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INTRODUCTION.

Kemps may be definqd as hairy fibres which are
shed after a short period of growth. Birthecoat kemups are
succeeded by fibres in the same follicle, and there may be
varying amounts of this second generation that are also shede.
Thus, successions of kemp often continue throughout the life

of the sheep making the fleece uneven in & way usually undes-

- irable. Previous studies (Dry 1940/ have shown that selection
against high abundance of halo-hairs is effective in eliminating

kemps ‘Although kemps are associated with coarse fleeces with
hizh abundance of halo-hairs, thqy‘are not always present. A
hairy birthcoat follicle after growing and shedding 2 kemp

may produce fibres of persistent growth; hence this study should

have significance for breeders of Mountain Sheep which
characteristically have hairy birthcoats. It is understood
that a thick, hairy birtheoat of halo-hairs with a minimum
of kemp in the adult fleece is desirable in the Scoteh Black-
face lamb. '
The various characteristic fibre types of the
sheep's fleece have been studied and classified by Dry (1933).
According to the collection of these types present in -one
saﬁple of wool, eertain characteristic arrays can be recog-
nized(Dry 1934/ These arrays c¢an be arranged in a series :-

those with sickle-fibres are non-Plateau with few halo-hairs
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and include Saddle, Ravine, Valley and Plain arrays; those
without sickle-fibres are Plateau, coarse arrays with many
larze hairy halo-hairs. The former type of array, non-Plateau,
is found on finer woolled sheep such as Wensleydales, fine
homneys etc. while the latter type of array, Plateau, is
found on N-type Romne s and Mountain breeds such as Scottish
Blackfaces»

The time needed to determine whether the fleece
will be keupy is the time required for a kemp to shed and be
followed by succeeding fibres, i.e. about six months. It
would be of advantage to breeders if this determination could
be made soon s:fter the birth of the lamb. For early recog-
nition and also for a basis of selection, corregzation of
productive capacity with other charecters has been a favourite
subject with livestock breeders e.g. milking capacity. If
correlation; are real they can thus be very advantageouss.

Now, by making use of previous knowledge of fibre.
types of Plateau array, it has been possible to find a
sorrelation between the presence or absence of kemp in the
adult fleece and the characterisation of fibre types in the
birthcoat.

In the case of non-Plateau arrays, Dry (1940) has
derived a theory, based on a correlation, for early reoog~
nition in the lagb's coat of presence of kemp in the adult
fleece. Sickle-fibres which have proved to be the determinate

fibres in the classification of arrays, are the determinate
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rely possess sickle-fibres, but if present at all
they are in very few numbers and are often aberrant forms.
The non-~-Flateau generalisation is therefore not applicable
for N-type E%&@é with Plateau arrays.

It was necessary, therefore, to find some means for
the early recognition of kemp in the N-type {leece where it is

so often in such considerable abundance. Throughout this

¥

re examined In order to establish 2 method

%

study, ceriteria @

¢

for this recognition based on the characteristics of the fleece

and ilts component fibre Lypes.



METHODS.

The study was made on wool samples taken from the
standard %Mek position, that is, the middle line at the
level of the last rib, of 81 New Zesland Homney lamb and
hogget fleeces. The animals were all of the specifically

bred "N-type" i.e. with & very high abundance of halo~hairs

at birth and with coarse hairy fleeses in the adult sheeps

¥ Plateau or neasr-Platesu.
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individual fibres were sorted oul separstely
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all samples, classified and counted. The groups of

Pibres were laid oubt on blasek velvet in serial order, i.e. Lhe
supposed order of zctual fibre initiation in the skin (Dry

1933/ Thus an "array" can be recognized according to the




In N-type sheep (Fig. 1/ where there is a great

abundance of halo-halrs, these 3 arge Tibres and often oth

4}
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hairy birthcoat Cibres such a2s super-sickle~fibres, halry-tip-

for

curly~tip fibres and even some curly-tip fibres (Figs. 4-9,,

1

are shed after three monthsi =.o inh. These are known as

£

Generation 1 (Gl). There may be an odd halo-ha
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of persistent growth. Succeeding fibres in their follicles
(Fige. 10/ may or may not be shed after about another thre

months - Generation 11 (G2J; siw’z%ri; a third ¢ ﬁ%égai@ﬁ} (G3.,

may follow; and so on until in @ﬁ@v%é&l% animal with abugdsa
kemp, it is possible to recognize the generations asg distinct

layers of kemp in the staple (Fig. 11/.

t may be said that a fibre either is, or is not,

shed but G2 kemps are Tound of varying lengths. In a few

are very ljong and not shed until the usuval time for

i?ﬁ;s 22 s%* if?ig Q?} ?ﬁgt g%%

iinning” like an attempt at shedding, and then
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If there is little G2 kemp, (less than 75 ke

2 4 o

100 halo~hairs/, the kemp = ades out glmost completelj in the next
two generations. T@%~$ﬁ%§i&gx,g %g@%% examined were exceptions
where there were odd kemp égaeéégafg up to G4.

Apundance of kemp is well sustained throughout the

life of the sheep. One outstanding exception Lo Lhis is
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vrprising. lamb HNo. 36 had abundant G2 kemp, then none
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in G3, and the 33 persistent successors of No. 36 were all

fine and woolly. However, wool fi%fes are -due to & lessened
astivity of the follicle cells and are %%réig shed. It

would therefore appear that some check to the growth of

the follicle cells had occurred in this case and kemps were

not produced. The 32 kemps themselves were slim, short and
much erimped. Some hairy-tip-curly-tip snd all curly-tip fibres
showed 2 marked reduction in hairiness after birth and were
woolly and sparklinge. ?&e%& wa.s also & large aumber of
super-sickle A or small halo-hairs.. . In. Platesu

arrays, much kemp on the flrst fleece is sustslined in later

years (Dry 1941).
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ABUNDANCE OF KEgEMP

' \Uf CORREIATED WITH FLEECE CHARACTERISTICS.

In spite of the large number of halo-hairs on
the birthcoat of these N-type sheep, they do not always
show successions of kemp, and may ﬁot showlauy kemp at all.
The second generation fibres (G2 may be of ﬁersistent
growth (Fige. 13/. :

In this study, & measure of the amount of G2 kemp
is ziven in terms of the number of halo-hairs that are
succeeded by kemps, and is calculated as ths number of G2
kemps per 100 halo-hairs in a sample of wool. In some
' cases, follicles of large Birtheoat'ribres other than halo-
hairs may also produce secondary kemp, the number exceeding
100. Injother cases, a few halo-hair follicles as_well as
those of other birthcoat fibres, give rise to G2 fibres of
persistent growth, and then there is little kemp, the number
being less than 100. Even when only three-quarters of the
halo-hairs are followed by secondary kemp, this amount is
stiil regarded as undesirable. An arbitrary f&gayge
between 75-110 kemps per 100 halo-hairs, is fixed as
an intermediate amount of kemp.

Of‘the 81 sheep available with G2 kemp in the
fleece on the back, there were %i with abundant kemp i.e. with
more than 110 G2 kemps per 100 halo-hairs, : ﬁibh medium
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%e@@ ie.8e %@%%éea 75~100 kemps ;éf 100 halo-hairs, and
29 with little or no kemp i.e. from 0-75 keumps per 100 halo-
hairs.

A comparison belween these three groups was
made to study any relationship there might be between the
presence or absence of kenm § and any outstanding features in
tHe birthcoat. There have @é@% several suggestions put
forward Dy previous workers. lochner (1931} working with
only 11 lambs, stated that a long open curly type of flesce
ig undesirsble and he oons red length of the halry birth-
coat fibres (heterotypes A and B/, to be associated with Kempe.

Dry (1941, has riven a more detalled study of the persistence

of large birtheoat fibres and suggests tentatively that this

might provide & basis for selection against later kempe The

P

individual fibre types and the feaburcs associated with kemp

have been studied by Dry (1940 and Sutherland (1939} in

1) and non~-N-type (Figs. 1 and 3) fleeces, but

no definile conclusions were given for the §~vfz$ fleece.

In the material available for this study, general
flesce characteristics have been sonsidered. Dirsct

supported by a few measurements showed that

Lleple was not a reliable criterion for I
of much secondary zéépﬁ

Lanbs graded for the number of halo-hairs present
on the back at birth often show & reduction of these on the

(Fige. 2/« It was thought that this was the result
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In this table the nunber of animals having varying

amounts of kemp are classified and tabulated into two groups,
t.h‘ae with a distinct precipice and those with a gradual

: reduction in hairiness and four doubtful cuses.

TABLE 11 *
Abundant Medium Little
k emp ~ kemp kemp
Distinet precipice 15 | [5
Doubtful precipice 3 : - . 1
7

No precipice L e 1431

¥ The fizures in the table refer to the number of animals
in each group.
There is found to be a tendency for the occurrence
of abundant kemp when a definite precipice is recorded and
similarly in cases of little kemp, the majority show a

gradual reduction in hairiness along the array series.

GENERAL FEATURES IN THE ARRAY.
' One of the chief factors causinz persistence of

fibres, is the pre—natal check (Dry 1933), a restricting force

acting before, this check showing many effects on the

fibres of the fleece. It may determine fibre charaoterisation,

and aoting as a aetnaok, may dampen its vigour, thus
preventing shedding. V

Al; samples were therefore arranged in order of

strength of the pre-natal check as far as this could be Jud ed

on presence of checked birtheoat fibres. Those arrays with
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kle fibres are the less <

and are szid Lo be "very tough®
gsuper-gsickle fibres are "tough®

- type AY and super-sick ype B fibres, indicale

& 8

trong check and are mild. The presence of odd sickle~fibres

indicaltes an even stronger check. In Taeble 111 the lambs in

the three groups of kemp asbundance are ¢lassified into Lhese
four grades of toughness in order to illustrate the relatlon-

ship beltwsen the occcurrence of Ie=n and the Liuzimess of Lhe

and no super—sickle {ibres.

e lamb, HNo. 155.
exception had very little G2 kemp but the halo-hairs showed
an unusual but marked thinning in the neck region just before

fucs 1
¥

3 . T s b 4 , & T 4 . . 2 B L% N
birth of the lamb (Fig. 4.7.)¢ It is suspected that there has

oy
4]
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been some environmental setback before birth caused

the thinning in the halo-hairs themselves

A1l the remsining arrays with super-sickle fibres
present %%ﬁ%%ﬁ varying amounts of kemp, some more and some less.
There seemed no means of placing tﬁ@as arrays in desgcending

o3

order of toughness (o correlate further with the kemp.
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Very tough array
No super-sickle [ibres g 3 1

Fough arrsy B '
Odd super-sickle fibres 8
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Dry (1940) studied the shedding of the birtheos

‘i

was found that in cases where all

WEE, th only two exceptions,
abundant or medium kemp. Poor shedding was found to be

definitely assocciated with little Kemp.



??é“ﬁ&?i§*ii§ fibres persist, kemp was of varying abundance.
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8 3tu§§ of each of

super-sickle Lype A, super-sickle type

y-tip-curly-t

|23

There were four cases

The style or shape of halo-hair tips often approaches

the curl of the tips of the halry-tip-curly-tip fibres Torming



radual transition between these two tg@e% with many

f
Ui

intermedistes (Fig. 8/ In 22 arrays with some halo-hairs like

o

he hairy-tip-curly-tip there is asbundant kemp. Lamb No. 111

is an exception with little ke

in this ¢sse bthere is
not. g transition from true halo~hairs to true &&EFEWii§Mﬁﬁélg~
‘ ; 7. o . 3— Ly ike .

the hajlo-hairs are actus E} 3u§¢e hairy-tip-
curls~tip fibres. Arrays with a distlincet difference instyle
of tip between larse halo-~halrs and ssall hairy-tip-curly-tip

3

fibres usually have many super-sickles and may or

one oulstanding feature - a

or uneven portion in the neck pezion

THE g 3 3 H 2 e
5 1.,3& ige (e / ?3122653 L1

agsociated with very little later é%%ﬁ

no consisbtent cory

total fibres (Table X1, also shows

stever the cause, halo-hairs o

in abundance and charascterisation and are not
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Lamb No. Ave length in oms. of halo-hairs Grade of
“1} Kemp Abundance

Pre-natal Post-natal Total

141 3.0 5.2 8.2 Medium

144 ' 3.6 4.8 8.2 Medium
158 3.2 54 §e Medium
‘162 3.6 37 7.3 Medium
169 3.6 5.2 | 8.8 Abundant
5 e 4.3 { 4.9 9.2 Abundanit
180 3.7 5.0 8.7 Medium
182 | 3.8 3.9 7.7 Abundant
184 o 4.5 8.3 Little
189 4.2 4.8 9.0 Medium
193 3.8 5.8 9.6 Abundant
197 3.2 4.9 8.1 Abundant
198 3.7 4.9 8.6 Little
264 2.9 4.8 7.7 . Abundant
209 3.6 4.4 8.0 Medium
231 Be2 g 7.4 Medium

267 3.8 [ = ¢ 8.9 Abundant

* The figures are approximate as the rezion of the hair at
the time of birth of the lamb cannot always be accurately
Judged.

It was suggested by Dry (1940) in his early work
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mild Plateau arrays, that abundant G2 kemp may be

correlated with free shedding of the super-sickle fibres

only 56 of the 81 samples possessed the super-sick
type, aznd in meny of these the numbers of super-sickle A

fibres were Tew, coften only an odd one or two in
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sres.  Henoe the freedom of sheddl

birthcoal fibres could not alwsys be accurately

" kemp sbundanc

Samples in the groups o

fresdom of

Abundant edium
kemp kemp

¥y o3 Yremtnd el A1 x’i%j{w:ox
“Lxly o= D-81LCH LE A PN O KIS v E

shed. Free shedding, | 15 10 15

gﬂﬁéywwzafzg AY Pibres

The Tigures in lhe labple refer to the numbers of animals

in each group.
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ified aooopding o the fresdom of

Abundant Medium Little
kemy kenp kemp

1% where the lambs in the three groups

[

15 1 1

19 18 ig

> alry-tip—ourly-tip

fi%f@s shede. (ail persist- * ﬁ
1 18

ing; .

The fg3ures in the table reTer 10 the numbes Jf

It was noted “that among this

animals, trose with little kemp bBad Ve

£

cr

ip fibres and those with abundant keup had mahy. Counts o

M

samples from all the animsls were then tabulated (Table X1)

and graphed Lo show the number of halry-tip-curly-tip fibres

sumt of The correlastion

levels (This

= @;5?} significant at

fibre types entails g@ﬁiié%tive Judgement which can scarcely

2

remaln constant in the examination

f samples differing in
numegrous detalils.

An analysis of Graph 11 (Table ¥ show:
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ple, then abundant G2 kemp is to be expected in the

[

ater fleece unless all these halry-tip-curly-tip fibres
e gTe of pergistent growth, when there will be little kemp.

Wnen there srs a few helry-tip-curly-tip fibres, little G2

o

kenp is to be expected unless the majority of these few halry-

[
A%

tip-curly~tip fibres are-shed, when there will be asbundant

Kemnp.

ES

study, 4 were exceptions

Among the 81

to this finsl generalisation and these are discussed below.
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DISCUSSION

Many characteristics of the fibre types suggest
that shedding cen be regarded as a vigorous activity of the
foliiclc and persistent growth of fibres is the result of
a cheek to this vigour. Halo-hairs, which are the fibres with
the largest pre-natal region, are the most freely shed, then
the other types in order of toughness. Wool fibres which are
slower growing, rarely shed.

On many animals, the post-natsl length of most of
the hairy-tip-ocurly up fibres that shed, is longer than
the post-natal length of the halo-hairs. It would seem that
~ less vigour has enabled them to persist longer. Nqn-genetie
fuctors, such as bad environuental conditions which affect
and reduce general activity, may also redﬁee the vigour of
the follicles. Poor feeding of pregnant ewes has been associat-
ed by Leslie (1955) with a reduction in the abundance of
halo-hairs 1in the birthcoat of their lambs. |

In some cuses, reduced vigour may cause actual
thinning of the hair snd wool fibres are produced. It will
‘bt shown later in a pre-natal study, that the vigorous fibres
which usually shed, have follicles deep 1n.the skin and are
much larger than wool-producing follicles.
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sufficient vigour to shed earlier and hence not safficient
vigour to shed their suooeeding fibres. The tips are also
small and tend to the hairy-tip curly-tip style. The halo-
hairs of lamb No. 85 are unusuzlly smsll before birth and
could almest be classified as super-sickle type 4. All these
exceptions therefore show signs of reduced vigour and it is
not surprising tnat there is little G2.kemp.

Lamb No. 65 showed very few halry-tip-ocurly-tip
fibres and even though the majority of these are shed there
is still little kemp. This is classified as a mild Plateau
array with many super-sickle fibres and these are shed freel&-
There is a gradual reduction in hairiness down the srray sseries
which suggest little latter kemp, and no reduction in halo-
haipr abundance on the #ithers, which sugzests abundant later
kemp. Shedding of the hairy-tip-curly-tip fibres is freer’
than is expected in an a?ray with little G2 keup.

. These exceptions again show that the amount of G2 :
kemp although largely influenced by the pre-natal check, must
be dete mined by many different forces. It is concluded that
the amouﬁt of bre-natai check as= judzed by the numbers of
hainy~tip-curly~tip fibres in a sample ma; roughly irndicate
the amount of later kemp expected but for a more accurate
determination of kemp, the éhadding of these hairy-tip-curly-
tip fibres must be taken into account as in the 'inal
genefalisation.




.

The Tact U .at kemp is assogisted with the presence

ip-curliy—-tip fibres and also with a tough

since it supports the belief that the
pregence of sbundant kemp In the fleesce is inheriteds The
difference between Plateau and non-rlatesuy arrvays depends on

the "toughness™ of the srray l.e. the zresence or absence

of checked {ibres, r~sickle fibres, and-in

breeding experiments, these differences are found to be

inherited. Genetic factors are alsc concerned

hence it should be possible to breed for s non-kemp condition
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Seversl generalisations for early recognitio

MQ
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fonle
=

19ve been revie

een shown Lo be inadeyuate. A
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zan be detemined rouzhly at birth of the lamb b y asbundance

of hairy-tip-curly-tip fibres present, and a more accurate

prediction ¢an be made three months after birth
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ofhpentral trio follicles are well through the skin. lLateral
trio fibres also have emersed (Fig. 21}. Many secondary .
ollicles have been addad and more are being separated from
primovdial fibrogenelic
‘masses of darkly staining seristemstic tissue; the mode of
their formation being similar to that deseribed by Duerden (1932)

Bands of connective tissue mark off the follicle
bundles very distinely at 113 days (Fig. 22). These strands
are more marked between the rows of bundles than between
adjacent bundles while the latter retain their linear arrange-
mente The first formed secondary fibres have grown rapidly
and in many cases are near the surface of the skin. The great
8ize of the large primary fibres seen in cross-section is in s
striking contrast to the small fibres, since at this stage
Carter (1943’ illustrates primary fibres to be very little

' diftereﬁb in dimensions from the secondary fibres. The
great irregularity in size of fibres, so well illustrated in
the different fibre types of the N-type birthcoat, is marked
even at this early staée. Also the size of sebaceous glands
is smaller than Carter indioates (Carter 1943/.

At 119 days (Fig. 85) the skin. contains bundles of
tightly packed follicles. Primary trio follicles have grown
larze fi m%?“mﬁgma gland, arrector pili muscle and
sebaceous glanéﬁ’ﬁﬁﬁfzﬁtﬁﬁdany follicles are rapidly differ-
entiating from secondary primordial tissue. T e fibres_of

the first formed secondary follicles with sebaceous glands -
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