
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



' ·-

A S'TUDY OF THE PLATEAU ARRAY . --- --

Thesis · Submitted by 

J . A. Sutherland. B.Agr . sc . 
~ 

Concerning subsection (e) , 608 of the Animal Husbandry 

Section of the Master of Agricultural Sc ience Degree 

and incorporating work carried out during the tenure 

of the Farmers Union Research Scholarship and t '1e 

Shell Schol arship 19)8. 

(~Q..~~v.Q~ 

Nov ember . 1939 . 



. ' 

MASSEY AGRICULTURAL COLLEGE 
LIBRARY 

PALMERSTON NORTH. N.Z. 

Number Class Location 

\1.:;55 Su-t 
L\ke.z I 

·. 



! 

' . 

A STUDY 0~., '11-IE PLATEAU 

SECTION I 

MATERIALS AND MF.THOD3 

,enei'al 

Breeds 

I. .n.omney 

(a.) Experimental no~ney sheep 

(bj Romney Stud oheep 

(o) Miaoellaneous Romney Cross-

bt·eds 

B. Wenoleydale 

c. Merino 

Covering 

Samplinrz 

(a) Samplin·~ poni tiono 

(b) Sampllnf1 methodo 

(c) Samplin5 times 

Stored ma.tel'ial 

~ 

P.~e 

l 

13 

13 

14 

15 

15 

16 

16 

16 

17 

18 

19 



• 

"' 
.. 

J:!ALO- HA!ft§ 

Summar.r 

SP.CTION !I 

r 

Int-roduot1on 

Halo-hair length 

Variation in Halo-hair lenqth in d1t~erent 

pe.rto or th!!t body 

Ho.lo•hai.r <roarsetlless 

Sheddin1 ot the Halo•haira 

Halo ... hair shape 

.Pruze 

21 

22 

23 

26 

28 

30 

34 

37 

§lJPER~ S !.Q~lE A, 0 

·4l. •tshorv• Super-aiokle A f1brea 

ioroooopio fea.t.ureo of the Supor-oiQkle A 

fibres other t han n:.;hort"' 

Sbeddin~ of the Super-siokle A fibr 

Supc:t:"-siokle fib.rea at ditrerent paJ'to or 
the body 

45 

6 

Summary 

S!W.RR• S!CKJ.g A-, F.S -

50 

4 

56 

58 

62 

Summary 

Stm~o.1arv 

Super-aiokle A- len)th 

Tip form · 

_................... 65-

~lussifioo.tion of Super-s1okle B fi broo 65 

Ti p lenr:tth 

'ltip form 

69 

70 

Peat-natal Medullation or supe:r-a:t.okle B fibres 
?l 

Super-aiokle B N 11 bers 1n the Plateau Ar·ro.y 71 



;. 

J. 

.. 

• 

Sunma.r.r 

s 'Y 

riBRES PMe 

The occurrence of Sickle fibrea in the Plateau 

Ax·ras 75 

R3 

T1p rorm 

Poat- nutal struotur 

Sheddin'-l in the Curly-tip f"obre 

Nwbers ot Curly-tip fibre 

78 

86 

93 

96 

8 

H!STEBQTRICH FIRR§§ 100 

109 

115 

Variations in H1aterot r1oh deno1t 

summary 



;. 

i.>l':CTION II I 

Pac:re 

TH ...... --·~,-~ ........ :;· ... --=:·-
Introduction 

The l~ibre type a.rraye of the Bomne:v t.fo.rsh 

lamb 117 

(a) Plateau 

{b) Saddle 

(o) Ravine 

( <1) Valley 

(e) Plain 

(f) Escarpment 

('l) Al l in 

Intermediate arrays 
The Plateau Arr 

119 

119 

122 Summary 

Suuu.na.ry 

The jud~ement of tou~hneee within the Plateau 

Arr 123 

A The number or fibre tYPe& present 124 

B Assooiationn· between fibre ·types w1 th 

peoial refez·enoe to t hooe fibre 

whioh are 1ntermEld1a.tes 125 

C F'reedo.n of St~edding in the Plateau 

Array and its in ryort&:"loe in ret.tard 

to the jud~ement, ot: tou"!hncoo 128 

• ~··- ~···~- ::..:.··---.--.--.-... - .... ,. •• _, NI'lli TOU"JHNE:SS OR ..:..:.· ·-·~-- ----.---..- ·-...,-.,. - ---- ....,..__ J.~;r' -
!::! 

A The abundance of the Super-sickle A 

tibrca in l.'elation to tt1e Halo- ne.lr 

numbers 142 



~ 

.> 

·ununary 

i;)ummary 

S\Jllma.ry 

a The preaenoe of 

Pl'eoipioe in th 

Curly-tip f1br 

distinct break or 

oontlnutty or the 

Pa:ze 

148 

1GB 

1.74 

176 

180 

[ 



"'-1 

SEC1'I JN I V 

THE GH'NETICS Qf THE N-TYPE COAT AND HORNS 

Introduction 

The expeession of the N-factor 

HORNS 

Introduction 

The inheritance of horns 

Phenotypic express i on 

Genetics 

Summary 

THE INHERITANCE OP THE N-TYPE COAT 
........,._ - - ------
Sum ary 

Sire 735 

Summary 

Sir·e 1059 

Summary 

ENERAL SUMMARt 

1\CKNOWLEDGEM ENTS 

BIBLIOGRAPHY" 

APPENDIX A 

Plateau Array analyses in order of toughness 

Page 

181 

181 

182 

183 

184 

184 

187 

204 

205 

222 

22.3 

232 

233 

238 

239 



. 
11 

A STUDY OF THE PLATEAU ARRAY. 

Introduction, 

A brief' historical survey of the work leading up to the 

present study. 

The world Sheep population is in the vicinity of seven 

htmdred millions and the vast majority of these animals are kept, 

to a greater or a lesser degree, f'or their wool. It is, therefore, 

not surprisinc that Wool Research is by no means new. The 

production of sheep for their coat has been, as Barker points 

out ( 1), of importance since Biblical times and, although during 

the last epoch, with the perfection of methods for meat preserv­

ation, the i~ortance of wool to the sheep industry has decreased, 

the need for wool research has been increased by the ever growing 

perfection of synthetic . fibres. 

Wool -research as such can possibly be dated from 

Dr. Hook who, in 1664, presented a paper to the Royal Society on 

the subject of wool and hair structure, but it was not until the 

advent of the compound microscope that the study of wool gained 

sufficient precision for measurements to be made. Such measure-

ments opened the door for the wool p hysicist who, by the applic­

ation of x-rays and other physical methode, has been able to 

explore witil considerable success the ultimate structure of wool 

and hair. 

The value of wool has been determined, at least 

partially, by its length and thiclmess (or width), and thus 

measurements of wool in three dimensions have been important 

sections of wool research. As other val'uable characters were 

recognised and evaluated they also were measured and correlations 

worked out. Thus 1 t has cane about that wool research has 

collected about itself innumerable patient measurements -

measurements that have often merely evidenced the complexity of 

the fleece .of the sheep as a subject of research, Workers have 

often been unable to check their measurements with those of other 
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\vo~l:crs bccnuoe of the great variation, not onl:v ootwee 

or '11i'ft::~t~ont brco<ln in dittcrcnt cnvironncnt 

o1"j tho l:leun~ br;;~d. t?.nd c"".ron between adjacent areas on the 

l. ThUG it .&.Uf 

lod to <lzl:l?fo:!."'ent conclttoiono. b.rinciru'! obout oo.nfuo:l.on vhich ot . 
iots in. eo:;·tn1n cectiona of.' qool rocQnl .. ch. 

:.~:.n¢ concept of the fibro aa an 1.ncl1nttUUJ. en~1tY n 

nd1viduol 1n a populot1on 

··rch. B(~rlt•;,~ ( 1) no lata oo 1929 Write 

t of: view of Diolor:Y. Ulo 

out tMt wsrcrences botw, 

1n ox·i~tt lboolu G 

rep t1on bettroon oxtrc • :e (iOO 

ho a c11:ot1not1o11 '· 
ct t'btlt 0 b ao_c 

nhov 

it. l ce wool 

o:ti, 

..... ,t ........ ,.. ' 

'.t.'J.Ult 

uct 

t .irs:-e 

Mntoraiclil roln t10MI'll:. :tt have bean 

OVt"~lookc .... 

~orbn:ba th~ econot:dc 

hn 0, bY' lu.v ..r...uz too m.uab ho. on t~ 

co.tlflloed t~ool rJorkcl'o, .J>oxalw;pa 

·conrront1ng tno t7ool manu:Caoturor uor c ao obvlouo ·~ 

:'QdU 

oi: tb.c 

ova1la'blc f.'or wool r oneorch mUGt i'irst ni;tack the ~roblcmo rooaot 

to 1~. ~s }).as rooUlted in the noelcct or rtool b.~oloe;Y in 
thooa eountries tJhot"e .rnttnu.fo.otur1n.a 1a or major 1lrttJO 

.tr1eo wh1oh ::u:•o rol.titi· 

OttlblisU(Hl GCO.tG 

f ol' t·cl ~_d;~wol:IJ' 1ong r$t:;e ))W?C b~()locicnl l."ooctu•ch o.r•e Trttcticn.ll' 

\1. th the :r·osul t toot \"mol ~ 
' 

·o~ pur~ oqlc·mQo rceoorCll h 

t1ar rm1 ta • A fu.i."thor no:l.nt o£ imt:tortance is that t..'tc 

ho P,l"od.t.tot is lnrr:cly d1vorcc(1 f!~c.ln 1 te 1lt>Oduot1oh!i ni 

reoul t tlu~t the pl?Odncor ia 'u-"'lnble to t\'rmroeioto tho r el ntl.vo 
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importance to the manufacturer of the faults in the wool and 

is therefore unlikely to give support to long ranee schemes for 

wool improvement. Also the producer countries have been ereatly 

troubled with environmental eff'ects and have concentrated. on 

these as giving the greatest returns. 

The diff1cUl ties such a. large animal a .s the sheep 

presents for experimental. purposes makes the work expenai ve and 

:bather cumbersome~ Thus it is that wool reseal'ch from e. biolog­

ical point of view is of relatively recent origin, Happily, 

howeverJl the biology of hair has been studied 1n other mammals ... 

animals more amenable to breeding and laborat.or;r work, and this 

vtork has established principles and methods that have been .found 

applicable to wool research. · 

Thus biological wool research as such is e. relatively 

new field and a cronological survey of that section which deals 

" w1 th kemp, tollowed by a brief. resume of biological work on th.e 

coats of smaller mammals ot importance to fibre types in the 

Sheep, is proposed, 

Work on kemp has always recognised that at least two 

types of fibre exist in the fleece o:r the sheep. •rhe term 

Kemp is taken from the trade where 1t serves a useful practical 

purpose in distinguiShing excessively coarse fibres from the bulk 

of the fleece, Thus, although it supplies the research worlter 

with a very useful term., 1 t req,uires to be defined before it can 

be used in scientific vrork. 

Wool research has been gr eatly harr:q)ered by the lack of 

efficient scientific definitions for tenus Dorrowed f~m the wool 

trade - ter.ms that served a very useful p~ose for rough practic­

al distinctions* but when applied to the results of minute study 

tended more to complicate than to clarify. 

In r esearch on wool, the work has been mostly 

descriptive and the descriptions h$.ve perhaps been too close to 

o get a view,1 as either locks or parts of single fibres have been 

studied, A canplicat1ne factor is that the fleece is clipped 
1. 
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noh ~ox> tb.e fibre grow1.r~, 1 t doe o, throU;jlout life,. 

1s 1no~lote except in t ho f1~ot flccoe. oo in tho firot 

fleec tibr·e. 1G ox:vooed to e 

roaUl~ ·toot the tips dol!'Ulced 

1bres 

··ith talC 

... 1n lito 
,.. . .. . 

tho :.dcoce oi: 'tho she¢!) have 

!'OVCEUO l'Cnces in etruettU"e f t tho inton:lo(l!n teo 

lUl o nwnerou 

1c\Ut. 

ftn'!'l...nat10ll into de t~)CS l!OC 

.us 1Bt 

been l*nnore 

• cr1n1t1on oan be 

moae end this nttidY t~a 

1908 { 2) t'd\i 

in clotlw, the lnt.ter su.oceed1 

Indian t~aw wools. 

ed 

cc 

too oen 

tbem back to 1 ...... 

~ iS a, I>rt!Ot1c&l. t u&cd bOCl'l 

breede 

\'1001 . ~s 

_?e Mnu:rscturo:r in 

value ot ·tho woo1. 

rise to mru1.v diff1oul t1 

1b 

o a nlJisanee t 

I.I."~.Ll.J.' ' thtio dcct"oas:ine tr..o 

.a. hot:cver, ctvcn 

~evour Mo. in-on znaue t 

atu.Cly' 1t in the lo'boratot'if. Th.er~ ia t worl.:a~£1 \70 

ar~o 

b 

neral. 1Cl~ of 

inion 
I -

lremp wo.s but tllot~c. d to 

0 • 
{ 2) nn:1 Pr1oo (3) !bl i~ot ·(;o 

eeor1b~ 1 ~otctt~eai'-d.ed . ~t ae &. faUlty r1oo1 'flUe 

Jdtillnted wool . d:1ot1 Dh 'betwe~n true Obot~t k•'tt' 

·1 e!'!crnm 7 (,3) in dioo~ein ( the.t th 

the A'CIU&U l(+c ted liP=.llt 1 to don~:l t :t {~c-. 

aoity bY t~ansmittcd 11Cht we~e dtie to 
held that it wo.s due to the 1nclueion or spttce or ail-'4 bUbbles 

~thin the fibre 

in ben:.:ol ond oil 

'~'lt1tl 1""-

11 

" be tiUod b· 

in 011, then t.h<~ fibre bnca·ms 

~ .Ia published intoresti 

cles.t-l.Y the oharactor1at 1c r•Ollild tmd ar.(u.ar.e colla of tho !te .. 

mcc1Ulltt. 
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Ba:rker and King (4) and later McMahon ( 5) conclusively 

proved that density of the medullated f'ibre• and therefore kemp; 

i$ considerably less than o:r :pure wool and thus the large cells 

illustrated and described by Priestman probably contain air. 

Duerden and Ritchie (6) desQribe ·kempe as the~ occur 

in the South African Merino. They note that the:; are when round 

~the tleeoe1 ~ways single and isolated, never in staple-s. and 

n:re 1nte~;mj.ngleQ. with th~ denaer growth or wool. uau.allyt they 

Observe, nkemps are not more than an inch .o:r two in length" . 

Tbe shed butt is then described as is tlle Wb1.P ti:g; t1;pteal Of 

new fibres. Further study ot the medullation leads thelll ' to 

neelect abortneaa and shedding as u.nitn:POrtant and to suggest that 

for the sake of t~rminology, any fibre con ta1n1ng air should be 

classed as a kemp, or at any rate kempy. T11e1r ooneistency with 

this def'1nit1on ho\vever breaks a.own when they hold that kemp ia 

the· renmant of the outez. coat of the ancestx-al shee:p. They- thua 

r6ma:t'k the eeae~:~.tial cont1nu1 ty between keDI!> or ke~ fibres~ as 

defined by ·themselves, and wool, while pQinting out 'i.1·~ the 

essential diactnt1nuitybetween the outer and inner coat when 
' ~ 

they say "by breeding the fine fibres have been inczleased and 1 . 

instead of being Shed at intervals now grow cont1nuouslr ~o~ the 

lifetime of the sheep 11
• They were, hoWe\Ter, unfortu,nate in tb.~ir 

choice of Sheep asthe Merino is less adapted ~or kemp and 

medullation study than the coattser Sheep in Which all kinas of· 

medulla occur more or less abundantly. 

Robert& (7) in 1926 raises the question of definition 

and from observ~t1ons made on the WelSh Mountain breed,l~ys down 

conditions that an adequate definition of kemp muot satisfy. 

S1n~e m1 adequate definition is of majo1 .. itnportance if' a se1entif-

1e etudr of kemp is to be made these c·onditions might well be 

quoted in .full. 

'' ( 1) 'i'he· distinction between keJlil.> and other fibttea should 

be both aharp and ·qualitative. 

{2) The distinction, if it is to be used practically, 
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in .oOJ:llt thor~ was an. :ab~cnoe o.t 1ntc~nt~t1- ·'betwc9n thO ltnlQ·· 

ha.trs and tll.oee t1:br~s called Q~l3' tips. (T.he au.rl.Y tips ore 

thone fibres that r:tv'e #iae to the bUll; or tb.e intt,~Q:Voct. nccce 

or, as \1orl-cers ove:rso~ wo·uld l'ulVe l t, the developed Qtldcreont 

or the dl<l sheep). 

ucl~ d.if f'er.rln¢.ea ~toe bJ" no me~~ 

ooet. Qld~ { 17) , :the v1onee1•; had bocn nbl~ to· alno!Ut'Y 'i.nt 

001l)t}O.l'C, Grpmmonl.u:u:u:u 

ot mEm:1 mD41mll.li1 

recocn1oca as l."oal 

Lei tliOOI'O 1 .thO httil'G ft.iaJ\, tha COUtO 

( 1()) ldt!Oolf. ha<l .full:; de~ox~1uoc1 \"'llnt ho 

renc~o tn the dcta1l~ of D1P.fjont 
• 
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thin present 
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thUD ere 

nter-
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.cauU.a t:ton. 
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.uoe of to t~etil 1 e;o 1 t 

oloe1o8l tbcoey, but beco.uao 1 t 1 

ons1der·· t o~e such $lleoulat1 of val.U· 

f\wtl1e~ cap1 tal 

tbt>· tn."'bi too tu ~--

fi11 

tended to be 

ocour~· 

th 

i 

·at' t.s perta1ni:nsr t '""'Jt;.Wn"Uon 

coar br· 

~te\l { ·J6.) th,.., 

ft.') 

ale found .e c 

tbc ce~:lot'Ol 

by d 

beei 

hu 

rir:.iM.l 1a1e enrlier 

ho il·toutor 1 t is. ThUG be o te:t~a 

·c ( 19 ) "1n r{!1.ue tho1r devclo l 

rntive ... -~~ti()n or .c a 

.ol~ ~re~ot--o cnllo ror e;lt!U.nnntion • 
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c ~e :ptJ.por n~"Y { 19) ~e .. ... J',j,l 

arraYS in the birthooat or !U.lrm.ey lambll, oxJ:)lt:liii!M thn't :th, 

clooo1f1e:ation centxoea on the kind ot t.rnneitionol &t;t1es 'into 

\Vh1ch fibre& (!O,ti.. 'be u~t"ontZed 

e eoarnest kClil:Ptt 

tho cosrticst 1!url:f f:1bl't'h:~. 

onler 

.lOGOOSoin io!:l c <:nus \:11 tb 

al1ua the 1den 61' a oheoR 1n growth d :tJjr4 tran tho 

i -oo it tl··· !'oll1¢ld, !"trot 

i•th cMc"J~tt• b 

1h 

... _ •· ., .. •:. n 

:r Pootr().en, 
frUit~ Tbia 

ture 1n 19.51 (20) .,,_ 

thO· U.rt.ht b 

a.c 
r 

tl"Uc ttl!'• renee 
£!l-QWtb 

by tho arrn;t Qt til>~ t~oo 

~rent timoe fe.l.l s inmiY into 

line" ~, ~eptibn ·Ot -tho birth clieok thUS expltlinoo the 

nume·:-1oal Vbrlntiona in dit.torent ~eo of f:f.'b~oa flt'..d olao 

.variations in nhou<lins::-.. Thin i~tter involvee the· concttptl() 

ah«Jd.in.t! ns oV1de,nce or vi't$11 t7 ·o1: tho .follicilt.~. a oonoont 

lat$r ~o bo ostabl1sl10d bU G4pin (21 ) • 

1\n 1ntctul1ve- stutiY or thti p~i(i~1Clttil cllcolc ~t.l"P oo.ae, 

fi)e the date: atforded blt 'Varintiona .:S.u tl1c ini.lividUAl ·f1'bt'os 

.he idoa was evolved tliat a nrC-n& 

~n ·t~ 'butdc inhox~en~ fincneao o:r ooora 

( unpu.bl~ahoa· 

mo ns oblo to Ohow tbA t th. 

ta, >i\..'ld. b~()(l1;:tr; expo!.'"-'-• 

<tua. lti:tatol;r to !n• 

hc.:::r1 tea ta.otore ·tts contrnsted to ctnv:J.tto~l:t7lent~l .erro.e-ta• ,p~~. 

·Galpin ( 22) t¥ork1ne on Romne;~ f'ootuaen, obtai riurtiol~nt 

•;.;.;,ro.;;.nat,~ \"!O~k 

ena~ (wbich #he to~o {a) th 

1n inhe1•cnt coe.rsert.ena)• e.re the PG6" . .tl/~f' 

t\1 taotOl' in the devol.o.1.1SOnt o:t: the £1b 

t.he roau.ct1on 
00 )">nyG10l0£!1¢• . 

oplila tiOlt; ~ 

crow<l1M ot llable ntdn· GJ:'~ee. auc to illp14 tollicle rorn1ation • 

tJ,t.c fi re-t. ocotirr1 

Tb 
~ 

-- ~r"eso1on Wi.d tlt· 

de:oreae1on. 

ti'*.io ll1id the oeccma. e.t th() nino stat:c. It 

$ -­

.-..ueuon ot 

~eur~ed. qo a trio 
o a nino 
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- ':l;'b.eoo a.r·o ~ee 

tn'l<l i'rGC tt~o Ms been· m.auo 

tl-J.e 
~· ~r .,. - - - -

ork. ~ G .use· ~i' ~tot"'d ~.,Vloll ~~(t ~ade 1 t 

te inoltido Et.t~nnln that 
,c j ::":" 

- ifae ljuoh ~i;ttt)~es tree uoo 

Dl"'J' ... 

_lo ana t:)~gev1ohca 6£' 

rn~ 11 t't~e work ha& Jtitide i " 

to J 

11 ll·~ t:on~OI'a~ $tc~1Q1 hac ncRlitted tl•o atua~r o~ 

;ntinlbers of!: ohoop ana t.lte wri to~ bQ8. ·beo:n ·v-eey ro~tunat~ 
hliVlna o®h c.· ~areo num'bet or anted. m:ll DOaicroad otiQoleri ®"ail-

.blt!S fo~ - .. 

ctllt\1 'b~dinl! eX.Dc'r1mente bfri'e been· taken ewer in 

oto tor tll - nct1oel se~t1 
• ! ". 

.. lq!criruen t 0 

tu.rthor !)~bl rticUlnr. 

e.. to I./·were Mr:1 x-eaul 'tn 

t ·these ··n '1ncluaea. 
.,t"­

' X!)erii®nt us ea. -·en doo 

(19) and· 

1 t is not qonoltt 
r1o.?l.;t ¢0.to. that the 

'Eh e Dctn1li.W · 

cur .. and 

bttt on t1t .... r .... t.\'T>e 

tJi a Pla 

+.h io t:..,·nienl l 

&)ddl .. 

rcn te<l 1~ ter 

· to t~c 

rcneae·· 

o·. that 

,, OXCOD t t() 

ttdo i;J~&anos ·, 

,e.. Int 

tb~ tr1o t:vt>es. ()0.;)\W 

1"'iltl 

\7ll1le 

li.l"ter, Dt~~ ·hns ih hi a rlo6l: 't·r; 

~& 11•t~~e Gb~cp •. TltGaG. oJ:'O i llowcrvor· ~ ·ep:p~1en.tl 

-~ 
. . 

ical1Y a11:"d.le±t $.nd tho atat1netion 'between u~om1 -al. tlloU!]ll 

orte.nce 1n the gcnot1.o section. lu:ttl becu ::~glop·tod 

in the d¢ooriptive occt1on. 
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:rn rc:;tot1 ~he non-!I•tYDo ln~ a1tuat1on eY~cts 

lthour:.h 

into rocena.1vcs 

non•n cxuccl.mcntnl tnlir:mlG ean be el&aottiel!. 

difforcnt ··trn1 

tb.e>se un~eln~ed to t:•t:r.ve o.nit.lOlo, theae d11'£oroncoa .h$Ve been · 

nep;lectcd d.u 

(b 

a. 
before tlto fibre 

r oom$ sotrr& <> 

rad1f1CO 0~ theS 

nd tha:r vo.ri 

) modu.ll 

rticUl.o );\ eax-o 

it 

rnnaoo assor~ont. 

- te•t ona~yoos or tnc oc 

·· tiC txt 

.u dete1'10mt~. The d'leep r;e.ro Mao 

, \lbi<:h stud baa been oelcotcd 

.cter teet {5) 

~r Ho.lo-l.ud.rs worE) t:'l'oden I 

W~ t.,.u" .. ,..,..It A.!Y• """' ,.~ ...... 
0 ~· - . 

~ 

theoo nr~o wc~c 

tho~ oonctitutc 

{o ) ..... -,.....,-.~-.~::v-;;;;; - · r::r:·r: ... ~ --.,..,.."""' -· "'"' ! ·-• '.&coo o. G 

cona1at o~ Collen& tlock 

e U1 te uneonnec tc 

1~ used for nutritioP~l 

sont \7orl.:. ~llcy n x-~~, 

tho benze>l tre..v end 1 t 'WtHl in. tb1c 

... th0m hod oodul.lation that woa 

tile l~•ts~o cond1 ucm·. 
dea1c;nnted nti croec•brodth al.'*o irJ.rt 

re the reeuit ·ot a number or top e 

bncl:to 

ext 

-~~r back. eroo~es to a· 

tt\l sheep. 

Cl)i.11 tB, bUt 

nnlt;&f\1 

_T. .. .i>)() 1 

.l.e floocee later thtm 

:'0 unusuoll!'i heo.vil 

G 

arable rli tb rua t 

.e 

~. 

low nr. 
ct~1tleial o.t· ('_,, 

t~<l With 

··;.d €l 

'dtil:.l.n totJ s 

line 011oueh et1u nded fpr H!1lt')oiwho.1r'o 

et bil"'u.~."• 

:1tuo 1t is armaront that 1"'1 ')'"""'mtO"~ 
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t.t.t::.~.Ul.- acoc-·· n 
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c ~ 

no tat ( 20) iS, ho·.7CV01., I ot: .. nr ... n:x't to 
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(b) . §faill!ne, -~llQfl.SJ. 'lb.e n {· 

eatreme.. ti cc>Yere ere t1l'"at eemnlete1 

)1~oi ti®a aocU;r#~t 4cte~rmc1, 

- tb A peA.r Of ~ 11~~ aoi€)fj9rs. ~s pe t 

be cut vew:i .. close t ·o 'tho skin. 'l'hc, f.'~t ~le itl o rP* 
r~$d "1 th tbe dt1~e. ·~op n\lmb~r 1: ·aanv:U.ng 

»osi tWli ana notea· that: trcJn. rttm.e to tttile ·arc· eon-

·itnnt. 

"C9) ~- - W.S~!i 
ctoto~a. w shedd! -• ,. ·'rlt - · 

~0 ·1. ttoes are. p~ri-1$ 

... .. ·- . - . .ns us, 

P~91». ~q: 1tald.3l€; tho· first 
-the 11eht ot -the fi'!ot tbltt 

1e &lltmais are. · nt.t~ - ,®vol;'od, 

of t~Q b~;t'thOQat 
' 

~ thus l.~ab1o to ~o~~. llQr[ove~, , ~leo munt 
n()t. be. tnk® ~ enrlt ~s tt:na ~1ww· d(;)tart.W!~~-*o~s_, . t· _. d o$rttl1n 

mntrmw '-~~ ~s . neof3eea~· ~ 'l!tW. ~~1~ dates o~ tbc first 

tn.,tqp~oa hQt1 ~c 1>~<:. ~ ¢~qp-~ ~tc b.Gvt) b6ep. dUAioo pairoio~-.. 

ari~r: nre·· !Gtb.. october, -1~37• 14th. octo}>¢~, 193fh ana tho 16th. 

:toveutber 1938. T,b.e two o®tPlina 4ato.c~ ror th$ 19;;a -~(\san were 
made neccrn~~J 'b~··.the . ~wnt.ial7 pt?olonsed lam'ti11l$ ncaeon due t 

' - -', , ~- · ~1 ,. -· l -• 

~ (joeemn tl"Oubi~ t1t tl.lr;pine! ~- enrl.v- lambs, w.9.l.">O .. l'tm. sepor-

•te1u tvgrn ·tllc l&ttot- l~g ~ -~~--®c .• tbQ~fore, J)OODib:le to 
a . . - .. . . 

·le thetil (It 11J1ttfl~nt. til'llll' t~ the· l.a.ttj lrnb~,. tbu.p ~G.nid ttin 

~~e~ ttl be mo1"$· o~l"$bl.e as to· aee. than wtJUltl othorvtso 

hav~ been the , case~ 

takeh ~ eove~~· .mtmhltJ. ·t;ml.l, 

~ a:s.·': ,tt ·1a cone1<tct'~ unn~oe~sa~ ·J.D. ~· lieht ·of. DvJ'e w,Ork ., o: . . ~ ' ·- ~ 

$U.OCess1on to ®'rill' Btl'3 .btjt tb(l btgb,ov l£al.t>-~~ graeto ema11P 

1 t .iS, OP~~~t t}lf.it N~;l }81 

tM. octobOt- a•:t.o.. ltowever • .~s 

w. been eOVGred ·nntl SQ.btteqq~~~~Y tJ &ar:le tltrle .o;a 

W}!O .nc:bUD.l ~mtio pf t.~· these late~· $tmtbies i 

oi:UULU.nE:€1 by Ob.ed.dine flP(l O_l--iSi~ th~. ~ua 

not tel'~n tll.l all. o1 rt'bres have .rihOd. tmd usuall.u <lg· .ttbro 

el1 navano.od in ~wth. ~a al.ao pcxmit& " tl~ t\<l(titj.an or 
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nisterotriehs to be com;ple~d and <;risis thinning with or without 

recovery to be observed. This time is regarded as being about 

six months after birth ana thel~fore sampling takes place in 

February or March. i Thus ~.n the 1937 and 1938 lambs samples we1"'e 

taken on the 10th. :b,ebruary and the 15th. March respectively. 

A late sample is taken mainly for suceession studies 

inanediately previous to shearing. These SSltqJles have not been 

used in the :present study except on odd occasions to check an1 

earlier sample. 

Stored Matex:.tJl).....t.. 

ttHair spli ttingu, aa Dry so aptly describes the type 

of sorting do!W in tJl..e laboratocy,is simple in the e~treme. The 

complete' cu.t SarJ.'lVl(~ is removed from the packet and a small sample 

of about 500 Curly tip f'ibres is selected therefr·om. In the 

separation of this stleeted sample a considerable amo1.mt of care 

is necessary or small Iiisterotl"ichs will be lost and tip breakage 

will be excessive., To m.inimise these sources of error the sample 

for analysis 1s remo~~d. butt end first. The method is to 

select the size required from the butt and grasp it firmly, peel• 

ing it down to f;he ti;p. Wii.ere the sam;pJ.e is a late one a.nil there­

fore Of considerable length With possibly both shed Gi and G2 

fibres :present this peeling process must be carried out w1 th 

care or troUble Will be experienced in obtaining accurao~ as 

judged b7 duplicate samples. 

The actual sorting is done on black velvet with two 

pairs of sharp pointed tweezers. These enable one to grip tbe 

fibres singly and w1 th s ut"tic1ent security to stretch them along 

a ruler if' necessary. The fibres are then classified and if 

necessary the eye deter-minations are checked with the microscope 

or by making a benzol test with a dr<>p of' benzol, a microscope_ 

slide and a cover slip. 'l'he samples, except in the case of the 

Wensleydales (see above), are not scoured. 

Methods used in measuring the :.fibres are discussed in 

their appropriate sections and will not therefore be treated 

here. 
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A certain number of! benzol determinations were made 

and the same method as that used by El:Phiclt ( 9) was ei!IJ?l oyed .. 

.. 
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21. 
DESCRIPTION OF THE PLATEAU ARRAY. 

Introduction~ 

Before a description of the Plateau Ar1 .. ay can be given 

it is considered necessary to describe in detail the various 

types of birth-coat fibres that tmve been recognised in the coat 

of the New Zealand Romney Marsh. These fibre types were dis­

covered and nruned by Dr, F.w. Dry and have been described by him 

in various publications. Due, however, to their 1n:q>or~ce in 

this study a review of these descriptions, together with minor 

additions as to detail of same of the fibres, is thought necessa~~ 

The justification of the classification into distinct 

types may be questioned on the grounds that the fibres fall into 

an essentially continuous aeries - that the differences although 

marked in extreme cases are not absolute, as fibres can be found 

that represent every graduation betwe·en extremes. This in part 

is true, but the classifications a~ broad and t..l).erefore, al thoueh 

inter-mediates do occur, they are relatively ecaree. In practice 

interme<U.a tes are often surpr isin:rly occ.rce \1.1. th tue ).'"esu.l t that 

arrays can selddlm be questioned. on the scox-e of fibre type · 

classification. 

The e~istence of real differences in macroscopic 

appearance between fibres of the bir~1-coat of the Sheep was 

probably ~irst recognised by Nathusius rund McMurt~ie berore the 

close o'r the last century, while still more ~ece:ntl$' Crew nnd 

Blyth (14), working on the birt~oat of Ovis v1ene1, described 

three different types of fibre. Later Blyth {13) found fibres 

that she described as nindistinguisha'ble 1n their· :t'ine early 

:proximal pOJ~tion but showing a stiff, straight distal portion»; 

these she termed "intel'media te (b)". · 

Roberts { 7) in studying kem:r> in the fleece of the 

Welsh Mountain sheep called nanomalousf fibfes which he described 

as ''wool fibres :ror the greater part of their length but exhlbi t­

ing portions (usually the tip) of a 'kemp like' (medullated) 

nature,. Duerden (10) later observed similar fibres in the coat 

of the south African Merino lamb and 1n a letter to Nature ( 11) 

featured their Sickle shaped tips. These fibres he termed 
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Heteroty:pes, L.oehner j,n his thesis on "The Development of the 

Blackface Fleece" distinguishes the same three fibre types that 

Crew and Blyth (14) reoognised and used the same nomenclature -

namely •netarotype A, HeterotY:Pe l3t end Wool . 

In the birthcont o:r the New Zealo.nd Ronmey :Marsh lamb 

.:017 recognised the following :­

'f • Halo~h:airo. 

2. SUper-sickle-fibres • 

.3. Sickle•fibres. 

4. Our)y •ti:p fib~es .. 

5. Histerotriehs. 

IIA1.JO:-IY\±R€,.. 

These fibres have baen br1e:f'ly de;::ar1bed by Dry ( 19) 

as "hairy t.llroughout and projecting above the rest of the coat 

at birth but compl.etinr; their growth at about aeven or eight 

weeks and almost invarinbly shedding duri:P..g the next :tew weeks". 

Di:f':f'erencee· between 'bri tch and. back Ua:tos ai·e noted; bri tch 

Halo-hairs beiP..g often noticeably longer then ba~k Halo•hairs 

and 'also showing no1hinning 1n. the pre-natal recion, grown 

1nmediately :Pl"ior to birth. · TP..i:.1 tllirming is a "ru:•iable although 

common fcatlU'e of back Halo-hairs. In. o. later unpubl,ished paper 

Dry again d.escribes Halo-hairs but somewhat more fullY~ remarking 

that llalo-hait•a have al\-roys been :round to $h·~d freely. 

The name Halo .... haii• is derived rrom t.'le appea.rsnce these 

fibres have in the young lamb - appearing as a Halo about it. 

This is due to theit· Bl"eat length. wher.,. cOlllp&rcc! l11i th the remainder 

of the early lambs :fleece. In a.nimale that are not of the N-

type but have Halo•ha1rs·-in quantity thia halo effect is very 

marked due to ti1e ·excessive coarseness and length of the Halo­

hairs when compared with the rest of the early lamb's coat. 

Figure I. In N-Type animals the halo effect is oft·en masked due 

to the close association between the Halo-hail"S and the exeess­

ively coarse 'Hairy tip CurlY tipt fibres. This association 
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FIGURE. I. 

Gra<ie vr; _lamb . 

~pical N t yp e lamb without a drop on t he 

.withers. Apparent close relat ionsh~p 

between the Hal.o-- hairs and the Curly-tip -_ 

fibres which repre·sent the bulk of the _f:)..eece. 

'Typi-cal PlateauArray with a close relationship. 

between t h e Halo-hairs end the Curly-t:ip fibres • 

This array actually has mor e intermediate fibres 

than some of the yery "tough " Pla.teau Arrays. 
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This photo shows apparent lack of association 

between the Halo-hairs and the Curly-t~p 

·fibres. 

Ar-ra¥ of sheep · 1 06J I II ··Valley·, 

This ·_array chows a lao}i: _of rele.tiopship 

betW-een ·the Halo-hairs arid tJo.e Curly tip 

fibres with consequent breakage Q'f the 

.Halo-hairs. 

A cut G.-2. fibre is shown belovv the Halo-

hairs. 
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1 • 2. ) • 4. 5· 6. 7· 8.9. 10, 11.12.1).14,1).16.· 
·~ ... ~ 

Halo-hairs. 

Halo-ahirs from different arrays vary i ng within arrays in 

~ respect to Grade and 11edullati·on of t h e Curly-tip fibres. 

Fibres from left to right~ 

Number of fibres. Array. H.H.Grade. Medullation. 

1&:2. Valley. III coarse. 

3 Valley-Plain. III fine. 

4&5 Valley. III fine. 

6 Ravine. II I fine 

7 Sa.ddle. IV coarse. 

8&9 Valley. v coarse. 

10 Valley. v fine. 

11&12 Valley. VI coarse. 

13 P l ateau VIOrd . fine. 
mi ld. 

14 Ravine. VIOrd. coarse. 

15&16 • Floteau . VI!. coarse. 

. 
(>. 

.. 
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their total macroscopic appearance be called Halo-hairs. These 

~ibres are best r~garded as the extreme oP.s e qf long Halo-hairs 

and ax-e dealt with more fully later under "Shedding of Halo-hailli1 

The extremes in length in the b:lck pos1 tion are 

repret.sented by No.9, a Iialo-hair fro.ttl a coarse Grade v . Valley 

array and Nos. 4 and 5 which are fibres from a fine Gl"ade III 

Valley array. These fibres Show a vc r,r wide variation but are 

nevertheless of the same AJ:•r:aay type and are not even of the 

extremes of Halo-hair grading. Further, the long Halo-hairs 

are found in the array with the fine OurlY -tips, the short 

tibt•es in the array w1 th the coarse CurlY'.~ -tip fibres. Thus 

1 t appears that length at the bs.ck position is not correlated 

with Halo-hair grading, CurlY -tip; coarseness or array. 

A canpar1son of the Halo-hairs f'oWld in the Yarious 

types of Plateau (Figure IV) and non-Plateau arrays {F1guJ:>e III) 

(except for the last three fibres) throws some light on the 

relationship between Halo-hair length and array. These two 

figures are both almost life size and are ~ directly compar• 

able. Figure III is on the scale of 1 cm.-.96 o~. life size 

and Figure IV 1 em ..... 95 ems. lite size. Al80 fibres 15 and 16 

in Figure III and 6 and 7 ifi Figure IV are from the same anLnal. 

From suoh a comparison 1 t is clear that the variability within 

the Plateau Halo-hairs is less than within the non-Plateau Halo• 

hairs. This lack of variability is dUe to the absence o:f short 

Halo•hairs in the Plateau serles. It thus appeare from th~ 

fig\.u~s tjl~t long Halo-hair fibres e.re found in the Plateau 

Array animals :rar more ft•equently thnn 1n the othe r arrays which 

have e. 1ovm1 .. limit in length to their llelo-hair series. 

The degree of rlredullation along the array ap:pears to 

be unrelated to He.lo-hai!\ length within t .he Plateau Ar ray. 

Fibres 18, 19 and 20 from esheep 904, an extremely coarse Plateau 
"' 

animal, are no ahorter than Nos. 1 anQ. 2 fran sheep 905 which is 

an exrunple of' a Pla teau a r !"ay Gl--ade VI with a lack of association 

between the flalo-ha1r end the Curly , · .. tip {see Figure I) 

together with a precipice with consequent fining of' the Curi 

tip fibres early in the Curly -... tip sories o f the fH'ray. 
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Fi'Otl the above 1 t e.ppe are that although there ie no 

oo~relat1on between leneth of llalo-hairs and the grading, Curly -

tip coarseness, or array, it is 1mroos$ible to get a Plateau Array 

with Halo-hairs as short as a:r;~ to\Uld in some of the non-Plateau 

A'-"rays. :r.:n thie reopect1 however. tqe classif1ea.tion of' Halo-hair 

in .rcla tion to Su:Par-sickle A4 t'ibrea is important, 

The distinction between Halo~bair$ and Super-sickle A. 

fibres 1~ rather a;rbitrar1 and depends largely on length. In the 

Plateau Arrey where all the Pre-CllrlY tip fibres and many, at · 

least, a:f' the CtJ.rly ~t1:9 f;ib:rea are coarse the Halo-hair cla.ssif­

ic&ti<m t~nds to become more and more sc:ru.pul·ous and any fibre 

that reeambl~s a Halo•hsir but 1s not Of outstanding coarseness 

&nd length wilJ., be classj.fied. as a Super-si ckle A. fibre. Such 

a fibre may 1 in some cases,· be indistinguishable f'rotn those 

fibr-es termect HaJ.o•J:Jairs, in the finer non-Plateau arrays. 

Figure V tlu?Qwa some light on the. above 1n that it illustrates 

Super-sickle A. and Halo-hair fibres from arrays t hat are con­

sidered to be ~~icel of tneir type. These consist of' the 

tollori.ng: ... (fran left to right) (a) toueh Plateau Grade. VJ.., 

(b) a weak Plateau GradeVI, (c) a coarse Saddle Grade VJ., 

· (d) a eoa~se Va.J.l ey Qpade 'V, ( 4) a fine Valley Grade I I.I, From a 

comparison of tb,;.ae 1 t ie plain that the Super-sickle A fibres 

in the weak Pl~teau are comparable With the Halo-hairs of the 

.fine Ve.lle~r Arra:;:. ~er.e appears to be a sharp distinction 

bet1veen SUpel"-sickle A. and the Halo•hairs w1 thin all the arrays 

with the possible excep tion of £ibre No.7 in the fine Plateau 

rray. In the '·'toue..h' Plateau A,rrays this distinction is due to 

a break ,in the cO'htinui ty of the coarseness and the shape of the 

tip.. In the tine arrays length and· tip shape are still import­

.ant although leneth appears to be dominant giving a clear cut 

distinction within the array. Thus 1 t is apparent that the 

classification of the Halo-hairs and the Super>-sickle A. :fibres 

is a classification often dependent on the maerosco;pic appear­

ance ot fibres w1 thin rather than between arrays. 

Sil~h a state of' affairs throws some light on the 

comxmrison of Halo-hairs of different arrays in that it appears 
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to invalidate such a c~arison. However, as has been pointed 

out above, the Hal~hair series is either discontinuous or link­

ed by only a fevt intermediates. to the Super sickle A. series and 

thus althOugh between arrays a Halo-hair and a Super sii.clcle A. 

may appear identical in relation to the rest of the fibres in 

the sample they form two clistinct groups comparable between 

ari'ays by virtue of their :position and their essential discont1n­

u.1 ty in the ai1ray series. 

x.ar1at1on 1n Halo-hair LeiYit..'1 in l)i:fi'ePent Purts 9f the Bogy. 

The t;.bovtl discussion on the length of Halo-hs.irs 1s 

confined to Ralo-ha!r3 from the star~ard back position of 

differ ent anirntlls. A study or Halo-hSl1r length in the same 

animal but at different positione has been ruad.e with ~pecial 

reference to a.n1rnals that he.ve a Pl ateau .W:re.;; at the nstandard 

baek poe1t1onu. These animals have a Gl~ede VI! at this position. 

T.h$ positions studied were the Side and Uithers etld to a lesser 

extent the Bri teh. The exact location of: tl:tese oamplir!B posi ticm 

1a given in the Chapter on •Methods '~ 

A more eanplete study of the bri tch position was not 

undertaken because o:£ the l.acl::: of' r-eliable bri toh sruttples. The 

b~itch with the present method of ~overing is not well protected 

!"rom both weathering of• th.e ti:p!3 a.."'id loss of shed f'"l'br-es. Thus 

1 t he.s come about tn.at the bri tch sample rdla beez1 largely 

neglected but tile few s8n'!J,)le3 ~":ult ha·;re been done have &~ow:n the 

bri tch H~o-.aaira to be ~xce;ptionnlly long w1-l.en compared with 

the back &lo-haire. This o'bser~a:b1on W'.l. th rercrenc(:) to sheep 

with tl'te Plateau on the back agrees \~ith ~ry•s (19) eenc:•alisa­

tion that 1 the HaJ.o ... ha1rs of the br•i toh are larger tht>.;:l the 

flalo•hairs of.' the back. 

The Side an<l 1ii~hers sanmles :-

Wide variations were f'ound in Halo-h$1r length at 

these positions and shed fibres va~ied in the same animal by 

~s much as half the leneth of the back Halo•hairs. The varia­

tion between samples was always in the erune direction, that is 
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when variation did occur at all. Vihere a difference between the 

Halo•hair was found the back fibres were always the shortest 

when cornpared with the Aide and t'11 there Halo-hairs. The varia­

tion may be slight or in some cases completely absent, or at 

least intpossible to de·t;eot by eye estimation, o:r it may be very 

marked,. the side and withers being almost half' as long again as 

the Halo•hairs found on the back position. 

The distinction between the side and withers is by no 

means marked as !'egards Halo .... hai!' length. Even. when there are 

considerable dif'.ferences in length between · these positions and 

the back, the Iialo-halrs o.t these two posi tiona are mutually 

j~dist1nguishable as regards length. The wither fibres appear 

to be more varlable than the back Halo-hairs or those of the 

side. lf there i$ a va~iation 1n ~e length of the withers and 

side Halo-hairs then the VIi thers have been :f'oWld to be the 

smaller. Ill au.eh eases, however, the variation is small and is 

1n no way- ooJli'ex-able with the variation between these posi tiona 

and the back position. 

The vat-lation in Halo•ha.ir length bet'IRJe.n diff'erent 

posi tiona on animals practically identical in the array of the 

back has been further explor ed. The an.i.Inals studieA were those 
. 

with e. tough Plateau on the back ;pc>si t1on. The Arrays for each 

position ware done and although the number of samples analysed 

... as ve.ry emall it ap:pears that where the Plateau Array is found 

on the withers sample as well as on the back, then the Halo-hairs 

of the w1.tb.er·s are likely to be of' similar length to the Halo-hair 

or the side and the back, but where there is a substantial 

alteration of the srr~ between back end side, and vri thers.,t then 

the Halo .. hairs will be of varying lengths. The situation is 

masked esornewhet by the fact that a Valley Array at the wi there 

on a Grade Vl !is prone to have nothing but brOken Halo-hairs. 

Although it is tempting to speculate on the variations 

in time of shedding at different parts of the body and its 

relation to Halo-hair length 1 1 t is consider~d that it would be 

unprofitable with our present rather meagre knowledge of' the 
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FIGURE VI. 
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Halo-hair in benzol, ~edull at ion normal. 

.... . " 

Ha lo-hair in benzol sh owi ng colla p se· • 

.<., 
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FIGURE vti 

The Fibre on the le~t is regarded as a s.s.A. due to 

·· its lengthy non-medullated tip. 

·The Fibre to the right is .a normal Halo-hair • 

.... 

46 A 



" 

• 

28. 

detailed , facts of shedding. It 1s therefore sufficient to 

point out that with the accumUlation of' further facts this 

feature of variations in Halo-hair length may assume importance 

in elucidating the forces at work in the fleece and ~1eir 

relationships between different regions of the body. 

ijalo-hair Coarseness, 

If a fibre is not chalky throughout 1 t is not a 

Halo-hair. Care must be tkken, however, thri t lack of medulla 

is lit real laclc and not an artifact due ·-~. to the collapse of 

the medulla giving a macroscopic non-chalky appearance. This 

is pos nible with Halo-hairs due to their relatively thin 

cortical walls. That this is actually due to external pressure 

and not directly to ~ype of growth can easily be seen when a 

fibre is examined under a microscope and then squeezed with a 

pair of' forceps and examined again. The possibility that 

other factors enter into this "infilling or collapse" as 

Elphick (23) described this condition Should not be overlooked 

because it is a feature that infilling is more prevalent in some 

parts of Halo-hairs than 1n others and further it appears to be 

more common in some sheep than in ethers. In this· respect it is 

interesting that Dry (un:pub.) states that this squeezed condi.t­

ion has been fotmd in the Halo-hairs of an unborn lamb. A 

possible reason may be variations in relative thickness between 

the cortex and "'the medUlla in different parts of the same fibre 

and between dif'ferent fibres. 

It is, however, with practice soon possible to dis­

tinguish macroscopie~lly between the real laCk of medUlla and 

damaged medullated fibre. The characteristics to be looked for 

are in the main two: 

(1) A flattening of the fibre often giving the appearance 

of two ridges with a thinner section or portion in 

the centre. 

( 2) A l"'aeged a:ppearance of the medulla on eavh side of 

the non-medUllated portion. \Vhen fibres are cam­

pressed the air in the medulla is expelled due to 
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the breaking down of the medulla structure and thus 

it is not surprising that the br, appearance per-

s1sts. In true loss of medulla the rea:ppeabance of 

medullation has a certain regularity, either it is 

Of a ~arkling type, gradUally increasing in intensity 

to full chalkine ss, or 1 t is a sudden burst of 

rnedullat1on. This latter type is cormnon in Super­

sick~e A (page 40 ), Super-sickle B (page 65 ) and also 

in same CurlY -tip fibres chalY~ after birth. 

Halehairs may vary in the degree of Chalkiness but 

they must never reach the stage where medullation becomes so 

weak that it is necessary to resort to other than eye methods 

of determination, that is, chalkiness ceases. Variation within 

the term 11 chalkiness11 is 8Lmost universal for Halo-hairs, and 

has been mentioned by Dey ( 19) when he wr1 tea "The Halo-hairs 

of the back have commonly, perhaps always, a th1n sub•ap1cal 

pre-natal region of area of cross section small compared with 

a stouter more apical part and with the co~ser post-natal 

region". In the coarsest type of Plateau Ar ray- this thinning 

does not occ~ although the coarseness of the fibre may lead 

to mechanical damage giving the thinned appearance previously 

described. 

The macroscopic examination of the Halo•ha1rs leads 

one to the belief that perhaps their coarseness is due not so 

much to the production of more fibre stuff but to the production 

of more medulla, that is; that the cortex may not increase in 

width and may even decrease with increase in diameter. This 

does not involve the supposition that the llalo-he.ir is a 

relatively fine fibre pUffed out as it were but it does 

involve the possibility that the particularl y coar se Halo-hair 

1& perhaps merely a. coarse Halo-hair ;puffed out and weakened 

and th.us more liable to mechanical injury • 
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Shedding o:E Halo-huira t 

Dey (16), adop ting names augg~;tsted by GaX'stang1 

divided the developmental hia.or.y of the fibres of the mouse 

into three phases as follows:• 

30 • 

{ 1 ) The Ana,zen :PhasE?, ;. The longest part of the growing 

period, lastine from the 1nition of growth up to 

the Catagen phase. 

(2) T,h,e, Catagen Ji!hase:_ DU.t"ing which the root deore,ases 

in size .. 

(3 ) ~ Telogen Phaset. \Vhen the fibre has ceased to grow, 

the medulla free base then terminates in a little 

elub which is chfU'acteristic of every dicidu.oua fibre. 

These three stages occur in the bir theoat kernps of 
' 

,the Romney. There is, however, some variation in the expression 

of both the Oatagen and the Telogen phases. In Halo-hairs and 

the coarser kemps, the Catagen phase results in a complete 

cessation of medUlla production with the result that thiS pijase 

ot fibre development is readily seen nth the naked eye. The 

Telogen phase of this ty:pe of shedding, which has been termed 

"normal u, has been illustrated by Dry ( 19) and al.so in Figure 

From these illuetrations it is apparent that the !1ro.x1mal 

extrem1~y of these shed fibres is of t\Vo types, both of which 

appear to be the result of an ordered process. On the other 

~d there is that type of' ·shedding whiah, because of the 

appearance of smok1ness, Elphick (23) and Dry (un:pub. paper) 

in the near-disttU region is called t'emokily'' shed. This t~ 

is regarded as the result of some accident, wh:leh may be of 

either internal or external origin. The reason for believing 

this is t hat the shed end, as 1s clear fran the illustration 

(Figure X ) , does npt have tl'le neat regularity encountered in 

the normally shed fibres. Rather is the shed end terminated 

abruptly .in a hollow cavity. This latter is clear as it is 

possible when the t'ibre is examined in a benzol mount 1U1der the 

· microscope to obtain a bubble ot air in this cav1 t;v. It is 

possible to move this bubble and even to extrude the air by 

carefully pres sing the fibre with a needle. 
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'Xhe tact aloo tb at 311l.Oltitl.¢sJr5 11 ~pparently identical 

with that :tound in these shed nbree is ::il.so obtained in the 

sub•a;pieal res:ton a.ttel:" tuge:tng the \"'ool {~Udall. g5), combined 

With th(D turther tact thtl.t this t~~ dt ahedd;lng ~a alma.jra con­

tined. to fin¢ fi'br•ea rather- suggesta tlw·c this t~:P$ o£' shedding 

ia pecUlia-r to fo~tU1 tou.sly shed fibres and is~ th~refox-e, .. the 

reeul t of' a different set of oi;roumstanoes to tnoee responsible 

rov normal shedding~ 

i'.fhus there is auttioient ev1denc~ to conQlWie, it 

.ahedQJ.ng 1s to 'be regal'd¢d as tlle resUJ. t of vigour • that 

no~ shedding would be tou,nd typicallY' in the Halo•haira. 

fi'his has mvariablt :proved to be -~e case tmd the tact that it 

1-a pot:3td,ble w1 th :practice to reaognJ.se c.U.ffel:'enees between the 

two types maol'oscopically (this j-uAgment has been cheeked by 

tnany mieroscopio observation&) it is. ~ro'bable that smok;v 

shedding ()ecurs in the :Ha.lo-hai;r- .fibres • 

Dry ( 19) has de scr1 bed and illustrated :pers~ s t .en t 

Halo-hairs. !hese t'1'bres have been stud~ed and 1.t we.a tou.nd 

that the majority would, under the pr~sent classification of 

;pre-our.ly tip f'ib:reQ be called su:pet--siekle Ail t1brErs 11 one 

arr-ay, however, ,was :rou.na thA.t c¢.nta.ined pers,istent Halo.hairs 

$.nd a study o:C this array was ~de 1n an ehd.eavoul" to d;l.scover> 

the possible causal effects. 

H.H. S,S.A. B.S.A-• s.s.B. SiCkles. 
tee, e,11;de~t Me<L,£s -~·~ 

.shed. 14 6 0 0 0 0 

;per a, 2 9 2 8 a 16 

Curly .... ti:p :fibres:- .21· ... fine - clos·el;Y" associated with ~ickles 

· 228 ... inclUde$ peak Curl~~tip tibres wl1ioh 

~u-.e 1ndiat1nguishable trom the remaind.e:t- of. the fibres. 

Medullation :ts distinet and although llOt henvily enallty 

is continued to the Riaterotrichs. 

Hister.otrichs - 120. 
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The features of' the above or~a.y, othex> than the 

persistent Halo-hairs, are thE> absertef) of Super-sickle A-

32 • 

and the pePeistency ot the Supe1-eickle A fib~es. On in• 

speetion of these latter it is apparent that there are two 

different types, one tbat is c1oaely related t,o tbe Halo-hairs, 

the other. ot wh.1ch only three were found in the $ove array, 

, is closely a~sociated with the SUper-sickle A- and the SU:per­

sielcle J3 fibres. Also the Ifalo-hai:rs themselv,es have definite 

neck th~nning and are a distinc~l~ debilitated tNPe. Despite 

this fact they are numerous snd the arra~ has medullation con­

tinued to the R1eterotr1ch fib:t'es. To ant~nipate a :ru.ture 

postulation (pg. f 66) for the SUJ?port of whic:h varying evidence 

ie presented., 1 t appears that the potenti.al.i ties of this animal 

may be considered to be of su1'f1cient calibre to give a consider­

able number of Halo-hairs. but that there has been an early and 

su.ffie1ently 1ntense pre .... natal check, to not onl;r :prevent the 

fixation of any Super-sickle A ... ~ by reducing these fibres to 

eontonn with the Super-sickle B classification, but has been 

$utficiently prolonged to cause the first 1~~ of the Curly-tip 

fibres to be finer than any sUbsequent Curly-tip fibres. 

'J."hus if the above assura:p t1ons e.re assumed to be 

correct 1 t is apparent that the presence of this check may be 

regarded as the reason for the persistent Halo-hairs in this 

array. Thus the ;persistency of these Halo-hairs 1s cmsidered 

to be a persistency of weakness. 

In the light of the above a further search was made 

of high grade animals with weak ~~ccession and a further array 

containing persfstent Halo-hairs was found. This array was a 

Saddle with the ty:p1cal Saddle check and With medullation ex­

tending not past the Curly.t1p series. lt thus appeared to 

have no unusual features as regards the pre-natal check or its 

potentialities. O~er arrays that appeared to be identical vdth 

this array as regards the above mentioned assumed criteria for 

these features were found in Which shedding vms free. Thus 

1 t appears that a1 though the above may be a partial explanation 

it is unlikely that it is a complete explanation. 
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Dry suggests that Halo-hairs may perSit)t on occasion 

owing to the fact th!i.t the follicle ia more vigorous than usual. 

and although vigorous enough to produce a Ralo ... hair 1 t ha.$ 

sut'ficient adai tional vigOur to retain ita fibre past the 

' .crisis pex-iod' when shedding normally takes pl~ce. Th1a is 

exactly the converse of the above and has been explored b~ 

examining samples trom regions other than the b ack in Sheep 

rith a partie'Ul~~ly coarse Plat~au Arrq at the b ack position. 

The results of this exploration have been touched on 

pl'"ev1ously under the heading of nHalo-lu'iir Length", where it 

was pointed out that wide dif't'erences oc~urred ill diffel'ent 

positions of the body of the sheep. ln regard to shedding, per­

sistent Halo-hail"& were found bu.t in samples that did not fit 

either theocy. 

Summ~ised in the light ot: the distribution of arrays 

the positions in which persistent Hal.o•hairs 1/ere found are :-

~tl}ee]l Back ---- .§.!~! W1_there. 

77.5 Plateau. Saddle .. saddle. --
78.5 Plateau. Plateau Saddle..t.. 

; 

1.327 Plateau. P_l~t_eau. Plateau. 

Where ~ers1etent Halo-hairs were found the array 
is underlined. 

A ~oint of note 1n regar-d to the persistent Halo~ 

hairs from the above arrays. is that there appears to be a 

eerte.1n regularity between the type of Halo-hair and persistency. 

Pere1st€nt Halo-hairs have always a deeply cr~ed neck reGion 

which is de:f'ini tely thinner thSll the distal extremity and that 

:portion grown post-nataly.. These characters are regarded as 

indications of weakness. 

From the above arrays it is apparent that the 

situation is not likely to be a s.im;ple one and therefore in the 

light ot the inadequacy or the material stUdied, which involved 

a fairly extensive search; and also noting that no pretence has 

been made at making a complete study of' the lambs examined 1n 
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FIGURE. IV. 

1. 2. 3.4. 5.6. 7. 8 . 9.10.11.12.1).14.15.16.17.1 8 .1 9 .20~ 

Halo41airs of different Plateau Arrays • 

A selection of Jlialo-hai:Ds from different types of Plateau 

Arrey. From left to right the series is fr omt he extreme 

coarse "type to the rel atively fine near Saddle xrray. 

The sheep andthe fibres which they supplied are listed 

below:-

Sheep No. 
.. 

Numbers of fibres-. 

905 . - 1&2 

1327 ')&4 

12)8 5&6 
1068 7&8 

1239 9&10 

678 11, 12&1 ) , 

.1)08 -
14&15. 

1329. 16&17 

904. 18,1 9&20 • 



• 

+ 

.. 

34 • 

regard to the different positions ·of the bod~, little can be 

attEmpted by way ot a generalisation~ lt doe¥owev6~, appear 

.in the light of unpublished work by Dey, who f'ou.nd. sheO.d.ine of 

the Super-sickle fibres on the w1 thers to be poorer than at 

the back position, and 41$0 not neglecting the work of Galpin 

( 21 ) , who demonstrated in the non JIT•type animals that the 

cheek was more sever~ on the w1 thers than elsewhere, tha.t the 

· persistency of the Halo-hairs in these Wi there Sam.Ples may be 

regarded as a persistency of weakness. 

Finally it oeema likely that our present meagre 

understanding will be improved on when further studies of the 

side ~d ?.tithers positions have been completed ano. when :fUrther 

mate~:o1al becomes available that contains persistent Halo-hairs. 

l!P.l2:..lta,1r ~~. 

HalO•hair shape as distinct from. other features of' 

Halo•hair fibres, that i~med~lation, coarseness and length, 

is of conSiderable ~nortance in distinguishing Halo-hairs 

f'rom the other fibre ty:pes. It also appears to be of importance 

1.n d:iltinguishing Halo•haira of different :,parts of the body. 

As with other featt,..res~ there is considerable variation 

within the Halo-hair classi:f'ioation and there are consequently. 

~de differences between extremes within those fibres classified 

as Halo•ha1:ra, 

The ty;pical. ah~pe ot the back Halo-hairs of a Plateau 

Affray is that of fibre 18 in Figure IV, It will be seen also 

with reference to Hru.o-hairs figured in Figu!~ III t hat tile 

fibre with the long sweep1ncr ti;p \U th an almost ~om.plete lack 

of: crimping in the neck region is by no means confined to trw 

Plateau array and is found in Valley Arrays of the back region 

which are both fine and coarse as regards non k;emp hairiness. 

Crimping, as has been pointed out above. is almost 

entirely absent in the neek or many Halo-hairs and 1 t is 

notable that 1 t ia aeldom found in other portions of the fibre. 

This refers to crimping as 1 t is . generally 1.mderstood and has 
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been ,deac:t"ibed and figut:ed by v nr i ous t'o~kera on wool. Long 

undula.tlne cur'Ves ar-e oomon ill the robust 11alo.,.hairs and 

extend .from. tip to butt• This·· cu.rving at the t1p ot the fibre 

usc~ the 'tip to heve ~ wide Sickle Shape. In sano Ualo•hairs 

the:t must be regarded as tlle extreme .of eoarseness ~s waviness 

is not t ou;n.d t:tntl the fibre has a straight aid ~igid tt:P;pearm.-:.ce. 

An ~,..sruvle of .auoh a :f'ibre 1s fibre t 6 in Figure II:U: 

The cl>ovc is not the onl~r typo o: crin~p tha.t is found 

in HE:tlo-hnir:eh :.t_t 1 s cor.uinon t o find a . relatively f'ino !' ~gular, 

uni;planit~ ~r!ci.P BU::;'erint~osed. oh th~ f6.h.g ~re~t.tency c;-:r1mpa. 

This type of o:r•irtt.~ is i'ow!d most ccmmonl~1' on the e~oeedingly 

toUgh Ha.lo-h~it>s but i.s by no .neans 11m.1 ted to thdee, being 

found mostl 

hairs. 

at-natally on ~ ot the t'lea.ker" t~es of'' Halo-

In l1'l8nY of the Halo·hairs that are regarded as weak 

that is1 fibres tli th t:t t.llinned neck re~on,, there is a quite 

det:tn1 te crimping 1n the neck. This crimping 1a usually 

11'regultt~ and is .ap;parently found in tl".-.at t~e of Halo-hair 

that has a 'Curled' tip, These Halo-hairs often a:·esemble the 

coarsest type of Hairy•tip-Curly-tip fibre found in other arrays 

but due to the tact that the at•rays 1n Which these f.'ibre,s are 

found usually ha'V'e the Halo-hairs separated fran the Curly-tip 

ti'bres by considerable numbers of intermediates there ia little 

likelihGod ot• conrus~ng the classification. On occasion, howeve~ 

these f'ibres are difficUlt to distinguish fran super-sickle A 

fibres. In one array at least ~1ere was coneiderable·diffieulty 

~xperieneed in distinguishing these Halo-hairs flllm the Hairy-tip 

Curly-tip fibres. In this animal there were virtually no ettrls 

in the whOle sample and it was due more to the lack of curl in 

tlle Curly-til) fibres than to the presence of' curls in the Halo­

hairs that made classification difficult. 

Halo-hair sha:pe in different parts ot the body also 

va:rie s considerably. 'l'.b.ose of the back are usually not crimped 

IUld also ha:te the wide sweeping tip s ha:pe, wllile those of the 
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side and wi there hav~ the criJttped type ann the more <:loael.:r 

c'tu~lillg tip. This !s in the case link~d cloaely With a tine r 

t3":})(:) ot ~:eery-. On tb.e bx-i tch the He.J.O"'-hairs are usu.Glly 

heavily Ul'liplanat' crirc~,ped 1 o~timp1ng e:x.tend1ng l}raotieally­

tl":.:~:'oUghout thetr ent~xe length~ o tt'.o.e fi"bre thus appears as a 

~:pin~r fibre with no long fx•equ~ney crimp at ell, the ti:.n:•e 

uei:ng hard; erect ai~d SJ:tinpua.-. Th.te is the lf!OBt extrene t:rre 
of Eelo--~udr Y$t fotmd, 

.... ....., .... 

I 

~ 
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§_ U M M A R Y, 

From th~ :fo~ao1ng, the f'ollow;tng points are 

¢ona1dercd. to. be 1n'1:9orttult :• 

"'''* na1o ... ha1~ lengt.h ~·s noi; correlated with Helo•he.it• gradi;ne, 

coat•beness e~ q~rl;sr-tip fibres, or ty:pe of (lrray 

2. Uater1al waa p:;esented which led to the ooncl'dSiob that 

dl.tapite considerable overl$p betwcetl tl:.c :ttltt'teun and o·~1er 

.rraya, Hnlo-htdvs Sl-oe never a.s aboi't in Plate-au as they 

may b& in samples showing a more intense pre-nate.l.l clle·ek. 

::s. ~e re:ta,~ 9.f t}l;E'. int.el'-X"elat1o:nall1l>6 ot these two :fibre 

t:r.;re~ le .sd't~ to trw. o6ltcJ.us1ons that the distlnct1on between 

thet'l !rl devendent on Jr..a.crotcopic QI>Ilea.rance within. :ra. ther 

than 'between arr81.ys .. 

L~ The Ha1o-llairs of the bri toh a!J:pear 

those· of' the" bnek • 

to be longer than . 

5• The Halo-hQirs !Of ·the' eidee, and withers ~en be halt as 

l .ong ~ain as ·lihe Halo-hili ~a o:t: th~ l:lack .. 

6, Th~ H~lo-h~rs ot the aicle And withex•e po~1.tion appear to 

be of identical leng·th; ' ~ven When ther& 1s a considerable 

. dit':f'Elrenca in n:r·~y t~"!>e • 

1. ln:t1111ng is described 1n Halo-hairs and a diseuasion of 

~ ts appea~ance end eauaes leads to ~ r:n~eestion that 

coarse Ha~o-hai~$ may owe their unusU$1 coarsen~ss, not 

to the production of more cortical matexaial but tO more 

tnedulla. 

8. 'I'he sh.eddin.s; ot fibres in the Ror:t.TJ.ey fleece· is bt'1e:fly 

SUl~oyr;:d anct the mode of shedding typical ot fue Halo•hait>s 

ls de&.i!r1bed. ~t is 'CQn.olUded that this type 1,~ a'l 

indication of follicular vig(<tlt'. 

9. Persistent Halo-hairs appear to be of a particular 

macroscopic t:r,pe. The cause or their failure to shed is 

not clear and it appears that excessive follicular Vigour 
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or wetl.kne&a do not provide a satisfactory ejtplanation • 

10. The tsr,pe \ft c~ o:r t.he lialo·•hait•$ ls disausaed and 

illu.ot:rated. 

11. Tlle .aoaociation bet1.¥eep .Hulr>-l~irs and HtJ.r~;r ... tip-wO'i.'U?ly.,...tip 

flb~ee is considered. Fibres o:t these two types are 

trequen tly ve't''V similar a~)d de:N.ni te elassif.ictii tion 1. s 

co<~$.aiona.lly dift.ioult. 

12~ considerable vtlristion in Iliiilu .... hail~ shD-:t.le has beem, noteC~• 

This is _px•obably assoaia ted w1 th the t~e of array .• 

...... -. ....... ....;........-
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eneck .. ~imilnrl;r \dth the reiat1onobip be-

n tho supo1 .. •Gickle A. tUld the S~er•sieklo A•. 1'1ln"es • 

t hnB occaG1onally 

been r.oceooa.rY to uco beneol to dotennine tbe extont o. 

dullat1on. 

ttShor.t '' S~l'-u .............. £ ~ !: ... !!•!""'1 ... . ; . ., ·~ 

ic .. _, on . - -
oleeeif1eat1~n contains many t1bros that a~ widel~ different 

tion 

~vex-. much w.l.dol' 

can east.l.Y be aocounuo. fo-r on the s®:tlO&ition .._ 

th 

have Ili 

In 

'1 

1 

Q<i!ohalr a. 

-n tl:le Ram.ney 

.U,t"' 

h eao, o 

~ 

b 

tr~_nzth in 

>• These 

'X" 

to 

et-•s1ck1e A-. 

.ullat1on 

o:vtic 

roscopio 

0 

n 

';! '->£w.&.l 

lu.able 

occur 

lation 

la t 

o ribre t:9'Peo, however, :lt is BI):Pm .. ont 

that short supcr•s1ckle A fibres anooar to 'be som.othiM dirt,:u~ .. 

brea roun.<t. 2.11 

othel, 

rioe t 

• .:.u..,c.u u.tw;~.go the Su:.ocr-aicl::l.E:! A 
' -

ibre.o eapaeitlll:,r 111to:reat1ng 1n 

.o 1·1eoce ot t~ aheel), but ouch a atuey io hflrtu>ered b: 

the small num'bc:L's of 0UI>or-s1cl~le A fibres !'oWld 
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FIGURE V • 

comparison between Super sickle A fibres 

and H~lo-hairs in different arrPys. 

From left to right:-

. A tough Plateau Grade VI~ 2 Halo-hairs,3,s.s.A. 

A weak Plateau Grade VI 2 He1o-hairs," 2 S.S.A. 

A coarse Saddle. Grade VI. 2 Haloihairs, 2 .s.s.A. 

('. · fine Vall e;y Grade I~ I. · 1 Halo- hair, · .1 · .s. S •. A~ 

Fibres 4, 12,"1}, and 15 are "Short" Super-sickle A 

fib;res. 
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th.e s~J.ll fi"luulcr nwr~~:.." o 

pl.'u :>tm. t. ~he o.l)rC\Y in 'iJ!licl• tb.o 

1vto~' l?late~u. lu"'t1ny i"l"O.::l a G•~1~ '1/1.! (D} • 

cl>Ati A !?.throe ;pot• ·1ou Cu.1~:.tu ti;p .fibres wct""e 1"oW1ll. one o 

these f 1bl~O$ ia illll!'ltrnted 1n F1gltt"o v , fibre 4. Others have 

bt.~'1. fctinU 1n touer~ re:rs, :ro .ple , oheep 1279 

contatned about tine r.lhot"t au.uer-s3.okle A f'i'bre Dor 1 oo OUt-ly--t1 

f1bt11e8. rr.u .. iQal Graded. VI: {D) '111 th en tt.t: on the btlck 

1tion in whicll onlY tw() SliJ:re~sickle 1\..,;. fib.re 1d one S\l!)o r-

s1ekle B ~ibro wns round, a%id 1n which. tho !:Clot1onallil') between 

'lEI lla.lo-ll.Ol.:S."$ ~Y-ti~•Curl3~ti~ clone • 

. lt thus ~';lear 'tlort SUl)tn:'-Biol-:le i\. 1"1bl>e tY'1'b is not 

atetlU Al:>rt\."1. N'ei thcr is 3.-t a 

r 'ijle :Vla t<tau Ap· s such, to:t M.ort r :11nms have 

been to· in Sa\1t'ile J\l"ra~is. •rho t been tou.llrl 

vi s t~thOUGll. tte .. ovail-

ble wna· meaere. Thte \1ae p(trticuJ .. or,l tho nnVi~).e li!'rays, 
. . 

~nly three high grade RaVine At~rnrs 'being evnila'blc. • th. tl1a 

valley Ar t.he eituo.tion was Gll19 u.nsst.isfnctot-;r at> onl. 

x Grade V ana VI Valley Arraffa we (.)UJ1';... 

In the · Arrays in whiCh theoe tibt>e ve been .CoWld 

·le b1l"'t.bcoat ket.rmn ht'.e been :pnt't~ctU.arl~t f'~oG. 

o?t&Yer, the presence ot these t1bren io by no means ~cm:u:'tled 

s an illde~ ot too Cx-eedorn o!' shedd i 

has ·Men ob$01'"\ted in l.l~rays where nf) Shox· 

r(t round. It 1e, howevel• • UD.llsual to .tina 

a:rra,-s wh6re ohe<ld1ne 18 n.Ot t-ree~ Sueh on Ell'*!"nY 1s 
... 

the bt'Aek oomnlo of Gheen !'~1, n Plntenu A~,r.tn:r acnl 

detail ·in the section on Ton[.hnepa ( Ge~ l/P.So 129 ) 

betw, 

In th1 

a 'DO'Or 

It thuo ar>1~ arn that thoro ma.v be GOlla e 

sllc .:. l1rOnen.oe of Shot-t 8UJ:.~!'-•n1~l:l. 

.,arch o£ a r.'t·euo was znaae 1n \1l'J: 

o~ the bin onded S1cl{}e fib1~ 

lack or QCoullated successbro or il."'G (-

revort) and ·no ::lliort OU!'Cl."'-aioklo A fibl':"'es were totincl. 

~1cdd1ne 

fl"brcs 

::~a . in 

0 

1n 

ction 

f.ibi'v""• 

there 

ro:t=•e 

l1olle 
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~'I~ ·tne abo"e 1 t fi'f~ that t.11o Short tYna o 

:r-· b ot"- Q 

sh&d~:U.ne·. It is l)ostUltJted• tbore.f~1t"e• that tb i.bJ?O·· 

.o tt.ml1~ be cuecoaso:L"S of t· 

·rt o-r thl$ t'rlr.~Ym' 

d :prl:.o~ to b!.rth. In a· 

these ftbro& closely 

st;u41oa . 

big fOt! 

ooooo~s crr 
.ll 

). 

• .~tu:"tlle ~ 

,. zu:~e. ... na to.l 

tbat ~too 

sibla ext>~tion of tbe oho4.,tnoss o 

th~so ftbroe la thnt the~ t.ilie4 o~d.:l in tho :2.if. ·-e lam:b -

~~fibit$1~ carlic~ 

be eitort·e:r~~ due to 

,,_ the f'ibros.·, fJJld thutJ will 

the growing ver1 o~. 

ad· _ to!ton at th~ t1mo ttl.on 

e~ G 'lit.U::i uob o. sanwle ~idU.ld 'be ttocormieod 

·1' tJ , . ..,;,rt.r.m 1n f.be e:rsiot• 

Al).t fibl'&O • tb¢> r'!'b 

··I' - both al1· 

Ohl.t ono suoh 

.• :ou.."1a t eC.J"1.t~ned t;1o nBceqs:~.-.v t. S®c;r.~8iok.tc A 

1"p~"'t;;s. ~¢ ~...,~f t-th.s ~ 

e ~e toll0\'12.ne • 

oh on a.·~, 

li ,.;.,Q.:J..C:kle At 

normally 1 

LO!lf; r.£tar ilalo....ha1t-e ..;. ve~e.lstent 

.. c:rt ty;n~ . .. . . .;. - pevai·o ttSn: 

.or-t tYJ}G - &Jtwd il01'1!ial 

... ~ow $u;oer•a1ckle A ti b~•fls 14 

t : thu2 ®IJ'Jtiro tmt in thio s~o tl\G 1o.oa 

bot11 ~P~tti or o~ct~s1.ck1e tibroa tal·~~ pl.eoe ~t a s1tl1l.ttl' 

ol'ttoo. O.n.o c~rl~ 1st ll.OW'-1\ttu:·, 1n$9fficit1nt 

1· 

nd :ror woro c:aar;l<Jte eJ.uoid.-

sarY to t-ttJte nemr>J.on at ~lstivcl 

-~ , ~ou~ ·the time When ebeddinr: ununllY tolroo 

• 
In tnnns au.· tib:re ..... 11 be PUll 
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Ghed. 
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~ndee.vour tc> ,dioti sn. bet\'feon 

t ll.~ Sld.n. 

rlt bY Di'Y (.;G) 

~"'~~ ll. out o:r tb.e toll!oles M<l are. nat· !P'®hed bllt· b 

the eucoeaoionol. 

f~bre beoOmi;ne 

oha."doal 

.J>rea, 
f the follicle ap~a 

~~· tl~t. 'tli~ lt'li>UOl? 

the· ccn~~~ :rieeoo : ~ould 

· _SUpG~M.oklc A fibl'lOS 

hlCh are lower in t.ho fleece and tb.us more ~ttie 

octad.~ 

~--

th1e relo Uve pro.toction 

1timbo f1eoce prortous 

ttuation w111 be: in cavour o. 

;r~bre 

i 

arl1er . then IItll~rf3•, ~i: ia du 

ther• 

me 

ct~e 

rti 

• 

re that have abed ena · the ~c 

ersiat. together \71th t.11e retention 'b fleece 

t . ·0.11 Gtt;per-btol"'.lc A :tibl:'OO. \T1ll .o 1 

'1brea £lMd earlier than tne 

·ta.1rc. 

ln. $ct to the above D: toe (unpublished .Pfil?Ol .. ) 

tl~at Shor-t ~~eiclt:J,e t1bres~ bniey etto1~ birth~ a~ knOwn 

l~O.at ·®lon~t the first .ot the. ~Iol<>--aicla.e giiaQUJ> to 
nnioh rtromne. 

l '\71th 

then the· 

Ch 

·lave 'beo 

If these llhcd SuDcr ... aicl-..lo A tibrce ore really i dentic-

suvc~~ickle A .ve Oh.CO. earlier 

e less tt1cnt1ful. in those leo too:t btlve l>Oc 

111 those ttlken early. nouevet-;. 
been foUnd most nleht1fUll 

rlY lambs .. ani have • thbrofore • bf;'~~ .• loo· 

r•ticUlarl:f l • 
!'urther :PQsoibil1 t~ ia th.. 1.e eheOldne :rorc 

bich JMtmono1ble tor the dotcr1.ornt1on fib 

' roP.nl-ltiG :ens1ons, offcc- rerent fibres · in 
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icient 

e.leo in 

r.\lt with 

tbat it 1 

nilly late 1t is 

be act1n1 tel..v :GhOtte~ t· 

J."oioos1cltlv u . ........ .., • .,;o..,. . . - ' ' - ~ 

t~fib 

artai 
:ri\n.'e.S 

.d tJ>; 

tildb ~d » d1fterentiol 

n.ti~'lOd 'ilQOV'·Q, 

tht\t I have a tti.01e 

no e eau 

tbis 118: ·tho caj;J~· 

~· .. stin(,~Gh ·tl'letll frOm. llfllo-bttirs m."' t 
1 6~ fcat\Ul(}e ot l~~h, 

'hole or D6rtion ot the f: 

t 

.lint 

4.,., • 

oonseuuent cr~ enk t.U"'B.nCe o: 

0 

Udrted on macroscOPic a~ _ 

vsriution 1n iehgtb Qf 

anpears ~ with 

in 'both. at 

u.per-siekle A tibre 

aaooc1at6d with vtu.-iit, 

du.llntion, ~.llUG uncr-a1ol:le A 

i'brep 

t· ,.A t~ 

leo reduced 1n tnooe 

:neritll:v axh.tbit a. .d1ot1nc 

neck :rerd.ori ti , ThliJ neck ref!iOn corro 

ro\Uxl 1n tP.e wonkctt ~Ialo-hairo -~ Nsp~ct ~t> 

aevolopment· am 1t ta nis~ i!t ·a similar str\lct1i.~·"'. . . -

neck regio~ 

o~ fibre 

_ er~a1el4e A fi'bree nr~ nl.nloot 1Jlvor>3.~l;t ·chortet· 

than the noi'o-hcdrs tuld are· 'U.Stiall:V diotiri.c t ly oo. 'It ia a;Lso 

J 
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4-..... .. 

l.:v- asooci4te<f. with: the . r-~1ckl 

n .. extl'E!ruu 

fib ron• 

41 e 10 

0."· •Kl.i-"4 lil.l.OI'e . 1 
" . 

.. bl~ ·u· loriS 4!!' little rtGtt 1"' ,ll .tlltlll 

·eerm tcl.v .l'>XifSol' . thnn the· other abed. s· 
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FIGURE XII. 

Smokey shedding with fibre size diminishing 

gradllfl,lly and termina.ting in a somewhat · 
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the fibre gradually diminishing. 
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