to eccape the question

fibres

lower the Histerotrieh

"will be further -dis-

"evolubtion cection” from a somewhat

Fevertheleses it is not possible

of the importance of the

enormously high coeffic ient of variation of the

vercentage of histerotrich fibres shown in Wensly-

dales ag well as

85). It will be suggscsted

bility, apart from its genetical aspect, is

in Stud Romneys

(the latter being
that this high varis-

cae

to the foundatinsn of new histerotrich follicles.

0. -
ihis proeese, though, obscurs:s

of histepotrich evolution andé

nekes onérathe:

doubtfa

the éietinet brend

2t the same time

1l abgut the conclusion

reached by bell, Spencer and Hardythat the later

——— R . T —

i
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density of the fleeee could be judged in the esrly
weeks of the lamb's life. the szuthors have cstated
that =fter birth, sn inocresse of about 20 per cent
new Tibres ies to be expected. In view of the
igh varisbility im the percentége of histerobrichs
ound by Satherland enc mgself, one might Goubt

=

ion hae any prac-

c*

PN

very much whether such an est

tieal velue for the Sompney RBreed.
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SECTION II.,

I. SHEDDING OF BIRTHCOAT FIBREC AND THEIR SUCCESSORS,

The Pre-Curly-tip group plays the decisive role
in kemp hairiness, ©gyve that just occasionally Dry has
found some secondary kempes to succeed hairy-tip-curly=-tip
on the bsek, it is on the pre-curly-tip group of birthecoat
fibres that the presence and abundance of the second&ary
kemp depends. Dry (16) called the birthcoatec Kemp "Gy "
and their successors in the same follicle, whether shed or
not "Ggm, °  Diese terms #ill be used hendeforth. Thus if
the shedding of birthcoat fibres is very poor, the abundance
of Gs will also be very poor. Thie is the rule which may be
expressed in the following statement : Eo Gy no Ggo. Prom
this simple statement it is not to be understood that selec-
tion against sheéding chould be advocated in the Romney breed.
0f course, g fibre does not cease to grow and instead of Gz
the fleece will contain persistent chalky fibres, which havé
been described earlier. From & manﬁfacturing standpoing
this "non-kemp-hairiness" as Vry (16) has célled 6, 18
andoubtedly undesirable. It must be emphasised that the
difference between"kemp -hairiness” and "non-kemp hairiness"

hinges simply upon whether the fibre sheds or persists.



Kecessarily a fibre maust do one or the other. We have here
an "all or none™ situation, but in other respects shed or

persictent fibres of the same type may ve guite indistinguish-

able.

1. Shedding in the rre-curly-ti
%roqg: 1te variatione in dif-
erent body regions and arrays.

From Table XV which gives the means of shed fibres
(Gl) expressed as a percentage of fibre types (see also the
appendix) the following conclusions may be drawn:
(a) A.1 Halo-haire are shed, this being the rule,
yet 1t must be remembered that both Dry and
Sutherland found very occasiongl peresistent
halé-hairs.
(b} In the remsining constituents of the pre-
eurly-tip group, the shedding situation:
varies according to the array and the region
of the bodq. With regard to the arraye it
is elearly shown in Tables XV and XVI that
the Plateau arrasye have the highest percen-
tage of shed fibres ami the Valley arrays
the lowest. & comparison within certain

arrays over different body regions suggecst
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that in some megions the shedding is stronger
and in others weaker. Thus the shedding 1in
all arrays, in order from strongest to weakest,

may be arranged as follows

(a’ Back

(b) Rump

{a) Half-britech
{a) Briteh

{e) Side

i) Withers

Attention may be drawn to the sudden drop in the
shedding between the back and side, and baek and withers
positions. Again if different arrays are compared on
the same body region it is apparent that the more checked
the array the less the persentage of shed fibres in a
given typc. Farther, fibres more closely related to
halo-haire show a8 greater percentage of shedding, while
sickle-fibres show & smaller percentage of shedding.

Thie general statement holds true for all arrays and body
reglions. fhe very important point which must be remem-
bered is that the balanee in the pre-curly-tip grougp
varies according to the array. #& it has already been
mentioned in the sickle fibre sectiion, the cenbtre of
gravity is in more checked arrays shifted towards the
cickle fibre type, hence in Platean arrays with no

sickle fibres it may be expected that the relative

and absolute percentage of shed fibres will be much
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greater than in Valley arrays, bhecause in the I tter
the balance of the pre-curly-tip group is so shiftgd
to sickle fibres, that in extreme cases the pre- )
curly-tip group consists entirely of sickle fibres.
Sickle fibres, according to previous statements,
show
{(a) the smallest percentage of shedding,
and
(b) @& =still further reduction in the per-
centage of shedding is the accompeani-
ment of more pronounced depreseion in
the array, that is a Valley array with
a strong "head check"”, will have nearly
all ite sickle fibres fihe, and fine

fibres are almost always persistent.

It followe then, that_there are two ways of

decreeasing the shedding of fibres:

(a/ the shifting of the centre of gravity
of the pre-curly-tip group towards
gickle fibres;

(b} stronger "head check" causing the

gickle fibres to be fine.

These two phenomena come together in the course of an
evolutionary process causing the shifting of arrays

from Plateau to ©Saddle, ~addle to Ravine, Ravine to



Valley and Valley bto Plain, hence if selection is
based on weak (intensely deprssed) and truncated
arrays, thie selection is directed ipso factoiagainst
the shedding of fibres, The last statement is not
to be understood to mean that I am convinced that
the "head check™ is as influential (or is even res-
ponsible 8t all) in preventing chedding as my co -
workers believe, The "head check" changes only
the balance in the pre-curly-tip group and causes
the fibres to t fine. It seems that with the
"head check" is closely correlated the shedding

g0 that-we can e&peak or the correlation Wimhoug:
regarding the genes responsible for the "head cﬁéck",
as simultaneously responsibie for tie shedding =itu-
ation. Thie point, however, e¢8lls Zor Turbther

investigation.



TABTE XV
SHEDDIEG OF RIBRES RXPRESSED AS PERCENTAGE OF FIBRE TYPES,
(N.= normal shedding; 8. = Smoky shedding; ©Pers. = persistent)
ELATEAU SADDLE RAVIIE VALIE Y
Shed pers. Shed, pers. Shed pers #hed pers.
K. 8, 2 N, 3, N, S. N, 8,

_BRITCH:
Beby 100
Helo-heirs 100
5.5,A, 64. 8 85.2 10 90
8,8,A 34,7 65,3 100 100
8,85, B, 39.4 60, 6 190 A8 5
Sk, 50,0 50, Y 100 100 390 2
17 i o NG SRS i S 92,5 100
2+ 7, 0.1 99,9 130 100 100
HALF-BRITCH:
HalChrirs 100 100
5. 8.A, 100 60 40
8,8,4,° 76.5 23,56 35 65
Soso Bo 56.8 45.2 18 82 ) 100
sk, 28 T2 8 92 e

o*oc. ‘o 100 100
1 el 99.9 100 100
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TABLE XV (con.)

LATEAU _ SADDIR RAVITE VALLEY
shed Fers Shed ners, : Shed pers Shed pers,
R . N, 3. ., S . 8.

RUMP :
el o-hairs 100
8.8.A, 75 25
5.8,A' 100 83 17
8:3.1B, 89 11 24 96 9 91
sk, 23,6 76,6 11 89 100
$.7.0,%, 100 100
0.1, 10 100 0.4 99.6
SI IE:
Helo-heirs 100
3.8,A 33 67
8.8,A' 100 13 87
5.8.B, 9 21 31 69 ARG 87,5
sk, 8.7 91.3 6,0 94 5.5 94, 5x
B, 7,67, 100 &
g, 100 100 0.2 99.8
BACK:
Halo~-hairs 100 100
S,3.A, 100 100
8.8.4." 100 100 45 S
8.5, 8. g0 10 89 11 56 45
Sk. 94 6 3 82 4z 61
Ry, 0,7, Q, 2 99.8
5 s 5,7 94,3 100 0.8 6.5 99

WITHE RS:

Helo-hel rs

3.5.4

8.5 8

sk, 198

1 i e A 10

100



Gy (Shed)

expressed as

TABLE XVI,

(cosrse Tibres shed and cut)
e perocentage of total fibres,

Platesau Saddle Ravine Vallep
G G G G G G ~ G
1 b i & 1 2 1 2
Britch 607 6.:5 005 On:) )~ 2=l - ol
H&lf*britch 5-5 3( 505 x 3.5 206 104 1-0 - e/
Rump B.7 % 7.8 % &5 1l 257 420 5 S U 5 0.8 0.8
Side 2.6 B 2.6 % 0.8 0.6 0.6 0,6 - -
Back WO e T N 10.9 = 100 % 4,.¢ 4.2 148 Lod
ﬁ’ith‘ers . -~ Lo - - -
Mean 3. 8 s o) BEA 1.4 0.4 QLD

# From one lamb only.

=l Fle



Looking on the shedding situation as it
from Tables in the appentix, one ie struck by the

tions wi thin the array on the same body region.
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can be seen
great varia-

Tor the sake

of simplicity let us take three examples of shedding in Platean
array on the britch.
Lamb No.
No. % Ho. % No. %
Baby H
Shed 4 6.6 2 4.3 G 0
Pers 0 0 0 0 o 0
Bl
Shed 11 1850 17 56.8 10 24,4
Pers. 0 0 ¢ &) 0 0
B Sk
Shed 2% Gh 1 25,4 3 7 o
Pers I W6 10 ksl 25 8581
S 8.A°
Fhed 4 6.6 2 4,3 0 0
Pers 0 0 3 6.4 4 9.6
S.5.B,
Shed 2 S €: W 0 0 0 £
Pers. 0 0 2 4.9 1 2.4
Sk.
Shed 1 1.6 0 0 2 S
Pers. BEt 0 O 0 0 8
TOTAL
" Shed 60 98.4 OF - GBS 2 31. %
Pers. 3 1.6 ih S E 28 68.3
pers = persistent
No. = number of fibres in a given fibre type
% is exprecsed ac percentage of total pre-

early tip group.
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The firset and third examples show the extremes,
the second is intermediate. Now the cuestion arises why
arraye vary as to the percentage o shed fibres. The
full apnswer to the above cuestion would involve a de~
tailed discussion upon the forees at work causing[the
fibres to shed. It waes nol my purpose to extend the
present invectigetion into the shedding situation, and
therefore only & few poiats will be sfreesed, points
which may be of some help in the future investigation
of this subject.

The precent investigation seems to ipndicate
that there are at least two czuces bri.ging abosut shed-
ding or persisting:

(1] the qguantitative effect of _enec responsible

1 the other

m
fd

for shedding varies Just a= 8
guantitative effects of genes workxing upon
evesry other quantiative trail, e.g. the namber
of sickle fibres, the number of curly tip
fibres , ete.
(1i) as it has already been mentioned in precedirng

sections, fibres compricsing the pre-eurly-tip
group have tw different shapes of tip (since

helo-hairs are all ehed they may be left out

of account). Yhe typieal sickle like shape

of fibre tyips usually furnishes the le £t wing
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of each fibre type and the non-typical hook or
curl-like shspe furnishes the right wing (see
fig. 2%). 1t was said, too, that the left wipng
is associated with halo-hal re, whereas the right
wing is agsociated with hsir-tip-curly-tip or
carly-tip fibres.
The statements now made have references especially to
Plateaun and a2lso to ~addle on the britech, bordering on
plateau, vomebtimes, of course, it might happen that
fibres on one wing are laeckinsz or the number of fibres
on the one wing or the other varies, eg. S.S5.A. fibres
having typiecal sickle ends may furnieh the wole series
of 8,5.A, fibre type; on the other hand, there are
cases in which only a few typical 5,S5.4, fibres are
found, the others in this seriec being non-typiecal.
Now‘if shedding tekes place, it will be slmost always
found that the majority of typical sickle-ended fibres
are ched, that is, the left wing of a fibre type will
be ghed, whereas the right wing comprisiag the non-
typical sickle -ended fibres is persistent. 4 gituation
has never been found in which the lefl wing is persistent
and the right wing is ched. Let as come back to these

three examples, Iamb Ko. 27 shows very free shedding
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In such a case we should expect that all the super sickle
fibres will be shed, and, if a persistent fibre was found,
thés should be, at least, & sickle fibre. However, this
single persistent fibre is & S.5,4. fibre &and it may be
atded at once the only one placed on the right wing and
closely associateéd with heiry-tip-curly-tip fibres. ‘“he
szme t£lory repeats iteelf in the two remaining examples,
the differences being that the right wing of the fibre
typee is longer, henece the percentage ol persistent fibres
is bigger. This ie= perticulsrly clearly distinguishable
in the second example. Notes - made in the course of
erelysis describing this array, point out simply that "all
shed fibres are typiecal, 2ll persistent are linked up with
hairy~-tip-curly-tip fibres”. It may be worth while to
show the cshedding situation within hairy-tip-curly tip

ribre series in these perticualar caces:

H. T.C.T-

Shed Pers.

Lamb Ho. 27
No. 10 101
% 9 o1

Lamb No, 76
0, 6 oo}
% 15 £5

Tamb Mo:; 75
No. O 60
% 0 100
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The above figurees show that shedding in H,.T7.C.T.
fibres is very much l ss free than in pre-curly-tip fibres,

It has been said that the fibres comprising the
right wing of the pre-curlytip series are very gimilar to
B.P.C.T, fibres, the similsrity lying not only in the tip
shape, vut &lso in the post-natal structure of the fibres,
that is, the post-natal structure of the right wing fibres
is almost identical with that of hairy-tip-curly-tip fibres.
In other worde, if H,7.C.?, fibres have a "orisis thinnliaog"®
so will the "right-wing"” fibres have this "erisis thinning".
If medullation devives it does so 1n both types, etec., Cne
might, therefore saspect the non-typical conshtituents of the
pre-curly~-tip group of having originated from a different
stock of fibres, a stock whiech is not apt to shed. Thus 1t
is suggested that fibres furnishing the right wing of every
pre-curly-tip fibre type have evolvea from hairy-tip-curly-
tip fibres, and in this way it is possivle to explain the
different behaviour of shedding within the pre-curly-tip
group. It must be kept in mind thst the above explanation
holds true in all cases in which non-typical sickle-ends
were found., Thie does not mean thalt chalky fibres with non=-
typical ends never shed, or thet chalky Tibres with typical
ends never persist. Of ¢course, 2 smal 1l proportion of non-
typical fibres do shed and a relatively larger proportion
of typical chalky fibres of the pre-curly tip group

persist, but the outstanding feature of
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typical sickle-ended chalky fibres is shedding and for

non-typicel,non-shedding.

Ak

Shedding in Surly-tip @roup

The type of shedding which has teen discussed
in the preceding chapter may be termed "normal shedding®
or briefly"shedding". This is, however, not the only
type of shedding found in the sheep's fleece. The
abnormal shedding has been termed by Ruddall (42) and
Satherland (46) "emoky" shedding. The latter will be
discuscsed in the next chapter. Here a brief mention
m&éy be macde that "smoky"shedding is to be fHrund al most

lways within the carly-tip group, the mean being about

2

1 per cent in H,T.C.T. fibres and about 0.5 per cent in

m

C.T. fibresn. The percentage is . xpresced sc percentage
of total fibres of the particular {ype.

The amount of normal shedding within the curly-
tip group is negligible. As can be seen from Table XV
only H8iry-tip-curly-tip fibres in Platesu arrays on the
britech regions have en appreciabhle number of shed Tibres,
the mean being 6 per centb. In all other arrays, in all
the standard positions over the lamb's body if hairy-tip-
surly-tip fibres were encountered they were persistent
fibres, with one exceplion, this being the back position
in valley arrays that shows a trace of shed hairy-tip-

curly-tip fibres, namely 0.2 per cent.
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Within the Curly-tip fibre =eries, normal shed-
ding takes place very seldom indeed, ln fact, here
again only in Valley &rrays on thes back have shed
enrly~tip fibres been found, the mean being 0.5 per
eent. One Valley arrey, howeverk had as high as 3
per cent of shed ceurly tips. One Saddle array, too,
found on the back positionied 5.7 per cent of its curly
tip fibre population shed. Fhus from the data in hand,
8 conclusion may be drawn that the curly-tip féllicies,
showing a veey low per centage of shed fibres, play a

very unimpor a&nt role in the produetion of Yo hairiness,

=

3., Shedding of Histerotrichs.

Histerotrichs are always persistent,. This is the
ruale, Howev-r, one odd histerotrich hacs been found which
was shed in normal fashion. fhis was found on Lamb No.
44 in the Ylain array on the =side region. This shed
histerotrich has been found by mere chanee because in
the couree of sorting the fiure$: one's attention-is
drawn to the butt end of the chalky fibrec in searching
for ched fibres and very little, if any, attention was
paid bto butt end of histerotrichs. Lt hae been taken
for granted that histerotrichs, being fine, must auto-
matically be peresistent, On the other hand, searching

for shed histewbtrichs is very tedious because it eannot
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be detected macroscopically that such fibres are ehed,.
Since ?g)investigatioa has been made of the chedding
cituation within histerotriche no conelusion as to the
frequeney of shed histerotrich fibree can be drawn from

£}

an accidental finding of sned histerotrichs,

I1. THE MODE OF SHELDIEG.

A few observations upon the mode of shedding of
fibres In the Romney fleece may be worth while, whese'
observations were made in a rather cketechy way an€ chould
be looked upon as a by-produacet of the investigation.

As it has already veen mentioned in the preceding
chapter, two types of checding have been found - normal
anG smoky. Af to the latter, Sutherland (46) found all
intermeliates between "smoky" end normal shedding, yet he
writes (p.31)

"Phat this type of shedding temoky shedding) is
_~ peculiar to rortuitfously shed fibres, and is,

therefore, bhe result of a di
r

different set of
gireumctances from those responsible for nor-
mal shedding'.

In the present invectigation this matter was not studied
ceriously. Lowever, one familiar with these two types
of shedding may accept Butherland's view. In the course

of the present study curly-tip fibres were found whiech
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have & combination of thece two mndes of shedding, that
is a fibre starts to shed spokily and sfter a little
while it sheds in normal fashion, Guch a fibre is ple-
tared in fig. &0. The above deseribed combimation of
shedding suppor tc Sutherland's view again,

It may be worth while to mention thai one super
gickle B fibre was found wilh a "emoky" shedding (l.amb
No, 76 - Vzlley on the back).

The basal ends of shed fibres have heen describeﬁ
firdly by +ry (13) anu later by Satherland (46}. Gener~
ally speaking, the shed butt iz ended with 2 brush or =
cluab., Thesge bassl ends are sometimes enclosed in a sheath.
this sheath, as 1t h&s alrcady been mentioned, btakes (Qraunge
G very easlly, whereas the fibre itself does not. We thus
have & very simple wsthod for dyeing ané distinguishing
ander the mleroscope the sheath from a bruch or club, =nd
it' 18 even possible to =ee very clearly the enclosed brueh,
Sutherland has alreadj deceribed variati one in shedding
without the sheath, The sheath of thed fibres may be
long or short, nsrrow or broad. ihe basal epd of such
& sheath is usually circular but & sheath has been found
with a bottom split longitucinally in & gomewhat root-

teeth fashion.
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: It may be worth-while to mention the relative
frequency of shedding with and without a Bheath. The
mieroscopical apralysis of ched fibres of twelve different
arraye on different body regions is givern below in Table
XVII. This Table shows that "sheath shedding™ is more
common than non-sheath shedding. This statement is in
contradietion to Satherland's opinion (p.94) -

PShedding with a sheath ap pears less common
than without the sheath™,

TABLE XVII

TYPES OF NORMAL SHEDDING,

No. ﬁn

Halo hairs

Brush end 22 33

cheath end ; 44 67
S.8.A.

bruch end €0 35

cheath ehd 38 o19)
S.5.4A7

brush end 15 47

sheath end 13 53

S.8.B.

brush end 3 42

sheath end 18 o8
SK; brush end : %6

sheath end ﬁﬁ s
H,7.C.T, 5 s

brash end -0 C

sheath end 7 100
Ct T.

brash end . 8] 0

cheath end i 100

e ==
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Dr. Pry understands by G. &8ll successors of virth-

N

coat Xemp, whethér shed or peesisteat. In the course of the
present study it wec impossible to ascertain whether G, was
shed or persistent vecause the cemples were still too short
and gquite a number of LUg were cut. 0f course such Eg
could be shed Ia ter on. Generally cspeaking all the data
collected upon the beasviour of Gy give the fullest support
to Dry's views and conclusions reported ia various publica-
tione of hie, ard therefore it is considered necessary (o

strecs only a8 few poinbs,

1. Relation between G, and #rrays,

In Table XVI, the data are given to show that

there is a relationship between the arrsye and the sbun-

dance of Go. As a rule we can state that the less —_

2
checked the array, the gregter the proportion of Gl fibres
succeeded by halry Gz fibres. Thics is understood in the
light of previous discussion, when it was pointed out
thet the balance of the pre-curly-tip group is in more

ehecked arrays shifted towards sickle rfibres.

2. Relation between G2 and body region.

corresponds with that of Gl

———
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., Relation betwean keuwp-hairiness
(Go) 2nd non- kem%vnairlne°s (per-
“f stent chalky fiDree),

cach a aivision is an arbitrary one.

The rfollowing is an example of a common way
in which the two kinus of hairiness are united. I
have been particularly impressed by super sickle B
fibres, chalky untilVerisis thinning", then haﬁing a
Pine portion of about & em long, after wshich the
cza,LLne°s hevived. The latter chalkiness corres-
ponds in erfy respect with Xemp ch=lkinecs. Agein
the divicon within Gg is an arbitrary one. Especial ly
ir Bopn-plateau arrays, the successors of halo-hai re
have & distinctly better chance of chedding than the
guccessors of ofher pre-curly-tip fibres, &g a rule
the chalkiness of G, is 2 reflection of the general
chalkinees of a given sample. If the chal kiness of
persicgtent fibres or strictly spesking of the head
part of an array is well maintaired down bthe samples
the G will be very dﬁalky tao.

Let us give & few examples,

Hairiness
/U
. Eamb Re. Ll Britch,Platean 56.4

G o " 11 Half-briteh, saddle 34,2
: o T 74 all regions 4+ 100.0

(S o]
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4. lamb Bo, 76, Briteh, Platean B7.0
R # 81, Briteh, Flateau 45.8
o - Briteh, Plateaa 49,2

The first, second and fourth examples show & congider-
able number of pre-curly-tip fibres ané h&iry-tip-
curly-tip fibree, chalky thraughqub.

The £ifth and sixth examples show a2 still
greater number of fibres chalky throughout, snd Lemb
Ho, 74 has extremely chalky fibres. In these gix
exemples Gy wae very chalky. On the other hand
there are arraye which, though still heiry after
lericis thincing”™, are comparatively fine and then
Go shows an apprecisble reduction in coarseness,
Such arraye are:

Hairiness

1. Lamb Wo. 75, Rriteh,Platesu 24.6
2. Tamb No: 44, Britch,Plateaun 30.7

In the first example only, few Gp were really
chalky, others were rather fine. In the second example
not a single Gz was found to be heavily chelky. To
the sbove generalisation & recservation must be made,
namely, that the succescors of birtheost fibres well
to the left of the array, and especially halo-hairs,
usually escape from the check and usually they are

ehalky; e©.8.
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Lamb No. 27,

Britch - Plateau.

Baby hairs

Shed 4 6.6
pers. 0 0
i Halo hairs
£ shed 11 18.0
i pers o 0
/ SaSh; ;
/ shed 29 W 87.0
£ //// pers. 1 1.6
A\ S.S.4¢
i ched 4 6.6
! pers. [} 0
i S.,5.8B.
) shed 11 18.0
/ f o5 pers, O 0. &
{ v : ched 1 1.6
‘ kﬁ pers. 0 0
I 4
d Gy 70 o
L )
Hairiness. P
% Express

ed &s percentage of total fibres, obthers
expressed as percentage of pre-curly-tip group.
/ ; )

Gk found in the above array varies as to the
chal kiness length, shedding, etc, and it may be as-
sumed that the successors of early fibres sre more

dangerous than the successors of latel ones, because
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the former can escape the prescsure of the check and the
latter cannot. X very striking example that the succes-
gsors of late fibres, that is super sickle B and sickle ,
fibres,are almost always &n the orbit of a check respon-
sible for after-crisic-lefel fineness (Section III) is

that of lamb No, 83, Saddle on the back.

No. %
S SLAl
shed 3 6.4
pers 0 0
s A
shed 9 %
pers. 3 Bk
Sk.
ched 32 68.0
pers. 2 4.3
y
44 11 =
G z 0 0
Haéiriness 16.4

¥ Exprescsed as percentage of total fibres, others expres-
sed as percentage of pre-curly-tip group.

Thus this latter array in spite of having 11% of

total fibres shed has no single chalky successor!
With regard to the structure of Gp it may be szid

that there are a hundred and one variations. A Gy
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fibre may start to grow with a chalky tip and after 2
while the chalkiness is diminished and a fine portion
of Gp follows or a Gg fibre may start with a fine tip
and becomes ch&al ky after a while for a longer or
shorter petriod and later on the chalkiness disappears.
Also the general crimp of a staple is cuperimposed on
Go fibres, e.g. Lamb No. 74 has crimps only in the back
and Britech. On these regions ©“C5 is erimped too, but
on the side where no trace of crimp ic detectable the
G2 Tibres are as straight as all the others.
Thus, to sum up, emphasis must be laid upon the
following factors:
(i) in kemp production the follicles of the
first fibres, that is halo~-hairs and
their closest associates play a very
important role;
EED) there is a correlation between kemp
hairiness and non-kemp hairiness;
(1i1) thé' rekation between shedding in G, and Gy
has been found in this laboratory to be
orderly, but a 1little elaborate. To be

sure, the cucdessors of halo-hairs may be
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non-hairy persistent fibres, but they may
be hairysfibres or kemps. Consequently in
a breed in which halo-hairs in the birthe
coat confer no advantage on the lamb, it
is simplest to baée celection on btruncated
arrays with the hairineses of persistent
fibres never sustained below the erisis
level. Such an array may be cometimes
a weak"Saddle" providing however that the
post-crigis-level-check is strong enough,
bat it ceemsimuch safer ideally to chose
as a standard array a weak Ravine or weak
Valley. Cne could cobjeet that here is a
me thod advocated which leads to selection
against hairiness,. Exactly. As long as
the conviction prevailed that kemp is a
remnant of the outer coat and all other

hairiness had originated from the inner

(¢

oat, sach a Civicion was tenable. Whis

view 1s, however, Wwrong.



-158~-
of the.coat
As our knowledge/of the Homney lamb has advanced

it is more &nd more realised how intimately relsted are
those suppocsedly different kinds of hairiness. Both
sorte of hairiness may be regarded as belonging to the
same cubstratum acted upon - carved or sculptured - oby
the pre-natal check or other forces.

Later more will be 8said about celeetion against
that aspect of hairiness which it is cornvenient to call

non-kemp hairiness.



