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I INTRQDU�ION 

'l'he Cheviot and its crosses are becoming increasingl.Y important 

as a hill country s heep 1n Be Zealand. The popul.arity of the 

breed is based pr1maztU.y on its fertility, mothering a bill ty and 

hardiness. However, its wool• which is regarded as a by-product 

of minor importaroe under the English :f'arming sya tem, 1s of greater 

economic value to the New Zealand farmer. 

The fieece of the Cheviot has been criticised b7 people con­

nected with the wool trade :f'or certain fiults. Naturally, such 

faults lower the value of the f"leece. Thus, if the return per 

sheep is to be maximised the fleece type ould need to be improved 

provided that such f"leece improvenent does not result in lowered 

production 1n other products. Of the :f'aul ts pinpointed, kempiness 

is one which from previous experience with Romneys, offers hope of' 

being eliminated without undue dif:f'iculty. Observations of the 

Cheviot flock run at Massey Agricultural College indicated that 

there was great variability in kempiness at different times of 

the year and bet een sheep. Such variability in its elf, suggests 

that kempiness � be eliminated or reduced to negligible amounts 

by selection of' kemp-:f'ree sheep. 

An attempt was made, 1n this pl'esent study, to determine tbe 

vu-iabillty of' k�iness 1n relation to age, she p, time of year 

and body l'egians and to 1n41cate a sui table cri tericm and posl tian 

ror the estimation of ltempiness in tle fleece. In other words, a 

p118l1mlnary 1nves tigaUon o:r the kemp prob�em 1n Cheviots was made. 

Tlle iuQlortanee of thi s study does not necessaril¥ rest 
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2. 

Wi t.h practical concerns. The kemp f'ibre is one or a n'WJI)er o:Z 

dift'eren't fibre types found 1n the fleece and as such is of' interest 

to the wool b1ol.og1st . Never�less.- it is one of the least 

studied fibre types probably because before 1933. at leas-t. it was 

pr1mar1ly regarded as a fault 1n the fleece ra ther than a type at 

:tibre. nooever, since then Dry•s {1933, 1934, 1935) pioneering 

work on the birthcoat af the Romney lamb has st1mu.l.ated much work 

an the biology of the fleece. Such research has generallY been 

approached from a consideratJ.an of all fibre types and kem.ps • being 

one fibre type of the fleece, have received sone attention. This 

attention is being in tensified with the development of lmowledge 

in ool biology. H<7llever. there is still a great lack of know­

lege of :fundamental aspects of' the develo:piJEnt, growth and shedding 

of kemp fibres espec 1a ll.y 1n the adult fle ce. Furtbermore, most 

Work Which has been done has been of doubtful Talue because or the 

limitations of the techniques used to measure kempiness a nd the 

small nunibers of' sheep used (Burns . 1949; Byder, 1956). 

Thus, 1n this study. it 1s hoped to obtain some information 

on the development,. growth and shedding of kenw :rt bres 1n the 

Cheviot to canpare with conclusions made by other i10rlters on the 

development� growth end shedcl.ing of kemp fibNS 1n other breeds 

and to disc s any cone lus1ons drawn w1 th regard to their ork. 



II REVIEW OF LITERATURE 

A. General 

1 • Def1n1 tion o:f kemp. 

The problem of dyeing fabrics containing kemps to an even, 

unblemished colour, first attracted the attention of textile 

research workers in the early part of the century. Coinciding 

qith research an thi£ problem was the classification o� the fibre 

types of the fleece. 

Bowman (1908) :referred to a malformation of normal wool 

which he divided into "f'lat " kemps (heterotypes) and fully developed 

kemps (hair or kemp). These abnormal fibre s were distinguishable 

:from normal wool by the silve ry appearance of' part or all of' the 

fibre. 

Toldt (1910, 1912) classified the individual fibres of tl� 

fleece into Leithaare ( outer, thick hairs) , Grannenhaare \over­

hair) and ·�olll1aare (fine hairs or wool ) . No mention was s:pec­

if'ical.ly made of' kemp although they :probably were included in t he 

Le i thaare group. 

Priestman (1911) made a detailed study of' the mO.iCphology of 

kemp fibres and f'ound that the silveriness of' kemp was due to the 

reflection of' light b y air s paces included in the fibre. He also 

regarded kemp as a :faulty wool f'ibre. This view was no t held by 

Crew and Blyth (1922) who classified the :fibre t ypes of the Black­

face lambs co at into three groups corresponding to kemp, hair and 

wool 



Cockayne (1924) f'urther subdivided the :fi bres found 1n the 

Lincoln and Romney breeds into face and l.eg hair, kem:p, medul.lated 

wool fibres and wool. He defined kemps as medullated fib res and 

noted that they only had a limi t e d lif'e. This def'ini tion does not 

appear to have received much recognition until the end of' the decade. 

At this period, the state of c onfusion existing as to the correct 

definition of the various fibre types led workers, such as Duerden 

and Ri tchie ( 1 924) and C ockayne ( 19 24), to use the term kemp to 

denote the true kemp fibre while workers such as Barker and King ( 1926) 

used the term kemp to denote any medullated f'ibre. 

Bliss (1926) considered that the theory developed b y  Duerden 

and Ri tchie ( 1924) attempting to show t hat kemps were a remnant of' 
the outer coat of' the ancestral sheep, was evidence that kemps were 

not abnormal wool fibres. 

A series of papers on ke�, published by the British Research 

Association f'or the Woollen and Worsted Industries, did much to 

improve the defini tion of' kemp and knowledge of' the morphology of' 

kemps. In this pub lication Duerden (1926) described the micros­

copic appearance, the medulla and the dyeing of' South African Merino 

kemps. !lis definit ion of' a kemp as a hairy fibre lost most of' its 

value as it did not distinguish between kemp and hair. Fraser 

Rober ts (1926) made a detailed study of' the macroscopic and micro-

scopic components of' kemp in the Welsh .Mountain Sheep. His studies 

also included investigations into the growth and orig in of' kemp . 

The main contribution o:t' his work, however, was his definition o:t' 

a kemp as a hairy fibre whi�:h is shed annually. This definition 

was recanfirmed by Blyth (1926). Hirst and King (1926) studied 
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kemps 1n the Mohair a n d  f'ound evidence suggesting that the de:fini tion 

of' kemp might be incorrect. They f'o'W'l.d fibres with cut-end s  which 

suggested that kemps were not shed. However, they did not place 

much reliance on their evidence as "the casual manne r of shearing 

may account for this." ( cut ends). 
Fraser Roberts' (1 926) definition has been shown to be in­

a dequate by Northcrort (1 928) and Lang (1942). With the gr owth 

of knowledge of the birthcoat and the realisa ti on that kemps may 

be shed at i..'ltervals less than a year, the restriction of tl:e growth 

of kemps to one year became unreal. A kemp was redefined as a 

medullated fibre whic h grew for a limited time and was th en shed. 

Lang's (1942) definition may also be criticised. Work by 

Burns (1949, 19531 1 954a, b ,  1 955) and RYder (1 956, 1957) has 

indicated that shedding fro m primary and seco n dary follicles 

can be quite exten sive at certain periods each y ear. This 

suggests that non-kemp fibres may also be shed after a limited 

perio d. It is necessary, therefore, to improve Lang's definition. 

'l'he f ollo\7ing definition \'l/'as used in this experi�nt; it defines 

a kemp as a medullated fib re of characteristic appearance which 

is shed after a limi ted period of' growth. 

2. The morphology o f  k emps. 

Coinciding with the development of' the definition of a kemp 

fibre was the development of knowledge regarding the m orphology of 

kemps. Research by Priest man (1 911), Duerden and Ritchie (1 924), 

Fraser Roberts (1926), Blyth (1926), Duerden (1942) and Wildman 

(1955) may be s-wmnarised in this gene rally accepted desc ription 

of t he m orphology of kemp s; the fibre varies 1n length according 
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to breed; it is meduJ.lated (often grossly so ) With a character­

istic waviness; 1 t is opaque because of 1 ts air-filled medulla 

and is often deformed or bent; it is elliptical in cross section; 

it is tapered at t he tip end and the root where 1n shed fibres it 

usually ends in a small bulb giving the a��earan ce of a brush-end; 

the cuticle shows a typical scale pat tern which in the basal half 

of the fibre is described as a regular mosaic farm and 1n the tip 

half as an irregular mosaic form; the cort ex is similar to that 

of wool while the medulla is reticulate Nith cell wal ls thickened 

by spinous p roc esses and partly keratinised. (See fig. 1) 

3. The importance of kemp. 

The major problem caused by kemps in kempy wool is that of 

dyeing a kempy worsted cloth to an even unblemished colm�. 

Duerd.en ( 1 926) , Blyth ( 19 26) Lang ( 1942) considered that the 

cor·tex of kenrps abs�bed clyes ae readily as the cortex of wool 

fibres but that light reflected from the roodu1.la caused the 

fibres to become off-shade. As the zoemoval of these blemishes 

takes til:re and money, a price disct•imination aF;ainst kempy wools 

exists, exce pt in cases where such wools are required for s pecial 

cloths. This latter fact was pointed out by King (1926). He 

regarded the fact that the nedulla was of diff'erent chemical com­

position f'Fom the cor•tex as partly the cause of' of:f'-shade colours. 

Kemps als o affect the performance of wool during the manufact-

uring processes. This has been attributed by Bryant (1933) and 

L8ng ( 1942) to th•ir be 1.ng 1 

a. Less elastic with a s t iff smooth character. 

b. More brittle and weaker per unit cross-section than ool. 

c. Elliptical in cross-section. 
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J:i'ig 1 

Kernps from the fle ecEB of 

Cheviot m-.res. 

(note orush-ends) 
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Mare'(1936) summed up the disadvantages of ke mp in Merino 

wool. He stated that the two types (kemp and wool) could not 

be blended and rn��ufactured into a satisfactory worsted as the 

kemp caused many thread breakages 1n the spinning process. In 

Mohair, Hardy (1937) found that there may be a loss of up to 

1 8  per cent on combing Mohair containing many kemps. Kempy 

wools were not associated with good spinning qualities as "twitty" 

places and many breakages usually resulted from their presence 

in v1ool. 

Lang (1942) stated that, generally speaking, the occurrence of 

kemp in wool is not of great importance to the woollen trade but 

that the worsted trade strongly discriminated against kempy wool. 

The literature shows that nmch kempiness 1n the wool of any 

breed leads to the worsted trade discriminating against it, except 

in special circumstances. Thus to the farmer and the manufacturer, 

the 1ri1portance of' kemp lies in its undesirability as a fibre for 

manufacture. 

To the wool biologist, kemp is important not only because 

it is one fibre type of the fleece but because it may represent 

the remnants of one coat of the ancestral sheep. Several workers 

(Duerden and Ritchi e, 1 924; Duerdan, 1926; Fraser Roberts, 1 926; 

Lockner, 1 931 ; and Lang, 1 942) believed tha. t kemps evolved from 

the hairy outer coat of' the ancestral sheep during the evolution 

of the woolled sheep. Lang ( 1 942) has grouped t.he British breeds 

according to the type of' fleece they produce, 1n an attempt to 

sh ow how the type of' fleece f i tted in with the supposed evolution 

of the fleece. Not all evidence supports this th eory, however, 



as Ross (1950) has recorded that some :fibres of the :fi ne und ercoat 

are medullated. These :fi bres could have evol ved as kemps. 

It has also been suggested by Crew and Blyth (1 922) and 

Duerden and Seale (1 927) that heterotypism is associated with 

the disapl;earance oi· kemp in the evolution ot: the woolled oheep. 

In one sense, their statement is sup ported by their find ing that 

the degree of' development of' heterotypic :fibres is closely carrel­

a ted wi th kemp . Lang ( 1 942) brought :forwar d  t he th eory tm t 

h eterotypes may be an adaptati on of the wool to substi tute, in 

hard c on di tions , for the los s of the p rotec ti ve hairy coat. 

To date, however, t here has been no published evi denc e 

to prove these theories so that they must await confirmation 

before bei ng ac cepted. 

F1nally, the wool biologist is i nterested in kemps because, 

as the fundamental unit of study is the folli c le, he may be able 

to le arn about the folli c le from tre study of this fi bre type. 

B. The Methods of' Measurenent of' Kempiness 

A major problem in research of thi s type has been to :find 

a suitable method of' measuring kempiness ac curately. 

Quantit ati ve estimation of' kemp has been desc ribed by 

Fraser Roberts (1 926) and Darling (1 932). The method used by 

them was to separate, by hand, from a scoured , wei ghe d sample 

of wool, the kemp frac ti on and th e non-kemp f rac tion. Percentage 

weight and percentage number could then be calculated. 

These measurenents are not en tirely sati s factory as a change 
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in percentage number or weight of kemps does not necessarily mean 

that the number or weight of kemps has changed. Factors such as 

different body weights, follicle densities an d wool growth rates 

between sheep mean that a comparison of wool samples of the Sam3 

weight does not necesscrily fulfil the ideal of comparing wool 

fibres from the same number of follicles. Another problem which 

can affect the results is the loss of shed fibres from t he fleece 

or conversely their retention in the fleece. 

Which of the se measurements is the best to use has not been 

determined. However, Darling (1932) stated that there appe ared 

to be a correlation between percentage number and percentage 

\'VU i gh t of l\:ernps • He did not calculate the relationship as he 

thought that it was non-significant. 

Elphick (1932) and later Bosman (1933) first used benzo l to 

di stinguish medullated fibres. This method of dist inguishing 

accurately between medullated and non-medullated fibres was 

developed into the Benzol Test by Elphick (1932). However, 

while this test is useful to make kem:ps more di s tine ti ve in 

the separation of kemps from the other types of fibres, other 

methods of' measurerrent ar·e likely to be canf'used by the presence 

of non-kem:p medullated fibres. 

A :further developm3nt of' the Benzol Test was the medullameter 

(MeMahon , 1937). By using a photo-electric cell to measure the 

light reflected from the medulla of' f'ibres immersed 1n benzene, 

it was possible to construct an arbitrary percentage DEdullation 

ind ex. By taking the difference of' two readings of' a wool 

sample before and after the removal of' kemp fibres, it is possible 

to find the percentage medullation of the kemps. However, this 
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method is tiroo consuming and the interpretation of the index fi'om 

a practical point of view is limited. 

The more d i rect method of measuring kempiness f'rom skin 

sections (both vertical and horizontal) as described by various 

workers ( Carter, 1943; Burns, 1949, 1953, 1954a, b, 1955; 

Ryder, 1956, 1957 and Rougeot 1 957) 1 has its value in determining 

shed ding fo llicles and the numbers of med ullated fibres. However, 

it is very d ifficult to identi fy fibre types from cross sectio1w 

of' :fol lic les. Consequently, the rethod looes much of its va lue 

if one is interested in one par ticu lar fibre type. Another 

drawback to this method is that if a thorouGh investi gation of 

follicle activity is to be carried out, sections have to be cut 

at all levels of' the follicle (Ryder 1956). This makes the 

method laborious. Finally, the loss of' the t'ibre f'rom the 

f ol.li cles during the cutting at: a section may, if' it is extensive, 

lead to false conclusions abo ut shedding. 

Methods of taking fibre cross sections have bee n described 

by Hardy ( 1 93 7), Burns ( 1 949). Wi ls on ( 1 951 ) and Pilkington and 

Purser (1957). From the se cross sec ti ons, fibre di ame ter and 

nwnbers of medullated and non-me dullated fibres can be ca lculated . 

However, i t  is very difficult to i de ntify fibre types from fibre 

cross-sections. The c l as sific ation of tbe v arious types of 

medulla developed and used by Burns ( 1953), Cockrem ( 1 956) and 

Pilkington and Purser (1957) showed that kemps and coarsely 

med u llated f ibre s usually had latticed medulla. However, the 

type at medullation depende d  on the position along the f ibre at 

whiah the cros s-sec tion was taken. Thus thi s  metho d is of limited 
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value in estimating the numbers of 1\:emps. 

It appears as if no satisfacto ry method of' estimating kempiness 

has been devised yet. Of the methods des cri bed, quanti ta ti ve 

methods appear to be the best f'or measuring general changes in 

kemp populations. 

C. Physiological Aspects of Kemp Developmen t , Growth and Shedding 

1. The development of kempiness 1n the fleece. 

A study of' the birthcoat of lambs has led to much information 

on the development of kempiness 1n the adult fleece. It has been 

found that the nature and degree of' kempin ess in the adult fleece 

is related to and can be predicted from certain characteristics 

of' the birthcoat. 

The classif'ication of' the various fibre types in the birthcoat 

was initiated by Toldt (1910, 1912), Crew and Bl.yth (1922) Duerden 

(1927, 1929), Duerden and Seale (1927), Boyd (1927), and Duerden 

(1932). Dry (1935) enlarged on the previ ous investigators work 

and developed a system for classifying the birthcoat fibres of the 

New Zealand Romney lwnb. This c lassification was b ased on the 

shape of the tip of' the fibre buL also included otiler character­

istics such as length, fineness and degree of' medullation. 

The birthcoat kemps fall into the first two of the three 

major categor ies which a re: 

a. Pre-curlY-tips Which are characterized by three regions; 

a post-natal region; a pre-natal eurl,y-tip region; a pre-natal 

pre-curly-tip region usually si ckle shaped but sometimes long and 

coa rsel y medullated. The birthcoat kemps in this group are 



halo-hairs, super-sickle A's, super-sickle B's and sickle fibres. 

b. Curly-tips which consist of a pre-natal curly-tip region 

and a post-natal region. The bil .. thcoa t kemps in this group which 

are most commonly shed are hairy-tip-curly-tip fibres while some 

shed curly-tips have been f'ound (Wickham, perso nal communication). 

c. Histerotrichs. These fibres are not classified as 

birthcoat kemps. Descriptions of these fibre types are given 

by Dry (1935) and Stephenson (1956). 

The relationship between fibre type and follicle type has 

been s tudied by several workers. The pre-natal development of 

follicle bundles has been described by Hardy and �e (1956) 1n 

the Merino and Stephenson (1957), in the Romney and !-type. They, 

in common with other workers, dete�ed that the fi rs t follicles 

to develop were the primary central f'ollicles. These were followed 

by pr�ary lateral follicles and then by secondary follicles . 

The order of appearance of f'ibre types after the development 

of the follicles in the Romney lamb wa s thought by Dry ( 1935) to 

be pre-curly-tips, curly-tips and hi sterotrichs. 

Dry (1935) considered that pre-curly-tip fibres were formed 

in primary central follicles 1n non-N Romneys. - However, Galpin' s 

(1934) work on fibre frequency showed that pre-curl.y-tips formed 

up to 33 per cent of all birthcoat fibres . This strongly suggests 

that some pre-curly-tips are grown in primary lateral follicles. 

Carter (1940) believed that the larger diameter of primary follicles 

was evidence that they grew birthcoat kemps. 

Fraser and Hamada (1952) calculated the S/P ratio of several 

British breeds of sheep and compared this w1 th the ratio of' birth­

coat fibre types assumed to have grown either in primary or 



secondary t"ollicles. They concluded that in coarse b irthc oata 

halo-hairs grow in p r imary central foll icles� hairy-ti p-curly-tips 

in primar.1 lateral follicles and curlY-tips and hi stero tri chs 1n 

s eco ndary follic les . In fine birthcoats pri mary c entra l fo llic les 

grew sicl'Cle tips, :prirnary lateral follicles grew checked curly 

tips and secondary follic les grew plain curly tips and his tero trichs . 

However, their conclusions were not always closely supported by 

their evidence. 

Fra ser, Ross and Wright (1954) in a study of 33 1/!i, 6.5 l!/.±. 
and 17 nr/m: Romney lambs calculated the mean p,_, rce ntage or primary 

cen tral , �rimary lateral and secondar,y follicles for all genotypes 

at b irth . 'These percentages were compared with t h e percentage 

frequency distribution of the f'ibre types, corrected to that which 

would have occurred at birth. They produced data on fibre length 

to support tl1eir conclusions. Wickham (1958) using a c ombinati on of' 

frequency and fibre diameter comparisons, was able to conf'irm the 

results of Fra ser et al on the Whole, but round some exceptions. 

The evi d ence to s upport the ass umptio n that all or most fibre types 

are grown in certain follicle types is at present inconclusive so 

that these results can only be r egarded as tentati ve. Nevertheless, 

the evidence produced by Fraser et a! and Wickham supports the con­

tention that in 1!/! lambs priuary central follicles grow the birth­

coat kemps, pre-curl.y-tips and ha iry-ti p..curJ..y-t ips, prilDlry lateral 

rollic les grow pre-cur�y-tips and hairy-tip-curlJ-tips while second­

ary folli c les grow hairy-tip-curly-tips. In !/± she ep primary 

central follicles grow pre-curly-tips and primary laterals grow 

hair,y-tip-curly-tips. In nr/nr lambs, primary central follicles 



grow pre-curly-tips and possibly s ome  hairy- t ip-curly-tips and 
primarly laterals grow hairy-tip-curly-tips . 

Curly-t ip fibres were believed to deve lop after pre-curly­

tips in the foetus by Dry (1935) . However , Ros a (1 945) found 

evidence tha t s oroo curly-tips often appeared as early as super­

s ickles . She therefore suggested tha t these fibres (mainly 

hairy-tip-curly-tips ) should be considered as part of the pre­

curly-tip serie s .  

All the evidence ava ilable suggests tha t birthcoat kemps 

may grow in any follicle type acc ording to genotype but that they 

are mos t likely to occur in primary central follic les . 

The arrangement of the fibre types from a tuft of the birth­

c oat into the assume d order of appearance in the f oetus , led to 

the deve lopment of fibre t ;/pe arrays (Dry 1935) . Pre-curly-tips 

were assumed t o  appear firs t and hi sterotrichs las t .  Within 

groups the firs t formed fibres were thos e wi th the greates t number 

of' curls in the tip . The arrays were nam9 d acc ording to the 

abs ence or p�sence of the different fibre types . The arrays in 

decreas ing order of' hairine ss are Plateau (s ubdivided in to four ) ; 

Saddle ; Ravine ; Valley; Plain ; Ecarpment (:f'ound by Galp1n 1934) . 

All in and Inc line (Burns 1955 ) . A descrip tion of the fibre type 

arrays is given by S tephenson (1956) . 

Duerden ( quoted Dry 1931 ) sugges ted to Dry that the th inning 

in the necks of sickle fibres was due to a "birth "  check . Dry 
(1935) developed this idea into the pre-natal check concept .  By 

as suming variati ons in the ons e t ,  durati on and decline of the check 
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and in the base or inhe rent c oarsene ss of the birthcoa t ,  Dry 

produced explanations or the mo de of f ol�� ti on of the fibre 

type arr�·s . 

One important aspec t o� tile check was that if a vigorous 

folli cle , i . e .  a fol lic le p roduc ing m�ch f ibre subs tanc e pe r  

unit t i."i-e , suf'f'ered a suf:fic iently s trong check ,  th en ,  tha t 

:follicle would p roduce a pers i s tent f'ibre . On the othe r  hand , a 

weakly checked vi gorous follic le "being one which works extremely 

ha rd ,  is compelled t o  take a z-es t "  and she d  its fibre . In terrre 

o� fibre type array , the Pla te au array suffers the leas t intense 

pre-natal check and the Plain array tm mos t in tens e .  Thus , the 

coars er arrays , beca use they show the leas t ch eck, may be expected 

t o  be mo de up of more bi rthcoat kemps . 

Tt.le z•e is no evidence published by Dry to sup..�,Jo rt his theory 

of' the pre-natal check. In fact, i t  ap1..,ears thu t the pre-na tal 

check theory me rely a t te�ts to expla in WllY certain phenonoma 

occ ur r&tller tnan how they occur. O ther hypothes es of i..he mode 

of ac tion of' the �'"leek have been g iven by Ga lpin { 1 934-35 ) .  

SUtherland ( 1 937 ) ,  Goot ( 1 9 40 ) , Rosa { 1 945 ) ,  Fraaer ( 1 952 , 1 953 ) 

an.d Fraser and Shor·t ( 1 9 52) .  None o f  these theories have proved 

satisfac tory and other wo rk and observations have led t o  criticism 

of them ( Dry ,  1 952 ; Dry and Stephens on, 1 954; Wickham, 1 958 ) .  

Galpin ( i  934, 1 936 ) :fo llowed up observati ons an fibre type 

arrays on the back and tbe rump of th e  Romney, and carried out 

investigations into :fibre type array gradi ents in the Roinney, 

Southdown and Rye land breeds . 'fhe Hamneys were more intens ive ly 



sampled ( 15  positions ) than the other breeds (9  positi ons on four 

sheep of each breed plus fewer samples on more sheep ) . Nevertheless 

the results demons trated that the checking force increased in 

intensity from the britch to the poll, giv ing a pos terior-anterior 

gradient in fibre type arrays and hairiness over the body. A 

subsidiary inferior-superior gradient for the dorso-lateral 

portions of the coat was also noted. 

Goot ( 1 945 ) in his study of Romney ewe hoggets , confirmed the 

gradients found by Galpin for fibre type arrays and medullation. 

He also reported a highly signif'ican t correlati on between fibre 

type arrays m�d percentage medullation (r = 0. 75 )  although he 

did not think i t  was very reliable . 

Further inf'ormati on on f'ibre type arrays in Romneys was 

� ovided by Stephenson ( 1952 , 1 956 ) in his work on f'ibre type 

array gradients ,  fibre types and medullation in relation to 

increasing !-gene dosage . He found that Galpin ' s posterior-

anterior fibre array gradient was subject to some anomalies in 

Romney sheep. For ins tance, the shoulder patch was found t o  

be the most heavily checked region in all genotypes in the 

Romney. This evidence refutes Galpin ' s  statement that anterior 

and inferior arrays are less he avi ly checked. Furthermore , an 

anterior-posterior gradient was found in one !/.! lrunb. In view 

of this evidence , Galpin 's findings can only be regarded as a 

general. rule . Stephenson also showed that increas ing  !!-dos age 

caused increased medul.lati on, fi rst in the least checked regions 

and lastly in the mos t  checked regions . A maximum for medullati on 

was achieved in the !/! sheep. 
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The br1 tch-poll gradient was also demons trated 1n t he  Merino 

x Herdwick cross by Burns ( 1 935 ) .  

The shedding of birthcoa t kemps has been fo1md to b e  mainly 

f'rom pr• irnary :follic les (Carter, 1 943 ; Burns , 1 949, 1 953 , 1 954a, b ,  

1 955 ; Dry , 1 952; Fraser, 1 952 and Fraser , Rosa and Wright , 1 954) 

and in some cases , only f'rom primary central f'ollicles ( Roes and 

Wright 1 954 in the !,-type , Carter 1 943 in the Merino ) . The breeds 

in which such shedding has been found have been Romney , English 

Leicester. Blackface, Suffolk, Herdwick, Herdwick x Merino (Burns ) ,  

non-! and !!-type Romneys ( Dry, Fraser , Frase r  pt al ) and Merino 

( Carter) . I t  is probable that insuff'ic ien t sheep have been used 

in some of' these experiments ( Burns 1 949, 1 953 , 1 954a, b )  s o that 

f'Urthe r work i s  needed to verily tbese findings . This i s  indic ated ' 

by Burns ' ( 1 949 ) o"bservation of shedding from secondary folli cles 

from young Romney lambs . She assumed th at trese shedding fo llic le s  

had grmvn birthcoat kemps although she had n o  evidence to prove 

this . 

Dry ( 1 935) , Sutherland ( 1 93 9 ) , Goot ( 1 940 ) , Dry and Ros s ( 1 944) 

have all stated that of' the birthc oa t k� that are shed, all or 

nearly all halo-hairs are shed. In cases Where halo-hairs do 

persist , shedding of other bi rthcoa t kem:i;>s is poor . Goot ( 1 940) 

s ta ted that ,  in gene ral , the more closely a fibre was allied to 

halo-hairs in Dry 's elassi:fic ation, the more likely 1 t was to be 

shed. That this was not always so was pointed out by Dry and 

Rosa ( 1 944 ) .  They found that super-s ickles whethe r they are in 

Plateau or non-Plateau arrays , s ickle fibres 1n non-Plateau arrays 
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and hairy-tip-curly-tips varie d in their shedding from all to 

n o ne .  

Dry ( 1952 ), in a s tudy of !f!!i, nr/m: and !f/+ lambs , a lleged 

that there was a decrease in vigour in prtmary £o l11cles , and 

hence shedding "£reedom" 2 s  the !!-ge n e dos age passed from !/1! 
to !!£/nr to ll/.±• He conc luded tha t the coa rser the £ibre the 

more freely it shed, and that fibres pr oduce d  from pri��ry cent ra l 

follic le s  shed more freely than those p roduc ed £rom primary lateral 

fo llicles . Support for Dry ' s  ob servation was derived from the 

work of Ross and Wright ( 1 954) . By de termining the frequenc ies 

of shed and non-shed p re-c urly-tips and assuming tha t pre-curly­

tips are produced in primary fo llicles only , they sh owed tha t  

sh edding was res tric ted to primar.1 f ollicles.  Furthermo re ,  

primary cent ral follicles were shown to shed mos t  of th eir £ ibre s  

wh ile p 1�mar.y lateral fol licles sh ed few o f  their fib res ( less 

than 20%) . However ,  i t  mus t  be borne in mind that evidenc e support­

i n g  the ir assumpti ons is indi rec t and may be p roved unsound by 

furthe r wo rk. 

The relationship between shedding and fibre type array has 

been studied by Suthe rlan d ( 1 93 9 ) .  He found that the leas t 

checked of the Plateau arrays shed a highe r percentage of birth­

coat ke� than the more checke d Plateau arrays . He also noted 

that there was co n siderable varia ti on  in the freedom of shedding 

of the mo re  checked Pla teau arrays . Goot ( 1 940 ) extended these 

inves tigations to non-Plateau arrays and was able to conclude 

tha t Pla teau arrays had the highe s t percentage of shedding fibres 

while of the non-Plate au arrays Valley had the la.ves t ( Plain 

arrays were no t s tudied) . He als o f ound that for the s ame  body 
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region, the more checked the array the :fewer tibres of a given 

type were she d. C onversely , :for different body regions , the 

same array vrould vary in degree of s he dding. In the s ame 

array more :fibres were s hed :from the back :::> rump � half bri tch> 

britch7 s ide > withers. ( > s ignifies greater than ) .  

The s tudy of the birthc oat in relation t o  kempine ss 1n the 

adult :fleece is important. Several workers have observed 

characteris tics in the b irthcoat of the lamb :from which kempiness 

in the adult :fleece can be predic ted. Un:f'ortuna tely ,  only general 

changes 1n kemp population have been observed as the rre thods of 

observing changes in the number of f ollic les producing kemps 

are subjective rather than object ive . Moreover, li ttle fund-

amental work has been c arried out to determine why :follicles should 

produce different fibre types at different periods of the sheep ' s  

life . 

In 1 926 , Fraser Roberts working with Welsh Mountain sheep , 

s tated that there was an association between a thick hair.y 

birthcoat and the adult fleece although he did not publish any 

evidence to support his statement . However ,  he note d  that in 

s ome  cases , when the thick, hairy birthcoat was shed, kemp1ness 

was negligible in the adult fleece. Duerde n ( 1 926 ) also noted 

in the Merino, that the kempy birthc oat of the lamb was usually 

replaced by a fine non-kempy fleece in the adult . In a later 

paper, (Duerden 1 932 ) ,  he s tated that ,  in gene ral , in the birth­

coat of lambs of most breeds , s ickle fibres were followed by kemps 

and curly-tips were followe d by heterotypes and wool. 
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A study of the fleec� of adult Scottish Blackface rams was 

carried out by Darling ( 1 932 ) .  He showed tha t kempines s  as judged 

by samples from the shoulder and haWlch , decreased from ram lambs 

s ix  monthS old to rams a ged two ye ars s ix  months old ;  it  reached 

a peak again a t approximately the s ru�-�e level as the rem lambs in 

three year s ix months old rams and g ra dually decre ased w i th age 

thereafter. However, the me asurements of kempines s  used by 

Darling , i . e .  percentage weight and percentage nunib er of kemps , 

may have resulted in false conclus ions as percentage wool and 

hair has been found to decrease W1 �1 age , especially after the 

age of fi ve ye ars (Bryant 1 933 ) .  Thus , Br.yant ( 1 933 ) ,  taking 

into acc ount the decrease of hair and wool and assuming reasonably 

equable environmental condi ti ans , concluded that from 18  months 

to five years old the re was no appreciable variation in p ercentage 

weight of kemps . However, no exrJe r•iment al evidenc e was published 

to support this conclus i on . 

Dry ( 1 935, 1 940 )  s tudied succes sion in the : :ew Zea land Romney. 

Mos t da ta were colle cted from a pos i ti on  an the back a t  the po int 

of attaclunen� of the las t  rib , while more scanty data was collected 

from other body positions . Dry demqns trated that the nmnber of' 

halo-hairs could be us ed, wi th caution, as an index of kempine ss 

in the adult f leece ,  i . e .  a high number of halo-ha irs usua lly indic­

ates that much kemp Wil l  grCJN 1n the adult fle ece . Dry te rrre d 

birthc oa t  kemps as G1 kemps , second genera ti on kemps as <12 kemps 

and so on. 

The major conclusi ons from Dry ' s  work on non-Plateau arrays 

were that: 
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a. The succes s ors o £  ha lo-ha irs were a ll or ne arly all she d  

only when three qu< .rters or more of the large s ickle f ib res were 

shed. 

b. The successors of s hed birthcoat fibres o ther than halo-

hai rs were rarely followed by secondary kemp. 

c .  Kemp was plentiful amongs t third generation fibres only 

uhen the array had been subjec t to a weak check. Heavily checked 

arrays did not show much secondary kemp lat e in the first year 

even U1ough G2 kemp was plentiful. 

d. The re  was much later kemp when there was freedom of 

shedding of pre-cur�T-tip kemps . 

Sutherland ( 1 939)  confirmed Dry ' s  finding tha t if some halo­

hairs were pe rs is tent then shedding af birthco at ke mps would be poor o 

Cons equen tly• there would be f'ew lc emps grow ing in the adult f'leece . 

Goot ( 1 940 )  als o  inve s t igated succes s ion in the Romney lamb and 

c on�irrned Suthe rland ' s  f1nd1ng. He subs tantia ted Dry 's conclus ion 

that the les s  checked the array , tre greater the proporti on of' 

b irthcoa t kemps ucceeded by second generation kemp. 

An investigation o f'  success i on in 81 !-type lambs showing 

Plateau arrays by Ros s (1 945) led to the fo llowing conclusions : 

a. If there was lit tle a2 kemp ( less than 75 kemps / 100 

halo-hairs ) kem:piness becomes negligible in the next two generati ons . 

b .  I t  was poss ible , regardless of the nwnb er of halo-hai rs  

on the bi r�"lc oa ·t of l!,-type sheep to have lit tle o r  no kemp in 

later generations . 

c .  The bes t guides to later kempiness were ha iry-tip-curly-

tip :fibres .  If more th an  45% of the tot al numbers of ha iry-tip-



curly-tip fibres were s hed then later kemp was abundant .  If a 

smaller 12 rcentage of hairy-tip-curly-tip fibres were shed then 

the degree or late r kemp was variable. 

d. \·Jhere there was much freedom o f  shedding of pre-curly-

tips then much secondary kemp occurred. This finding is 

supported by simi lar conclusi ons by Lockner ( 1 931 )  and Dry ( 1 935 , 

1 940 ) .  Grands taff and Wolf' ( 1 947) studi e d  tl1e p ercentage of 

kemp in ·rrava jo and cros s-bred lambs from 28 to 364 days o ld .  

Many heavily c he ck e d  non-Plateau arrays were found in the s e  

breeds . They es tablished tha t ove r the period studied there 

was a reduction in pe rcentage kemps from 6. 8 per c ent to 5. 9 per 

cent in the .Navaj o  lambs and sli ghtly more in cros s-bred lamb s .  

1bey c oncluded that as the major change occurre d  be tween 25 and 

84 days , a nmnber of follicles  whi ch had shed fibres did no t 

grow kemps again. However, this peri od coinc i des W1 th the complet-

ion of' the fo llic le population so tha t the reduced percentage of 

kemps may have been due to an inc rease in wool fibres rather than 

a decrease in kemp f ibres . 

A study of' the effects of in creasing ! dos age in kemp 

successi on  was carried out by Ross and Wr1ght ( 1 954 ) .  The ir 

resul ts shoVIe d  that 1!/!! and nr/nr genotypes had a higher percentage 

of birthcoat kemps than l!/.t• Hooeve r ,  in succeeding generations 

the difference between !!/1! and !!/.± was maintained while the degree 

of kempiness in n£/.nr genotypes was reduced to a level which 

equalled that of the !/.± genotype . They conc luded that the !i 
gene had a more powerful effect on shedding (and henc e  kemp1ness 

in the adult fleece ) than the D£ gene . 
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An examinati on of' succession in Merino x Uerdwick sheep by 

Burns (1955) conf irmed work on success ion in the Romney. Thus , 

all c oarse Pla teau arrays were followed by much later kernp ,  VJhi le 

kemps were no t found in the adult fleeces of' lambs which had Plain 

or Ravine arrays . Ragab , fillker and Ghoneim ( 1 956 )  working wi th 

Os s h1i , lffihman i sheep and the i r cros s e s  found s ome varia ti on in 

percentage we ight of kernps up to 23 months after bir th ,  but this 

may have been due to cyc les or kemp growth. 

2 .  The shedding of kemps . 

a.  Types of shedding . 

In a s tudy of kemps in the South African Merino , Duerden and 

Ritchie ( 1 924 ) recorded she d fibres w i th f:o lded root-ends . The 

three s tages of shedding describe d  by Dry ( 1 926 ) for the mouse were 

adopted by him for the sheep. Unfortuna tely , it was not made clear 

as to whe ther this type of sheddine was typical of bot� 6econdary 

and primary �ollic les or e ither one . The s tages are : 

a .  The anagen phase ,  which is the growing phas e .  

b .  The catagen phase , which is  the pe riod during which 

the root decreases in s iz e unti l  it bec omes medulla f'ree. 

c .  The telogen phase ,  in which growth c eases and the 

"brush-end " is forrood.. 

The forma ti on of a brush-end before shedding is c ons idered 

to be characteris tic of: "normal" s he dding. This type of shedding 

was confirmed by Northcroft ( 1 928 )  in New Zealand breeds and by 

Fro"lich, Spottel and Tanzer ( 1 929 )  in Karakul sheep. 

Hunger shedding in which the pr oximal portion of the fibre 

became very thin and the brush small"' was described by Rudall ( 1 934). 



Hooever , later w orkers have conf'irmed that th is type of shedding 

ma inly occurred in secondary follic les (Burns , 1 954b; Ryder. 

1 956) .  

Rudall ( 1 934 ) descr1 bed smoky shedding of' damaged fibres 1n 

Romneys . This ty_pe of' shedding tlTas als o !'o und in Southdown and 

Ryeland sheep by Galp1n ( 1 936) .  The basal end of these fib res 

was descPi d as ending in a hollao cavity and not a brush-end . 

However, Sutherland (1939) pointed out tha t ,  as this type or 

sheddine alwa;y s occurred in fine fibres and smokiness can be 

caused by t"llg[Sing, thi s type of shedding is atypical. Both 

Sutherland ( 1 939 ) and Goot ( 1940 ) found interme diates be tween 

no1�nal and smoky shedding in Romneys . In contras t to Suthe rland 's 

v iew th.-.t such s hedding is a typic al ,  Goo t tended t o  regard these 

f'ibres as normally shed . Goot a lso sh ollled that some basal ends 

of' normally shed f'ibres may be e nc losed 1n a s he ath which co\lld 

be readily detected with Orange G stain. 

Auber and Bums ( 1 9 47 )  examine d skin secti ons from Romney . 

Leicester and Blackf'ace sheep l;>ut fo und few brush-ended shed 

fibres . They described shedding 1n an undefined fo ll i c le �pe 

in which 'the old fibre was los � while tbe replacermnt fib re was 

in 1 ts early stages of developaent. This precUuded the pos s ib il1tt1 

I 
tha� �be zJ.e fibres pushed the ol.d fibres out of the t\:) ll ic los or 

grew alongs ide them as occurs 1n mamnals (Segall• c 1  ted Auber and 

Bu.rns 1947).  Burns {1�53 s 1 954b) conf' irnJad this method of fibre 

replac mnt 1n Scottish Blackface and llerdwick sheep. Kempe 

which re shed 1n autumn ere he ld 1n th t'ol.licl unti l  they 

were J.ost 1n the spring . Replacement fibres r not f'o und  to 

tart grm�ing until t111B occurred. 
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Ho�evc r ,  in the rtomney and Le ices ter breeds , Burns ( 1 949 ) 

has f oun:1 l">Cplucement f ibres in prL11ary fol lic le s growing along­

s ide the ee tal margin of old fi bPes but sepa ra ted fr·om them by 

the layers of the root s he a th .  In seconda::.:y follic les , the 

re,l)lacement fibres grew into the lillnen previ ously occupied by 

the o ld f ibres . Replacement f'ibres in yPi mar.t foll ic les , have 

a l s o  been no ted gPowing alongslde the old fibres by Rou.geo t  

( 1 957 ) a."ld � :ickham ( pe rs onal communicati on ) in the L imousin and 

Homney breeds respec tively. 

:Ourns ( 1 949 ) c ould not f ind fibres with bru.ah-end.s in samples 

taken f':l'om Homney and. Le icester lambs . She d f'ibres , from both 

pr iuary and second&.t.'.f f'o llic le s , we re observed to have blWltly 

pointed ends . nowever' , as only' t';w s heep of each. breed were 

u.s ed ,  it is dii'f'i cul t to detennine whe ther t..l1.is type of shedding 

is c oranon or abnorma l. 

Dif'f'ePent types of fo llic le abnormulity have been des c ribed 

by Bm�:as and Auber ( 1 9 51 ) and Auber• an.d Ryder ( 1 95 5) . Oi' the 

three abnoPma li ties reported b;y- Burns and Auber ( 1 951 ) they 

thought that the ttplu.gged"  type and pos s i bly the " lymphatic " 

type might be related t o  brush shedding. 

Burns ( 1 954a ) rec ol'ded a type of shedding in Suffolk sheep 

vthich she termed a ttenua tion sl"ledding . I t  appeared tha t the 

shedding of' the f'ibr•e took place through a gradual reduc tion 

of cell divis i on in the folli cle bulb and of t he ke ra t inis a t i on 

process wi tho u.t the forma t i on of' a brush-end. Due to i ts 

prevalence ,  Burns thought t hat this type o� s hedding was normal.  

However ,  Aub e r  and Ryder ( 1 955 ) re-examined Burns ' ma ter1al and 
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c ame to the conc lus ion that attenua ti o:.'l shedding was due to 

lym:pha tic f'olli cles . 

I\.n. inves tigati on int o the ef'f'ec t of' nutriti on on wool 

:roll icle deve lopment in Cheviot lar:its by R.yder ( 1 955b ) ,  shot,••md 

that lambs from owes on a high :place of nutriti on had a higher 

IJercentage of l.ymphatic follic les than lambs from ewe s  on a low 

plane of nutz-i tion .  I t  was int irra te d  from these findings that 

poor nutri tional condi ti ons did no t bring about lympha t ic shedding 

as was previ ous ly believed. As brush s he dding and lym:pha tic 

s hedding were observed in the same sample in this experiment and 

anothe r  one on i.Iasham sheep (Ryder 1 �� 56) , Ryder dis credi ted 

Burns ' ( 1 954a ) sugges ti on that lyn�·hatic she dding repre s en ·i..ed 

nornal shedding. 

Further evidence tha t lym:pha tic shedding i s  an anomaly rathe r 

tha..'1 normal was :provided by Peart and Ryder ( 'i  954) who found no 

J.ympha tic follicles in Blackface she ep . Auber and Ryder ( 1 955 )  

conc lude d from evi �1ce presented he re  p lus s ome unpubli shed data , 

that lar>ge f'o l lic les s -:..tch as f'ound in kempy br--eeds , e . g . Herdwick 

and Scot tish Blackface ,  are probab lY  not as suscep tible to 

lympha ti c changes s� s mal ler fo llic les . Ryder ' s  (1955b ,  1 956) 

work sugges ted tha t good fe ed condi ti ons mi ght encourage lympha tic 

changes 1n the follicles . In these inves tigati ons he als o 

recorded b��h-sheddinz in seconda ry follicles o f  Chevi o t  and 

Masham sheep. 

A survey o� the Che viot , Devon, Wil tshire , R¥e la�d, Hampshire 

and Shropshire bre eds was ·carrie d out by Ryder ( 1 957 ) .  He pres­

ented ini'orrnati on on shedding from :pr i.Ill9.ry and secondary follic le s 
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and a1mol'ill.al :follic l as for• these breeds but wi thout re lating 

the type of' shedding to the follic le type . 

The avai lab le evidence sugges ts tha t b rush-shedding is 

charac teris tic of' :primar�r :f o l li c le s  and prob&.bly s om.e , if not all , 

secondary follic l es of mos t breeds studie d. It is �ossible that 

onJ.y thos e follic les :vro dun ing kemps or medul lated fibres form 

brush-ends . Secon.darJ f'ol lic le s  a}:r�ear to be more suscep tible 

than prirrar�r :fo ll ic le s  to fac t ors other thb.Il the s eas onal one , 

c a �s ing shedding . The re are confl ic ting repo rts as to the 

method of fibre r ep lacement whi ch may be due to bree d or fo l lic le 

type dif>f'erences or to f'auJ.ty techniques in sec ti oning or s ampling. 

The p lace of tl� abnormal fo llic le is difficu lt to de te rmL�e but 

may :poss ib� be related to a s tage in shedding char..ges in 'bl o od 

s u:p}_;ly, disease or some othe r fac t or. 

Mos t \Yorkers (Bums , Ryde r ,  Burns and 1\.uber ,  Aube r and 

Ryder ) have not re luted fibre t;y-pe to shedding folli c les except 

by use of' fibre c ross-secti ons ( Burns 1 954b ) .  'l'his me thod is 

not very accurate as coa r•se l.y  medullated fibres e nd  kemp f i'bres 

can 118-Ye s imi lar cross-sections .  Further"ffiore , the results c an 

be conf'used by the 11resence of he teroty:pe s .  'l'hus f'rom mos t  

expe l .. imen ts reviewed he re , only a gene ral indi cati on of wha t  

hap�)ens to kenTiJS c an  be obtained. Also in many cases c onelus ions 

have been based 0.'1. too few sheeJl, e .  g. f'o'Ul' Masham lambs, .Ryder 

( 1 95Gb ) ,  two homney la11ib s, Burns { 1 949 ) so that f'ur•ther wo rk i s  

needed to coni'irm t:C.ze se res ult s .  

Shed.dir...g in sheep has been C:8S oc ia ted wi th a degen.era tion 

of' the blood Stq):ply to the fo llicle by Ryder ( 1 955a) . Simi larly , 
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she a ths  of' human hair f'ollic lea (B:.t•unnel" 1 907)  and mous e hair 

foll ic les ( Hardy ·1 952 ) has been row1d only in the epi the lial 

s trand ·re low the brush in sheep by Au"'.::>er ( 1 952 ) and Ryder ( 1 956 ) . 

This rac t supp or ts the h3po the s is tha t glycogen is concerned with 

ribre growth . 

b .  Theories advanced as to the c ause or kemp s b.edding . 

Dry ( 1 935 , 1 940 ) advance d  two s�ecula ti. ve theories ,  bas ed 

on his observati ons , as to the c t:t u.se o1' sh edding . He observed 

that certain b ir thc oat f' ibres had ceased grovith be:roz•e birth 

(b� b.)· halo-hai rs ) and shor tly a:rter birth (su1) lLalo-hairs ) whe reas 

halo-hairs , hai ry su;per-si ckle s &nd s i c l:le ri bres B tt,rted shedding 

about the age o1· seven weeks . In tlw f'orrre r gl"OU:!J , he conc lv..ded 

tha t shecldi:ng was due to t he :feeble s ta te of' the f'ollicle induc ed 

by the :p re-natal c heck . In tbe lattBr group ,  becaus e of' the s i z e  

of' f'ibr� grown, i t  was c ons i dered that the :f'o llic le was p roduc ing 

:fibre subs Lance so vigo�ous ly tha t it nee ded to take � res t .  The 

term vigour used he re w&s aiJ.�:,li ed ·oy Dry to a. f'oll lc le produc ing 

much i'ibre per uni t time . Again ,  no experimental ev idence was 

publis ned sllovring tha t a fol lic le growing a medullate d ribre was 

producing more fiore per unit time t�an a less vigorous fol licle 

producing a non-medullate d :f ibre . The re:fore , Dry ' s  hypothes is 

must be accepted wi th caution . "V1gour u is apparently under 

gene tic control as well as being a fUnc ti on of' the :p:re-nate:-1 

check, as inc reasing !-gene dos aga increases vigour , {Dry 1 952 ). 

In the Scottish Blackf'ace , the shedding of kemps due to poor 

nutri ti onal condi tions was re:t'u ted by Bryant ( 1 933 ) .  He poa t -

ula ted• without publishing ex:per•iloontal evidence , tha t the 
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pe rcentage weight of kemp remained fairly cons tant regardles s  

of nutr i ti onal condi tions . The only effe c t  of good nutriti on 

on kemp gr owth was to increas e  the rate of grow th and diameter 

of kemps . Although no deta ile d  ev idence is given, Dry ( 1 93 5 )  

cons idered tha t p oor nut r i ti on could s l ow up shedding but not 

prevent i t .  

In c ontras t t o  the pr i11JB.ry fo llicle , Galpin ( 1 S3 6 )  has sh own 

tha t hunge r s hedding of fine r fibres (from s ec on dary follic les 

probably ) occurs in the Romney. 'lhis type of sheddine is 

thought respons ib le for "winter b re ak "  in Bri ti sh breeds . In 

this case , "winter break " is us e d  to denot e  th e  "break " in the 

fleece in the l ate autumn-wint er-early spri ng  p er iod due to the 

fibrec being s hed from a variable prop orti on of all type s of 

follicles . 

Goot ( 1 940 ) us ed obs ervati ons an the birthcoat of the 

Romney as evidence that s hedding was due to gene tic fac tors . 

Obvi ous ly ,  breeding exp eriments are reQ_uired to verify this 

s tatement .  

A s tudy of the fle ec e  devel op�n t  of a limi ted numb er o f  

Suffolk, Blackface , Herdwick and Merino x Herdwick c ross-breds 

was made by Burns ( 1953 , 1 954a, 1 954b , 1 955 ) .  The degree of 

"winter break " s hown by these animals was found to depend on 

breed type , wi th a higher proportion of fibres being shed in the 

c oarser woolled bree ds . Kemps were not found to f'ollow this 

pattern comp le tely as , kemp f'ibres , after the formation o f  brush­

ends in the autumn, remained in the fo llic le until they were 

shed in the spring. (Ryder ( 1 956 ) produced evidence that this may 
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not be s o  in Masham s heep . ) Hence , Burns pos tula ted t hat winte r  

break is :probably not entirely due to poor nut r i t ion . She 

cons idel,ed that :p oor nutrition probab ly accentuates shedding 

c aus e d  by s oroo o ther seasonal mechani sm such as day length . No 
cle ar dis tinc ti on was maintained b e twe en primary an d  s econdary 

follic les but the fact that :primary fibre s produced brush-ends 

in the autumn and di d not shed them until spring suggests tha t 

nutri tion has a lesse r  ef'f'ec t ,  if' any , on :primary :follicles than en 

secondary :follicles . 

Unfortuna te ly. the interpreta tion of' the respons e of kemps 

to nutri ti onal s tress is comp licated by difficu l ties in de ter­

mining accura tely the relat� onship between fibre type �� fo llic le 

type . However , there i s  s ome evidence from Burns ' ( 1 954a ) 

inves tigat ions whic h indicates tlw t the s heddinG s t imulus a c ts 

on follicle type ra ther th an fibre ty_;,.e . This evidenc e was the 

shedding of up to 25% of both p rimary and secondary fo llic les in 

a Suf'folk shee..t.J rhich, as judged by the numbers of halo-hu.irs 

in i ts  b1rthc oa t ( 2% on the mids lde ) , s howed li t tle kemp. 

Ryder ( 1 957) p roduced furthe r ev idence of extensi ve s hedding 

in non-kemp breeds . Thus • kemp she dding is probab ly c ontrolled 

by the fac tors causing shedding in primary follic les , although 
follicle s  produc ing kemps m� be mo re sensiti ve t o  the se fac tors 

than follicle s  producing non-kemp fibres . Peart and Ryder ( 1 954) 

confirmed Burns '  findings f or the Blackface and supported the idea 

that a seasonal s timulus might be inducing shedding. 

Ryder ' s  expe r1�nts an the effect of nutri tion on the wool 

follicles of the Cheviot (Ryder 1 955b ) and the Masham (Ryder 1 956 )  
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were based on too small a number of sheep to en ab le generalisati ons 

t o  be r:J.ade . Furthermore , as fo llic le ty pes ra ther than fibre 

type s were de a l t  wi t h ,  i t  is diffic ult to determine wh at role kemps 

play in the findings . However, results in the Cheviots showed 

that keeping ewe s on differen t planes of nutri t ion had no effe c t  

on the shedding of b ir thc oa t  fibres of the lambs they bore . 

S imi larly , in Mashrun lambs , poor nutri ti on al one was not cons ide re d  

t o  c aus e  incre ased shedding o f  fib res from pr ima ry and secondary 

follicle s .  However ,  in the case of the Mashrun s heep, inter­

pre ta t ion of the results was confUs ed by individual varia ti on in 

degree of kernpine s s ,  extent of she dding and t.Lme of s hedding in 

the two sheep of each group. Such individua lity mi gh t  have led 

to false conc lus i on� . A£ a higher :pr op ur t i on of :fTbres were s hed 

in winter he s ugge s ted tha t a seas onal fac tor mus t be ope rat ing . 

Reports have indica ted that seas onal va ri ati ons in daylength 

can induce growth o1' the winter c oat in cat t le (Yeates 1 955) and 

influence the rate o f  woo l  growth of Oorr1 edales ( Hart 1 955) . 

The se findings were extended by Rouge ot ( 1 S57 ) ,  who inve s t igated 

the effec t  of variation in daylength on primary f ollic le shedding 

in 4 Limousin ewe s . Wi th two groups sub je c ted to oppos ing cyc les 

of day length change , he was able to induce the two groups o f  ewes 

to grow and shed primary fibres ou t of pha s e  w i th each o the r .  

Growth of primary follic le fibres was found to occur when day­

length was decreasing Wh i le shedding of these fibres occurred 

s oon after the comp le t i on of short days . As rew s heep were us ed 

and erro rs introduced by e s timating follicle activi ty from c ross­

s ec tions cut at one level were not determine d ,  further work may 

invalidate or modify the s e  results . 



33. 

Evidence that seasona l  var ia ti on in daylength was no t the 

only cause of shedding was given by Burns ( 1 953 , 1 954b ) and Ryder 

( 1 956b , 1 958 ) .  The ir inves t igat ions showed thut s ome  bre eds 

( Blackface ,  Herdwick , Masham) had two moults pe r  year , a lthough 

in the case o:f keraps , Burns ( 1 953 )  be lie ved tha t  all were she d  

a t  the s ame phys i o lo gic a l  moult . Ryder ( 1 958 ) reported work 

done at Torri don which ind icated tha t twice yearly s hedding was 

probably a func ti on o:f primary fo llic le s  wh i le once ye arly 

s hedding was a runcti on o:f s ec ondary follic les . Obse rva tions 

on the b i rthc oa t  o:f the N-type Ronmey have als o shown tha t -

shedding o:f the :first few gene z•at i ons of kemps takes place a t  

intervals much shorte r thtm a ye ar (Roes and \",'right 1 954 ) .  

Finally , l'li ldJ.nan ( 1 958 )  has found that s hedding s ti ll occurred 

when the li gh t/dark rat i o  was he ld cons tan t and nutr i t ion was 

removed as a limi t ing :factor .  

The l i terature avai lable sugges ts that t he re is indiv idual 

variation be tween breeds ; between individua ls and between 

fo llic les in the s hedding of kemps . Regardles s of this , 

s hedding i s  markedly influenced by vari ati ons in daylength. 

S ome other :fac tor , probably gene tic , ap�ears to contro l  shedding 

t o  some extent als o. Nutrit ion , i f  i t  has any ma jor effect at 

all , possibly acts more powerfully on secondary :fo llicle s  than 

on primary fo llic l es . As skin secti ons have been used to 
determine shedding cyc les i t  is di fficult to specify the role 

of kemps . Burns ' ( 1 953 , 1 954b )  work s ugges ts that kemps may 

behave differently from o the r  primar,y follic le :fibres a lthough 

Ryder ( 1 956 ) discredits this . Neverthe le s s , there i s  sufficient 
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evidenc e of shedding of primary and secondary follicles in 

non-kempy breeds (Burns 1 954a , Ryder 1 957) to indicate that 

the shedding s timulas may act an the follicle type regardles s  

of f'ibre type . In the pas t ,  the short growth cyc le and 

di s t inc tive app earance of kemp have pro iJabl.y caused kemp and 

no t othe r f ibre types , to be spec ific ally related to shedding. 

D. Varia t ion in Kempiness 

1 .  Regional variati on .  

T o  date little intens ive w o rk  has been d one o n  regi onal 

variati ons in kempine s s over the b ody .  If the re i s  much 

variation in kempiness over the b ody , many experimental results 

may not be s tr ictly c omparable as �:::empine s s  has been e s tiwated 

from different body regions by different workers . 

In the adult Welsh Mountain sheep , Frase r  Roberts ( 1 926 ) 

c ons ide red that the point of the rump showe d the highes t 

proport ion of kemp whi le the shoulder was regarded as a good 

indica or of the extent to which kempiness was spread throughout 

the fleece . In a more ob jec tive s tudy, Darling ( 1 932 ) analysed 

s amples from 1 3  regions on the Sco ttish Blackf'ace . The regi ons 

in order of kempiness , highe st p er cent count firs t ,  were found 

to be bri tch > rump >  back > shoulder '> neck. 

Bryant ( 1 933) also inves t igated the Sco ttish Bl.ackt"ace 

and found that the re  was great variabi li ty in the dis tribut i on  

o f  kemps over the body . The le as t variab le regi on was found 

to be in a region from about the 8th thorac ic rib to the root 

of the tail for 1 inch on ei ther s ide of the backbone . Kempine ss , 
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as expressed by pe1-centage weight , was consi dered to be a maximum 

here and an indicator o:f kemp iness throughout the fleece . In 

areas other than this s trip , kemp iness was f'ound to be very 

vari ableo In a :further experiment , ( Bryant 1 936 ) he confirmed 

his res ults and showed tha t the thorax was nearly always free 

of' kemps and that kempiness increased on the ventral s i de againo 

An investigation of' skin sections or t he Scottish Blackface by 

Burns ( 1 953 ) indicated tha t the back and britch pos itions had 

a higher proportion of' kemps the..n the midside poa i tion. This 

method of es tima ting kempiness has already been critic ised. 

Although few breeds have been s tudied, the pattern in each 

breed seems to be simi lar. 

2. Variation be tween sheep. 

Not many workers have s tudi ed this aspec t as such nor have 

many workers used surfic ient sheep to indicate the degree of 

variability be tween each sheep. Their results may be bi assed 

accordingly . 

Da1•ling ( 1 93 2) studied 1 90  Blackf'ace rams of all ages . 

Sho�der and haunch s amples were analysed and percentage number 

found.. The c oefficient of variation of kemp w: s t" ound to be 

ver.y high over all ages and for each age group. As this 
indicates that there is probabJ.¥ much variation 1n kempiness 

between sheep� a s tatis tical transformation should probably 

have been applied before the calcula ti on of' the coef'f'icient. 

Consequently these results may not give a true indication of the 

Yar1 bility of' kempiness .  
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Bryant ( 1 933) made a s tud,y of 263 Black.f'ace ewes and 62 

Blac1d'ace rams of' all ages . From data colle c ted from the mi d­

back pos i t ion at a period when lceDI.P growth was cons idered to be 

end1Ilf:7 (November) :frequency dis tr ibuti ons were drawn. For e ach 

age grou,p , ·the f'requency dis tribution.s were marke dly skewed to 

the right indicating tha t there is great indivi d t..L8.l varia ti on 

·ue tween sheep . The highe s t  proporti on of sheep ha d  less than 

four per cent by count of' kem];S while some sheep had up to 40 

pe r  cent of' kem:ps . The mid-back regi on, however, has be en 

described by Bryant (1933) as the regi on of maximum kempine ss 

s o  that this regi on can show a greate r  degree of va1--ia ti on 

than other :t..,egi ons . \ls o ,  as s&rqples were taken at the end 

of the :p<:;. ri od of' kemp growth , s wnple s taken at other ti rre s  of 

the ye ar may indicate le s s  vari ation be tween s he ep. 

Although Burns ( 1 955) does not name kemps specifically or 

give any f igul�es , s he s ta te d  tha t the re was gre a t  variabi lity 

in every im:por tant fle ece c haracter in the Mer ino x Herdwick 

cros s .  

The results s o  f ar  ob tained are not direc tly compa rable 

as the sampling pos i t ions us ed and sampling t ime s were di :ff'erent. 

Nevertheless , the results indicate tha t there was much variabi lity 

be tween sheep 1n kempiness in the Blackface breed. 

3 .  Breed variation. 

Breed varia ti on 1n kempiness may depend on the s tage of 

evolution ot: the breed. 

Attempts to explain the evolut ion ot: the kemp t:ibre have 

been made by Duerden and Ri tehie ( 1 924) , Du.erden ( 1 926 ) , Fraser 
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Roberts (1926 ) ,  Northcrort (1928 ) , Loekner (1 931 ) and Lang 

( 1 942 ) .  By aasuming that the Wi ld sheep is very similar to 

the animal rrom Wh i ch dome s t ic she ep have ev olved, they post­

ulated that , as the out er ha iry c oa t  of the wild sheep compri ses 

fibres of kemp-like app earance wh ich were she d  annually , kem:p 

had evolved from this c oa t .  

Lang ( 1 942 )  grouped the Bri t is h  breeds of sheep according 

t o  the type of :fleece they p roduc e and attempted to s how how 

the type of' fle ec e  they grow fits in wi th t he evo lut ion of' the 

f'leece .  Thus , he c lass if'ies t he  breeds into : 

Long Wool led Mount ain breeds ( the Blackface , Herdwick etc . ) 
Short Woolled Mounta in breeds ( We lsh Mountain ,  Chevi ot etc . ) 

The Dov1n breeds ( Southd�vn, Shropshi re w1d Hampshire Downs ) 
The Lus tre wools ( Romney , Linc oln e tc. ) 

The Merino breed. 

The Long Woolled Mou.."ltain breeds have fleeces mos t.  c l os ely 

re lated to the wi ld  sheep and , consequent ly ,  more k emp .  The 

Short \Jo olled Mountain breeds s how rJ art i al suppres sion of' c oarse 

f'ibres s o  that keiiq:Jiness i s  not so ma rked and the f'leece shows 

much heterotypism. The Down breeds show almos t comple te 

suppression of coarse fibres . The f leece shows poor medullation 

and few , if any , kemps ( Ryder 1957) . The Lus tre wools show 

development of the long fibres and suppression of :f ine  fibres . 
Keiiq:Jine s s  is p 1"0bably a prob lem to a les ser extent than in short­

woolled Mountain breeds (Cockayne 1924).  

In the Merino only the wool f ibres have been developed. 

The breeds today woul.d :pzaobably not :f' it Lang ' s  classific ation 
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very closely. The discriminati on against kempy wool by man-

uf'ac tm•ers and the easy method o f'  selecting againS t kemp in 

the adult fleece determined by Dry ( 1 940, 1 955a ) has led to 

s trong s e lecti on agains t kemp in mos t breeds . For ins tance , 

Hendc rs on ( 1 955 ) f'ound an average o� . 04% kemps in Romney a�d 

Cx·ossbred sheep. 

AJ.thoug..'l little evidence has been ·brought forward t o  c on­

firm this theory, apart fr�m the associ ati on between t ime  of 

sheddi."'lg, the app earance of kemp fibres and coloured kemps in 

the domes tic and wild sheep . no o ther attempt to explain breed 

diff'erenc es 1n kemp1ne ss has been published .  N o  worker apiJeara 

to have s tudie d breed di:t:'ferences in kempines s  s:ts such aJ. though 

1 t is ge.�1erally recognised tha t "breed dii'f'e rences d.o occl.u­

(Lang, 1 942; Burns ,  1 �54b ;  Ryder 1 958 } .  

4. Seasonal variati on .  

Ryd.er ( 1 958 ) ha s  pos tulated that shedding o f'  kemps depends 

primarily on the breedS he redi tary tendency to moult . Thus , 

wild sheep are reported to lo se their woolly c oat in the s pring 

and their hairy outer coat in both spring and autumn. In 

domes tic sheep, shetding varies from the more primitive dome s tic 

sheep, 1n which a high proportion of f'ibres are replaced each 

year ,  to the Merino , 1n which each individual. follicle appears 

to have a very long growing phase. 

A sub jec tive method o:f measuring kempiness vi z .  visual 

examina ti on ,  was used by Fraser Roberts ( 1 926 ) 1n his inves tigation 

of the Welsh Mountain sheep. He f <mld  that kem.p3 grew into the 

fleece in the late spring to late autumn and were shed in winter. 
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Frolich et al ( 1 929 )  es tabl ished in the Karakul tha t the 

Leithaa1� or outer coat (kemps were not menti oned spec ifieallf) 

was shed all tP� ye ar �ound. 

The pe rcentage number of kemps was round to L�crease 1n 

the c oa t  of' the Blackf'ace durin!� e arly spring to early autumn 

by DaPli.ng ( 1 932 ) and Bryant (1933 ) . Shed ends to the 

f'ibPes we re noticed during late autunm and winter. 

The birthcoat of the .i-{omney lamb was shcrnn to have d.if'f'er-

en t eye lea of kemp growth from the adult (Dry 1 93 5 ) .  He noted 

that halo-hairs s t.a1�ted to s hed in the e arly we eks or months 

of the lambs life �md tha t o ther kemps shed s omewhat later . 

By us ing  a c over t o  preven t shed birthcoa.t kemps f'rom f'all1ng 

out of the fleece , he was able to ob serve the growth of' two 

to three gener•at ions of' kenr;ps in t.ne firs t foUl .. teen months . 

Ca1•ta:c.• ( 1 942 )  uoted in the t,1er ino that shedding from pr imary 

follic les occurred s oon af ter birth. Ros s and Wright ( 1 954 )  

in a study of H.-type she ep ,  conf'irmed Dry ' s  findings on the 

tilre or bil, thc oo t  shedding in non-! Romneys . The f'irs t 

generation of· kemps were slled t-wo to three mon ths af'ter birth 

and succeedi.."lg gene ra ti ons at three to tour monthl.y intervals 

until shearing at f'ourteen months . Invea · igation.s were not 

carried out after this period. 

In the adult Blackheaded Pers ian, Lang ( 1 942 )  quoting no 

evidence s tated that one cyc le of' kamp grow th occUITed per year 

wi th the kemps shedding in the spring. Lang als o  described 

partial sheddi:n.g of kem;ps in autunm. and sp ring in Long Wo olled 

MoWltain bre eds . 
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Burna ( 1 949, 1 953 , 1 954a, b ,  1 955 ) carri ed out a series of 

investigations an the Romney, English Le i ces ter, Sco ttish Black­

face , Suffolk, Herdwick and Merino x Herdwick breeds . 

In the Romney and Leicester breeds Burns ( 1 9l-t9 ) c onfirmed 

f'rom skin sec t ions , the general peri ods of' shedding , found by 

Dry ( 1 93 5 )  and Ross and Wright ( 1 954) up to 9 months of age . 

However, her assumption tt'la t too se f'icres were bir thcoa t  ke.mps 

was based on :f'ollicle type rather than f'ib re ·type .  Hence ,  the 

fibre t;..rpes which were shedding could not be dete rmined. She 

a lso f'otmd tha t some fo llicle bundles undez-.vent vmolesale shedding 

whi le othe rs di d  not .  Her explanation of' this was tha t there 

had been a temporary local res tric tion of' blood supply. 

In her s tudy of the mo r� primitive d oub le-coated Scottish 

Black£� Burns ( 1 953 ) took sk�n s�wles at int ervals over 43 

weeks . Shedding of :prirnary :fo llic les a:p.:Qeared to co nclude 

about the 1 7th week w i th  peak shedding a t  8-1 2 weeks . A new 

wave of' shedding Which involved more primo.ry :t'ollic le s commenced 

during the autumn. Many larger s econdary follic les shed at 

this time also . Peak shedding was reache d about midv;int er, 

several we eks 'be.:fore the ex:pe riment concluded. Burns noted 

tha t a small proportion of primary fo llic les a."'ld a large proportion 

of' s econdary follicles di d not shed at r 11 du.rillg th� winter. 

Burns ( 1 953 ) c i ted Deshpande 's w·ork: on the Black:face Which 

confirmed Burns findings as to the t.i.ne that each generati on of 

kemps grew and waa shed. Wi tr-..out p::::•oducing experimental evidence 

for her conclusion, she assurr� d ·tl1..at G1 kempa were produced by 

pr1rr6ry follicles plus perhaps a few secondary follic les . Many 
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primary fib res which forme d brush-ends in t he autumn did not 

s hed 'l.m:til spring. Thus , she conc luded tha t the two peak 

periods of shedding in the Blackf'ace as shown by :fibre type 

s tudies , we re phys iologically the s ame moult . Burns also 

e s tablished that there was cons iderable shedding of :fibres from 

sec ondary fo ll ic les ove r  the win ter months . Although her 

as sumption that �rimary fo llic les produce kemps is reasonable 

enough in the light of yrevi ous li tera ture the re i s  s ome doubt 

as to whe the r all primary fo llic les do so. The shedding of' 

hairy fibres from primary lateral fo llicles COL1ld caus e c on­

fusion in LTlt e rpre ta tion of the results e s pec i al ly  as on.J.y 

four lambs were examined. 

In the Suffolk, which has a Dov.rn type f'leece Burns ( 1954a ) 

examined skin sample s  f'rom 4 l ambs over a pe ri od of 63 we eks . 

She es tablished tha t the pe rcentage numb er of halo-ha irs was 

low ( les s  than 2%) s o  tha t it may be assumed that t re  percentage 

number of kemps was low .  Neverthele s s , s hedding occurred f'rom 

both pr imary and secondary f'o llic les during autumn �Tld winter 

although the proporti on of' follic les s heddiP.� was lower than 

in the c oarser woolled Blackf'ace $ 

One of the C OP.i'S ea t and mos t k anpy of Bri tieh bre eds , the 

Herdwiek , was sample d  1 1  times in a period of 1 1 5 weeks . It 

was es tima te d  :from skin sect ions tha t b irthc oat shedcling s tarted 

about 1 0  weeks af ter birth. This moul t c oncluded between 1 0  

weeks and 5 months after b irth and the second generat i on of 

kemps commenced growth. La te r  generat ions of kamps fo llowed 

a patte rn of' growing 1n the spring a.'1.d shedding by early autumn, 

then, growing over a longer period in the autumn and shedding 

1n the late autumn to spring. As 1n the Blackf'ace , s ome f ibres 
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formed brush-ends 1n the autunm. but we re not s hed unti l the 

following spring . Poss ibly two gene rati ons of kemps would 

have been noted in the Blackface if the inve s tigations had 

included more s amp ling t irooa .  Simi lar ly ,  the early gene rations 

of kemps in the Herdwick , Suf'f'olk and Black:f'ace may not have 

been :fully inves tir·;a ted due to the tine e lapsing betwe en 

s amplinga . 

In a much more valuable s tudy of 80 Merino x Herdwick 

ewes Burns ( 1 955 ) found that s hedding, as evaluated from 

skin and wool s ample s , was of lower pr oportions in autumn 

than i t  was in spring. In the o ther breeds s tudied, the 

reverse happened. 

In view of the possibility that waves of shedding occur 

( Burns 1 953 ) it is difficult to evaluate he r results as she 

took varying numbe rs  of samples in di fferent experiments and 

quite of ten , f'rom different pos i tions . Ryder ( 1 956 ) showed 

that there were two peaks of' s hedding wi th primary follicles 

of' 4 Masham she ep . Thes e  occurred in autumn and sp ring. 
Secondary follic les app eare d  to shed s teadi ly over the winter. 

The sheep showed individual varia tion in the season in which 

the greater proporti on of primary follicles shed. Presumably 

kemp shedding followed that of the primary follicles as ver.y 

few secondary follic les had fibres wi th  l atti ced medulla. I t  

also ap�ears from this that s econdary fo l lic le shedding may 

not be related t o  primary fo llic le shedding . 

Rougeot ( 1 957) es tabliahed 1n the Limous in breed, that 

shedding of primary fo llic les took place over the la te winter 



t o  early summer while kemp growth occurred ove r the rest of the 

year. 

The litera ture sugges ts that there m� be cons iderable 

differences in time of shedding of di fferent breeds although 

the results may be c onfus ed because of lack of intens ive 

sampli.ng and s tandard sampling pos i tions . Nevertheless 

Bri tish breeds show cons iderable varia tion in time of s hedding . 

Possibly course woolled breeds shed twice a ye ar ( autwmn and 

spring ) whi le finer oolled bree ds  shed once ,  ( autumn ) . As 

these results have been obtained primarily for primary fol lic les 

it has to be as s umed that kemp3 follow a simi lar pattern. In 

the non-Bri tish breeds s tudied, i t  Rppears that shedding occurs 

in the s pr ing. There is some evi<lence to sugges t thn t the 

tine of primary folli cle shedding may be independent of secondary 

follic le shedding. 

E .  The Inheritance of Kemps 

Pape rs by Fraser Roberts ( 1 926 ) and Duerden ( 1 926 ) cem­

men'ting on the evolution of the fleece sugge s ted that kempiness 

has been bred out of the fleece purely by se lecti on against 

much kempiness . I t  can be inferred from this tha t kemp is 

probably inheri ted multifac tori ally . In the Blackface, 

Bryant { 1 933 ) produced evidence which indicated that kempiness 

was probablY inherited multifactoria lly but wi th a tendency for 

lo kemp1ness to be partially daninant over much kempiness . 

Dry { 1 935. 1 940. 1 955a ) published evidence indicating 

that 1n New Zealand Romney lambs halo-hair abundance was 
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s trongly inherited on a multifac torial b as is . Dry ( 1 940 )  
als o  quoted s ome evidence showing tha t gen etic fac t ors c ontrol 

fibre type arruy inheritance and the number of genera tions of 

kemps a follic le wi ll grow . Goot ( 1 940 )  found support from 

his da ta f'or this type of' inheri tanc e .  Schincke l ( 1 951 ) 

inves tiga ting the gene tic background f'or bi rthe oat differences 

in S outh Aus tra l i an Mer inos , f'o'Wld tha t c onrse b i rthc oa t 

grades were the result of a single dominant gene . 

Dry ( 1 955b , e )  dis cussed the inves tigations and findings 

of' hims e l:f'  and his e o-workers on the l! and !!!! genes .  In 

E-tyyes halo-hai r  abundance increased with !-dosage but co�d 

be varie d  according to modifiers whic h  themse lves might or 

might not be inhe ri ted multifactori a lly . Litera ture on the 

inheri tance of la te r kemp hairiness was reviewed by Rae ( 1 956 ) .  

However, se lection agains t kempines s may cause changes in 

other attributes of the sheep. For ins tance , Roberts ( 1 946 ) 

c ons idered that hardiness in the Welsh Mounta in breed was 

related to ke�iness probab ly bec ause kempiness is related to a 

thicke r  skin. No experimental evidence was produced to support 

this s tatement . 



III YI\TERIALS AND M .1'THODS 

A .  Experimental Des ign 

Normally m:1naged Cheviot e ea run at Tua:paka - a Mam.twa t.J. 

hill COQ�try fnrm owned by Masscy Agriculturn l College were us ed 

in thi s  experimen t. The 80 sheep 1n the experiment ere rnn-

domlY se lected from a flock 1n Which selec tion for or ugainst 

kempine ss had not been practised. The ex}leriment 1� l animals 

c omprised 20 sheep 1n e ach of the f'o ll c:M' ing  f'our age groups : ­

two-ye ar-olds ; three-year-olds ; :four-year-olds and f'ive-ye ar­

olds o As the experiment progressed , however, s evernl sheep 

died and o ther sheep were not present a t  all s ampling times . 

I t  Ylas decided• therefore , f'or the purposes of' s tatis tical 

analys is to discard all discontinuous records . As 1 7  sheep 

as tho smalles t number 1n any group which had con tinuous 

records , severa l  sheep in o ther age groups had to be di scarded. 

This was done a t  random. T!nJS • data from a tota l  of 68 sheep 

were us ed in thie experiment. 

B. Collect ion of Data 

The sheep ere sampled fo\lr t.ilm s during 1 958, viz .  

5/3/58. 1 9/6/58, 9/1 0/58 and 20/1 1 /58. The se t1 mes corres­

ponded i th the farming operati ons of s or ting eYies into mating 

groups ;  crutching ; docking lambs and eaning lambs . It sh ould 

b noted that the two-ye ar-o�ds hlld prev1ou.sl.7 been shorn on tma 

25/9/57 and the remaining age groups on \be 1 8/1 1/57. Consequently 
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more wool had grown on the two-tooths than on the remaining age 

groups by the first sampling time . 

The sampling posi tions and their nomenclature Rre given 

in :figure 2 .  The pos i ti ons ,. A, B ,  c ,.  D correspond t o  the 

body regions mi d-b'-lck , mid-shoulder, mid-s ide and mid-thigh 

respective ly .  Of' the se , pos it ion A deserves some conu:nent . 

I t  was u s quare of: s ides 9 cm and as s ubdivided into four 

approximately equal areas . These areas were ventral and 

anterior to area 1 ,  pos i tion A (see :fig. 2 )  which its lt' 1a 

located at the point of attachr.oont of the last rib .  The 

aeri al. order· in Which the areas of' pos i t ion A were sampled 

was rundomised be tween sheep to ensure that any bias due to 

dif:ferenc�e between areas was removed .  

1\.reat:. were not me tlSU.�d for pos i tions D ,  c ,  D s o  that 

s amp ling of' these Pegions mere lY cons i s ted of removing a 

staple of wool from the appropria te body regi on. 

The reasons for choosing pos i tion A for are a  meuaurementa 

VJere that :  

a. There was l es s  chunce of los s of' kemps t'rom contact 

1 th other ob j ec ts .  

b .  I t  has a definite location point . 

c .  I t  1s eas ier to meas ure  thtm mos t  o ther regions . 

Four as ere s a  led 1n pref'erenee to cutt ing tl'e s 

area :tour tines 1n order to avoid any et:rect that cu t ting might 

have regrowth ( as sugges ted by work by Rudall ,  1 935 ; Coop, 

1 95.3 ) and to red e poes1bl.e loes ar sb d ltempe :t'rOIIl the Short-er 

�- Neverthele-ss a reeut of t he  previ l.y sampled area • 
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Fig . 2 

The pos i tions s e mpled on the 

Cheviot ewes in this expe riment • 

• 
0 c 

Pos i t ion A 

�E rn 

• 
B 

The enUire ration o f'  
the aree s  in 
pos i t

'
ion A 
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made a t  sampling times I ,  I I ,  III and IV far the f'ive-yeaz-­

olds , the three-ye ar-olds and the f'our-ye ar-olds respect ively. 

The sheep were sample d 1n the s tanding :pos it ion ,  the 

s amples being taken from the r1�1t side of the sheep . H<Mever, 

the three-year-old group had pos it io._Tl A sarn:pled on both s ides 

a t  tile SBruiJling I .  

Sampling was done by means or an aster electric hair 

cutting mac h1.ne having a comb about 4 cm. wide . This macltine 

made i t  rela tively easy to cut a rec tangular area when sampling 

pos i tion A. 

The four s ides of the :f1gure were JWas ured w 1  th d.1 viders 

and rule to the nearest m1 ll1me ter. In order to assess the 

accuracy of' measurement 9 sheep were c augh t aga in  at the end 

of SU!ll;p ling I und the a1�eas rerneasured. 

c .  Treatment and Analys is of Samples 

All samples were enc losed in f'ine n;vlon mesh bags and 

were scoured for ten minutes in a liquor consis ting or 1 

1 5  gallons � ater at 1 1 5� 

100 mls .  Teepol 

3-.5 g Sodium Hydroxide 

Ag1 t tlon or the scouring liquor was nsured by a propell r 

Yolving 1n the bottom of the scouring tank. 'lbe scouring 

procons a completed by rins ing the aam:pl,es 1n warm water. 

Aft drying• 't.. . s plea re placed in a hWD1d1ty room o.\ 

65 r cent. rela tive humidity for at least ono eek before 



they were an� .... l.ysed. 

Tl1e anu lysia of the sample invo lved weighing the who le  

sample directly after 1 t was removed :from the humidity room. 

'l'hen .3 f:... , . 5  g ,  • 7 g, . 9 g were e ighed :from the original 

samp1e according to Whether the sample had been cut at 

sampling tiroos I ,  I I ,  III or IV respectively. Subsampling 

as neoessarJ s it was imprac ticable 1n terms or timet to 

analyse whole s amples .  By inc reasing the eight of subsamyle 

at each srun:pli..'f'l8 time, an a ttem,pt was de to maintain the 

same pro})ort ion o:f f1 bres in the four grades of subs ample 

we ight relative to wool growth . It uas not neces sary t� 

subsample the �ool t'rom t he recut areas . 

In ordel .. to test he ther the a ize a£ subst.mple n.s 

suf':f'icient to give a good estima te of the who le  a mple three 

.3 g subsamvle s  were an: : l.ysed t'rom each s ample :rrom each 

poa1 t1on from 1 9  three-yeaz-olds at sampling l e  10 sheep 

were se lected 1-1t 1� dom rrom the s ame age group and three 

. 5 s • • 1 g, .9 g subsamples of position A were ana lysed :for 

sampllng times I I , III and IV res ctively. Time did not 

allow pas 1 t.ions B• C and D to be tree. �od s 1Jili lar l.y .  

The GainlJle as divided by o into ke.m.P and non-ll:emp 
fractions , the s t.ion b 1ng done on a board covered with 

black v lv �. A check was made to t1nd W'b �er any kemps had 

ovel'�ook 1n sample , by 1mners1ng t sample 

1n benzol. 'i'he k 

Both total and s k 

coun ·d tor aamp1 

re than re dil.y 41s'1nguishable. 
(recognized by brush ) ere 

1n the ple 
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ere weighed. The time taken f or such an analysis ranged 

between * to 1 � hours per sample. 

As t ime becaae a limi ting fac tor , it was found 1mprac tic-

able to a.t-w. lys e  all samples from all pos i tions . Thus , all 

sample s from pos i ti on  A were li1!1 'ilysed while s mnples :from 

posi t1ons B, C o.nd D were anblysed from 10 two-year-old 

and five ��ee-year-old ewes selected at random. The choice 

ot: age group:; as 11mi ted to the grou:� which had the mos t 

prac t ic al s i gnificance :particularly 1n regard to culling . 

Sui table camputatio were then made to convert the 

number and weight of' kemps per subsample into that es timated 

f'or the whole sample . The next step as to calculate data 

:for the 1'ollow1ng me&s uremen ts : 

a .  N/A or nunber or kemps per sq. cm. 

b. W/A or- we ight of kemps per sq. cm. 

c.  �1 x 1 00 or pero ntage eight 

d. N 1 /W 1 or nunl;)er of' kemp;; per g of wool. 

where N = the total number of kemps ( or  shed number 
1f' specified) in a sampl.e. 

A = the area 1n pos 1 tion A from hlch the s wnple 

1 

1 

pere 

con ta1n1ng N was cut. 

a: the eight of th �otal numbers or ke 

1n a sample �  -

;;� the eight tl£ woo� 1n a SUbs ple. 

= the 1gbt or kemps 1n a ubeanwlo . 

= the nQDI) r of k pe 1n a aubsample. 

dullatlon ot the non-kemp rz., ction or all 

position A a . lea as e tima ted by dull teP d v l  
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cflahon { 1 937)  and redesi gned 1n the light of Rosa ' ( 1 950 )  

work. 

Routine metrology work on the flock from �hich the 

ex:perirrenta1 animcils were drawn , made avai lable da ta on 

mean fibr-e d.i l:Ulle ter for posit ion C at sampling IV f'or 

1 0  two-year-olds and five three-year-olda . 



IV RESULTS 

A. Methods of Measurement 

1 • Selection of masures . 

In "t..ti.is ex1J9riment comp&J.'#is cn was made between :four me thods 

o-r ooa::ru.r� varia ti ons  1n the kemp popu.l.atian. 

Tb.eae me thods of �asUl�nt were t 

1 • �uzer of k61UlG pel' unit area (square cen tJ.nm tree ) .  

2. Weight of kam.Pb :per uni t  area (square centimetres ) .  

3· Number or ker.T:L:s :p�r gran:rne of wool. 

4. Percentage weignt of kempe . 

Observation of the data t:or t .be  four measures showed that 

there was much vari ati on  between sheep and this was c onfirmed 

by drawtng :rrcquaney dis tributions of all da ta f'or pos it i on  A 

for eac...� me thod of measurenent (:figure 3 ) .  'f'he f' igure  shovs 

tha t the frequency distributions were all markedJ..y skewed to 

the right indic ating that a trsnsf'orma ti on  vas needed to correct 

the popula tion to normality. As the trans f'orms tj.on mos t like ly 

to do this is a 1ogar1thmic one , all observa tions ere converted 

to logarithms. The resulting frequency dis tributions are sha.rm 

1n figure 4. 

!beae po•ulations (figure 4) WePe tested for normallif¥ 

using tbe �t given b..Y Snedeeor (19571 p.202).  This teat 

1s based an skewne ss and kur tce :is  Wh ich are asuzred by the 

st,at1.s t1cs 8-t 11114 s2 respect1ve]Jr. · 8D. both � and s2 are 
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z ero , the population is deemed normal. TB.ble 1 shows the 

valt:es of g1 and g2• the s tandard devi ations � g1 end g2 

and the Values Of t fOI' g1 and g2 w1 th do r CO • The t&bJ.o 

indicates tha t tJle distributions of all methods of messurement 

� ke:J})1ne ss us ed  in this inYe-s t 1ga"t1on depart signi:fic antl.y 

1..Yl. all cases g1 is pes 1 t1 ve Wh ich indi cates 

the t the pop·..1J.a t1 oa has an excess of 1 terns smal�eua than the 

me au .  

the lo-:tt. Th e  s tatistic g2 is significantly dif' f'erent t'rom 

zero at the 5'% level fo"P dntu involving numbers o� kem.ps While 

da ta involvin:; the use o'Z weight of kempa azae aignif'icnnt at / 

the 1 ��  le .rel .  Thm ,  da ta involving a meas·ure of the number 

Tt£ negative value s  

of g2 shoo tha t the dis tributions are �·la te au-like r£ ar the 

centre t1i th a.11. oorof'�S of mod er& t.e dsv1a tions . 

The �quency dis tr1but 1ons and tre means � the non-

tra£ms1'ormed data in figure 3 Sl�ggest t hs. t  the me E�n and tre 

var.tance are cor:related. This being tl:e case �J tm re qui re-

ments for tests of s ignif'icauee probably do not hold, i . e .  

the data are non-additive ;  there i s  heterogene1t¥ or variance 

and tlle errors 81-e probably not noPmally d1B �bute4. The 

most i.nlpcnatant or tbe&e requi:remenf.S iS homogeneity o-r Y&riance. 

However . be.f'ore a tes t  f'or homogene1t7 of variance was applie d, 

a tentative dec1s icn was made as to tbe best mthod of measure­

ment af J.r..emp1De ss to us in tills experilr.ent . 

i'he rel ti� between tlle T&Pious en1te�1a was det.er­

m1ned with rega.Pd. to the tota1 nlJDI)er of kemps per uait area. 
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TABLE 2 

Correlation coett1c 1enta of total numbers of kemps 

per unit apes With percent age weight , total n� 

of kemps per g of wooJ. ern weight or kemps per unit 

lteqlB/uni t area 

area. 

Percentage eight Xemps/g Wei ght o-r lUIIQ.ls/ 
ar wool unit area 

of kemps 

0. 976** 

indicates p less than .01 

d. f for all correlations 270 
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The correlation coefficien ts are presented in Table 2.  Log 

transformed da ta  f'or total numbers or we ight of ltemps in pos i ti on  

A over all age groups and all sampling times were used i n  the 

calculat ions . A1l correla tion c oefficient s ere found t o  be 

s ignificant at the 1 %  level. 

In calcula ting a c orre lation coefficient and in tes ting 

its s ignificance , it is assume d  tha t the observations a re 

drawn from a normally dis tributed popula tion .  As noted earlie r, 

this requirement is not s trictly ma t  by the present datl::�. . H0\!'1-

ever , skewness and kdrtoa is are unlikely t o  dis tort the results 

very much for Pearson is quo ted by Kendall ( 1 945 )  as s tating 

tha t  "the no�a l  bi variate surface e� be muti la ted and dis­

torted to a remarkable degree w1 thout a!'f"ecting the f'requency 

dis tribution of r . " There is adequate jus tii' ica tion ,  therefore , 

for accepting the results as representing reasonably a c cura tely , 

the tru� re lationship be tween the various me as ures .  

As the rela tionship between the methods of measurement 1s 

high snd the degree of ass ociation is s imilar for the measures , 

the selec tion or the mos t  suitable measure can be based on prac­

tical and biologic� c ons iderations . The me thods or measurement 

� kempiness selec ted ere : 

a. The number of kemps per unit area (both total and s hed  

n ere of' kemps were used) for measuring changes 1n t h� kemp 

popula t1on in posi t1on A in all age groups . 

b ..  Tbe number � kemps per granJDe of ool for measuring 

ltemp population changes 1n pos1 tions A,. B. C and D in 1 0  two­

year-old and five three-year-old ewes .  



,. 

Bai'Uotts tee't for bGIIogenei\v ar va.rianoe fiE 

tzaanaforr.sed &lk. 

a. To'hl mmibel'S of �  Ier Ull1t a .  

Age PGJltsal x2 p 81got:r1caDOe 

'fW�u-olds A 0.783 greater tbm .  75 not o1gn1r1can\ 
�.Jea.-olds A 0.323 greater than • 95 not s1grl11'1cant 

l.l'oup.�tar-Glds A 1 .102 greater t.htin • 70 not a1gn1fi.cant 
P'1v�ar-olds A 3.131 grester than elO no-t aiQD.if 1c on t 

b. 'lotal lliRl'bera or ·� �r � of wool. 

Age Rsltke 2 p Significance 

1'-0lds A 0 • .3;1) srea ter than • 9 not sigD1t'1can't 

B .). 674 gl'eater than .25 not signif'icant 

0 0.654 grea-ter than .  75 not s1sntt1eant 

1) 0.709 gl'etl texa t.:bJ .75 not sigait"lcan t 

�lds A 0.}26 tel- ., not e1gnit'1out 

D o.""' srea r tban e9S DOt S1 1]Jl1t'1oant 

0 0.995 peatel- tban .  75 aot a1gn1f'1caa't 
B 0.269 t.baa .95 not e1gnu•!.oaa\ 

J 
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The ma j or reason for discarding me asures involving weigh t  

i s  tha t i t  i s  cu s ie r  t o  estiHIB te the numb e rs  of kem1.s viS Uh lly 

than i t  is t o  estiraate we ight . This is 1mport�-"n t in �1p1JrHising 

wool for mllling or buying . 

The oiolo[;ist cons i ders the f' ollic le B B  the bf<Sic unit o-r 

the fleece cmd the fibre or kemp ns the unit produced by the 

follicle . P..D the weight of kem.f..S in a sample is dependent 

on the nUJ.obel" of' kemps rn ther th n the number of' kemps being 

dependent on tho weight of kempa , the number or kemps is or 

more value to him as a measure of follic le ac tivi ty.  

Rydei., ' s ( 1 �57 )  work sugges ted tha t s�>edding of' non-kemp 

fibres c un be extensive o This indicates th · •t a change in 

.Pc re en taco v:e igh t of kemr:s might res Ll.l t from a change in ei ther 

kemp :fibres or non-kemp :fibres u Hence, t.o use this measure 

without a.Tly objec tive measure of chnnges in both kemp and non­

kemp fibres may lead to s ubs tantial errors 1n the interpretation 

or the rosu1t.s . 

By c alSic1ering the above t'actors and the t"aet that area 

measurements were only t aken for poei tion A, the choice of the 

!Df; tbods of neasurement of kem.p1n s becomes re l&tive ly simple. 
Bart1ett •a tes t  for homogenei ty of vari ance (Seedeeor 

1 957, P• 285) was applied to log tr nsf"oPmed data f"or the 

two s.elected me thods of measurement of kempineas . The chi­

squared va lue . the probabi lity and the s 1gn1f'ic ance of' the test 

are pr sen ted in Table 3 .  In no ease was the re a signit'iofll'lt 

departu.Pe f':t-om homog i ty ot v riane • Thus although the 
tranafo mat1on does not eor et the popultl ions to no 11t7, 
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it brings about the mos t impor tant requirement 1n �et.s or 

s 1gn1:f1eance viz . homogene i ty  of variance . 

The e:ff'eet that skewness and lcurtos is might have OD the 

resuJ.ta has been discussed by Mat.her ( 1 949 ) .  He point ed 

out that skewneas and kurtos is are tee ted by the third and 

fourth moment:; respectively. whe reas s tatis tical ana}¥s is 

involves mainly tbe use of seccmd monen t s ta tis t ics (vari ano ea ) . 

Thus • he s tatea that "it 1s ne ar ly always assumed that the data 

:fall on a normal dls t.r 1but1on and though the f'act that skew 

curves are not too uncommon shears that th is assump tion 1s not 

generally Jus tit'ie d , the errors introduced into second moment 

calculations by such dep artures from normali ty are small and 

may be ne gle c ted. " 

The evidence produc ed 1nd1ca tea that the departure :from 

normality shown by log transfOrmed data is unlikely to a:f'f'ect 

the resu1 ta to any great extent. Hence , all calcula ti ons  

with the s e lec ted measures were carried out wi t.h  log trans­

f'oPIDed data . 

The selected 118-thods o-r measureaent or kemp1Deas have 

been shoWn to f'ulf'U best the requireuen'\8 of' tba experiment .  

However, the ir  11m1t.at1ons deserve some col11Dent.. 

IdealJ¥ • the sanB number o� 1"oll1cles shoul.d be sampled 

1n dit'f'erent regic:&J of the sheep• between dif'f'erent sh .. p 

and at dif'terent sampling times. Thue a change 1n the val.ue 

· or the maasure Mpreaen ts a cb&nge 1n tbe nwsber of' 1"ollie les 

producing ltemps. In pracu oe. howner. a mthod of sampliDg 
has not been perfected which permits comparisons ot the s ane  
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number o.f t"ollie les . Therefore, some e stimate or the e ri•ora 

involved 1n collecting data for the experiment is necessacy­

be:fore changes 1n tre values of the methods of meas�t c an  

l.>e taken to represent actual chan ges in the ke mp  pop-ulati on. 

2.  Some errors 1nvol.ved 1n obtaining data ror t he  number of 

kemps per \1111 t area and the ir likely effect on the results. 

a .  'l'he calculati on or the areas 1n position A from which 

samples were cut .  

C ockrem ( 1 956) measured tre dia gonals of the s ampled 

areas 1n order to calculate area.  However, Cockrem (p ersonal 

communi cation )  foWld 'that there was li ttle los s in accuracy by 

calculating area as for a rec tangle at'ter averagiDg the leng'ths 

of opposi te sides . Any l.os s of accuracy was consi dered 

insignificant in cceparisan to errors caused by o the r  variables . 

As the latter metmd was used to calculate area 1n this 

experiment ,, an a �.,  tempt was IIBde to determine the bias resulting 

rrom non-rec tangularity in 10 areas measured on sheep selec ted 

at random. 

In the calcul.ation of tm al'ea or a .rec tangle :from measure­

ments of the four .sides, it was a.ss\JIEd tha t the angle f OI'Dled  

by two sides as a righ� angle. This is a reas onable assumption 

1n vie of the fact tbe:t it was ndeavOUl"ed, hen sampling, to 

cut rectangular areas. Hence. l arge  devia ti ons  from rectang­

ul.ar1 t7 are unllke]Jr. 

I.t t.bis aseum,pt1m is accepted. area can be calcula ted fro 

the area of a reetangl.e plus a right angled �1anala (see diagram) . 
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TABLE 4 

The 411'terences 1n sampled areas c alculated as tor a rectangle and a non­

reetangul.ar t'1SU1'8 t'or 10 randomly selec ted Cheviot eves . 

Sheep 1 2 3 4 5 6 7 8 9 10 

A ANa cal.cmlated eus �or a �eotangle 
(aq. cm. )  19 . 1 1  18. 83 1 6 . 80  19. 14 1 6 . 140  1 6 . 19 22 . 71 1 0. 73 7. 55 13 . 11 

B lhe 411'ferenoe beween A and 1he 
area as cal.culat.e4 for a aon­
a-eo tangular :f1g. (sq. cm. } 

0 De 411't"erence ex.pt?eaeed as a 
pePOentage � A  

1 . os o . 61 -1 . 26 1 . 54  0.40 -o.30 0 . 1 6  - 0 .  3 2  0.59 1 .3E 

5.49 3 . 23 -7. 50 8. 04  2 .43 -1 . 85 o .  70 -2. 98 7. 81 10 • .} 

:•an d11'f'erence 1n area 0.47 sq. om. 

Yean di:f't'erence as a percentage 2. 60 per cent 

� 
• 
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The area of 'the triangle 1s derived :from the :formula : 
b 

area + i (c - a )  d s in c where s in C • d 
The area of' the rectangle is a b 

Hence the calculated area or the figure 1s t 

a 'b  + i (e - a ) b 

The es tima ted aroea as calcula ted 1n the ex,perinen t is : 

(a + c) (b + 4) 
4 

Therefore the error of calc uln ti on is : 

(a + c) (b + d) - a b  - � ( c - a }  b 
4 

or a d - b c - ab + c d 
4 

Table 4 presents the sampled areas of 1 0  randomly selected 

ewes as c alcula ted 1n the experiment, i . e .  as for a rec 'tangl.e 

and shon the dift'erence 1n areas hen the area is eal.cula ted 

as for · a non-rectangular t'i gw- (see above ) .  The results show 

tha t  the me thod used to calcula-te sampled areas (as :for a reo­

t.angle ) 1n this ex r1mmt l'IJiq result ill errors of 1 1� of the 
'lbe mean dirf'erence beb n the areas calcula t d 

by bOth methods 1e low however. The etrect or these errors in 

Vle computa'tton of the number of kempJ per UD.it area Will be to 

obscure dif'f'erences in ltemp1Desa bet.weea sheep unless such 41fter­

l.arge .  As previous wo rk  ea "-he 41stribut1CJDS ar tbe 

aeures has 1Dd1cat 4 that difterencea 1n· k iDees bew · n 

sheep are lar • this error may be neglected. 



Areas 

AnaJ..ys1s � variance of areas calculated from two 

sets or measurements taken at di.t'ferent periods or 

time . 

Source s a  d. :f m. a .  p 

on dU"ferent sheep 1 43 .4 8 1 7. 9  4 . 97 

Be tween repeat measurements 

0 

or the same area 0. 1 1 0.1  0 . 03 n . a .  

Error 28. 8  8 3.6 

Tota� 1 72.3 1 7  

• indicates F s ignificant a t  � level 

n. s .  indicates F not s1gnit'1cant at 5" lev l 
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Differences 1n kem.pinesa between age groups of she ep 8D:l 

be tween sampling tjmes are not likely to be affected as "the 

means of' the d1f'f'ereneee 1n areas show that the errors tend 

to ea1'1.cel thanse lves out to negligib le v�:•�ues .  

area . 

b .  Errors associated W1 th the �asurement of the s ampl.ed 

Changes in bod.y poai tianp degree of "f ill "• breathing and 

s tre tching of the akin when lJB [lsuring the s ides of the s ampled 

area 1n posi tion A may resul.t 1n large erroors in the measurements 

obta ined. Remeasurenent o� the sampled are as  or nine ewes 

caught again (1 - 2 hours ) after s ampling enabled an an alys is of 

variance to be carried out on areas calcull:tted from tbe se measW"e-

ments . Fran the annJ.ysis i t  we.s hoped to determine whether tre 

errors involved in the me asurement of the sampled areas were 

large enough to mask di:rf"ePen.Ces 1n tbe size · of areas cut on 

diff'erent shee:p. The analysis of varianc e ,  presented in Tabl.e 

5 1  shows that the di ff'erenees in area between she ep are signific­

ant at the 5% level. while differences in the areas calcula t  d 

from the two sets af me asurements are non-eignit ieant. Henee , 

the errors mvo�ved 1n measuring the sampled areas are insignificant 

1n canpariaan to � dit'ferences in s ize or areas between sheep 

and c an  be ne glected. 

The eorrelatim c oeffic ient r • o. 71 was calculated to 

detePDline the relat1cmship between tbe two areas and was a 1g­

n1f1csnt at the 5?' level (7 d.t ) . The errors chle t o  c alcul.at1an 

ot are a  y have resulted in a poorer N)lationsh1p being obtallled 

than might have been the case 1f the rep eatabill" or '-12 measUre-
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TABLE 6 

a = 

!If = 

b. P  = 

c ::a 

G1 = 

G2 = 

Area and dens ity changes 1n recuta 

ori£,1.nal area (sqo cm. ) 6- a  = change in area ( sq. cm . ) 
number o.:r kelill1S in initial cut L N = change in number of kemps . 

change in dens1 ty (number/sq. cm. ) 

number of' ken1js counted in recut sample 
nl.llriber ot: kem:ya grow ing at init. i n l  sampling 
number o:f kem:ps groui.ng in recut 

Five-ye az-olds . Areas sam_,.Jled at Firs t Sampling ; 

Recut at Second Samplingo Pos i tion A 

a 6. a  N 6 P  b. N  c G1 G2 

20.40 -5. 01 75 -2 . 06 -50. 1 2  25 13 

1 8 . 63 +3 . 96  75 -1 .35 -1 4. 82 61 7 26 

1 4. 97 +0. 24 33 -1 . 29 -1 9 . 09 1 4  - 5 

1 9. 1 4  -4 . 1 5  51 9 -2 . 43 -1 48. 96 376 230 332 

1 7. 00 +0. 85 77 -2. 1 8  -3 5 . 06 42 1 8  24 
1 3 . 60 +0. 1 4  50 -1 . 06  -1 4.05 36 7 7 

1 7. 75 -4- 25 1 57 +3 .30 + 6 .. 96 1 64  1 29 53 

1 6. 97 -2 .35 1 5  -o . 54 - 9 . 97 5 1 
1 5. 66 -4. 26 2,955 ..fD.02 -'1488. 08 1 467 1 442  1 392 

1 4. 97 -5. 52 1 8  -o . 88 -1 4. 95 3 1 

1 5 . 93 -o. 72 1 1 85 +75.81 +1)99. 51 2285 1 56 1 560 
1 7.36 -3 -51 70 -3 -38 -60 . 97 9 1 1  1 

1 7.38 -4. 59 657 -25-45 ...J.e).02 1 58 244 1 1 1  

1 9. 76 -2. 99 1 60 +4. 1 2  +ll4. 88 205 92 1 51 

1 8. 69 -5 . 98 364 -11 . 84  -266 . 95 97 1 44  76 

1 6 . 58 +0. 62 26 -o. 87 -1 3 . 99 1 2  5 

1 7. 33 -o. 73 9 +0 . 38 + 5 . 93 1 5  - 6 

of previous ly  sampled areas . 

Three-year-olds . Areas Sampled at Sampling 2 :  

a D.. a N 6 p  6. 1(  c 

1 4. 81 - 1 54  -9. 93 -1 47. 06 7 
1 8. 63 -6 . 1 2 35 -o . 76 - 21 . 01 1 4 

9.31 -1 .37 27 -1 . 26 - 1 3 . 98 1 3 
1 6 . 53 -o. 1 5  62 -3 -38 - 55- 93 6 
1 5. 80 -8.0 1 266 -64. 21 -11.51 . 97 1 34 

1 1 .46 -2 .33 1 1  -o. s2 - 6 . 98 4 
1 1 . 1 6  -2 •. 1 8  24 +0. 64 -1 0 .44 25 
1 4. 94 -2. 89 26 -o . 99 - 1 0. 27 9 
1 2 . 75 -5.49 357 -6.37 -1 99- 97 1 57 
1 3 . 28 -1 .47 1 1 4 -3. 92 - 58 . 91  55 
1 2 . 1 6 -o . 1 1  1 40  -7. 69 - 93 . 93 46 
1 2 . 66 +1 . 74 23 -o. 42 - 2. 89 20 
1 4. 60 -3 . 22 3983 -23 8. 88 -3596. 89 3 86  
1 4. 63 -2. 97 66 -3. 51 - 55 . 02 1 1 
1 1 . 1 4  -5-38 396 -33 - 64 -385. 01 1 1 
1 5 . 23 -1 . 88 2 7  - 1 . 62 - 24. 84 2 
1 2. 60 +0. 63 72 -4. 58 - 56 . 99  1 5 

Pour-�ear•-olds . .Areas Sampled at SamplLDg 3 :  

a 6. a  N l:.. P 6- B  c 
1 2. 78 +4. 21 392 +2 . 36 1 69. 23 561 
1 4.43 +0. 97 1 57 -8. 79 -1 24. 81 32 
1 6 . 79  -9 . �9 528 -2:>.26 -442.98 85 
1 5 . 97 +2.36 1 98 -1 1 .13 -1 74- 75 23 
1 4 . 76 -o.51 25 -1 . 62 - 23 . 98 1 
1 1 . 21 +1 .02 2702 -1 66 . 29 -1 787. 87 91 4 
1 5. 75 -4. 20 1 1 54  -1 0. 76 -4J2 . 01 722 
1 4. 81 +0 . 7 71 -2 . 08 - 28 . 9 42 
14.44 +0 . 97 71 7 -1 6 . 03 -1 98. 9  51 8 
1 5. 4 +2 . 45 634 -35 . 23 -527. 99 1 06 
13  • .37 +0. 83 43 -1 . 74 - 22. 03 21 

s . a, +2. 75 1 9  -3 . 1 0 - 1 7 . 91 1 
1 1 .01 +0. 53 1 485 -1 31 .30 -1 443 . 71 42 
1 2.60 +1 .27 551 - 35 . 08 -431 . 02 1 20  
1 3 -39 . -o. f)7 5002 -302. 69 -41 21 . 76 881 
1 1 . 5' +0. 29 29 - 2 . 25 - 25. 92 3 
1 2. 1 6  +3 . 25 45 - ,3 . 01 - 36.36 1 0  

Recut a t  8am.pl1D.g 3 

G 1 G2 

32 
1 2  2 

3 
542 66 

1 
8 23 

3 
1 04 1 33 

49 39 
51 3 

1 6 
961 687 

36 4 
1 69 6 

2 
5 4 

Recut at  Sampling 4 

01 02 
1 1  553 
22 29 
37 84 
21 

25 872 
1 09 702 

5 1 1 
1 1 0 442 

- 45 
66 21 

- 1 
9 20 

1 8  67 
480 

-
- 1 

/ 
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ments had been studied. UevePltheless the rela tionship ind icates 

that there is good repeatabi ll ty of areas calcula ted f'ran 

meas�emnts of' the s ame a re a  taken a few hours apart. 

3. The recut of previously s ampled areas . 

By reeut ting a previous ly s ampled urea, informati on can be 

gained an chonges on body weight and kemp popul.a tian at dif'ferent 

sampling times . As areas ere recut 1n di :ft'erent age groups at 

different sampling times, 1 t is assumed that changes 1D the recut 

sampl.es of the age group und.er cons 1derat1on at &n7 one s amp ling 

ti.lrlE;l are :probably represen tative of the expe rimental t'lock as a 

Wbole o  

Table 6 sh�s the vaJ.ues of the following measurements : 

a = original area sampled (sq. cm. ) 

6.. a = change in the sampled area be tween sampling tin:es . 

N z the total number of' kemps 1n the original sample . 

£::::,.. N = change in the total number of' keiDJS between the 
original sampJ.ine and the recut. 

6. P = change 1n dens itvr (kemps/sq. cm. ) between the origina l 
sampling and the recut. 

0 = the total nwnber of kemps cCnm.tod in the recut sample .  

01 = th number of keap gr 1Dg at init ial sampling. 

o2 = the mmibeP of ltem,p3 growing in the recut sample. 

Between sempllngs I and II the negative Talues or 6 a for 

the five-ye 1'-0l.dB 1D41cate tha t  t.tere as a reduoticm of skin 

area probaW.y result1Dg fz-om a loss of bod,y we igbt. !'his lOBS 

1s pro bl.y .real. Pirs \l.J' • 1 t has been sbown tha � aauremen"t · 



i t  is unlikely that cons is tently sxm ll areas woul.d be recut as 

care was taken to remove all short wool from the area .  '!be 

ewes migh t als o be expected to s tar-t los ing s ome  weight at this 

time of tbe year ( late autwiB ) due to shortage of teed. Con­

s idera tion mus t  also be given to the poss ibilitv' that the d1tter­

ences 1n area are due to the stretch1Dg of the skin when sampling 

and errors 1n calculation or area. The s tre tching of the skin 

hen sampling cannot explain hor areas inc rease oYer a period 

and i s� unl.i.kely to cause such large e-rrors. Tbe errors of 

calculation of area are probablr respODB ible f'or some part of 

the diff'ePenees between areas but are not likely to c ause such 

large and consistent differences (see Table 4) . 

If tre indicated body loss is assumed real , t hen  the 

recut ting o:f the smaller areas with t.te f'ixed width of the 

hair clippers is likely to result in la rger areas than the 

origina 1 one being cut. This may acc01mt for all or some 

of' the posi tive changes 1n area . Under these cond 1 t ions , 

densi ty  at sampling I I  could be exJ:;ected to i.Dc rease, provided tht� t 

the kemp popula tian remained the sane over the peri od  betweeB 

sampling times . However, the decrease 1n donsi t¥  1s consis tent 

and indica tes  that shedding may have taken place . Sh Mtng of 

such an extensiv nat.ure 1s doubtfUl 1n Yi ... or poeaible factors 

attecting 'the l'OSult.s. 

The deox-ease in density Dill¥ haTe been cl1s torte4 b¥ \he 

reten:,ion of shed kemps 1D. the longer wool at samp1.1Dg I whereas 

between sampllnF s I and II s hed ltemp:� may have been los t fro 

the regroWing ool very easily becaus of the s�r wool. 
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To the wool biologis� interested 1n the time that kempa 

uow into the f'1eece, a be tter 1nd1c ati cm  of changes 1n ltem;p 

population can probably be acquired f'rom the data on growing 

kemps . The values f'or a1 and G2 show tha t e leven out of' "the 

seventeen she ep are growing more kemps 1n the recu� sample 

than 1n the original sample . This indica tes tha t the deerease 

in dens ity mey be largely acc ounted f'or by the re tention of shed 

kem.pe 1n the s taple ra ther than a decrease 1n the number of' 

:foll1el.es producing kemps . Thus , although tbe trend i s  not 

c ancl.us iTe , there is some indic a ti on  that a cyc le o'£ kemp growth 

has OCCUI'"red or is occurring about the autumn peri od. As shed 

kemps were :found 1n many s amples , shedding i s  a ls o  taking place 

during the period be tween the two s umpling ti me s .  

In the recut o f  areas samp led init ially a t  sampU.ng II , 

the results show tlB t area , and hence body weight , 1B decreas ing . 

'.rhe two poa i t1ve values '£or a probabl.7 result t"rom errors 1n 

cutting. 

Shedding 1s again denoted by tbe nega tive Talues obtained 

f'or dens ity. However. tbe :figures :far growing kempe indicate 

tha t  ten sheep out of' the seventeen are growing f'ewer kemps a'\ 

s� ltng III than at sampling I I .  Th18 may signify the c cm-

elusion or oournencement o f  a wave of' kemp growth. In view of 

the increase 1n gro 1ng kemps at samp l.1ng IT. tbe la tter hypo-

\hesis is probabJ.7 more TalJ.d. Un:f'artUDa tel.y• tbe tim peri od 

between sampUngs II and III is too long w deteDDine wle ther 

there was a cessa tion of kemp growth dur1Dg the winter or whe�r 

Jtemp grow� e continuous t.hroughout the Winter. Presuma b]¥ • 
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this is a p eriod wham Dl.<;ny sheep are shed41ng kemps while 80118 

shee:p which have undergone a moul.t by s ampling I I  are s tarting 

to grcm kemps again by s ampling III. 

The age group Which had their s amples recut at sampling IV 

ere the f'our-year-olds. The data f'or b. a  shor�ed that some 

sheep ere showing increased skin areas pPObably aa a result 

of body weight gain. This is to be expected in view at the 

decreased drain on. the ewe ' s  body reserves by the lamb at this 

Ume (late spring) and the better f'eed conditions . 

The shedding indica ted by the negative dens it,y Talues is 

probably due to retention of' shed kemps as the :fi �s f'or 

gra.ving kemp.a indicate tha t the kemp population i s  1Dc:reas1Dg 

in all but f'our ewes .  

From a :practical viewpoint , the indicated changes in 

body wei ght will mean � t  ditterent fo llicle popula ti cms 

wi ll be sampled at each sampling U me  assgn1ng that similar 

areas are cut a t  e ach s ampling time . 'rhllB • a loss 1n b ody  

weight will mean tba t more fo llicles will be sampled a t  later 

sampling p eriods than at the 1n1 tial sampling . As the extra 

area wi ll probab]¥ include more la!tmp f'ibres • the OTerall e:ttect 

111 be to reduce in magnitude a negat1Te change in the kem,p 

population or iDcrease 1n size a poa1t1 change 1n the ke�Q 

po))U].at1cm. ReYerse challges :ln the IDBDJler 1n wbich the �ror 

will a:ttect chaDges 1n the ltemp population Will occur U' body 

weight 1ncreasea. Bolrever. as it h been ahc.n 1D a prerto\15 

aec.\1cm. (IV A 2 'b) that signU'�' di:tt. renc ea  oo ur between 

sheep 1n areas � .  s11111ar di:rf'el.Wloes 8.1"8 llkel.J' t.o occur 
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the same sbe ep at difrerent sampllng times .  Hence, the errors 

due to sampling different follicle populations as a z.sult or 

body weight changes are likel,y to be obscured by t.be &alJI)ling 

of di:f:f'erent siz d areas at each sampling time . 

Other variables make the interpretation of �e present 

results difficul t. It has been pointed out tha t all sheep 

did not fo lloo the same pattem . Also, 1 t 1s not poasiblB 

to trace the pa ttern 1n one sheep oveP the :four sampling times 

as different a ge gl'OUJ:e were used at di:ff'erent sampling times . 

Finally, the e:f:t'ect tha t age might have on these results is 

unknown . 

However, in viev of the large di fferences 1n kemp1ne as 

between sheep ,  ch anges 1n body weight are not likely to be 

important in obscuring between sheep vari abi lity. It  is more 

likely that tbe d1tf'erenees between s amp11ng ti mes wi ll be 

affected. AB a los s 1n bod;v eight is indi cated 1n most 

sheep over the winter, there wi ll be a tendency � decreases 

in kempine ss to be nullified and increases to have a higher 

than true value . This pattem will be reyereed at sampl1Dg 

IV when � weight in mos t  sheep is increasing although i t 

is doubtf'ul whether bocly weight 1Dcreases suttic 1tmtl7 to 

al.l ow Clirect compSJ"isons of' folllcle populati OIDS cut at sampllngs 

I and IV. 
\ 

Table 6 provides some inf'orllll ti on OD tblt tine of' kemp 

growth 1n Cheviot wee . 

A1 tbough the sheep were sampled at 1n tervals too �ap 

� to all• � trus wort� aonelua i(DS to be dl'awn. cePtain 



TABLE 7 

Analysis of wriance or da'ta rrom posit iOD A 

samples taken f'rom both sides of the boc.".y � 

1 7  three-year-old Ch8v1ot ew e s .  

Hethod of measurement of' kempiness: Total llUDlberS or kemps per 

square cen timet.re 

Source s·s d. f m. s .  

Between sheep 9. 670.860 1 6  0. 604,429 

Between si des .000,024 1 .000 ,024 
Error 
Total. 

1 . 1 95 , 1  8 1  1 6  .074,699 

1 0.866, 065 33 

* *  
indicates F signific ant at 1% level. 

n. s .  indicates F non-significant at 5% level. 

TABLE 8 

Logari tbm means of total. nu.n:bers of keuq>s per 

square centimetre o:f samples t'rom pos 1t1an A 
an both sides or body. 

Means 

Standard e� 

An t1l.og of . .-�eans 

1 .580 

0. 14 

3 . 80 

1 .578 

0.14 

3 . 78 

Bote: l.og 2.0 = antilog 1 0.0 

J' 

8 
•• 

. 1  

.00003 n.s. 
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tendencies oon be noted .. 

A wave o:f kemp growth appeared to occur during the autumn . 

Shedding which was occurring to sorre extent in mos t samples 

api>arently became qui te extens ive in moat sheep by late autwm.-

early spring. Hovever , by early spring tllere is some sugges t-

i on ot: another \7ave of: lremp g1--owth s tarting although many sheep 

are s till shedding fibres wh1eh have probably grown in the autumn 

or have no t s t �1rted Rno ther cyc le . This tJave or kemp growth is 

comnon to all bu t. f'our sheep exHmined, by late springo I t  could 

not be determine d whether there tVas a c anplete cess a tion of kemp · 
grot:rth ovei· the wintcl"' or not . The results s ugges t  tha t there 

is individua l v1.- r ia  t1on in the time of' shedding. 

Further evidence points to the t' a.c t th.n t s hed kemps rru:y be 

retained in lm1ger tvool for so1ne til':le . This makes the inte r-

p re tu t ion of changes 1n kemp popula tion difficult . 

4. The bilatera l Syr.ltle try of ken;p densi ty 1n positi on A. 

The sa.:-;pllng o.f posi tian A on both sides or the b ody  enabled 

infonnation to be gained an the biltt teral symmetry of" kem:p 

density. 

The an ..lysis of vari&nce is present d in Table 7. The 

results show tha t  the d.U'ference between s leep in the total 

kemps r sq. cm.. 1s highlY s1gn1:fic an't indicaUng that the 

be�een sides variation is insufficient to mask between sheep 

variation. The log means of the samples taken t'rom bo th aides 

are presented 1n 'fable 8. As indicated. by 'lable 7 there is no 
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significant difference between s ides in kemp dens i ty. The 

close association of kemp densiey on bo th  sides of the body 

is f'tl.rther ind icated by the highly si gnif ic an t  correlation 

(r = o. 78 d.f' 1 5 )  between the total kemps per sq. cm. 

of s amples taken :from posi tian. A on both s ides of the body. 

'l'hus ,  one may conclude tha t f'or the purposes of' this 

experiment� ini'ormation ob tained from pos 1 tian A an one side 

of the body wi ll be c losely re lated to information obtained 

fran position A an the o�r s ide of' the body. 

B. �e V aria tian of Kempiness over the Sod¥ of t.be OheTiot Ewe. 

1 • The variation of kenw1ness w1 thin sampled areas . 

By subsampling • c:me is assuming tha t there 1s no Tariatian 

in the dens1 ty of kemps over the sampled area .  The te s t  to 

show Whe ther the size or t.he subsample is large enough to estimate 

the nuniber of' kemps in tbe Whole sample ma7 als o give scxne 

information cm kemp variability over small regions of the body .  

I t  was assuorad tha t  "be resul ts  from the 1 9 sheep included 

in the anal¥&1s at sampling I and the 10 sheep included 1n the 

analyses at sampl1ngs I I ,  III and IV would give a good 1lld1eat1on 

of the Tar1ab111ty in ltempiness over slDflll regions of the body 

for the experiment al :t loclt. Sim1larl7, as time did not allow 

anal.7ses of s amples f'or posi tians B, C and .D o r tbe 1 t three 

sampllnc timas , it was asauued that. tbe s general pattern at 

S&llq)llng I would be t'o l1owed at tbe three Nmatntng samplJ.ngs. 
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TABLB 9 

Analyses of variance of numbers of kemps 1n repeat subsamples 

from three-7ear-old Cheviot e es (position A) 

Pos ition A Sampling I 

Source s s  d.f . 

Be tween Sheep 22. 5364 1 8  
Between subsamples 0. 1 260 2 

Error 0.4971 36 
Tota l 23 . 1 595 56 

Coef'f'ic ient of var1at1cm. 10 . 68% 

** indicates p le ss than . 01 

* indic ates p less than .05 

Pos ition A Sampling I I 

S ource s s  

Be tween sheep 1 8.469 
Be tween subsamplea 0 . 001 

Error 0.066 
Total 1 8. 536 

Coefficient of varia tion 

d. f .  

9 
2 

1 8  

29 

3-43% 

1 9  sheep 

m. s .  

1 . 2520 

0. 0630 
0.0138 

10 sheep 

m. a .  

2. 052 
0.0006 
0.003 

** indic ates F signif' ic ant at 1 %  level 
n.s.  indicates F not significant a t  5% level 

F 
90. 7 

�-.:· 

4. 57 1) 

F 

684 «* 

0 .02 n. s .  

Pos ition A Sampling I II 1 0  a beep 

Source 8 8  d. f. m. a. 

Be tween sheep 1 2. 249 9 1 .361 

Between subsamplea 0. 081 2 0. 041 
Error 0. 261 18  0.01 5 
Total 1 2 .591 29 

Coefricient of Vari ati on  8.40� 

••  �dicates F s ignificant at  1�  level 

n. s .  indicates F not significant at 5% level 

Pos ition A Sampl1Dg I V  1 0  sheep 

Source s s  d. f. m. s .  

Between sheep 1 1 .208 9 1 . 245 
Between s ubsamples 0. 1 86 2 0.093 
Error 0. 244 1 8  0.01 4  

Total 1 1 . 638 29 
Coef':tie ient of Variation 7. 85� 

•• indicates P s ignificant at 1% level 

., 
90. 7  

••  

2 . 73 n.s .  

.. 

88. 9 
••  

6. 64** 
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Table 9 presents the anal.Yses or variance and the 

coef'fic ients or varia ti on or the data from pos 1 tian A ror 

repeat subsample s .  As the between sheep variation was 

s ignificant at the 1 %  level , i t  may be concluded tha t  the 

variati on 1n kanpiness 1n repe at subsamples is insuf'fic ient 

to mask differences in kempiness be tween s heep . The analyses 

also show tha t s 1gn.if'ican t dif'ferences occurred between repeat 

subsa.cti>les at sampllngs I and IY. This implies that tbe size 

of the subsam.ple was not large enough to give an accurate 

estimate of the nuni.> r or kem,ps 1D the Whole s ample. However, 

1n view of the highly s ignific ant dif'ferences between s heep, 

s uch ePrors can probabJ.7 be ne glec ted 1n comparis ons ot' kempi­

ness between sheep and between age groups although they may 

null ify or accentuate di:f"t'erences in kempiness between sampling 

times . .Another point to cons ider is that these results may not 

be valid for the other age groups although it was assumed tha t 

the sheep in these anal.7Ses would be representative or the 

experimental f lock. No endeavour was made to determine whe ther 

the di.f'ferences bet een subsamples were due to shed or grovting 

kemps. 

These results m93 also be 1n�rpreted as indicating tha t 

dif'ferences in ltemp density over small areas can be s ignif icant. 

�e eoe:f'f'ie ients or Yaria tion 1ndicate that tbe ve.riabili ty 

between the subsampl.ea � position A \JBS much lower at s ampling 

II than the other sampli.a.lEt times . This is probablT accounted 

ror by the s ize of subaample at sampllng II being su1"t'ic 1ent}7 

large to considerab]¥ reduce tbe Tarie. tion 1D kempiness between 

subsamplea . 
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TABLE 1 0  

Analyses or varianc e  of numbers of" kem:ps 1n repeat subsam.:p les 

from three-ye ar-old Cheviot ewes (pos i tions A, B, C ,  D) . 

Position A 
Source 

Between Sheep 

Between subsamples 

Error 

Total. 

Sampling I 

s s  

22. 5364 

0. 1 260 

0.4971 

23 . 1 595 

Coeffic ient of Variation 

� *  indic a tes p less than .01 

* indica tes p less than .05 

1 9  sheep 

d.f. m. s .  

1 8  1 . 2520 

2 0. 0630 

36 0.0138 

56 

1 0. 68% 

Pos i tion B Sampling I 1 9  s heep 

Source 8 8  d. :f' .  

Be tween sheep 3.341 1 8  

&: tween subsam:ples 0.001 1 

Error 

Total 

0.301 1 8  

3 · 643 37 

Coefficient of variation 20.46% 

• •  indicates F si gnificant at 1% level 

m. s .  

0. 1 66 

0.001 

0 . 01 67 

n. s .  indicates F not s ignif icant at 5% level. 

., 
• •  

90. 7  

4. 57 
• 

p 

1 1 . 1 4 
* *  

0.06 n . s .  

Pos i t ion c Sampling I 1 9  sheep 

Source s s  d. :f' .  m. s • p 

1 2. 603 1 8  
• •  

Be tween sheep 0. 700 35.0  

Between s ubsamples 0. 007 1 0 . 007 0.3 n. s .  

Error 

Tot.al 

Pos i ti on  D 

Source 

Between sheep 

0.358 1 8  0. 020 

1 2. 968 37 

Coeffic ient o:f' varia ti on 1 5. 78% 

• •  indic a tes F s i gnificant a t  1 %  level 

n . s .  ind icates F not si gnif ic ant at 5% level 

Sampling I 1 9  sheep 

8 8  d. :f'. m. s .  ., 

1 7. 1 58 1 8  0 . 935 133- 57 
• •  

Be tween subs amples 0.001 1 0. 001 0 . 1 4  n. s .  

Error 

Total 

0. 1 34 1 8  0.007 

1 7. 293 37 

Coe:f':f'ic ient o:f' varia ti on 5. 4% 

• •  1D4.1cates P signific ant at 1% level 

n . s. indicates F not si gnificant a t  5� lnel 



Source 

Between ages 

Between areas 
within ages 

'fABLE 1 1  
Analysis of variance testing 1n 1 2  sheep or each 

age group the variati on in total kemps per square 

centimetre 1n the :four areas of pos ition A. 

s s  d. :r.  m. s .  ., 

9 - 707, 900 3 3 . 235. 967 8 . 47 
• •  

• •  
1 1 . 843 ,000 1 2  0 . 986 , 91 7 2 . 58 

Bet een treat-
4 • .39 • •  menta 20.149,870 1 2  1 . 67'9, 1 56 

Between samp-
ling times 1 . 291 , 030 1 2  0 . 1 07, 586 0. 28 n.s. 

Error 58.089.640 1 52 0.382 , 1 69 

Total 1 01 . 081 ,440 1 91 

(l �c  indicates F significant at 1 %  level 

n . s .  indicates F not significant at 5% level 

r 
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'lhe Bllfllya s of variance for positions B, 0 and D 

(Table 1 0) show that 1n all posi tions there are no signif'ic ant 

dif'ferences between repeat 8\lbsamples .  On face value ., these 

results s ignify that, at sampling I ,  posi ti on  A shaBs greater 

var1abll1 ty over small regions than the othe r  poai ti ons. 

HC1t7e'Yer , as only two subsamples were taken from e ach smqple 

from pos i ti ons  B, 0 and D, the results may not give a very 

accurate picture of the Yariabili ty 1n the number of kemp8 

1n these samples . Another f'actor which coul.d a:f't'ect the 

re�ults is the larger area cut 1n }Xl&ition A samples .  1'he 

greater the area sampled tre more likely are signif'icant 

dif'ferenees to occur. This may partly or Whol.]Jr account 

for the signi:ficant differences between the subsample s  of 

poai tion A and not the other posi t.i ans .  

The coe.ff'ic i ents ar varia tion f'or pos itions B., a ,  A and 

D show a l!eduction 1n uagni tude in that order. This possibly 

results f'rn:a a gradient in ke�qp1nes s . Wi't.h decreasing 

kempiness , ther is probably greater vari abi ll \v 1n kemplness 

be tween subsamples . 

2. 'fbe variation in keJ11>1nees 1n t ha  areas compris ing  position A .  

cause the &ntpl1ng sequences Within the four areas of 

,PCB 1t1cm A were chcsen at l"tlll4 • it 1s possible to ana lyse t.be 

4ak rOP di:fferenees 1n k iP density between tbe areas . 

Table 1 1  PNBents t.lle anal¥888 or Tarianc e or data f'l"'m 

areas 1n po i ti CI'l A froa 1 2  sheep 1n each age group. '!be 

Dlethod of me urement or kempm used was total lt per aq. cm. 
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TABLE 1 2  

The log means and s tandard errors o'£ total .kemps 

per aqua. re cen t1metre for• each area in posit ion A 

over all sampling times and f'or each age group. 

Log ne ans  

Age Area 1 e . e .  2 s . e. 3 s . e .  4 

Ttlo-year-olda 1 . 928 0.52 2.663 0 . 72 2 .673 o. 70 2. 059 

Three-ye ar-olds 1 .  721 O o 61 1 .961 0. 63 2.008 0 . 70 1 .635 

Four-year-olds 2 . 21 6  0. 53 2 .. 684 o . 6o  2. 502 0.64 2 .003 

Pive-year-olds 1 . 749 0 . 62 2 . 204 0.68 2 . 1 26 o. 71 1 . 81 9  
Al.l age groups 1 . 904 0. 29 2 .378 0 . 35 2.327 0.36 1 . 879 

Note : log 2. 00 = antilog 1 0.0 

.Anti log of' means 

Age Area 1 2 3 4 

Two-year-old.s 8.49 46.03 47. 1 0  1 1 .46 

ThPee-yeax-olds 5 .. 26 9. 1 4 1 0. 1 9  4.32 

Four-ye a1--olda 1 6 . �  48 .31 31 . 77 1 0.07 

g1ve-year-olds 5 . 61 1 6 .00 1 3.37 6 . 59 

All age groups 8 .02 23 . 88  21 . 23 7. 57 

s . e .  

0.64 

0 .45 

0.35 

0. 59 

0. 26 
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TABLE 13 

Multiple range test for differences 1n areas 1n 

pos ition A. 

a. All ages 

Area 

log mean 

4 1 2 3 

1.879 1 .9Q4 2.327 2.378 

Results : 

Note : log 2.00 = antilog 1 0.0 

An3 two means not underscored by the 

same line are e ignificantly diff'erent 

at the 5% level. 

Any two means underscored by the same 

l.ine a re  not s1gn1:f1cantly di:f'f'eren't. 



TABLB 14 

Analysis of variance of data fran pos 1 tiaDS A, 

B ,  C and D sampled in 1 0 two-year-old and 5 

three-year-o�d Cheviot ewes. 

Method of measurement of kemp1ness : Total number of kemps ;per 
g:I"88IIlle of wool. 

Source s s  d.f . m. s .  p 

Between ages 1 .070,591 1 1 .070, 591 2. 09 n. s .  

Be�ween sampllng times 2 . 7110,409 3 0. 913 .469 1 . 79 n.s .  

Between posi tians 53. 650,658 3 1 7.883 , 553 314.90 
•• 

Age x samp�ing tiloos 0. 246 ,002 .3 o.o82.oo1 0. 1 6  n.s.  

Age x positions 3 - 533,006 .3 1 . 1 77, 669 2.30 n.s.  
(J'� 2.65 ) 

Pos itions x sampling tines 1 . 269, 701 9 0 . 1 41 ,078 0. 28 n.s.  

Error 1 1 1 . 204,21 0 21 7 0.51 2.462 

Total 1 68. 665 , 868 239 

•• indicates F significant at 1 %  level 

n. s .  indicates 11 not signif'icant at � level 
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TABLE 1 5  

Log means and standard errors of pos i ti ons  A, 

B, C and D ave r all age groups and all s ampling 

times . 

Position 

Log mean 

Antilog o:f 
me a.ns  

A B C D 

1 .91 2  1 .01 8 1 .457 2 . 274 

0.34 0. 22 0.28 0.29 

8. 1 7  1 . 04 2. 86 1 8. 79  



The log means and s tandard errors ar each area 1n position A 

for each age grOUJl and over all age groups are ptteaented 1n 

Table 1 2. 

The sign11"1cant d1f'f'erence between areas shown by tbe 

analysi.S of variance 1n Table 1 1  indicates tba t kemp densi t,y 

varies cons iderably between adjacent areas 1D poai Uon A. 

Dancan 1 s  ( 1 955) mu.1t 1ple range test (Table 13 )  shoWs 

that over all age groups areas t o and three (see figure 2}  
e.:N s1gn1f1eantly diff'erent from areas one and f'our . 1!be 

anterior areas of position A are., therefore .  mare ke�Q7 than 

th.e posterior reg10DB . 

3 . The variati on  1n kenwiness between pos i  tiona A, B,  C 

and D. 

The var1a tion of kempiness be tween positions vas determined 

t:or 1 0 two-year-old and five three-;yeeu-old . In these cal­

cul.ations data for total kemps per g of wool was used. '!'he 

pos itions were also tested for gradients. 

The analysis of' variance is presented 1n Table 1 4. The 

ma:}or point of interest 1s tm significant difference 1n kezqp­

iness between positi ons. Tb8 means in Table 1 5  and the graph 

pxaesented 1n figure 5 demoos t.rate that tbe order of kempinesa 

of the pos1 tiGD.e is D.> A )  0 � B ( >  s 1gn1t'1ea greater thaa ) .  

By app].ying Dun can •a ( 1 955) multiple range �s t .  1 t was found 

tha\ the means were signit'icantls dif"f'erent f'rcm each other. 

It shou :Jd be pointed out here that t.he absolute Yaluea 

of the neans  are likely to 'be reduced. !he reaaon for th is 
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Orthogonal compariacms of' between poaiUcms 

varia tian (Table 1 5 ) • 

Source s s  m. s .  

Between posi tions 53.650.658 3 1 7. 883.553 

Antero-pos terior 
gradient 47 .329.848 1 47.329.848 

Dorso-ventral 
gradient 6 . 228.963 1 6. 228.963 

•� indicates F signi1'1cant at 1 %  level 

34. 90  ** 

92,36 
*

* 

1 2. 1 6  ** 



ae. 

1s that as tbe nudJer of keml>S 1n a s ample are re lated to ODe 

weight of wool ( 1  g) aver all s ampling times , tbe number o-r 

:tibree at each sanpling time be\..�mes less as tbe wool grows 

longer. Hence. a smaller follicle population (and consequent]¥ 

f'ewer follic les producing kempe ) is being s ampled at each 

sam.pling tima . While this does not attect dif:terences be-

tween sheep or positions , it wi ll af't'ect di:t'f'erences oecurriDg 

at different sampling times and r'educ-e the absolute value of' 

t'ne means .  

A test for gradients was made us ing  orthogona l comparisans 

(Table 1 6) .  'lbe 1'b llow1ng eomparis ana were ma de .  

d 

a 
.L­
e 

Antero-posterior gradient 

Dors o-ventral gradient 

here a = the sum of a ll  

b :a • " " " 

0 = .. .. " " 

d = .. • • • 

b 

- ll + c 

data f'ro the selected sheep :tor 
pos it ion A 

" " • • • • B 
• • " " " • a 

• • • • • tJ ]) 

1'be results from Table 1 6  in<H.eat.e 1iba t tbe re is a high.l.7 
s 1gni:f1csnt antero-pos terior gradient . 'ftle 

show that tbe order of' kempiness 1a D > C > • 

ana ( Table 1 5) 

«tbB 401" o-ven tr 1 

gradient .is also h.1gbly 1gn11'1eant and the order of kem.pinese 

1a A> C .  

the � lewl al. though 1 t do no t  reaeb 1 t. 
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be 1n'terpreted as meaning that the pos i t1ons rank t.be same 1n 

each age group, i . e. the gradients are the s e.me  1n both age 

groups . However.. tbe t'act tb t t.he interaction ap:p:roschea 

signi.ticance might indicate tha t  a cme  pos1 ti ODS  are tending 

to rank dif':ferent ly t:or different age groups .  

that this tendency is not very marked. 

Figure 6 shows 

The posiUcms x sampll.ng t1ms 1n teractian is also ncm-

signif'i eant. Thus • each pos i tion ranks 'Ule s ame  t each 

sampling time . Figures 5 and 6 demons trate this point . It 

may b e  conc luded \ha t. •  fer t he  period s tudied, ao wane of 

kemp popula tic:m change are passing down tbe boc1.Y. 

The 1'6Sul.ts presented in this section demons trate that 

there are marked gradients 1n kempines s over the body 1n the 

two age groups studied. 'rhe occurrence at waves of kernp 

population change was not apparent in the period s tudied. 

c. The Relat1onsh1p between Positions A• B• 0 and D. 

One iq>ortant aspect 1n selection 1s the estimation of 

the degree of kempiness 1n the fl.eece. 'fo save the tim 

consuming practic of exSJD1n1ng t he  whole fleece t.o estimate 

kempiness t an ttempt was made to de�rmine tbe :rel.at1cm.shipe 

beween t.m pos itions 1n an effort to 1n41cate the degl"ee of 

predictabi ll\7 or ltemp1nes in tba yarious pos i tions and the 

Ylbol. f'1eec • 

1 .  � relat1on&b:t;p bet1reen �tal ka.»lne a ill Ule :f"leeoe and 

Jtemp1nese 1n pos1 t1 4Di A aJl4 D. 

Posi tioaa A ad D were a lecad. as b lDg tbe t. au1 ble 

( 
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TABLE 1 7  

The cor�elation and regression coeffic ients of total kemp�ess on 

kempiness 1n positions A and D at each s ampl.ing time :for 1 0  two­

year-old and 5 thPee-ye ar-old Cheviot ewes . 

Method of rooasuremen t of kerrll'iness : Total lcem.ps per g of ool 

Correla tions and regress ions of total kampiness an kempiness in 
pos 1 tion A f'or 

standard error 
T\Vo-year-olds b 

- - bi (s. e.) of es timate a .  r y 

� ')  $) l(�  
Sampllng 1 0. 88** 2 . 1 7** +3.01 7  0.42 

2 0. 88�* 2. 75* +1 .030 0.45 
3 0. 93*:·. 2 .48*0 +1 . 937 0. 29 
4 0. 98 . 2.06 +3. 71 8 0.46 

s tandard error 
b.  Three-ye ar-olds r b 7 -b i ( s . eo) of estimate 

* * 
+1 .308 SamlJling 1 o.sa.* 2. 78�* 0 . 72 

2 0. 96** 2 . 72** +0.3o6 0. 58 
3 0 .. 97� 3 .220 +<>.626 0.48 
4 0. 90 2 . 73 +1 . 255 0. 56 

* p less than .05 
� ·  p less than .01 

Correlations and roegressions of total kerrr.piness on kempiness 1n 
posi tion D for 

ao  Two-year-olds r 

* 
Sampling 1 0. 90J)s-.: 

2 o.96.� 
3 o. 9z. 
4 0. 9 

b. lfhlt e-year-olds r 

•• 
Sampling 1 0 .• 98. 

2 0.90 •• 
3 0.97. 
4 0.94 

• :p less than . 05  
• •  p leas than .• 01 

b 

• •  
3 . 1 8** 
3 -44 • • 
3 . 28 • 
3.65 

b 
• :;,  

2. 90. 
3- 5�. 
2 .91 
3· 1 7 

y - bi 

-1 . 146 
-1 .327 
-1 . 241 
-2. 1 72 

- -
y - bX 

+0.357 
-1 .493 
+0 . 1 0  
-o. 968 

s . e .  of estimate 

0.41 
0 . 55 
0.45 
0.33 

. e .  of e timate 

0.36 
o.aa o.� o. 



� 1  ti ons to use 1n determining tbe degree or kempiness 1n the 

Whole fleece . The selection was based mainly on the view 

tha t ,  as these are the mos t  ksnpy pos itians & Rmpled in �is 

experimant , kempiness in the whole fleece is llkely to be a 

minimum when kempiness 1s at a minimum 1n these poe 1 tians . 

As tot a l  kempiness was composed or the tota l  of a l l  

posi tiona , a re .la tionship between tota l kempiness and any 

othe r  pos i tion is likely on tm t count alone. 

The corre latiCIIlS and regressions and the s tandard e rrors 

of es timate of the regressions of t ot al kempiness on ltempiness 

1n pos t t.ians A and D are presented in Table 1 7  and the regl'ession 

lineS are grephically re;presen ted 1n 1'igures 7 and 8. IJlspect.iOD 

of the table demons t.Pfltes that. there are no cases of non-signif­

icance in the correlation c oeffic ient s of' total kem:piness with 

positi on  A. On tbe whole , it appears as it" there is a better 

relationship between total ltempinesa and pos 1 tion D than there 

is be tween total kempineas and pos ition A. This rtJB¥ be la rgely 

due to the fac t that pos 1 tion D, being the mos t kempy pos i t1 an, 

comprises a larger part of total kempiness and may be expected 

to show a better relat ionship. There appears to be no regu.lar 

pattern to changes in the magnitude or the correlation coeffic ient 1 

s o  tha t  they are probably due to random varia tion.s 1n ken;>iness 

and errors involved in obtaining the data. 

'!he regression coett1c 1ents p resented 1n Table 1 7  heM' that 

a given change in poai Ucm D res ults 1n a greater change in total 

kempiness than a given change 1n posi tion A wi th one exception� 

viz .  sampling III 1n t.he three-ye ar-olds . However ,  a greater 
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The teat �or di:f'f'erences between s ampling ti mes in the regression 

coefficients o:f total kem,pineas on kempiness in pos itions A en- D 

at ditterent sampling t1ues for different age groups. 

Three-year-old ewes 

Source 

Within Samples 

Difference Be tween 
Regression Coeffic ients 

Conmon Regression 

M�ted Means 

'l'otal 

Two-yeal'-Old Ewes 

Source 

W1 thin 8auu>les 
Between Regression 

Coefficients 
Common Regression 

Adjus ted Means 

Total 

'lhree-year-old Ewes 

Solll'Ce 

Wi thin Samples 

Between Reg:..·essian 
Coeffic ients 

CQDillQD Regression 
Ad�us ted Means 
�otal 

W1. t.h1n SSDWl 

Bet een Regression 
Coetticien ts 

COIIIDOD. Regress1cm 

Ad�us ted Means 

�ot l 

Regression of Total Kempine ss on A 

4JX2 
d. f. m. s .  P 

1 2. 1 53 1 2  1 .01 3 1'1 :::0. 21 

0 . 624 3 0 . 208 

n.s . 

1 2 . 777 1 5  0. 852 P2=2.32 n . s .  

�. 91: 9 3 1 . 973 
1 8. 696 1 8  

Regression at Total Kemp1ness on A 

�2 d. f.  m. s .  P 

0.,568 1 .  704 
44. 1 76 

3 
35 1 . 262 P2=0. 89 n . s .  

3 ·370 
47. 546 

3 
38 

1 . 1 23 

Regression of Total Kemptnea s  on D 

ayx2 d. f". m. • • 

1 3 . 709 1 2  1 . 1 42 111 =0. 21 

0 . 707 3 0 . 236 

n. s .  

14.41 6 1 5  0.961 P2=1 .33 n . a . 
3. 851 3 1 .284 

1 8.267 1 8  

Regress ion at Total Kempiness on D 

4{!
2 

d.f". m. a .  � 

0.324 
50.26 

1 .1 95 
51 .455 

3 
35 

3 
38 

0. 1 08  
1 .436 :r2-o. 2a n.s. 
0.398 

a. a .  indicates p greater than .05 
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change in t.otal kempiness for a given change 1n pos ition D 1s 

expected as kempiness 1n posi tian D makes up a larger part of 

total kempiness then kempiness 1n pos ition A. The s tandard 

ePrors o:r es tima te � the regression coet't'1e ients are, 1n 

gene ral. , of similar magn1 tude regardless of whether t otal 

kemp1ness is re lated to kempiness in position A or poa1 Uon D. 

'fhe conclus ion Which the results ind icate is that more accurate 

predic tion of total kem.p1ness can be obtained from ltempinoss 1n 

posi ticm D than f'rom kempiness in pos i tion A. However ,  if' tbe 

other faetors are taken into account , there is probabl.7 not 

much difference 1n aeeurac,y if either poai t1on is used. More-

over, the re latively high s tantlard errors of es timate indicate 

tha t the accuracy of prediction of kempiness in the t"leece at 

any one sampling time Will not be very good a:nywq . In this 

regard, predic t ion of tot&l kemp1ness in the three-year-old& 

from either pos ition at � one sampling time will be les 

accurate than tha t in the Wo-ye ar-olds as the three-yeaz-olds 

have higher s tandard e rrors of es ti.Jr.ll te of the zaegression c oet"f1e-

1enta . � is probably the resul.t of too few sheep being 

included in the anall'S 1s •  

The regression lines or bo th  total kemp1ness on kelll})iness 

in pos iti m A and total kemp1ness cm kempiness 1n positi on  D 

wer tested to 4eterm1De whether 1n each age group, the 

x-egl:less1on lines difrere:dLelgnifieantly between aampllDg t�. 

1'b.e test used is given 1D SDedec� ( 1 957 p.4QO ) . !'he re8lll.18 

of the test are presented 1n Table 18. 

The 11'1 value Sndicatee whether tbe :regNaaloa 11Des 41ftft 



,. 

s1pU1cantly 1n slope . I:f the man square :for tba regression 

coe:f:fic ients is smaller than the mean s quare of the within sampl.es 

variati on, the lines can be 888\llle d to be parallel. S1gni.ficanee 

or this value indicates a s ignU'i eant di.rference 1n s l.ope. The 

P2 va l.ue determines Whe ther the means � the regression lines 

d.iff'er s ignif'icantl,y :from each o the r. 

'l'be in:fonnat1an 1n 'l'abl.e 18 and figures 7 and 8 :shows 

that there is no signif ic an t  departure in sl.o:pe or means of 

t.b.e regress ion lines be tween sampling times f'or each age group. 

'l'heoretica l.ly• the f'our regression lines fer the s ame  

variable s 1n any one age group could be replaoed by one regress ion 

line represent ing the whole experi.l'oontal period. However , in 

vi ew of the time elapsing be tween sampling tine s , such a line 

might not be truly representative of tre whole period as changes 

in the kemp popu.l.ation mi ght have occurred undetected. 

The ma in  point ari sing t'rom tbese results is that the 

accuracy o:f prediction or kempiness in the four posit ions 

( t.otal kempiness ) is probably very similar whether the pred1e-

tion is made from kempiness in posi tion A or pos i t ion D. 

are no s ignificant dif'ferences 1D p red1ct.abil1 v of the same 

variables at. different s ampling U as f'o r the same age group. 

HoweTer• the accUl"8Cy- � predicUcm of tot.al keiDJi>ine&s t any 

one s ampling time is not very good. In this Ngard, the three­

ye-ar-olds sh.ar1 pool'ftP accuracy than the tw�ar-ol4s .  As these 

results are based on cmly a fn she ep t.be.Y nee:d to be con1'1:rm:ed. 



1'he correla-ti on  and regression e oett'ie ien-ts of kem.piness 1Jl 
positions B• 0 and D on kempiness 1n pos ition A at each .aa­

pling time "for 1 0  two-year-old Cheviot ewes . 

Method of measurement of kempiness : Total kemps per g of wool 

a .  'l'he correlations and reg1•ess ione of pos ition B kempiness on 
position A kempiness . 

Sampling 1 
2 

3 

4 

r 

0. 25 n.s . 
0.67 

• 

o.se n.s. 
0. 25 n. s .  

d. f .  8 

b 

0. 1 0  n. s. 

0. 57 
� 

0.36 n. s .  

0. 1 8  n.s.  

- -
y -bx 

+0. 999 
+0. 259 
+0.31 9  

+<>. 594 

s . e .  of estimate 
0.21 
0. 1 9  
0. 1 5  
0 . 20  

b. The correlations and regressions ar pos i ti on c kempiness on 
�os i tion A kempiness. 

r 

Sampling 1 0. 75 • 

2 0. 76 
• 

3 0.68 
* 

4 0.51 n . s .  

d. f. 8 

b 

0.64 
c 

0. 71 
• 

0 . 61 
• 

0.40 n. s.  

- -
y - bx 

+0.01 9 

-o.062 
+0. 1 75 
+0. 746 

s . e .  of es t11Dfl te 

0 . 20 
0. 1 8  
0. 1 9  
0.20 

c .  'l'he c orrelations and regress ions of pos ition D kempiness on 
pos i ti on A kemp1ness . 

Sampling 1 
2 
3 
4 

r b - bi Y - s . e. of � tima te  

• • 
0. 64 . 0 .. 43 • +1 . 831 0. 1 8  
0.64 .. 0.47 •• +1 .352 0.1 8  
o. n 0. 51 +1 .442 0. 1 2  

0 .. 75 
• 

0.49 
• 

+1 . 51 6  0. 1 2  
d . f' .  8 

n.s. 1nd1ca tes p grea -tar than • 05 

o 1nd1ca tea p less thsJl .05 

• $  indicates p less than .01 



TABLE 20 

The test for dif'ferences between sampling times 1n the regress ion 
coefficients of kempiness 1n posi t ions B. c and D on kempiness in 

pos ition A for 1 0  two-year-old Cb!viot e es . 

Two-year-olds 

a. B on A  

Source d. f. dyx2 

Within Samples 32 5. 1 97 

Be tween Regression 
Coe:f'f'1e1ents 3 3 . 209 

Common Regression 35 8.406 
Adjus ted Means 3 0.463 

Total . 38 8 . 869 

bo C on A 

Source d .. f' .. dyX 2 

Within Samples 32 9 .346 

Regress ion Coe fficient 3 0.304 

Common Regressi on  35 9.650 

Adjusted Means 3 0. 297 
Total 38 9 . 947 

c .  D on A 

Source d.f. dyx2 

Within Samp�es 32 5- 937 

Regress i on  C�ic ient 3 0.01 9  

Common Begreeeion 35 5- 956 
Adjus1;ed eans 3 0 .. 790 
Total 38 6.746 

n.s • 1ndica-tes 11 sre ter than 
.. indica tea p lees than .o1 

m. s .  F 

0. 1 62 .P1 = 6. 6 • • 

1 . 069 
0. 240 F2 = 0 . 65 n. s .  

0. 1 54 

m. e .  F 

0. 292 F1 :: 0.35 n.s .  
0 . 1 01 

0. 276 F2 = 0.36 n. s .  

0 . 099 

m.s. p 

0. 1 86  P.t = 0.032 n. • 

0.006 

0. 1 70 2 = 1 . 55 n.s.  

0.263 

.os 
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2. The rel.at1ansh1p between kem.piness in pos ition A and 

:pos i tions B •  0 end D. 

Table 1 9 p resents the c orrelation coeffic ients and regression 

eoef1'1c1ents and their s tandard errors of e s timate of ltempiness 

in posi ti ans B, C and D on ke�qpiness 1n posi ti on A for 1 0  two­

year-olds . 

In this age group• the poorest relationship exis ts between 

positions A and B and the correlation coefiic ien' reacbes sig­

nificance at s ampling II only. There does not ap""ear to be 

much difference 1n the relationship between poe i ticms A and 0 

and posi t1 ans  A and D and a ll  c or-relations are s1gnit'ieant. 

Y�ine se 1n positi on c can be predicted from kempiness 

1n posi tion A bes t although t:OO regression coeffici ent is non-

significant at s ampling IV. In vi ew at t he  higher s tandard 

errors ass ocia ted with the regress .i an  of pos i ti on  C on pos i tion 

A• there is probably not much difference in the accuracy or 

predic ting kempiness in positions C and D flaom kempiness 1n 

posi tion A. The re  is very poor predic tion of' kempiness 1n 

pos iti on  B f'ram kempiness 1n pos ition A and signit' ic ance is 

reached a t  sampling II only. Table 20 shows tm t tle regression 

lines ditter s1gnif'1cant ly 1n slope from e ach other whereas the 

regress ion l.ines of pos it ion 0 on pos iticm A and pos ition D an 

poa 1  t.ion A were not f'ound. to dift'er s1gn1:f1cant ly in slope or 

1n means. 

ne magn1tude of the s tandard e rrore of' estima\e for Ule 

rep-essians of pos itions B, C and D OD pos i tion A 1Dd1catea 



'lADLE 21 

The corre lation and regress ion coeffic ients of kempiness 1n 

pos 1 tions ll• C and D on kempiness 1n pos i tion A at each s am­

p ling t1.rlr3 for five three-year-old Cheviot ewes . 

Method of measuremnt of keJqpiness . 'ro tal ke!JU)s :pe r  g or wool. 

a .  The correlations an d  regressions of' position B kempiness on 
pos ition A kem.piness .  

p b , . ,_ bi s . e. of estimate 

Sampling 1 0. 1 9  n. a .  0.01  n. s .  +1 .368 0. 1 8  

2 0.35 n.s .  0. 20 n. s .  +0. 241 0 .38 

3 0.91 
• 

0. 52 
$ 

0.40 +0. 299 
4 0. 91� 

• 
o.s3 

* 
+0 . 1 21 0 . 1 3  

d. f .  3 

b. The corre lations and regressions of pos i tion 0 kempiness on 
pos ition A kempiness . 

r b 

Sampling 1 0.,80 n.s.  0. 76 n. s .  

2 0.96 • •  0 . 89 •• 
3 0. 85 n. s .  o.66 n . s .  

4 0.87 n. s .  0 . 51 n.s.  

ct. r. 3 

- -
:1 - bx 

+ 0.1!64. 

-o.,383 

+0.4.56 
+0. 653 

s . e .  of estimate 

0.30 

0. 1 9 

0. 25 

0. 1 9 

e. The correlati ons and regress i.ons of pos1 tion D ltempiness on 
pos 1  tion A kempiness . 

r b - bi 7 -

Sampling 1 0 .. 90 • 0. 93 
• 

-o.� 
2 0.89 

• 
0.64 

• 
..0 . 541 

3 0 . 94  
• 

1 .04 ° ...0. 1 9  

4 o,:82 n. s .  o. 69 n. a .  +0. 822 

d.:r. 3 
n.s. indicates » greater than .05 
• 1Bd1eates p less than .05 
•• 1Dd1cates p less t.han . 01 

s . e  • of esti M 

0. 24 

0. 24 
0. 24  

0. 34 
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TABLE 22 

�e tea t for dirt'e.rences be tween sampling times 1n the 

regression e oe:f':f1c 1ents of �ineas in pos 1 ti ons  B, 0 

and D an kempiness 1n poa 1t1cm A for five three-year-

old Cheviot ewes . 

a.  B on A 

SoUl'Ce d. f'. ayx2 m. s .  ., 
Within Samples 1 2 2 .� 0.204 :r1 = 1 . 00  n . s .  

Regress ion c oeffic ient 3 o . 6J8 0 . 21 3  

Common Regreooian 1 5  3.080 0. 205 .,2 = 1 .3 n. s • 

Adjus ted Means 3 o. 781 0.260 

Total 1 8  2 . 299 

b .  c an A  

Source d.f "  dy.K2 
m. s .  ., 

Within Samples 1 2  1 . 906 0. 1 59 p1 = 0. 89 n . s .  

Regress ion coeffic ient 3 0.427 0 . 1 42 

Camnan Regression 1 5 2.333 0.1 56 P2 = 1 .03 n. s .  

Adjusted Means 3 0.484 0. 1 61 
Total 1 8 2 . 81 7 

.. D on  A 

Source d. f'. dy%.2 m.s. • 
Vf1 thin Saq;lles 1 2  2.582 0. 21 5  IP1 = 0.62 n. s.  

Regression Coeffic ient 3 0.399 0.133 
COJ'!IDa'l Regress1m 1 5  2. 981 0. 1 99 IP2 = 1 . 1 9  n. s .  

Ad�us t.ed ••ana 3 0.71 2  0. 237 

'fatal 1 8  3.693 

n.s . indicates p greater than .os 
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that tbe accuracy or predic \1on of kemp1ness 1n the otber 

pos itions is not ver7 good. 

In the three-year-olds ('fable 21 ) tile nUJd)er of sheep 

an hich the resuJ.ts are based is insuf't'ici ent to allOII' 

reliable ccnclusi ons to be drawn. 

The beat relaUanship is obtained W1 th positi ons A and 

D. The re lationship of pos itions A and B is very poor 1n 

the first t o s ampling tines but significant 1n tbe last 

two sampling times . Although the re lationship or pos it iom 

A and c is generally consistently higher than tha t of ;pos it 10D8 

A and B, 1 t only reaches s igniric ance at sampling II. 

Kem.piness 1n ))OS i tion A predicts best kempiness 1n pos1 tion 

D although non-s iguific ance is recorded at sanwling IV. A 

test for differences 1n regression lines ( Table 22 ) shows that 

there are no significant dU":ferenees between the regression 

lines of these two variables 1n slope or me ans .  

The predic tion of kempiness 1n pos i tione c and B from 

kempiness 1n posi tion A 1s very vari able and only reaches 

s ie;nif'icance at sampling II and sampllngs III and IV respec tively. 

The tes t for di:f:fereneea 1n regression llnes (Table 22) sh0\1'8 

that the regressions of pos ition C cm pos ition A do not dift"ep 

significantly 1n s lo:pe or means but that the regression lines 

of position B on position A dif"f'er 1n slope but not significantly 

s o. 

The s tandard errcrs or ee tima te . or tbe regression coeffic­

ients indicate that tbt aceurac7 � pred1ct1an ar pos i Uan B CID. 

pos1 Uon A L"t mq one sampling time is poor while the accurac7 



�ABLE 23 

The correlation and Peg-t>easian coef't'icients of kempiness in 

pos i tions A� B and 0 m kerqpinass in position D at each a am­

pll.ng tiDB for 10 two-yeax--old Cb:)viot ewes. 

Method or re asUJ:>errent of' kempine ss : Total kemps }e r  g o f  wool. 

a . 'fhe corNl.a ti ans and regressi ons  of pos iti on A kempiness an position 
D kem.piness . 

Sampling 1 

2 

3 

4 

d. f'. n 

- -
7 - bx  

-o.462 

+0.()44 
-o. 888 

...0.980 

s . e. of e s timate 

0 . 26 

0. 24 
0.1 8 

0. 1 9  

b . !he correlations and regressions d pos iti on  B keiJi)1ness OD 
pos 1 t1an. D kempiness . 

b 
- -

r y - bx s . e. of estimate 

Sampllng 1 0. 36 n. s .  0. 21 n . s  • +0. 633 0.13 
2 0 . 50  n . s o  0. 57 n. s .  ..0.41 8 0. 23 

3 0.25 n. s .  0.23 n. s .  +<>.454 0. 1 7  

4 0.52 n . s. 0. 59 n. s. ...0.498 0. 1 8  

d . f. 8 

c .  'fhe correlati ons and regressions of' pos 1t1cm 0 kempiness cm 
pos 1  t1an D kemp1ness . 

Sampling 1 

2 

3 

4 

r 

0. 82
° 

o. ao
•• 

o.66 
• 

0.74
* 

b - bi y -

1 .04
· 

-1 .326 

1 .00 
•• 

-o.928 

0. 89 
• 

-o. 81 7  

0. 90
· -().693 

d.f. 8 
n.s . 1ncUcatea » greater than .05 
• 1Dd1cates » leas than .05 
•• ind.ie.ates p less tban . 01 

s . e. or es timate 

0.1 7  

0.17 

. 0.1, 

0.1 6 
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of predic tion of positions a and D f'rom position A is better 

but still not Vel!¥ accurate . As in the two-ye ar-olds , the 

accuracy of prediction varies much between s ampling times . 

'rhus . for the t-wo-�r-olds the bes t rela ti onship is 

obtained be tween kempiness 1n pos ition A and kempilles s  1Jl 

posi tions C and D. Poe 1t1cm A predicts bes t the kempiness 

in pos1 t.ion C although the prediction of kempiness 1D posi tioa 

D iS more accurate . There is much var1 ab1li t¥ 1D tbe relat1cm­

sh1p and predictabillt.;y of kempiness 1n pos i t1aa B t'rom kempi­

ness 1n pos 1t1cm A. 

In the three-Jear-old group. pos1 tions A and D show tJJ.e· 

bes t  re lationship. Xempine ss 1n position A p re die ts best 

ltemp1ness 1n posi ticm D while t.:te predicti on of kempiness 1n 

the othe r positions mly reaches s ignii'ic anc e  a t  certa in sampling 

times . 

In botb age groups , the accur acy of predic tion c4 kemp1ness 

is not v�ry good and varies at different sampllng Umes . There 

were no si gnificant d11'"1"erences between sampllng times in the 

regNssi an  coeffic ients except far the regression of pos i tian 

B on pos1 tion A in the two-year-olds . 

3• 'fhe relationship of poe i t.i oa  D w1 th positicms A• B 8D4 e. 

The correlaUon coerfic ien•s and regression coert'ic1ents and 

standard errors of ea t1ma tea tor Mll �ar-olds are presented 

1a hble 2,3. 

The best rela�1awb1p occurs beueen kemplaeaa 1D poe1t1cm 

D and kentPiDGss 1n posi U ans  A ard c. In al.l cases tbe re la \1on­

sh1:p 1s s1pif1cant. The relaUonshlp between JmmpiD.ess 1n 
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TABLE 24 

The test for dif'1'erences between sampling tines 1n the 
regress ion coeff'ieients of kempine s s  1n positions A• B 

and C on kempinoas in pos1 tion D for ten two-yea.t-ald 

1 .  TVlo-year-olds 

A on D  

Source 

Within Samp les 

Between Regressi on  
Coef:f'1c1ents 

c� Begress ion 

Ad� us ted Means 

Total 

B an D  

Source 

Within Samples 

Between Regression 
Coe fficients 

Common Regression 

_AdJus ted Means 
i'otal 

C on D 

Solll'Ce 

Within Sampl.es 

Between .Regressica 
Ooett1e1en1is 

Conm� Regpessian 

Ad�us ted Means 
'fotal 

Cheviot ewes . 

32 1 2. 523 

3 0 . 1 90 
35 1 2.113 

3 0. 114 
38 13.487 

.:a..-2 
d. f .  v,'/A. 

32 8.332 

3 0.366 
35 8. 698 

3 0. 1 48 
38 a. 846 

m. a. 

0.063 
0.363 
0. 291 

1'1 ::a 0. 1 6  n. s. 

m. s .  J1 

0. 260 P1 ::a 0.47 n . s .  

0. 1 22 
0.249 P2= 0. 20 n. s .  

0.049 

d. :f'. ayx2 
m. s • "' 

32 7. 599 0 . 238 P1 • o.06 n . s .  

3 

35 
3 

38 

o.Of.t4 o. 01 5 

0.21 8 

0.164 
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TABLE 25 

The correlation and regression coe:N'ie ients of kem,p1Deaa 

1n pos i Uans A• B and 0 on kemp1ness 1n pos 1 t1 on D at e ach 

Sali\Pllng t11re far f'1ve three-ye ar-old Cheviot ewes . 

Method of measurement of kempiness : Total kemps p er g of wool 

a .  The oorre�ations and J:>egress ions of pos i tion A ke�ti>iness on 
posi t ion D kempiness . 

Sampl1Dg 1 

2 

3 
4 

* 
0.90 

* 
0.89 

• o.gq. 

b 

o.86 
• 

1 . 21 
0.84 

• 

0.81 n . s .  0 . 96  n. s .  

- -
7 - bx s . e .  of est1Date 

+0.4.)6 
-o. 234 

-o.059 
-o. 264 

0. 24 

0.33 
0. 21 
o.� 

d. t'. 3 

b. The oorre1at1 ans and regressions of poo iti on B kempiness cm 
pos ition D kempinesa . 

r b - bi Y - s . e .  of estimate 

Sampling 1 0.36 n . s. 0. 1 9  n . s . +1 .023 0. 28 
2 0 . 25 n.s. 0. 1 9  n. a .  +0. 291 0.39 
3 0. 98 o. so•* 

+0. 205 o .. o7 
4 o. ao n. a .  0. 53 ll a B  • -o.059 0 . 27 

d. :f. 3 

c. The correlati ane  and regressions or pos 1  Uon c k piness on 
pos 1 t1cm D kempinesa. 

SfADlllliDg 1 
2 
3 
4 

r b - bi Y -

0.94. o.84 • +0.075 

o .. 86 n. e .  1 . 10 n . s. -o.61 7  
o.tkl n.s . 0.56 n. s .  +0.483 
o.,a•• o.6s•• +0.1 5'/  

n.a. indicates p greater then .05 
• indicates p less tball .05 

•• 1nd1ca tee p less thaa . 01 

s . e .  � es Umate 

0. 1 5  
0 • .34 
o. 28 
0.08 
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positions D and posi tion B is non-signit'ic ant at all sampling 

times . 

The predict ion of kempiness 1n pos1 U.ons A and c from 

kerqpiness 1n pos ition D appears to be equally good and tba 

tes t  for diffe rences between regressions ('!'able 24 )  shows 

that the regression coeffic ients do not dirter s ign1f1cantlJ 

f'r001 each o t.heP. The zoegressic:ms � poe it.ion B on pos i 'ti an  

D are all non-e 1gnif1cant so that prediction or kempiness in 

pos1 tion B f':rom kempiness in pos i  t1 on  D is not accurate. 

Nevertheless . there are no significant diff'erenees between 

means or s lo�s of the regression l.ines for ditterent sampling 

times (Table 24 ) .  

The re is much variabUJ. t.y 1n the accuracy of predic ti on 

at different s ampling times and the s tandard errm-s of es timate 

indic ate that the accuracy of predic tion at any one s ampling 

time is not good either. 

In the three-year-olds &n¥ conclusions reacbed can on]¥ 

be tentative as they ax. based on too fe sheep. 

In this age group the pattern is d11'f'erent. Examlnatian 

of Table 25 reveal.s tha t there i s  a better relat icmship iD 

kemp1ness oveP the f'our sampll.Dg Umes be\ween poe i tion A and 

pot;i t1cn D than Uere 1s 'between keJQ1ness 1n p i ti• c and 

poe 1 t1 on  D. Tile coiTelatj. ooet'f1c1ent.a or kemplness 1n 

pos 1t1ans A and D are noa-eigntt1cant at s ampling IV ODl.y 

Whereas the correlation or kempiness 1n pos i tions c and D is 

!J.CDole1gnif1eant at ampllng II and III. 

'l'he rela tJ.onshJ.:p between kem.p1Desa 1n pos1 t.1ona B and D 



'!'ABLE 26 

'l'he 'test for differences between s a lli>l.ing Ums in the 

regression coef'fie ients of kempiness in poe i  tioos A, B 

and C on kempiness 1n posit ion D for 1'1ve three-year -

old Cheviot ewes . 

a .  A on D 

Source d. f. 
dyx2 

m. a .  ., 

Within Samples 1 2  3 .31 6 0.276 F1 = 0.30 n.a.  

Be tween Regress ion 
Coeffic ients 3 0. 246 0.082 

Common Regress ion 1 5  3. 562 0. 237 P2= 1 .49 n.s. 

Ad� us ted Means 3 1 .061 0.354 
Tot al 1 8  4.6zs 

b. B on D  

Source d.f'. 
dyx2 

m. a .  .. 

Within Sampl.es 1 2  1 . 809 0. 1 51 F1 = 2. 47 n. s .  

Between Regression 
Coeffic ients 3 1 . 1 20 0.373 

Comnon Regression 1 5  2 .929 0. 1 95 P2 = 2.32 n. s. 

Adjus ted Means 3 1 .362 0.450 
Total 1 8  

c .  C on D 

Source d.f'. dy%2 
m. a .  p 

W11h1n Samples 1 2 2.002 0. 1 67 1'1 = 0.09 n. s .  

Jetween Regression 
Coef'f'ie ients 3 0.481 0.01 6  

C onmon  Regress ion 1 5  2.483 0. 1 66 P2 • 0.35 n.s .  

Ad�us �d Jleans 3 0. 1 77 0. 059 
!'otal 1 8  2.66o 

n.s. indicates p greater than .os 



1s poor and is signi:f'icant a t sampling III only. 

The predic ti on  of kempiness 1n pos i ti on  A from kempiness 

1n pos i tion D is be tter than the prediction of kempinesa 1n 

pos i tion C from kempiness in pos iti on D. Table 26 demon-

s trates tha t the re are no s ignificant differences between 

sampllng times 1n the me ans and the s lopes of the regression 

lines of the vari ables. 

The anly time 1n �is s tudY 1n which s ignir ic ant pre­

dictions o:f kempiness 1n posiU on B can be made from kem;piDe ss 

1n pos ition D is at samp ling III . Table 26 shows tha t the 

regress ion lines of the se variables are not paralle l bu- do 

not ditter signi.t'ieantly 1n s lope .  

The aeeuraey of predic ti on again varie s betwe en s ampling 

times and is not vecy acc urate at any one s ampling ti me except 

where s i gn1f1canee 1s re-corded. 

The s tandard errors of es timate of this age group are 1n 

general hi ghe r than the standard e rrors of es tima te of the two-

ye ar-oldB . I t  may be concluded tha t less accurate p redic tion 

of kempiness a t  any one sampling time will be made from the 

three-year-olds . 

These results indie a te ror the t <>-78ar-olds tha t  kempinesa 

in p os i tions C and D have the bes t re la tionahip with kempiness 

1n poei tion o. JtemjliDess 1n pos i t1on D predicu ltemp1Desa 

1n these pos iti cms equally well.. There 1s no s igni:ricant 

re lationship of kempiness in posi tion D wi t.h kempiness 1n 

pos ition B. 

In 'be tbree-�lds • kempiness iD pos 1 Ucm A baa a 
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better r•e l.a tions h1p with kemviness in posi tion D than position 

C has but in both relat ionships non-s igni�ic ant coeffic i en ts  

were recorded. Aga in the rel a t ionship between posi tions B 

and. D is :poor . '.i'he kcmpines s in po s i t ion D predic ts  kempiness 

in pos i tion A bes t  whi le the regress ion of the kempine ss of: 

pos i tion B on posi tion D uas oignif'icant only once . Although 

!l.O s igni:fica.."lt di.f:ferences oc curred be tween s ampling tiEEs ror 

the regress ions of the variables , the re wss much v · ri · tion in 

�1e accurtiCY of predict ion o:r kemp1nes s  between sampling times . 

Accuracy of predic tion was not good at any one s ampling time 

except where signif'ictint regress ion coe:f't'ic ien ts were rec orded. 

Pl�ed.ic tion a t  any one sampling time was again poorer in t he 

three-ye al-olds than the two-year-olds . 

D., The Varia tion of Kempiness Be tween Individual She ep 

The .;:>ate o:f progress 1n s e le cting agains t  kempiness 

depends in par�t , on the amount of' Vli riatlon in ke mpiness 

between sheep. 'l'here:fore , an attemp t  \7a.a made in this 

experiment to determine the var1at.1on in kem1. iness between 
individual sheep. 

The d.i.fferenees between smep were determil'led from 

posi t.t.an A 1 th mpiness neasu.red by to 1 kempa per sq. cm. 

The highly s igniric ant F values 1n Table 9 1nd1c a'ted 

t ere was much veri bili ty 1n kempines be� een aheep 

This was f'ul"tber c onfirmed 



1 1 2. 

TABLB 27 

The analys is of variance of' data on total amps per square cen-ti­

metre t"Pom pos ition A or a l l  sheep. 

Source e a  

Be t  een Ages 1 5.Q40.300 

Be tween Sampling Times 1 .046 , 500 

Be tween Sheep Within Ages 98. 797, 622 

Error 

Total 

37. 270 , 760 

1 52. 555 , 1 82 

*., p less than . 01 

* p les s  than .05 

n. s.  p greater than .05 

d. f. m. s .  p 

3 5. 1 46 . 766 3 -334 
11) 

3 0.348 . 833 0. 226 n . a. 

64 1 . 543 .  71 3 8.325 
t) 

201 0. 1 85,427 

271 
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The anall's1s of variance of data on shed kemps per square centi­

metre f'r'an pos 1 tion A of all sheep. 

Source s s  

Between Ages 1 6.,346.100 

Between Sampllng Times 2. 673.100 

Between Sheep 1th1n 

Ages 
Xrror 

Total 

85. 852, 249 

38. 824, 884 

1 43.696,33 

n. s. p greater than .os 

*• p less than .01 

a.r. m.s. ., 

3 5-448 ,700 4.06·· 

3 0.8,1 ,033 o.66 n. s .  

64 1 .341 .�1 6. ,q.•• 

201 0.1 93 ,1 57 

271 
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The var1ances of data for position A ror each age group at 

each samp11ng "'ime . 

Method of measurement of kempiness : Total kemps per sq. em. 

Age (years ) 2 3 4 5 

Sampling Tizoo 1 0 . 845 0.353 0.363 0.488 

2 0. &51 0.454 0. 599 0. 61 7  

3 0. 575 0.41 2  0. 531 0.381 

4 0. 726 0 .365 0.4.34 0.432 
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in hb�e 27 1n Which high]¥ s ignif'ieant ditterences between 

sheep within ages were recox-ded. ftgures 1 2, 1 3 ,  1 4  and 

1 5  demons trate the differences 1n kem,p1ness between sheep 

at eae...'ll samplil'l..g t ime  for each age group. The log means 

and tbe antilog of the means are presented 1n Appendix I .  

By analysing the variation 1n data for shed kemps per 

sq. cm. 1 t 1s possib le to gain some idea of Whether the 

differences be tween sheep are ma�.e up of shed or growing 

kemps . The analysis of vari anc e  p resented 1n Table 28 gi -.es 

similar results tD those presented in Table 27 f'rr total 

kemps per sq. cm. 'l'he P values ind icate that the var1atic::m 

of shed kemps p er sq. cm. 1s not markedly di :f'f'erent frcm the 

variation of t ot al kemps per sq. am .  in these e ea . Figure 

1 1  am 'Dlbles 30 and 32 demons trate that shed kemps make up 

the greater proportion, on average. of total kemps .  Hence , 

on this evidence it may be concluded tlla t shed kempe account 

for the major pi rt of the differences between sheep. 

Table 29 indicates tha.t t.he varia ti OD 1n kemplness 

between sheep changes wi th sampling time . The maxiiiiWil 

variation 1n ltempiness between sheep ror all age groups is 

at sanpling II When mBan growing kempe in all age groups but 

the two-year-olds is at a maximum (Pigure 1 1  ). However, it 

1s doubU"ul. Whether much importance can be attached to this 

fact as differences 1n the mean nud>er or grolfing kempe at 

sampllngs I and U are small except 1n tbe case of the tvo-

ye ar-olds. Variation between sheep 1s leas t at ss.m,pling 

III far the two and :five-�ar-olda and at sampling I for 

the three and four-year-olds. These variances ala o show 
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that sane part � the difference between 1ndi viduals 1n 

kempiness 1n the two-year-old.s 1s clue to ineomp�ete e tab1�-

1sat1on of the vai-iance by the logar1tbm1e tl-ens:f'ormat1 an. 

Inspection of figure 1 2  bears this out. 

The results show t hat trere are s ignificant differences 

be twee...Tl. s heep wi thin age groups 1n k:empiness . These differ-

ences are largely due to shed kemps .. The vari a t ion in 

kempiness between sheep in e ach age grou;p varie s w1 th time 

and Peaches a maximum at 88D1Pllng II. 

E. The Variation or Kemp1ne ss Be tween Age Groups . 

The pract ical uset'U.lness or lD10\71ng Wh i ch age groups 

show the mos t kempiness is important 1n selection. An 

ndeavour was made therefore , to determine the degree 'to 

which each age group &hOW's ltem.pine ss . 

The analysis ar V'IU-iance (Table 1 4) of t.he two and 

three-year-olds estab�ishe d tha t there were no s ignif'ieant 

differences 1n total kempineas ( the  sum of the fcur :posi tians ) 
between the t o age groups . Hourever, Tables 1 1  and 27, using 

data :f".rom poa itial A for more sbt::ep, showed that tbere were 

s 1gn1f1eant dif:tex.nees (5% level) 1n kem;piness between age 

groups . Th1B :tact. 1D:wlles that there we.re too :tew sbeep 

incl.uded 1n the anal.v81s (Table 1 4) involving total kempiness 

to show Ql) exis ting dif'terences between age group . It 

might also be interrpre\84 as 1nd.1cat1Dg tha� di r.terene a 1n 

age groups. as indicated by posi tian A are not representatift 

or total ltelqpiness .  U.ever, this 1s unl.ikely as it al.reaq 



TABLB 30 

The loaar1 thm maane , tbe antilogari thms ot the means 
and the s tandard errors of the logarithm means -ror 

4a ta from poe 1 tion A 1n each age group . 

Method of measurement of kempiness a Total kempa per squa re centimetre 

Logari tbm lleans 

Sampling �lme 1 e . e .  2 s . e .  3 s . e .  4 s . e .  

Age -.rwo-,.eaza-ol.ds 2.389 + - o . 70 2. 444 :o. 71 2.407 to. ,a 2 .366 :0 . 65 
ThNe-7ear-olds 1 . 580 ! Oo46 1 . 832 :0. 52 1 . 996 !o.49 1 .  781 :0 . 46 

Pouz-7ear-olas 2. 203 t o.46 2 . 1 94 to.54 2 . 289 !o.!J() 2 . 271 !o. s1 
1'1 v�e&J:'-Olds 1 .  799 + - 0 . 54  2. 047 !o.6o 1 . 932 :0.47 1 . 986 !o. so 

OVer all ages 1 . 993 1 o.og 2. 1 29 !o . 1 0  2 . 1 56 !o.o6 2 . 1 01 !o.09 

log 2.0 Cl anti log 1 0. 0  

An�1logar1thms ot •eans 

SIUII,Pling '!lma 1 2 3 4 Total 

Age 'l'wo-year-ol4s 24.49 27 . 80  2 5 . 53 23 . 23 25. 23 

!hl'ee-7ear-ol.ds 3 . 80  6 . 79 9. 91 6.04 6 . 27 

Pour-,ear-olds 1 5. 96 1 5. 6.3 1 9 . 45 1 8 . 66 1 7  • .34 
l'iYe-7eaz-olds 6.30 1 1 .1 1  8. 55 9 . 68 8. 73 

Over all ages 9. 84 1 3.46 1 4.32 1 2. 62 

Total 

2 . 402 !o.32 
1 .  797 to.24 
2 . 239 !o . 26 
1 . 941 !o . 26 

->. ..... 
-.J • 
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Multiple range test: Tes ting the dift'erences in 

mean kempiness of f our  age gl'Oups at the 5� leYel. 

Method or ueasurement of kem,piness : �oUl kemps per square 
eentimet:re . 

Age (years ) Tlree Pive J'OUP 'fwo 

log ean 1 .797 1.,941 2.239 2.Q02 

Results : 

log 2.0 • ant1log 10.0 

Any two means not underscored by the sa me l.1.ne 

are s ignif"ieant ly dif':ferent at the 5% lnel. 

A:oy two mans underscored by the same line 

are not significantly di:f'ferent at the � 

level . 
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'the loga.ri � means , the an t1loga.r1 thms of the means and the 

s� errors of tbe logar1� means �or data from position 

A 1n each age sroup. 

Method at measurement of kemp1ness a She d  kemp per square centimetre. 

:Lopr1� Means 

aa.pling !lme 1 s . o .  2 s . e .  3 s . e  •. 4 s . e .  Total 

Age 'ho-Tear-olds 2 . 1 66 ±o.74 2e3t91 to.69 2 .388 !o. s1 2 .341 !o . 65 2.322 
'1'hree-78ar.-.olds 1 .46s + :.0.31 1 .  713 to.48 1 . 904 ta.49 1 . 658 !o.45 1 . 685 

Pour-re a:r-ol4s 2.033 �.qo 2.024 to. 54  2.207 tc> . ss 2 . 205 !o.48 2.1 1 7  
Ptve-,-ea:-olds 1 . 656 1:o.so 1 .886 �. 53 1 . 886 :0.47 1 . 948 :0.49 1 . 844 
OVer all agea 1 . 830 !o.09 2 . 004 !o.o4 2. 096 + .:.0.09 2 .038 !o.09 

log 2 . 0  = anti log 1 0 . 0  

Ant.1logar1tbme of Means 

Sampling Time 1 2 ' 4 'lot.al 

Ap Two-ye ar-ol.4s 1 4. 66 24. 6  24.43 21 . 93 20. 99 

TJutee•¥ear-elcls 2. 92 5. 1 6 8.02 4. 55 4. 84 
FGl.ll'-1'8ar-olds 10.79 1 0 . 57 1 6. 1 1  1 6. 03 13 .09 
F1ve-year-olds 4.5.3 7. 69 7.69 8 . 87 6 . 98 
OYe:r aU ages 6. 76 10.09 1 2.47 10 . 91 

s . e. 

to.33 
A 
..:.0. 23 
!o.25 
!o.25 

� 
� 
\D 
• 
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TABI.E 33 

llultiple r�1ge tes t: Tes�ing the dif'f"erenees 1n 

mean kemp1ness of' f'our age groups at the SJ' level.. 

llethod of measurement af kempiness r Shed kemps p ex- s quare 
cen tirtletre 

Age (years )  
l.og Mean 

Three Five Pour �0 

1 ,685 1 .. 844 2 ... _,1 ... 1..,7 __ 2.,.._3_22-. 

l.og 2. 0 =- antilog 10,0  

Resu.lts t P:rJy two means not underscored by the s ame  line &1"8 

s 1gn11"1cant].y different at the 5% l.eve� . 

Any two zooans underscored by the same line are not 

Bi3J11f'1cantly di:fferent at the .5% level . 
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haa been shown that k�mpiness in posi tion A oan be used to 

predic t total ke�iness although not very accurateiy. 

The log me&Il6 and the antilogs of the me ans for each age 

group are presented in Table 30 and show that the age groups 

:fall into tha following order of: kempJ.ne ss : two..> four_:::. five.> 

three years of age ( ? indic ates greater than) . 'fo � es � 

differ� es be tween the se means Duncan 's ( 1 955 )  Dlltiple 

range ta.s t was ap:plled ( Table 31 ) .  I t  was found that the 

wo..year-olds difi'ered signi.t'icanU¥ ( 5% le-vel ) from t he 

five and thi>ee-yea.r-olds but not from the four-yea x-olds 

while tm fo'l.lr-yecl-olda were s ignificantly d11':rerent 1"1"om 

the t.hre..;-yeaza-olds but not the fi ve-ye ar-o1ds . 

The analysis ·a£ variance us 1ng data for shed .1teiJ:I.9s per g 

of wool (Table 28) indicated tha t  there was a highly s ignif i cant 

difference between tbe means of each age group ('lable 32 ) .  The 

order of' kempineas of the log neans or the an t1log a£ the ne ana 

of each ege group :for data involving shed kemps (Table 32 ) is 

the s ame  as the order of kempinesa of the xoo ans of each age 

group :far data involving total kemllB (Table ,30). The multiple 

range test (Table 33 ) again shallls that the t o-year-olds d.if'.fer 

s1gn1:f1c an tly from tbe five and three-year-old& but no t the 

f'our-yeai>-Olds wlUlo � f'our-yee.r-olds d11"t'er s �ican tl1' 

f'POm the iillree-year-old8 but not the f'iY8-7e r-oltla. 'lhis 

suggests tha t shed kemPl vary similarl,y to total kemps . Further 

evidence from Tables 27 am. 28 1s ga1ned :t'rom the P values or 

is not a marked difference 1n the variance of' ueasures involving 
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shed ke�s and total kemps . It has already been shown 

that shed kempa compri se tm greate1 .. proportiOD. or total 

kemps per sq. cm. 'l'hi.s evidence s trongly suggesu ,  

therefore , that the ma jor part of' the dif'f'erences in 

kempinesa between ages is due to shed kemps. 

Examination of :figures 1 2, 1 3 ,  1 4  and 1 5  suggest that 

some part of the dif'f'ere..11:ce 1n kempiness between ages may 

be due to a f'ew sheep 1n the two-yeax-old group departing 

cons iderably :from the mean. That this is so, 1s further 

indicated by a comparis on  of' the variati on in kempiness in 

each age group, ( Table 29 ) ,  where it is obvious that the 

logari thmic transf'ormation has not comple tely atabil.ised 

the variance be tween age groups. 

F. The Variation ot Kem,p1ness a t  Ditterent Sampl.ing Times 

The variatian in ke.!!i)ine ss bet.ween seasons was ana lysed 

in ord.er to ga in information an changes in the kemp popul.ati an 

with time and to obtain same informs tion on the time tba t kempJ 

gz-ow into tm fleece .  

AB previousl.y stated, the kemps 1n any s&Dij;lle were divided 

in to the :folloWing kemp types I 

a. Shed kemps . 

b. Growing kemps, i . e. kempa showing a cut basal end. 

'lhe assumption was then made that tbe mean keJQ length 

is s 1milar tor all ages . 'fhus . a growing kemJ) being :shorter 

should. welgh leas than a shed amp. u tbe neece cant,ains 
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tzABLE .34 

The regre-saions and a tandard errol"S o� es timate o� weight � kompe 

per square centimetre on total kemps per squ:..re centi.l'.!Js tre far 
pos i tion A at all sampling times for each age gl'OUp. 

a.  i\vo-7ear-olds 1 7  ewes 

Sampling 1 2 3 4 
b o. 87 

• •  
0. 99 

•• 
0. 92 

·� 
0.97 

• • 

s .e. o.o7 0.02 0 . 03 0.03 

• •  p less than .01 

b. Thl'ee-year-olds 1 7  ewes 

Sampllng 1 2 3 4 
•• 00 --· •• b 0. 93 1 . 03 0. 99 0. 92 

s . e. o. o6 0 . 03 0 . 03 o.os 

�· p less than . 01 
.� 

c. J'our-�ar-olds 1 7  ewes 

Sampllng 1 2 3 4 
* *  •• •• • • 

b 0. 98 0. 96 0. 95 o. 89 

s .e • 0.02 0.03 0.02 0.0.5 

• •  p le ss than .01 

d. fi Ve-7"&.r-olds 1 7  ewes 

Sampllng 1 2 3 4 
b 0.91 

•• 0 . 95 
•• •• 

,_ .. 0. 93 o. 
s . e  • o.06 o.o3 0�03 o.Q3 

•• p leas than .01 



a .  Two-year-olds 

Source 

Within Sam_ples 6o 
Between Regression C 0e fficients .3 

C�nman Regreosian 

Adjusted Means 

Tota� 

n . s .  � greater thfu1 .05 

Source 

63 

3 

66 

d.f. 

Wi thin Samples 60 

Be tween Regress ion Coeffic ients 3 
Common Regression 

Adjusted Means 

Total 

n . s .  p greater than . 05 

63 

3 
66 

TABLE 35 

The test for d.ifferences between sampling times of the regress ion lines in 

·rable 34 for e ach age group. 

dyx2 
m. s .  

0 . 873 14. 6 

0. 1 09 36. 0  

0. 982 1 4. 7  

0.31 0 1 0. 0  

1 . 01 3 

dyx
2 m. s .  

2 . 851 47- 5 

0.057 1 9. 0  

2. 908 46. 2 

0 .07 23. 0  

2. 978 

p 

.,1 = 2.47 n . S o  

F2 = 1 .47 n. s .  

F 

F1 
= 0.4 n. s .  

P2 = 0 . 5  n. s .  

c .  Four-year-olds 

Source 

Wi thin Samples 

Between Regress ion Coefficients 

Comnon Regression 

Adjus ted Means 

Total 

n.a.  p greater than . 05 

d. Five-year-olds 

source 

Wi thin Samples 

Between Regress ion Coeffici ents 

Co1nnxm Regression 

Adjus ted Means 

Total 

n. s .  p greater than .05 

d . f .  dy%.
2 

60 1 . 094 

3 0 . 032 

63 1 . 1 26 

3 0. 078 

66 1 . 204 

d.f.  dp.
2 

6o 1 .584 

3 0.004 

63 1 . 588 

3 0.033 

66 1 . 621 

m. s .  

1 8. 2  

1 1. . 0  .. 
1 7. 9  

26.0 

m. s .  

26. 4  

1 .0 

25. 2  

1 1 .0 

p 

F
1 

=- 0.60 n. s .  

F2 = 1 .45 n.s.  

., 
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many growing kemps • a regression of the weight � kemps an 

the number of kempa will not have as steep a slope • i . e. it 

wUl show a sma.llc:u.• change in weight for a given change 1n 

number of kemps , as when the fleece conta ins lilBil¥ shed kemps. ' 

The slope of the regress ion lines o:f' the wei ght or kemps per 

s q. cm. on the nwli>er of kEIIJll)B per s q. em. at d1 f'f'erent sampling 

times 1n the s ame  age grou.p may ,  theref'oN• 1n41ca te whether 

the re - is a high proportion of gro1'11.ng or sb d kenws 1D the 

neeee. Some indication of whe�hv shedding or grow'Ul of 

kefi\PS is taking pl.ace can be gained frcm this informati on. 

The regression coettic 1ente or wei ght of kemps per sq. cm • • 

on total kempa per sq. cm. and their s tandard errors or estimate 

are presented in Table 34. All. regress ions are highly s ignif-

ioent and the table shows tha t the change of eight rela t ive to 

a change in the tot.al. numbers of kemps is or the order of 1 : 1  

for mos t  sampling times . The test ror si gniriesnt clitterencea 

between sa.mpl.ing times of the regression lines for each age 

group is presented 1n Table 35. The r esults of thi s tea t 

indica te  that the re gress i on  lines ot• the two-year-olds were 

not parallel but t.ha� \be departure did not reach s ignific ance. 

� otheza age groups were .tound to have regression lines in 

which d.if.ferenc&a between s lopes and DMIDII weN not signU'ican\ 

(figures 9 and 10).  This being tile case. i t  appears that. a 

given iDcreaae 1D number of k is aaaociat.ed with a a1111lar 

1nczoease 1n 1sht. or ke t. all s plJ.na Umes and 1D all 

ago grou.:ps e.xcep"' tbe Wo-788t--olds. file regre icm 11Dea 

give o 1ndicaUen., t.beHt' • or shedding or po�rt.h � lte 
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Fig . 9 
... 

The regre s s i ons of we i a� +  0� t ot a l  kemps/ 
s q .  cm. on total numbers or kemps/sq.  c 
ror esch s ampling time . 
a . Thr e e -ye ar-o lds 

2·0 

\ 
Samp l ing 1 

1 1  2 
" 

- " 3 
4 

Log t ot a l  n o .  of kemps/s q .  cm . 

b .  �7o-ye a r-o lds 

3·0 

Sampl ing 1 " 2 " 
' " 

Log tot a l  no . or kemps/s q. cm. 

3 
4 
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2·5 Fig . 1 0  
The regi•es s i ons of' we ight of' total 
kemps/s q.  cm. on t otal  nunibers of' 
kemps/s q_ . cm. f'or each sampl ing 
t ime • 

• 
s () 

"G"; ':e -ye ap-olds e • • 
oi 
m .......... 1 m 2 � 1 · 5 1 1  3 Q) 

� - 11 4 
rl aJ � 0 � 
IH 1 ·0 0 

• � tD � 
bQ 0 H 

0•4 
2 · 0 3· 0 

Log t ot a l  kemps/s �t· cm. 

2 · 5  b .  F'our-year-olds 

• 8 () 
. 1 oi 2 � 1 1  3 m 

Pi 8 • 11 4 
(]) 1 · 5  � 
rl Ui � 0 � 
tt--1 0 1 · 0  . � bi) � 
Q(} 0 H 

Log t otal ke mps/s q. cm. 
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except 1n the two-year-olds . However, there migh t, be 

non-detectable variations in shed and growing kemps through­

out the year {1"1gUl"e 1 1  ) • 

The t o-year-olds show some vaPiatiaa 1n the slope or 

the regression linea. Figure 9 shows that the regressicm 

l.1ne foz- sampling I i.s not aa s teep as the regression lines 

for the other sampling t1D:es. Although random vari ations 

in kemp.1ness me..y have caused the departure 1'rom parallellam •. 

the regression line for sampling I indica tes that 1'or a given 

increase in number of kem�B there is a small.er increase 1D 

weight of kemps than is the case at othe:o sampling times. 

This suggests the t a wave of kemp gr<1Hth is commencing or 

finishing at t.his ti.me . Pig� 1 1  supports this contention. 

The di.f'f'erences in total kempiness between sampling tJ.l:IBs 

were found to be nan-s ignific an� {Table 14)  and this was 

confirmed 1n data for posi tion A for all sheep (Table 27) .  

However , these results may be inrluenced by several 1'actors . 

It has l.z>ead,y been menUoned that the indi cated loss 

in bod,y weight over the winter and inaccuracies o£ estimating 

the total. numbers of k8mpe in a sample 1n the tb. :ree-7e&r-olds 

at samplings I and r:v wU.l aft"e<::t d1:f.ferences b tween eampl.1ng 

timlss. 

'l'he use of 'the met.hod or mo ��. the total allllbeP of 

kemps per g of wool {Table 14) w111 ca\JSe decreaa iD .ltemp 

p)pulaticm to be �t.her reduced and tb& ani tu.dB ar an 

1Dcl'e48 . in lt8mps to be reduced as tbe experiment progresses . 

The reason for t.b1s 1s th t ea t.be wool grows , :f'ewer f'ibl!ea 
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Fig.  1 1  

The change in log me ans o f  t ot al kemps/s q. cm. and 

shed kemps/s q. cm . with t ime for e ach age group. 
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5 Y.O. --­
__......, 
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-- -
-----___ ..., 

----- ------ · 
�,.......;:;._ - -

------
--

--

Tirre ( mon ths ) 

Tota l  kemps/sq. cm. 

_ _ _ Shed kemps/s q. cm. 



go to make up one g of wool. Thus fewe� f'olllc lea (and hence 

kemps ) are sampled as the experirrent progresses w1 th the 

;previ ously mentioned consequences . 

Whetheza these factors influence the MBults of tables 

1 4  and 27 to rm:s great extent is not known. HOW'eve�, they 

were assumed not to have any ma3or eft"ect. 1'herefore , 1 t is 

ecmo.�uded that the re are no sign.if'icant differences b tween 

sazrwling times 1a total ltemps pe� sq cm. 

The graph1eal representation of changes 1n kemp1ness 1n 

1nd1Yidual sheep at each age group with time is presen ted 1n 

figures 1 2• 1 3 ,  14 and 1 5.  Some explanation of the se graphs 

is needed as it  appears as if the non-significant differences 

1n kempi..Tleas between sampling tiJms are due to the individual 

sheep in each age group follcs ing one of four conf licting 

patterns of kemp popula tion change with time . However, these 

patterns can be attributed to di:fferences 1n kemp1ness in the 

four areas com.prising position A { section IV B 2)  and the 

random1sat1on of the seri al. order in h1ch they were sampled. 
'l'.herefore, the four pa'ttems will be determined by the kempiaese 

of the area sampled :first and w ill show maxtmmn kempiness at 

the sampllngs when the more kempy areas (areas two and three ) 

are s ampl.e d.  Evidence for this c onclusi on  1S presented 1D 

Appendix 1 .  Under these c ircwnstancee the randaaliaat10ll of 

the serial. <W4. r or sampling the ueas 1n pos i ti on  A wil� 

ensure that the log me8DS at each sampling time Will be a 

ranclom ample of the areas or poe i ticn A. 'flws ,  there should 

11t't1e difrerence 1n 1he l.og means or ltempiDeas at each 
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Fig . 1 2 

The c hange in the tot a l  number of kemps/s q. cm. 

in p os i t i on A wi t h  t ime f or individual two -ye ar­

o ld sheep . 
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Fig. 1 3  

The chru1ge in the t ot a l  numb e r  of kemps /s q . 

c m .  in pos i t i on A wi th ti 111e f o r  indiv idua l 

thre e -ye ar-o ld s heep . 
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Fig. 1 4  

The change in the t ot r; 1 numb e r  of' kemps/s q.  cm. 
in pos i tion A wi th t ime f'or individu; l four­

ye ar-old sheep.  
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Fig .  1 5  

The change in the t otal  numbe r  of ke �ps/s q. cm. 

in pos i ti on A Wi th  tine for ind ividual fi ve-ye ar­

old shee p .  

Time (months ) 

I . 
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sampUng time :provided that there 1e 1.1 t tle change in the 

kemp :popuJ.a tion \71 th  tine . ThiS conten tion is cont'irmed 

on inspect ion of the log means o-r all age groups at each 

SllriliJling time in Tabl.e 30 , a:.-�d the nnlys is presented 1n l'able 27. 

Tho importance of shed kempa as the ma jor proport1cm 

o:f to tal kemps is again dem01'lS tra ted in Tables 28 and 32 

and figure 1 1  • Furthermore, the F va lues 1n tables 2 7  and 

2 8  sugges t tha t s hed kemps per sq. cm. vary similarly to 

total kemps per sq. cm. In both cases nan-e ignif'ieant 

differences occur between sampling tines . This in turn 

i.m;plles tha t  e i the r  few shed keiniS t1re los t from the :fleece 

be tween sampling t i.Ire s  or tha t the rate of growth, shedding 

and loss of shed kemps is similar be tween sampling t.ines . 

Although there is evidence t o  su;pport the :former hypo­

thes is .,  i t  is inconclusive and mus t  be regarded Wi th  c aution. 

The retention of shed kelD];lS in longer wool has been 

indicated 1n the section on racutting previ ous ly sampled 

araeas ( IV, 3 ) .  Presumably • there 1s soma threshold 

length of ool Which wi ll cause the retention or sh 4 lttmps 

1n the s taple . As there are no s ignificant d11'1'erences in 

shed kemps per sq. em. between s ampllng tines, it IIIISt be 

assumed that this length was attaJ.ned so time bef'ore sampling 
. 

I.  The r- Ul'ts t'rom this section (IY., A, 3 ) also indicate 

that t1'lere 1s a csele ar kemp growth occurril:J.g about samplJ.ng 

I. 1s demons trat-

ed 1n f"1aul'e 1 1  and Tab1 B 30 and 32 1n which growing .k.e . 1 ... e • 

'the dlfte.reDC'e be�. !11AIIIrft total and abed Jtellg)S per Bq. C aJ.'I8 at 
' 



a maximum at samp�:Lngs I and I I  except in the t o-year-o:lds . 

As there are fewer growing kemps an the average , at samplings 

III &."ld IV 1n each age group • it may be 1mp�1ed tha t  shedding 

has taken place. Therefore , as there are no signific ant 

differences between sampling ti mes ,  the kemps grew�ing at 

samp11nga I and II and shed during sa.mpllngs I I I  and IV may 

be assu.:."':led to remain in the :fl.eece. 

1!h.e evidence suggests , then, that the major part of the 

kemp population has pierced the skin and is either growing 

or has shed by the fi m t  sampling time. 

The 1� of' wool when shedding commenced mus t be 

assumed to have been long enough to Mtain most of t he shed 

keJ.n:ps . Thus , mos t  of the kerap popul.a ti on is retained in the 

:fleece unt il sampling IV at l.eas t .  

However , the means in Tables 30 and 32 sho that growing 

kem:ps oecur at al.l sampling times . This ma.y be interpreted 

as indic ating that there is a rroas e tt  growth and shedding of 

kemps and that shed ltempe are los t s.t a simi lar ra te at each 

sarnpllng t ime .  As tle s ampling 1n tervala were too long to 

determine whe ther gpowing kemps occurred at all times during 

the experimental period this hypothesis !IllS t be regarded with 

caution. 

Howevero, it 1B obvious that more work 1s needed to 

determine the �actors causing re tention of she d  kemps 1n t.be 

fleece and the rate of loss of' shed kem,ps :tl-om �he fleece. 

'l'he variance at each sampling time for each ase grou.p 

is :presented 1n Tabl.e 29. � table demons trates that \he 
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most variation oc:curs at s ampl.ing I I  while the least varia tion 

in the three and f'our-year-olds occurs at s am.pling I and in 

the two and :f'ive-year-olds at sampling I I I .  

'I'hese f'indin�� show tha t the re  are non-significant 

dif':l'erences between s ampling t ines in tota l kemps per s q. cm. 

and shed kemp) per sq. cm. This was thought to signify that 

either the ma j or part of the ke.mp p:>pula Uon had grown be:fore 

sampling one and was re taine d 1n the fleece for the experi­

mental :pe riod or that kem,ps were being los t from the fleece 

and replaced at a s imilttr rate at each sampling time . 

There \7as some evidence which suggested that more 

growi..Tlg kemps occurred at s amplings I and I I  than at samplings 

Ill and IV although as previous ly pointed out this diff'erence 

is sm1111. The varisncea 1n each age group were found to be 

greates t at sampling I I .  

0. The Relationship Between Percentage Medullation 

and Kem:p1ness. 

The es timation of' kempiness boom hairiness col:U.d be a 

use:ful tool in the s election of' non-keawy sheep if' a s trcmg 

posi tive relat1onship exis ts between kempinoss and hairiness . 

T.his re lationship s investigated. 

The correlation coefficients of the number or kemps pe 

un1 t area and the pel."Cen tage medul.la t1on (as measured by a 

medul.l.ameter ) for each s ampll.ng time. �or e ach age gl'Oup over 

all sampllng tj,mes and over all age groups and al.l sampl.ing 



The oorfttlat1otls of peroentage medu.lla tion and number of keqe 

p3r sqULU"G centirootl'e over- all fiHtm,Pling ti.Gea a..� a ll ago �· 

Age (years ) 2 

Saui>l1ae 1 o.()SG n.a . 

2 0 . 1 1.3 n.s. 

3 -o.096 :a. s .  

4 -o.469 n . s .  

OVer all �linsJ...0. 14 :n a .. 

� all j\goo 

n.a. :p greater th2r1 .0,5 

• p lass toon .05 

3 4 5 

0.364 n.e. -o.oas n .. s .  0.077 n. • 

0.2.53 n. s .  -o. 1 08  n • •  0.1 6o  n.s. 

0. 294 n. s .  -o .. ()09 n. • 0.247 n.e. 

0. 51 5 • -o.165 n. e .  0. 1 1.3 n . e .  

+0.35500 
-o.068 n.a .  +0. 146 n.a. 

...0.063 n. s .  



times are presented in Tab�e 3 6. 

Pel .. centage medullation was ea t1ma ted :from the non-kemp 

portion or each sample . The percentage medulla ti on  data 

was sub jec ted to a logari thmic transformati on ;  the need 

for which has 'been indicated by Goot ( 1 945) .  

The results demonstrate tha t  the re lu ti onship between 

the two vari ables at each sampling tilre 1s very low and in 

many cases negat ive. Only once does the c or re la tion reach 

s igni.ficance , i . e . at sampling IV in the three-year-olds . 

The correlatJ.ans ove>:> all sampling times show the Sa.J'Ie 

degree of re la ti onship exeept that the c owe lation for the 

three-year-olds is s i gn if' ic ant . 

The c orre lation c oe fi'ic ient over all s amp li...71g tima s 

and nll ages is non-signif'icant and aga in shows a very J)oor 

re la tionship be tween the two variables. 

Data rar m::: an !..1bre diameter were obtained far pos i t1on 

C at the fourth sam;pling time for 1 0  two-yeaz-old and 5 three-

year-old ewes . 1lhe mean :f ibre diameter was caleula ted from 

the fibre diameters of the fibre types measured at three levels 

in the s taple . 

T"ne eorre lation of kempiness wi th mean fibre diameter 

r = -o.495 jus t fails to reach s ign.Uieanoe a" 'lbe � level 

(r = o.51 4) . '!h1.s resul.t should be con:t"irmed to1• more 

sheep. 



V DISCUSSIOB 

The results 1n this ex:perimant represent an initial inYest­

igation of kemp variability in the fleece of Cheviot ewes and 

raise problems requiring f'u.rther research. 

The firs t :problem inves tigated was the suitabill t,y for 

this experiment , or several methods of measurenent of kem;p 

variability. 

This :problem \78S approached by teying to determine which 

measure gave the mos t  accurate assessment of kemp1ness 1n the 

fleece . Other methods of measurement af kempiness , i . e. 

percentage weight of kemps and percentage nuuiber of' kemps , 

used by Fraser Roberta ( 1 926 ) ,  Darling � 932) and Bryant ( 1 933 ) 

have already been cri ticised tn the lignt of Ryder ' s  ( 1 957)  

work. Nevertheless . as percentage weight was inc luded 1n 

this inves t igation ,  some idea can be gained of the rela t1on­

sh1:p between the p1�v1 ous workers ' inves tigations and the 

present one .  

The l"elationship bet\7een the measures of kempiness used 

1n this s tudy is such that there is probablY little loss or 

accuracy 1n measuring kempine ss with any one or them. 'fhus , 

the resul.ts obtained by Praser Roberts ( 1 926 ) ,  Darling ( 1 932) 

and Bryant { 1 9.33 ) oan be assumed to be comparable to the 

reBUlts obtamed in this experiment, other things being equal. 

The re�ationsh1p between percentage number and percentase 

eight of kemps suspected by Darl.iDg {1 932 ) is •  on this evide:nce , 

:probabl3' real. also. 
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The reasons for the s elecU .on of tbe measures of kemp-

iness used in this study have been menti oned previ ous ly. ( 1, .  58 ) , 
Hence , the di:fferences in the number of kem,ps in a sq. cm. 

or in a g of wool were cons idered to give the most useful. 

inf'ormation of keUW vari abi lity in thi s s tudy. 

The variabili ty of the data co llected for these measU?es 

sugges ted that the mean and the variance ere correlated i . e.  

the �opulations did not fUlfi l the requi rements or tea ts ot 

Bigni.f'ical"lee . This iS indicated by the marked sltewne ss of 

the data c ollected by Darling ( 1 932) and Bryant ( 1 933 ) 1n 

their work on the Scottish Blackface and the skewness of the 

data c oll ected 1n this inves tigati on. However. a logari thmic 

tr8llifurma ti on was found to bri..11g about homogeneity o:f variance 

so tha t the use ot tes ts of signif icance �as jus tified. There 

is some sugges tion in the two-yeax-olds tha t the transfoP.rna tian 

did not c�le tely s tabi lise the variabi li ty 1n kempiness . 

Future research on kemp vari ability W1 th the methods of roo asure­

ment of kenw1ness used 1n thi s  ex1ieriment \1111 th.ere:fcre , entail 

the Hpplication of a transformati on to the data to justifY tbe 

us e  of tes ts ot: s ignif'icance . 

Past workers have given scant considerat ion "o the erl"<:rS 

involved in obtaining da ta for t he  measures of kempiness . 

Unti.� these errors have been es t11111 ted the value o� tbl ir work 

remains 1n doubt. Jlost errors are introduced by \he fai lure 

of the method of measuremen t of keD;;�iDess to sample the same 

:tollic le popalat1ons on dift'erent sheep and on d1tterent s ampl.ing 

occas ions. This is unders tandable 1n Tiew � the 1Ddil'ect 
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methods used to maintain the t'o llie le populati on eons tan�. 

1\Y an indirect method• it 1s meant th&' the actual :follicles 

thel!"..selves are not counted but that sone o ther related measure 

sueh as the number or weight of f1 bres or 6Il area of skin is 

used to maintain :f'olllc le numbers cons tant. 

The use of skin area to keep the :follic le popula tion 

cons tant is subject to errors caused by ditterenc es 1n :follicle 

dens ity between sheep. the measurenent and cal.eula ti on of skin 

area and changes in area due to stretch ing of' the skin or 

changes in bad¥ weight . AB skin area was used 1n this expe:r--

1ment. the effect of soroo errors on the results was de termined. 

The diffe�nces in follic le der� i ty between sheep were 

not measured in this experiment so t ha t  their effects on the 

results are not known. The errors involved in measuring and 

caleula t1ng the areas :from which tJle pos ition A samples were 

cut probel:>Jy have 11 t tle ef'1'ect on the results as they are o:r 

insut'f'icient magnitude to mask the large dit"t'erences 1n kempi-

ness between sheep. Nevel"theless they require sane c ans ideration. 

The me thod of calculatJ.ng area which has been intima ted b7 

Cockrem (personal. e orrmunicati on ) as los ing lit t le 1n accurac7 

as oom,pared w ith the more laborious method of calcul.ating 

true area, was shown to cause cons 1derabl.e devi.at1ons f'rom 

true area . The mean value of these deviati ons ,  however, 

supports Cockrem's contention of' there being l it tle loss 1n 

accuracy from the use of thi s me thod.  

The errors of measuring the s ides or the s ampled area 

were found to be .small and un.1mJUll"fiant as 3u4ged by the 
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repeat areas was s ignificant . it was not vecy high possibly 

because of errors introduced in the c alculati on of' area.  

This :probably expla ins '<7by the results were not s trict].y 

comparable w i�� those ach ieved by Morely, Lockart and Davies 

( 1 955) . T� found a correlati on  of r = 0. 96 be tween repeat 

me asurerrents . These results do sugges t, however ,  tha t the 

rne thod of' holdi...'P).g the sheep for s �..rnpling suf1'1 cient ly s tab­

ilisee its pos ition t o  allow repea table IE asurem:mts to be 

made after s ho rt periods of time. 

The cutting of diff'erent s ized areas on d ifferent sheep 

assumes S O!i'e importance in view of' the ms.nked v ariati on 1n 

kempine ss over small regi ons or the body. The larger the 

area cut , the more likely are s ignificant differences 1n 

kempiness to occur. Hence, when the to tal number o:f kemps 

i s  est.L-na ted t,rom one subsample • the estimated value o f'  the 

total number of' kempe in the area may not agree c los ely with 

the true number o:f kemps in the area . This applie s particularly 

at Samplings I and IV when tl:e size o f  subsample was found to 

be 1nade·qqate .  The sane pi'Oblem arises When sampling at 

different sampling t imea . The d if'f'erent size of areas sampled 

indicates that the same follic le populati on  is not sampled at 

different satlU>l1ng times. Howeve r .  thiS as obscured 1n this 

case by a probable loss 1n body weight which caused skin area 

to be reduced, i . e .  1"oll1cle densicy increased. 

file evidence indicates tba t the ma �ar prob lem � be 

overcome when sampling by the me thods used 1n this experiment 

1s the sampl.ing of. a dif'ferent folli.cle popul.a ticm. on dif't'eftll'\ 



sheep and at ditterent sampling times . In the latter c ase . 

it is suggested that a me thod of maintaining t� f'oll.i c le 

popula t 1on oonst&nt be tween sampling ties would be to 

sample tbe same area at all times . However, if' tbe area 

is a arrrpled frequently this me thod will inc rease t.he problem 

of' dis t1nguish1ng kenr11s from coa.rsely medul.la ted fibre s ,  due 

to the absence o:r e&sily disce1mble charac ter1s ties su.ch as 

the t:tp and brush-ends :from the kamps in the s�le. 

From a pr-actical viewpoint, sore knowle dge of' the 

variabi lity of kempiness over the body of a ewe 1s important 

if' one is trying to es timate the kempine ss of' the fleece . 

Kempiness in the regions sampled in JJOS 1 ti on A was 

found to be ver.1 varia ble. In o the r  l:> ody  regi ons , however, 

such variability qas not apparent . On their face value • 

these results augges t that the mid-back regi on shows mot .. e 

variab1�1ty than pos 1tiona along the mid-line of the body. 

It is difficult to perce ive why the :follicles in one bocy 

region should show such variabi lity 1n the numb er of ke� 

they prodUce . A possib le alternate explanation of' this 

occurrence is that t.be number o:r subsamples �n from tbe 

pos1 t1on A samples and the larger area fro which poe i tion A 
• 

samples were cut. m83' have allc:JI'ed dit'.:ferences 1n kemp1Dess 

to be detected in the mid-back region and not tm other bod¥ 

regi ons. Such vari billtT over smaJ.J. regiODB of the bod.y 

oonf1rma Beyant 's ( 1 933. 1 936 ) content ion ror the Blacttace ,.  

that ou t.side region a�cmg tbe mid-line � tm back the1ae 1s 
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much variability 1n kempiness .  The variability ot kempiness 

1n Bryant ' s  mid-back pos i tion could not be deteriDined as the 

posi ti on  was not sampled. 

Although there is much variabill ty in kempiness over 

small region.e- gradients 1n kempiness were found to occur 

over the body in two age grooups .  As these gradients were 

dete.i."r:dned from :four posi t ions only they need t.o be confirmed 

f'or more in tens i .-ely sampled fleeces and for the older age 

groups studied. However, there 1s a conaiderabl.e 8ll10unt of 

evidence in the 11 terat-u..re to su})port this finding. 

The fibre type array gradients first described by Galpin 

( 1 93!.�. 1 936 ) ti4nd s tudied intensively by S tephenson ( 1 95:?� , 

1 956 ) ,  imply tha. t mo1�e primary follic lea will be producing 

halo-hairs L1 the bri tch th� in the shoulder regi ons . There 

is pz·obably a genetic basis for these gradients as Stephenscm 

( 1 952, 1 9.56 ) has found tha t T11 th increasing !,-gene doa age, 

the least heavily checked regions showed an increase in halo-

hair nu.11be.ro before the mos t beav-lly checked regions . If 

the degree of shedding or ha lo-hail-s 1n dift'erent regions 

oecurs as described by· Ooot ( 1 940) and 1:f they are succe eded 

to any great extent by kernps • which is probable ( Dr¥• 1 940; 

Rosa 1 1 Y45) 11 then gradients over the bod.y 1n kemp1ness are 

expected. 

Ds.rling ( 1 932)  has found similar gradients 1n adult 

Blaekf'ace sheep and this has been canf'irmed by Bryant ( 1 933 ) 
and Burns (1 953 ) .  Bryant , however. :found much variabi lity 

between sheep in the pattern o:f kexqpiness over the body. In 
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this experiment � only minor variati ons  or the pattern Gr 

kempiness over the body were indic a ted. 

Further evidenoe of the exis tence or gradients can be 

int erpreted from the coeffic ients � va.r·iatiOll of subsamples 

taken from all posi tions a t  s ampling I .  I t  is logica l to 

asswoo that t..lle rewer kemps there are in a region• the greater 

are the errors 1n subsarapling. The refore , a higher c oefficient 

of variation is eXI�ted in regions of leas t kemp1ness . As 

�e results indic ate the c oeffic ient� of varia ti on decrease as 

the regions became more kempy. 

It may 11e intimated .rram the foregoing evidence that 

the gradients indic ated by the results are pl'"Obttbly rea l  and 

tha t they p1•obably occur 1n all age groups . 

In view of the variabi li ty- of kempiness over small 

regions ot: the b ody •  one does not exp ec t  the gradients to 

fol l� an orderly pattern dawn the b�. That reversals 

of' the crradient can occur" has ooen shown 1n the areas 

com1-rising position A f'ol� each age group. However, it 

should be :pointed out tha t the antero-pos terior gradient 

was only demone trated in the region along the mid-s ide or the 

body which does not necessari lY n:ean tha t the same gradi ent 

occurs along the back . 

Nevertheless . the mere f'ae t  that such vt .ri a tion does 

exis t bet\'/een &"'Gall areas sugges ts tha t the gradients only 

indicate general trends 1n kemp1ness over the body. 

There ie a paucity of' inf'orma tian regarding t.be f'unda-

mental causes of gradients . However. an• explana ti on  of' the 



gradients could be provided by a gene tic s i  tuati.on s 1m1l8P 

to that described by Stephenson ( 1 956 )  for his ,!-type Romney 

lambs . Other :poasibUities s uch as differences in the 

f'o lllcle blood supp].y of different body regions or differences 

in the rate of' los s of shed kemps f'ram the s taples in different 

body l>egions might SUP1;l.Y a�ternute explsnB tions ror the 

variability of kent,pina ... s 1n smal.l regions and oYer the body . 

Unpublished da ta from Romney ewes , obtained by the llassey 

Agricultural College Metrology Laboratory, has indicated tha' 

the secondary :follicle : pri.mary follic le ratio increas s to­

ward the shou1der but 'that follicle denai ty :fol lows a reverse 

pa ttern �1d �creases toward the bri tch. Assuming tba t these 

patterns occuz� in the Cheviot a possible explanation o f  kemp 

gradients being due to d1:ff'ering primary :fol lic le numb ers in 

different body regions i s  not likely. 

A problem ra ised by the variabi lity of kempiness over 

the body of the ewe is the detenuining of the degree o:f 

kempiness in the fleece. In otber wo r4s ,  can the degre e  

of k.eriW1neBS 1n a fleece be determined f'rom the nWDber of 

kemps 1n the ool at one easi ly identi:fiable region or does 

the whole fleece have to be examined! The prac tical signif­

icance of the answer to this problem lles 1n the ease lli tb  

wl11ch kempiness 1n tbe :f"leece can be ES tima ted for selection 

purposes. 

This problem has received little attention by other 

orkera . The results in t.his inves tigation showed tba t. 
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. s ign1.f1cant predictions of kempine ss in the fleece ( as  

indicated by t he  sum ke�iness or the four pos i ti ons ) could 

be made at all sam-pl.ing tines from either the mid-back or 

mid-thigh l�egi ons sa.m.pled •. On face value • the mid-tbigh 

region gave bes t predic tion of total kempiness . However, 

due to the way 1n Whic h total kemp1ness was eompu ted and the 
degree o:r kempiness of the mid-back and mid-thigh regions , 

there is probably little los s 1n accuracy from us ing the 

kem;piness in e i ther posi tian for the predic tion . 

The var1abil.1 � of' kempinesa over the body sugges ts 

that only reasonable accuracy 1n the predicti on of total 

kem.pinesa �uld be obta ine d  and this is verified�tre s i ze of 

the s tand.Eu .. d errors of es timate . Furthermore , the accuracy 

of' p l"edic tion varied from s ampling time to sampling time 

although not signif'icantly so. 

The ab1l1 t.y of the kempineas in pos i ti on  A (mid-back) 

or posi tion D (mid-thigh} to give a reasonab le es tima te of 

kempiness in the whole fleece is or some prac t ical & 1.&J.it'ic&DCe. 

Pos i tion D approximates very c losely with :posi tion 5 which 

was found by Goot ( 1 945} to give a good es tJ.ma. t.e  ot' hairiness 

1n the fleece of Romne78 . If it. can be assumed that the 

Cheviot has s1m1l.ar gradients in hairiness to Romneye , then 

both hairiness and kem:piness can be estimated from the saa 

region. If' hairiness is not a probJ.em. then lt is usuall7 

easier to eatimat.e kempiness from the mid-back region. 

The overall pattem 1n the relationships betweon the 

Jtempinesa o:f each regi on with kempiness 1n pos it ions A o r  D 
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is that the best relationships and prediction or kempine ss 

occur between the most kempy regions . Conversel¥ • the 

relationships and predictions of kempiness in regions showing 

li ttle kemp1ness is genera llY poor. 

A possible explana tion of this s ituation i s  that, in 

regions of: loo kempiness , the grea ter error variance due to 

subsampling has resulted 1n a poor rel ati onship wi tb the moat 

ltempy regions . On the otmr hand, i t  may indica te that the 

extent to which kempiness spreads over the body, varies grea tly. 

Thus sheep showing much kempineas 1n the mid-back or mid-thigh 

regions may or may not show much kem:pinesa 1n the mid-shoulder 

region. S1mila1 .. l.y• sheep showing 11 ttle kempiness 1n the 

mos t  ke�py regions may show much kempiness 1n the mid-shoulder 

regio..'l.  It' this 1B the e ase , the mid-shoulder region is 

us eful as Frascr Roberts ( 1 926 ) :f'ou.'ld, in determining the 

extent of' the S,11read o-r kerup1ness throughout the t"le eoe . 

'The results also show that the predic ti on or kempiness 

in a region 1...'"1 the fleece beco.roos less accurate as the degree 

of kempiness in tha t regi on becomes less . 

It follows :from the foregoing evidence , tha t  more 

efficiency 1n es timating the ke mpiness in the fleece wo�d 

possibly be ga:ined by predicting the kempineas ar the fleece 

from either pos i Uan A or D but to obtail1 a more accl.lrate 

picture of the spread of kem,piness ove.r t� body from poai tian 

B. � method 'C'I8S cOilS idered tbe most us� for kemp 

es t1mat1on 1n the :fleece of the Blackface by Darling ( 1 932 ) .  

Another poJ.nt Gf interest brought out by the results is 
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that the accuracy of predic tion for the s arr .. e variables 

differs at diff'ere..l'lt sampling t irres although in only one 

case were the differences significant . This ee.se oc curred 

in the tlu:>ee-ye ar-olda . It should be pointed out thn t any 

c onc lus ions reached for this age group mus t  be regtirded as 

tenta ti ve •  as they are based on only :five ewes . The con-

elus ion reached in regard to the non-s ignificant di.f':forencea 

in accuracy of p redi cti on, is tha t  the accuracy ot p redic tion 

of kempiness t any on.e s ampl.ing ti ne 1s not very good. The 

use o:f pos 1  tion B e.s a check on tb:l s pread or kempiness 

tJwoughou"t the fleece is, therefore, :fUrther vindica ted. 

The reaa ,:�n f'or s uch poor accuracy of' predic ti on o� 

kampiness is probably the variabili ty of kempine ss over the 

body a.Tl.d the dii'ferenees in kenrpiness be tween sheep. O'ther 

factors such as di:f'f'ering rates of loss of shed kemps :f'rom 

differing body regions caused by d ifferences 1n wool length , 

wool type , wind ete . may partly or wholly expl�in the results . 

SiJ?;nif'i ca.nt dif':f'erenees in the accuracy of pred1c·U.on 

at diff'erent s ampling t imes suggests tba t at tirres when the 

accuracy of prediction is high• the changes in kemp pop1Uat1cm 

must be u11der the int'luence of' the sa.Ine fac tor. 

eeuracy of predic tion 1s si gnific ant a t  ceptain e�ling 

times onl.Y. it mby be tha t  this factor has to re&ch a threshold 
value before the kempiness in the region (mid-shoulder) be-

came predictable.. 

hormonal origin. 

This indicates that the factor l'/lfS3 be of 
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As the rate or progress 1n selection agains t kemp1ness 

will depend 1n p art on the dit':f'erenees 1n kem,pinesa between 

sheep• this is perhaps the moa t  important finding of the 

investigation. 

The considerable varia t1 on 1n kem:piness between sheep 

indica ted by res earch on the Scottish Black:face by D·,rl.ing 

(1 932) and Bryant ( 1 933 ) was confirmed in this s -tudy for the 

Cheviot. 

In the two-year-olds some part of t.be dif"t'erence 1n 

kempiness between sheep was due to incomple te s tab1 11sat1an 

o f'  the variance by the logarithmic transforma tion. HolreTer, 

the major proportion of the differences between sheep were 

shown to be made up af shed kemps. Preswrably, the presence 

ot: many shed kerqps 1n the :fleece 1n the mid-back region 

indicates t.ba t the sheep has the a bill ty to produce many 

kemps . .As this assumption depends cm all or mc:l8 t of' the 

shed kemps being re tained in t.he f'l.eece and no work has been 

published an this aspec t .  it is obvious that further research 

is needed to justti'y it. 

There is some 1nd1.rec t evidence to show tha t length of 

wool grown may be tbe important fleece charac-ter determining 

whether kemps are re tained 1n the fleece or not. i'he reeut� 

1ng o"£ previously sampled ax-eas indicated that the loos ar 

shed kemps from short wool takes place 1t.h1n a relative ]¥ 

shoP't t1 or s hedding. I' is possible therefore , for a 

sheep Which gr s many kemps • but does no t re tai.ll them as 

the length of s taple i t  gro s is abort, to miss selection 
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as a kempy s heep. Whether this problem arises depends on 

the length of wool required to retain a shed kemp at the 

time when shedding occurs. 

On this basis • an explana tion of the extreme variab­
ill ty shorm by the two-year-old.s other tllall their greater 

ea:pac i ty f'or kemp produc ti on, c ould be made on the fact 

that they we re shorn some time previ ous to the othe r age 

groups . If' a wave of' kemp growth and/or shedding occurs 

during the autumn, as indicated by the resul.ts of this 

experiment and work an othe r breeds (Burns . 1 953 ; Ryder , 

1 9.56 )  • then the two-)-ear-olds are better equipped by th eir 

longer length of wool grotm , t o  retain shed kemps in the 

fleece . 

Further ev idence tha t shed kemps may be retained in 

the fleece for a considerable time is indicated by the non­

significant . differences in both shed 8J'1d tota l  ke mpiness 

betueen sampling times . Unless eh anges 1n the kemp pop-

ulation occurred unnot�ced between sampling times , these 

res ults can be 1n1m:preted as indicating tha t the kellq) 

population 1n the fleece remained re la tively static over 

the experimental period. 

The mos t imporhllt point arising fr<111 the preceding 

section is that although total kemps , i.e. groWiag and 

abed kemps• probablY g1Te a good 1ndicat1aa of the ab111�y 

of tlle sheep to produce ke�Iq)s , 1 t. f1J1J7 not be the mos t.  aecura t.e 

one as aonB r�eeee charac t.erieties 1.D1J.3 influence t.ba extent 

to w.h1eh shed kem.ps are retained in the t'leece . 'these factors 
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wi ll at':f'ee t the kemp grading of the ewe . 

Total ker:1ps pe r  sq. cm. as a .roo asure or ke li!Piness in 

the f'leece , is however, of more prac tica l S i e1J,1 f'i cance to 

the manufac turer than s hed or growing kem:ps pe r sq. cm. 

and is the eas ies t  to estiuate vis ua lly .  I ts use in 

future s tudies , t r e ref'ore , oul.d probably require some 

inves tir;a tion into the rate of' los s of shed kemps f'rom 

the f'leece Oi-, the factol's c� using kemps to be reta ine-d . 

Dry ' s  ( 1 934 ) re thod of' using covers r.o retoin s he d birth­

coat kemr;e in the lambs birthc oe t  may of'f'er a poss ible 

solutio.n to the problem o:f determining the 1,a te of loss 

of shed ltemps or reta ining all shed kemps in the 1'leece . 

I t  should a lso be pointed ou. t tha t d ifferenc es 'be-

tuec.:n she ep arc rea lly differences between pos i t ion A an 

each sheep. Com,L--aris ons betwee..Tl s heep by rreans of' o the r  

regions or wi th kempiness estimated for the whole fleece 

may give dlff'eren t res ults .  However, as pos i t ion A has 

bGen shO\m to have a reasonable rola t1 onsh1.p Y1 'Ul total 

kempincoo and w1 th kemp1ness 1n each regi on b ut the mi d­

shoulder, the results are no t likely to be markedly different. 

Despi te the lack of know ledge regarding the :factors 

c us ing  errors in the result.s , tlJia extreme v-ariability in 

kem:p1ne�s be� een beep mus t  signify sone differenc e in 

the kemp produc ing abil1 ty of sheep. It' 18 contenUon 

is ccept� then the variabi lity bet en beep indica ted 

in this inves tigation and othet-s demons trates the need fer 

the 1nelua1cm of suf1'1e1ent sheep 1n an expe riment to all 
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valid conc1usi0l".t& to be drawn for the she ep population. 

Ryder"s ( 1 956 )  experiment on Masham s heep may be cri tieised 

ror tl'lis defection. 

The differences in kempines s  between age groups a re  

important as they indicate the a ge  groups 1n whieh the 

greates t rate of pr ogress 1n selection agains t  kempiness 

w111 be ob tained. The results indicated that the two and 

fotll'"-yeu-olds were the mos t kempy age groups . This 1s 

fo:r:•t ..mate in ths t 1n many flocks • rnas t intel"..se selection 

for various factors 1s carrie d out on the two-year-olds . 

These results do not agree cl os ely with thos e presented 

L"'l trr llteratu ... ne . The k emp 1ne s s  L1 tl':e age groups of the 

Cheviot follows a similar Ill tte1-n to t hat descr1 bed by 

Darling (1 932 ) in the Blackface but 1n dif'rerent age groups. 

Bryant•a ( 1 933 )  conc lusions for the B:Laekface do not agree 

at all wi th the :presen t  results or those o-r Darling ( 1 932 ) .  
I t  shoul.d be pointed out that the se resul te re based 

on 1 7  sheep in eaeh age group. The sampling of more sh eep 

1n each age group may gi ve rise to diff'erent resul.ts . 

especi ally for the age groups showing tte least ke rqp1ness .  

Insu.f'f'1c1ent numbers of sheep p robab1y- account for the non­

Signif'ie nt dif'f'erenees 1n t otal kempiness 1n the fleece 

be tween the two and three-ye.u-olds . Despite this •  each 

age group ranked t.he sane at each eaupling time . · 

AB the dift'ez-ences between age groups were shown to be 

mainly due to tbe presence of shed kemps in tbe fieece• 1 t 
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lliUG t  again be assUJied that the age groups shor�ing the most 

kenu>iness are :xr oduc :l:ng  mo1--e kemps than tm age gl-<>UI>S at 

lower kempinees . Thri t  f'actmas (sueh as l.onger wool ) 
causing re tent ion of s hed fibres might be resp ons ibl.e f� 

the di:f'fex<ences be tween ages , has a1read3 been pointed out 

in t.he two-� a.x-olds . Therefore theee results shoul.d be 

c Clll£irmed. 

'lhe p:- oblem of detennining the bes t  time 'to distinguish 

kenuJY sheep fi'om nan-kempy sheep was c Cll11lsed b7 the non­

signirictt..nt dii'f'erenees in ke� ine ss f'oWld b tween sampl.inc 

t imes . This :finding is con-trary to the cyc les oi' kemp growth 

and shedding indic ated ·o�l the lit.ereture fOI.' vari ous bzoeeds . 

Thus • the cycles ot: kenw popuJ..a:4 tion change have been described 
as v1: rying from all year 1�ound in the Xarakul (Frolioh e£ al 

1 929) to twice yoorly cyc les in the Black.t:&ce, lfer<lW1ck am 

Mash am br-eeds ( Burr...a • 1 9  53 , 1 954b; R,yder 1 956 ) to ye e.r � 

cycles 1u t.be ·.ielsh 'tiountain . Bleacki'ace ani Limous in breeda 

(FI'tiser Roberts . 1 926 ; Darllng • 1 932 ; Bryant , 1 933 and 

Rougeot 1 957) . 
The gro th � kemJlS in the ane cycle breeds has been 

repoL-ted as occurring aver the s uomer am ea�J.y autumn.. 

Shedding occurs 1n tbe late u"tumn or vtinter. Sheep showing 

two cycles o.f kemp growth undergo one cyale of kemp growth 

over the sUJliDf)r ?th ich is shed in autumn am a f'ur the r  c,ye le  

1n tha late aut1.1llD inter peri od  which 1s sheci ill sp r1ng. 

Bums (·t 953. 1 954b) cane idered that in tbe Bl.ackf'ace and 



HerdWick breeds • these two eye les a�'"OSe !"ran the Slllle phy­

s iol.ogicaJ. moult, 1n autUIDJ'l but that many shed f'ibres were 

hel.d 1n tbe follic les unti l they shed in the spring. 

As the Gmviot is classified by Lang (1 �2) with 'he 

Welsh Mountain breed 1n the evolution of Br1 tish breeds , 

it may be expected to have only one cycle of ltem.p grow1ih 

pe r  year. 

As there was little di.ff'erence 1n ke�qpiness betwe en 

SauJ.l>ling times� the use or the var1abil1 ty of kempiness 

between sheel> of different age groups at different s smpllng 

tit:OOs was made use o:r to detemtine the bes t tine for dis ting-

uishing kem,py sheep from nan-kempy sheep. The variance was 

found to reach a maximum at sampl.ing II in a ll  age groups . 

However , thiS is not necessari ly  the bes t  ti me  to make the 

most accl.ll'a te predicti ons of kempiness in tm fleece from 

the mid-back regi on. Nevertheless , any loss 1n the accuracy 

of' prediction of fleec.e kempiness is likely to be made u,p by 

the more kempy sheep being mo re  easi ly distinguishable .  

'l'he a ss umption tha t she ep shCJr�ing more kenw1ness at 

one time have produc d more kemps at \ba t  time �an at otber 

times , may no t be valid 1n this case. The importance of 

shed kem.r.s 1n making up the higher pr-oportion at total keuws 

as again demons trated. As there vere no s ignificant 41Uer-

ences 1n shed keiD1ti be een aanpl.1ng t.J.u8s , a poss ib le  con­

clusion is that the major part of the ke� population has 

gr011Jl and shed be:fore the f'irst sampl.ing time and that. mos" 

keJgps wre z-etained 1n tbe t'l.eeoe f'or the experimmtal peri od. 
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However, chanr;es in kemp p opula. tion could h�ve oc curred 

unnoticed be tween �a�linca . 

Conver--Gely , l'iB growing ker !PS were found a t  ull s • ,mpling 

times lt the ra te o:f los s of' shed kemps from the fleece ::md 

the i r  repl:J cer.'lC:1t may be simi l1 r at u ll s am1-ling times . 

Work by Wi l��an ( 1 958 ) suppor ts this , as he h&s :found that 

there is o f'base " growth · iJld s hedding of' keznr,t>S .  However , 

in . he presen t  inves ti gc.1 ti on ,  the }!eri od e laps in;- between 

sanpling t imes is too long to determine whe ther gr0\'1ing kcmps 

occurred a t  ull t imes in the experiment. The ref ore , until 

the ra te of' los s of' shed kem.[>S :from the s tuple has been de ter­

mined a:ad fUller inves tig;i t ions of changes , in tot a l  kemps 

per> unit are a ove r  a yt:; ur have been carr· ied out the us e of' 

s ampl inc II as t he bes t t iroo t o  dis t inguish kempy shee p ,  mus t  

be recurded �i th caution . 

Another point aris ine from the results is t.ha t if' the 

number o� ke�ps 1n a fleece in the ool or the mid-back region 

remain relati ve ly  s tatic over the experiment al period, they 

could probably be eX".i�Cted to remain in the fleece unti l 

shearing. This finding is of some pract ic a l  s ignific ance to 

the manufac turer. 

Aa :previously men.ti oned , the results s ugges t thr. t the 

ma jor part o� the kemp popula t.ion had grown before the first 

sampling time. Some evidence obtaine d  in this e tudy con-

cerning this point is inconc lus ive but m the Wh o le  supports 

the above hypothesis . 

«rh use of the regres ion of tbe 1gb. t of kempe per 



s q .  cm. on the n\lll'iber of kempa per sq. cm. gave little indic­

ation that there were any great changes 1n growing or shed 

kempa 1n all age groups over the experimental period. There 

w a s  sone indication in the two-year-olds tha t a cycle o:f kem.p 

grooth was cone luding about s ampl.1ng I .  

Further ratification of a cyc le  of growth during the 

autumn period is derived f'rom the mean number or groring 

kem.ps at each sampling time .  More growing kemiS were :f'ound 

at swnpll.ngs I and II than at sampllngs III and IV. HoweYer. 

as :previously pointed out • this di.t'f'erence was small. 'l'he 

cycle of kenr.,l) growth indicated by tbase results about the U 

of: sampllng I (autumn) would agree well with work by other 

investigat m-s of' Bri tish breeds ( Praser Roberta . 1 926 ; 1Brl1ng, 

1 932 and Dryant 1 933 ) .  This c� le is probably of hormonal 

origin as indicated by the wo rk of Rougeot ( 1 957) ani may be 

super-imposed an the previously menti oned "base " kempine-ss. 

However ,  this "base " of .kemp growth may have been the result 

of' errors in the determination of growing kemps . It is poss-

ib le f'ar the kern;ps to shed ye t  be retained in the f'olllcle as 

found 1n tl"� Black:f'ace by Burns ( 1 953 ) . As the brush-end 

or normal shedding (Dry. 1 926; l.Prclich st al. 1 929) was used 

to di:tterentiate shed kemps from growing keii!llb 1tm cut ends 

of tbese kempa would be taken to indicate tlat tbey were 

grCJNing. Furthermore , fibres shed as a result or s a:ae  

abnormal.ity of th e  follic le (Burns and Auber, 1 951 ; Auber 

and !cyder, 1 955) or bnomJal types of Shedd.iDg (Rudal.l 1 934) 

could also have resulted 1n undeterminecl errors ot eeUDiltlaa 
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of the numbers of growing kemps . 

The recutting of previous ly sampled areas al.so provided 

some inconclusive 1n1'orma ti an an the tine that kelllP3 grow 

into the :f1eece . The trends 1n the age groups s tudied showed 

that most sheep were increasing t11eir kemp populations dur ing 

the autumn and shedcl1ng th cm over the winter. 

kemp gr�th s tcu-ted growing during the spring. 

A new eye le of 

On this evid-

ence , the period when most keiiJ:PS are likely to be growing is 

the S'W11i r, i . e. if the Cheviot can be asswaed to have one 

cycle o:f kellq) growth per year ( Fraaer Roberta , 1 926 ; Lang, 

1 942 ) .  UnfortlDlately, samples we re  not taken over this period 

so that no conclusions can be drawn regarding kemp gro.v th during 

the su.m ... .er. 

There appears to be c ons iderable individua l variati on 1n 

the growth and shedding or these fibres . This may be partly 

explained by aves ar kemp growth or shedding pass ing dGm the 

body o Burns ( 1 953 ) found so�m evidence of thi a 1n the Black-

face . Such waves may start at d.ifferent times 1n different 

animals so tha t  a lthough a ll animals are growing or sheclcUng 

kempa ,  the sam;ple may not show this , as it has been cu-t eit.her 

before OI- a:rter the t7ave has passed d011D the b ocly .  lfo ev1deace 

o:f su.e.h aves of kem;p populat:ian change was obtained 1n �is 
invee t1gat1on. 'l'h1B does aot preclude the possibill � or 

waws of keuw growth or she441ng passing down the body a-t 

intervals shorter or longer �an the exper11aental ones. 

A point of in� rest arising :trom this eecti.on 1s that 

gl'OWing kemps are probably a better 1D41c ator of 03C leS of 
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keli@ growth than shed and growing kemps , as the evidence 

sugges ts  tha t  growing kemps , when shed, are retained 1n t.b.e 

fleece for a cons iderable time .  It is obvious tha t a det"1D1te 

decis ion can not be made as to the bes t ti ne for the selection 

of kempy shee}) unti l kem:p popula t.ian changes wi th time have 

been inves tigated more fully. 

Few investigations have been made an the relationships 

of kemp and other fleece c haracteris tics . Lock:ner ( 1 931 ) 

repn--ted a highly s ignific ant nega t ive rel ationship between 

keil11· and long hai r  1n the Bl.aekf"ace (r  = -<>. 96).  Darling 

( 1 932 ) also inves tigating the Blsckface , cons idered that the 

lack of hairiness in sheep sh�ing much kempiness was not 

related. 

Experiioontal reslllts in this case have shown that kemp­

ineas is not c orrelated ith the percentage medullation of 

the non-«emp portion of t.be sampl.e . Only onc e  did the 

c orrelation reac h si gnificance. This evidence iDQ?lies that 

a kempy fleece is associated with li ttle non-1temp hairiness . 

This conclusion is 1\w'Uler substantiated by a negative correl­

ation of mean fibre diameter 1 th kemp1ness obtained for a 

very limited number of sheep. 

Lookner •s (1 931 ) findings. 

Thus �e evidence cont'irms 

In one sena • these :f'indings support the theo17 (Fraser. 

1 952; Fraser and Short• 1 952 and Fraser, 1 953 ) that t.he 

earlier a :follicle develops the more ettie ient it is .  Th1a 

ef't'icieney enables 1 t to cmr.pete ettect1vel.y w1 th other 
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follicles for the wool subs trata available and produce a 

hairier fibre. Since kemp fibres haTe been shown to be 

produced from the early formed fo111e les , i . e .  follicles 

producing halo-hairs ( Dry,  1 935; Fraser, Rose and Wright• 
1 954. Vlickham., 1 958 ) 1 t has been sssUired tl'm t kemp:J are 

produced by the more e:tticient fol.liclea . '!'his res i.ll.ts 
in the surrounding fol.licles being lllUCh leas efficient 

so tha t they produce :fibres of smaller di ameter and, 

presumably , less medul.lation. 

Other poss ible explana ti ons are that ke:mps ma.Y be 

regarded as the e.xtreme form of medullated fibres . As 

medullated fibres tend to grow 1n certain :follic le typts 

depen(l..ing on the genotype • the higher the proportion o:f' 

kem93 1. the fewer follicles are available for growth of non­

kemp toodulJ.ated fibres . 

In the Cheviot-• f'leeces showing nmch uedullation bave 

many fibres shaoing fine rredul.lation rather than a f'ew 

fibres showing c oarse medull.a ti on  (Wiekham� personal 

cOIJIJ1Wlicat1an).  Th is  is :further borne out by the estim-

ation of' numbers of medullated fibres which are s uff'iciently 

high to indicate that. 1n many cases . medullated fibres must 

be grown in secondary :f'ollicl.es. If the eTidence �bs. t kemps 

are grovm. in priin&Py f'olliclee 1S correct. one may s� 

that man;r medullated non-kem;p fibres will be grown 1n seoond­

ary f'ollicl.e • If th18 1a t.be case. then good relati onship  

between the fibres pl'04uced by the two types of' f'oll1clea 1a 

not necesser1l;y expected. Simil.arly • cbanges 1n the P�11Da17 



follicle fibre population need not neces sari ly be rela ted 

with changes 1n the secondary follic le fibre population 

1n this breed. Ryder ( 1 956 ) has demons tra. ted this 1n 

the Masham breed. 



VI SUWIARY AND OONCLUSIOHS 

1 .  A pre11minary 1nvest1gat1an of kEIDp variabillty in 

the fleece of the Cheviot was carri ed  out on two .. 

\hree., four and f'ive-year-ol.d ewes . The 1 7  abee;p 

1n each age grou,p were sam,pled in the mid-back 

region whil.e 1 0  two-year-olds and five three-year­

olds ere s ampled in tbe mid-shoulder, mid-s ide and 

mid-britc h  regions. Al.l ewes were s ampled four 

times over a period of' nine months. 

2. Four :me'thods of measurement of ltempiness were compared 

in an ettort to determine the mos t  sui table ones far 

the :purposes of the experiment. 'l'heae meas ures were : 

The n"Wliber o-r kempe � r un1 t area (sq. cm. ) 
'l'he weight of kc:mpa per un1 t area (sq. cm. ) . 

'rhe percentage weight of' kamps. 

The number of kempe per gramne of wool. 

3. The methods of measUI""ement of ltempiness were found to 

be comparable. 

'l'he measures seleet.ed were the nud:>er of kemps pJr 

sq. cm. and the number of kemps pr g � wool. 

It was shoWn that a logari thmic tnnsformati cn of the 

data was neeessB17 to �us\it".t the use of tea ts  of 

significance. 



6. SOme e�o.rs assoc iated with the co llection of data for 

tl1e me&aures ere exaro:1ne d. 

1. The mid-back regions on both sides � the body of three­

year-old ewes were fou:nd to show comparable degrees or 

kem,pineas. 

8. It was es tabllshed that there was much nr1ab111 ty in 

k�iness in ditterent areas of' the mid-back regl on. 

9. An examination or the foUl' positions sampled 1n some 

two and three-year-olds revealed dors o-ventral and 

ante�o-poa ter1or gradients in ke�1ness . As reversals 

o:r the gradients were fo\Uld to occur i..ll the mid-back 

regi ons , ti1e gradients can milY be regarded as trends 

1n kempiness. 

1 o. The kel'lij)1ness or the fleece , 1. e. the sum of the four 

pos i tions santPled was :p red.ic ted equally well rrom e1 ther 

the mid-thigh or mid-back regions . 

1 1  • 'I'he aocuracy of prediction was not round to be good, 

especi&l.ly in regions of low kerqpinoas. !herot'ore , 

a more aecUPate method of predicti on, involving 'the 

1nspoct1cm of eithel,. the mid-thigh or mid-back regi ODS 

snd the mid-shoulder region was suggested. 

1 2. Signi.fic&nt dii"ferences in kempimss were found between 

the sheep in each age grou_p and between age SJ"OUps . 

1'he ge sroups shoWing the most kemplness were :tound 



to be the two and four-year-olds . 

1 3 .  The di.f"f'erences between sheep and between age groups 

were fotuld to be ma inly due to shed kemps being re-

ta1ned tn the wool. '.r.he s 1gn1f1canc e of this finding 

1s dis cussed. 

1 4. T".ae laz .. ges t dif'ferences in kempiness between sheep 

were found t o  occur at s ampling II (�ate autumn ) 

1 5. Although s ignifica.nt dU'ferenees in totBl kemps per 

s q. cm. at d.i.ffel"ent s am;pl1ng times did not occur . 

the numbe:r of growing kem,ps p&- e q. cm. indicated that 

more kemps were growing tn the autumn and s pring than 

1n the Winter. The summer period was not investigated. 

This conc lusica mus t  be regarded as tentative, howeTer, 

until. confirmed by rtlrther research. 

1 6 .  A poor relationship was obtained between kempiness 

ana. medullati on 1n the non-k:emp portions of the samples. 

Furthermore • 1n a 11mi ted number of sheep, a negative 

x-el.ationship was found between the mean fibre diameter 

and kempineas . 

M ASSEY A G R I C U L T U R A L  COLLEG E  
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API�ndix I (cont . ) 

Age (yr.) l:!heep S�l� I II 
rrt). 01 ei-

sampling 
areas Area 1 2 

2 2 . 900 3 . 576 
8 2. 533 3-427 

9 2. 546 2 . 585 

1 0  2. 263 3. 1 67 

1 5 1 .41 6 0. 965 

Area 2 3 

1 2 . 938 2.444 

4 2.  71 9 2 .41 6  
7 2.562 2 .051 

1 3  1 .  725 1 .  775 

Area 3 4 

3 2 . 825 1 .254 

5 2. 649 2 . 1 06 

6 2 . 570 2 . 002 

1 4  1 . 632 1 . 994 

Area 4 1 

1 1  1 . 905 2.776 

1 2  1 . 893 2.308 
1 6  1 .207 1 .1 24  

1 7  1 . 1 60  1 .320 

Note s log 2.0 = antilog 10.0 

1 71 .  

III IV Mean .tmtilog of 
Mean 

3 4 

3 · 572 2. 524 3 . 1 43 139 

3.382 2 . 1 65 2.876 15 

2. 641 2.005 2.� 28 

2 .696 1 . 631 2 .439 28 

1 .509 1 . 509 1 .350 2 

4 1 
1 .�7 1 . 540 2. 1 07 13 
2 . 61 5  2 . 623 2. 593 39 

2. 093 2 .556 2.31 6 21 
1 . 568 1 .635 1 . 676 5 

1 2 

2 . 498 3 . 265 2.461 29 

2.487 3·249 2. 622 42 

1 . 681 2 . 769 2 . 256 1 8 

1 . 229 2 . 203 1 .  765 6 

2 3 

3 - 1 30 3 - 224 2 . 758 57 
2. 865 2 . 768 2.459 29 

2.037 1 . 601 1 .492 3 

1 .398 1 .34.3 1 .,305 2 

Age (li-) Sheep 8•DID11na I II III IV Mean JntilqJ or 
No. Order o� Mean 

sampling 
4 P1Te areas Area 1 2 .3 

6 1 . 947 3. 1 76 3 . 092 2. 603 2 . 705 51 

9 1 .605 2. 505 2 .000 1 . 665 1 . 944 9 

1 2  1 . 566 2 .  71 7 2. 1 1 1  1 . 526 1 . 980 1 0  

1 4 1 . 1 96 1 . 1 57 1 . 1 59 1 . 964 1 .369 2 

1 7  0 . 71 6 1 . 578 1 . 256 0 934 1 . 1 22 1 

Area 2 3 4 1 

1 3. 276 3 . 41 4  2. 887 2. 898 3 . 1 1 8  1 31 

2 2 . 872 3 -352 3 .043 2 . 885 3 - 038 1 09 

3 2. 578 2 . 572 ·1 . 975 2.325 2 . 363 23 

5 2. 290 2 . 1 24 1 � 673 1 . 541 1 . 907 8 

8 1 .656 1 .431 1 . 389 1 . 281 1 . 439 3 

Area 3 4 1 2 

4 2.4.33 1 . 936 1 . 607 2 . 5()0 2. 1 1 9  13  

7 1 . 908 2 .036 2. 075 2 . 927 2. 237 1 7  

1 0  1 . 606 1 . 21 1 1 . 589 1 . 657 1 . 51 6 3 
1 5  1 .080 1 . 01 4  1 .354 1 . 005 1 . 1 1 3 1 

1 6  0. 947 1 .420 1 . 372 1 .482 1 · 305 2 

Area 4 1 2 3 

1 1  1 . 566 1 .  772 2 . 428 2.,342 �.027 1 1 

1 3  1 .343 1 .381 1 . 825 2. 231 1 · 695 5 



Age (.yr) 

'1'\vo 

1 '70. 

APP�IX I 

Data for individual sheep in each age group fors 
a. 'lhe order of sampling the areas 1n pos ition A 
b .  'fhe kempiness a t  each s ampling time 

c .  The log mean kempiness and the antilog of the mean. 

Sheep �llns I II III IV Mean Antuog of 
No . Order of Mean 

sampling 
areas .. Area 1 2 3 4 

2 3. 564 3 . 877 3. 785 3 ·  701 3. 7Jt 538 
5 3 ·339 3 - 644 3 . 41 1  2. 940 3·333 21 5 
9 2. 525 3 . 850 3 . 905 2 . 51 3 3. 1 98 1 58 

1 5  1 .367 1 . 537 1 .452 0. 909 1 . 31 6 2 

1 6  1 .009 2.489 1 . 806 1 .623 1 .  732 5 

Area 2 3 4 1 
3 3.446 3 . 667 2.835 2 . 1 88 3 .034 1 08 
7 2. 637 2 . 669 1 . 91 2 1 . 579 2 . 1 99 1 6  

1 0 2 . 1 62 1 . 886 2 .072 1 . 888 2 .002 1 0  

Area 3 4 1 2 
1 3 . 590 3 . 686 3. 1 28 3 . 861 3 . 566 368 
4 3. 366 2. 200 2 . 271 3. 275 2. 778 6o 
6 3 . 022 1 . 833 2 .,344 3 -336 2 . 633 43 
8 2 . 549 1 .1�36 1 . 537 1 . 802 1 . 831 7 

Area 4 1 2 3 
1 1  2.029 2. 040 2 .475 2 . 494 2. 26o 1 8  
1 2  1 . 986 1 . 578 1 . 981 2. 6o7 2. 038 1 1  
13 1 . 874 1 . 947 2.382 2.426 2. 1 57 1 4  
1 4  1 .386 1 .629 1 . 949 1 . 813 1 . 694 5 
1 7  0. 763 1 . 582 1 . 674 1 . 263 1 .321 2 

Note : log 2.0  = 1 0.0 

Method of Measurement or Kemptness t To-tal lupps per sq. cm. 

Age (.yr. )  Sheep Samp� I II III IV Mean Antilog or 
No. Ordfl"O Mean 

sampl1� 
Thl,.e areas . Area 1 2 3 4 

2 2. 282 2. 91 1  3 . 238 2. 500 2. 732 54 
3 2. 21 5 2 . 01 7 1 . 995 1 • .330 1 .889 l3 
5 1 .  742 2.447 3. 1 1 4 2.351 2 .41 4 26 

1 0 1 . 501 1 .333 2 .363 1 .462 1 .665 5 
1 6 0. 868 2 . 061 2 . 209 1 .  738 1 . 71 9  5 

Area 2 3 4 1 

1 3. 005 .3 - 436 .2 . 690 2. 626 2 . 939 87 
7 1 • .583 1 . 574 1 . 543 1 . 529 1 . 557 4 

1 1  1 .444 1 . 241 1 .347 0. 556 1 . 1 47 1 
1 3 1 . 257 0 . 982 1 . 494 1 . 0.30 1 . 1 91 2 

Area 3 4 1 2 

4 2. 1 90 1 . 934 2. 295 2 . 823 2 • .31 1 21 
8 1 . 546 1 . 463 1 . 461 1 . 456 1 .482 3 
9 1 .493 1 . 274 1 . 565 2. 060 1 . 598 4 

1 5 1 . 089 1 . 249 1 . 1 1 6  1 .303 1 . 1 89 2 
1 7 0.486 1 .655 1 . 522 1 . 497 1 . 290 2 

Area 4 1 2 - .3 
6 1 .673 1 .  757 1 . 820 1 .  733 1 . 146 6 

1 2 1 .293 1 . 259 1 . 51 2  2 . 135 1 . 550 4 
14 1 . 1 88 2 . 551 2 . 651 2. 1 49 2. 1 35 1 4  




