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AND FORM 0. THE FIBRE 

The d1f 1oulty which &tt chea 1ta lf to the varioua proble 
. . " 

connected w1th fle ce character 1• agg~ vated by the laok ot 

fUnd ental. knowledge concerning th echanie of to111cle c­

t1v1ty. In~ormat1on on thei>growth forcea would very oone1der­

ably a· 1st the 1nterpretat1on ot the complex t1"Uotural varia­

tions 1n th ror tor fibre , upon wh oh any obeen t1ona hav 

alre y b en ~ • Det 1led atUdles of follicle torm w i-e under­

t ken 1th v1e to tbr 1ng further light on the factor gov­

erning fibre production. Not only doee this Qrk have a v lue 

in oor ot1ng our ideas on the eanln.g f the torm ot th ~•ece. 

but ·1t 1 es lmpoi-tant information on the l1m1tat1on or 

follicle ct1v1ty and on the sou o or 1rregul ~1ty 1n the fl e , • 

As a result we aN brought 1nto ·more intimate contact with the 

pot nt111tiea ot th fleece • . In the l at fn y NI d1scues1on 

on the physiology of d velopment, growth, the neM'OU8 sistem etc •• 
\ h ve oonap1ououelJ welt on th n ceealty tor more d tailed 

basis or morphological knowl dge, without which phy 1olog1cal 

1de on what 18 nd wh t might h ve been are not readily Ob• 

ta1ne4o 

An outline 1s given below of the 1ntorm ticn re ult1ng -~o 

etUdy ot w ol follfclee 1n N w Ze l nd Ro ey ehe P• 

iha.f 
rom p?99v1ous work 1t w a known11 oll1ol only oa 

d a e t gland and are~tor p111 u cle wh1le other wer 

out either ot th s ructuree. All roll1cl a poa ees 

1 -

-
b o ous glands• On m1g t th r rore er d1v1s1on 1nt t 



olaese, ot tolliolea namely. those poeseee1ng neat glands and 

those without them. Howev ~. detailed h1atolog1eal work on 

skin taken t:rom v ry different types ot Romney 8h•ep, has re:.. 

veale4 the ex1stenee ot veatlg1al neat glands. These are b7 

no means ftl'e and oeeur as veey small oolumna ot oella extend• 

1ng parallel with ~he follicle artd being about a quarter its 

length. 'rhey enter the mouth ot the fol11ole by an open 

duct quite as 1n the oaae or a norimal aweat gland• ln. such 

toll1clea there is no .at-eotor muaole. The veat1g1a..1 glands 

cannot be considered as due to the erreot or a prc,natal ch•ok• 

They are as ooramon in anim~le vlgorouely hit by euch ll. ob.eok 

ae 1n thoe wn1ch according to their t1b~e development would 

appear to be unarteoted by a prenatal cheek- The upshot ot 

t his d1eoover, fs \co place .more rel1anee in the hypothesis 

that all roll1olea are essentially the same and are to be con­

a1dere4 in a continuous se~1es• 

Additional obeervat1ons have been made that point out a cor­

t'ela.tion 1n the deve~opment ot the two tollicular glands •. 

Foll1clea poe ese1ng a ewea.t gland poeseae an a.Notor muscle. 

In toll1oleo possessing an a.rect?r muscle the eebaoeoua glands 

are alway ~ell .dev lop a. Where there 1s no a~otor muscle 

the ebaoeou glands are conep1ououaly smaller otten being 

inute. Hence 1n the sheep 
I 
the two yolk secreting glands are 

linked to-getho~ 1n their 4e•elopment. 1fhethe~ this aesoo-

the ""ollio.le . usele or by eom 1at1on occur per med1l.l.lfi or L ~ 



FIGU.l:t1!; 1 

Asymmetrical face of the 
pupilla, showing the minor 
1.1.ia.me ter. 

B. Symmetriae.l face of the 
papilla, showing the 
major diameter . 



FIGUH~ 2 

TYPES OF PAPI.L.LA. 

J 
i l l a in histerotrich follicle 

XloJ 

---

lla in stout curly-tip follicle 
Xl75 

Pa.pill~ in fine curw-ti p 
follicle XlbO 

Views of papillae fr t,m 
di-fferent angles. XloO 



JfIGUHE 4 

A B • • 



l 
other oorrel ting 1ntluence 1a a matter tor a pa.rate study. 

Depth or r~ll~clee. At a given aNa toll1cles produo1ng ooara• 

t1bre extend deeply into the ekln. whlle thoae producing t1ne 

tibN &re much more euperl1o1ally placed~ OotTelated w1th th1e 

it is common to find very g?'eatly elongated f'oU1cles at the 

britch or an animal, but much less grosa follicles on back and 

shoulder. Kemp tolllole1 which have oeaeea growing will also 

be totmd a1tuated quite aupel"t1o1ally 1n th kin. the papilla 

being on a level with or even shallower than the bas~• ot t1ne 

t1bre to111olee. Wlth the recoaunencement of growth the f'1bre 

resumes a deeper po11t1on. However, as la pointed out below, 

1t is the size ot the toll1cle bulb an4 growing point that 

influences the coaraeneee and medullat1on ot the t1bre 1n the 

most 1 portant manner. 

DETAILED PI ~EflENCES §ETWEE! FOLLICLES• 

Att nt1on to date ha.I been largely toouaae4 on tlte pai,illa~ 

or gro~trig po1nta which exhibit gNat var1at1on 1n the1r gt'Osa 

torm and 1n thoir deta1le4 structve. Hitherto no, 1ntene1ve 

etUdy hae b en made on the pap1llae of mammalian h&1~ toll1olea. 

Th.1e is to be resrett&4 when lt 1s real1ze4 that the papilla 

le the source ot nour1ehment to the t1bN and might be expected 

to have a major 1ntluence in t1bN production. 

A. Grose Form ot the P§P1lla• 

Although there &re a tew tolliole1 poaeeaa1ng papillaethat 

are nearly eymmetr1cal, 1n general a mark d asymmetry about the 

long ax1a 11 to be obser,-e4 j t"~ . I Act :8. • Recognition 

or thte aaymmet17 1et point tundamenta1 to any measUPements 
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1fvdsteu. condi tion of' the u.ermE:.l fibres at the b ase of th& 
papilla, . Yib.eL·e it is "thinnea. to ·s. neck-like 1u,rtion. 
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that may b made on the size ot the p p1lla. Other obae!'Va• 

t1ona, which are quit tund ental to th11 wottk have been made 

dep1ot1ng 41tferenoes 1n papilla type esoc1ated with the var­

ious t1br typea. Thee show a general aerial arrangement 

1th large stout, nea~ly symmetrical p p1llae~t t he 'halo' en4 

ot the arN.y ( 1) and smallei-. thin, markedly asymmetrical 
f • ~ • 

papillae t the fin curly- tip and h1atrotr1chs end. - Speo1a.l 

features 41et1ngu1eh the paplllaeot sickle tibre foll1clea . 

notably a reduction 1n the he1ght or the pap1lla. 

Measurement§ on the d1ameter ot the w111a. 

A large number or easurements have been made on the two 

d1am.eters ot the papilla 1n toll1clea from Vdioua types ot 

Romney oroas-bred aheep. Thea data have been ooll Qted •1th 

a view to comparing the size ot t he papilla at d1tterent regions 

ot ·tho b04J, at 41tterent seasons ot the year and b foN and 

arte~ 1h a~1ng. As a result it has been possible to establish 

the .,.concept that the papilla oan chans its a1ze and 

tom. Furthe ore these changes can be aorrelated with the 

coarsen aa of the flbre and, where hairiness was in ev1denoe, 

w1th the coaraen ee ot the medulla. 

In view ot the fact that small tolliclee possess small pap.. 

1llae and large toll1ole1 large papillae, the measurement• have 

been xpr I ed a ra 1os ot le b'4 
a 

Thie h 8 an add 4 advantage 1n that error of me sure ent 
( and C,ue to the oon.".1t1on such as the etat ot 8W 111.ng) 
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I Graphs of frequency of bulb/papilla ratio for ~etrical and\ Gr 

Asymmetrical faces of the papilla ta.ken on eaoh side of a 
differentially shorn lamb. 
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Grephs of frequency of bUlbjpapilla ratio tor sYTimetrioal and 
Asymmetrioal faoes of the papilla ta.ken on ea.oh side of a 

-Gra 

differentially shorn lamb. 
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2 
are greatly reduced 1n their resultant effect upon the ratio. 

In th case under cone14 ration me surements were ta.ken with 

a micrometer ey piece working at a magn1f1cat1on ot 60 diameters~ 

or the purpoee or drawing graphs the ratios were placed 1n 

fairly large groupe ae follows:• 

1.1 - 1.4 

1.5 - 1.a 

1•9 • 2.2 etc. 

sets ot graphe I - TIT
1
each arawn from meaeuremente ot 100 

auoh tol11elee are prae nted b lo- ~or oaaee of dif9 erent1ally 

ehom lamba. Gr&pha ahow t.be varying rrequeno7 ot the ratio:- " 
Max1~um b~~ fiamiter ~ Maximum Pap ra. D ameter . I 

for (a) the synaet~1cal race.or the papilla 

(b) the asymmetrical race of the papilla 

taken at J.• 18 hours after shea~ing one e1de ot the animal 

11. 2 weeks after the nbove shearing 

111. 6 months later during mid w1nter hen fine pure 

wool wae being produced. 

·rom these graphs it is seen that:-

The symmetrical face or the papilla 1B d1et1notly wider in 

referenoe to the w1dth of the approximately o1roular bulb than 

te the aaymmetrioal rac • Graph l• 

As a result of shearing there 1s no very apparent change in 

the diameter ratio ot the symmetttical tac•, but a distinct 4e• 

eNaee 1n this rat1o 1s shown tor the as1mmetr1cal faoe. 'l'h1a 

denotee a relative increase 1n the ~ lnor di eter of the papilla. 

Graph 11. 



, 

.1iI Graphs of frequenoy of bulb/pa.pill& ratio tor s,ymnetrioal and 
Asymmetrioal faoes of the papilla ta.ken on each side of a 
differentially shorn lamb. Graph 
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At t e inter P r1o4 the 41 eter r t1oa on the shorn aide 

haver tumed to no 1, b 1ng oomp& ble w1th those shown 18 

hours after ehea~1ng and with thoa taken on the 'lnehorn e1de 

some two week aft r ehear1ng. Gmph u1. 
eaaurementa dn tne Height ot the Papilla. 

Co1no1d ntly with the above d1amet r m aeuremente, the height 

or the papilla was noted 1n e eh oaae, viz., for skin cut 18 

hours after hearing, two w eka after shearing and in midwinter 

six nthe fter ahear1ng:-

Case ot irz tipped animal ( No 659) 

M n height of' papilla at 16/12/32 tor 100 tollicles:­

(a) Shorn etde • 1e., 
(b) Unahom e1de • 19.0 

Mean be1'l}i.t or ~pill &t 30/12/32 tor 100 tolliolee:-

(a) Shorn 114• •la., 
(b) Unshorn aide• 1a., 
e~n h 1ght or papilla at 12/6/33 for 100 toll1oles:-

(a) Shom alae -1,.5 

(b) unshorn e1de -1,.a 
Cae ot a non-hairy tipped an1 al (No 624) 

Mean h 1ght ot p pilla at 5/1/.,-, for 100 folliolee: -

(a) Shom side •20.4 :: -10 

(b) Un1horn side •17•9 "!. •11 

an height or »&Pilla at 12/6/33 to~ 50 roll1clee:-

(a) Shom e14e -1,.4 

(b) Unshorn e1d -1,.7 

From the above reaulte th two animals show 41t'f erenc 

\ 



~o . 624 was uif1erenvially snorn but was a non hairy 
Gi.P.i:>eu. animal anu. conse c;;.uenti c-lly diu not produce any 
mauullation ~s a result of this shearing • .Nevertheless 
a ~istinct change in the bulb/papilla ratio is shown. 

.N o. 758 Showing changes occuring at the cri s i s level 
in th8 l&mb's coat. 

.) 

./ 
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ot reaction t th etteots ot shearing. Ae tar as the mean 

height or the papilla la -conoemed the tiret anlnial (No 659) 

was not affected. The aeoond animal showed a e1gn1t1cant ln• 

orea e 1n the mean height_ or th pap1ll • A very noticeable 

change w s oba rved 1n both ·an1ma11 aa a i-eeult·. ot seasonal 
cond1t1one. This change oonalated or~ marked decre se 1n the 

mean he1e;ht or the papilla while at the same tlm all ha1r1neae 

disappeared e.nd tbe fibres beoame ve~y tine• H nee it ia aon­

clucled that the pap1lla can markedly ohang its shape, mon, par­

ticularly s a result or seasonal· change_ and to a 1 seer degre• 

as a result of shearing. -

These changes in height ae t~ey arrect-medulla.format1on Pe 

s1gn1t1cant 1n vie or the work or King and N1ohole(2) 

Aasum1ng that the central portions or the fibre are red by the 

upper portion or the pap111, these port1ons w1U, when th 

papilla 1e short, ?'ece1ve a cyst1ne supply much more neal"'ly 

a1mtlar to th tor the outer layers or the r1bre (fed b' the baae 

of th• papilla) . Hence on th1e oyst1ne gradient theory the 

absence of medUll £an .he 1 u~d.el"..stoocl. In general, medulla t 

torm d_where the pap1lla ls moderately thin and very tall; or 

mod rately tall and very etout. In both caaes there ould be 

a ~1at1not gradient in the supply ot nutrient tter from base to 

tip of the papilla. , 

Relat1QDGblp; (Di&metsor ot (g112,Qlt )l11h) x 2a[>1lla vql •• 

From further eer1ee or data, taken working at a magnification 

or 250 diameters, curves were drawn tor (diameter or toll1ole 

bulb), ag inst the p p1lla volume. 4rom th1s proc dUN the 



! 
th elopee or the cur:ve at shearing t1me. during winter oon-

d1t1one and at the cr1a1s level ( ot·the lamb's coat<3>) oan be 

oomp red. It 1 distinctly aeen that the elope or the curves 

varlea 1n uch a way as to show that medulla ls produced when 

th P p1lla 1 large compared with the to111cle bulb. Gr ph iv. 
1th refer nee to th Phenomena oocurr1ng at the cr1ela level 

there 1s evidence that the reduotion in medulla cannot neeessat•lly 

be attributed to an alteration ln the inherent dr1ve towards 

medulla formation, but can be considered as due to ehans s 

in the d1mens1one of the papilla. Graph Y. (~e1 .'1 $'!). 

~rom the above eons1derattone lt appears that the 41111enaiona 

ot the to111ole bulb relative to the papilla muat be look~4 upon 

as having a profound 1ntluenoe on medulla formation. The phy­

a1o1og1oal slgn1t1canee or this may be sought ln the greate~ rate 

at W'h1ch t1bt"e oelle w111 be pueh d upwards t hus further 41t­

terent1at1ng between the ava1lab111ty ot oyettne to cell or­

iginally near the papt Ua base as compared with those trom ne&r 

the papilla tip. 

~ latlonah1p: cross aeotional area ot ~ibN x 2ap1lla vol •• 

Graphs were drawn to show the relationship or the product ot 

the two d1 ete:ra of the ell1pt1eal tlbre to the product ot the 

two papilla 41ametere and its height. A ver1 d1st1nct relation 

1 shown between 1noree1ng cross sectional area of t _1bre and 

1ncreae1ng papilla volum a. Graphs Vl & vu. 
Furth r detailed measurements on the pap11la end the tollicle 

bulb w111 doubtless th!'OW much 11ght on taetors that ·1ntluenoe 

t1bN length ae well aa · t1bN 41amet&i-. Prel1m1na17 4 ta 
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oouapar1ng shoulder, back and brttoh, have be n suggeetlve 1n 

•xt>la1n1ng th gradient, th t 1e ehown ae a general shortening or 
the fleece from neck to brltch. At the brlteh the papillae 

are stout n v ry stout tol11clea, but they are not1ceabl7 ?'e­

duced 1n height as oompared with the papillae at back and should•~• 

e thus have a toll1ele con truoted on a larger ecal but r d by 
.. 

a pap111 that 1a relatl vely mall. It 18 thus reaa;onable to · 

believe that the rate of gN>Wth in l ngth w111 be lees thouah the 

t1bre croae~eect1onal area wlll be cons1derable. 

'- a •D am. Mn. Ma• e w. 
or ot Follicle ot Fibre F1bre (Max-=: 

Papilla Papilla Bulb. Pap. Diam. Diam • 100) 

• 
55 7•6 11.7 in.6 :,a 1., 9.9 59 

~2 9 11.a 29.7 ,6.1 9 11.6 100 

At the back position a papilla ot 95.4 cross section 1s P?'O• 

duc1ng a fibre ot e9.7 cross seotiono At the br1tch poe1t1on 

p&p11la or 106.! cross s ct1on is producing a t1bre ot 104.4 cross 

section. But at the back the papilla 1s working tor l ngth ot 

, 42. 7 whe~eas at the britch th working length ot t he papilla le 

only 36• 1. Hence a greater length output would be well Juet1t1ed 

at the back poa1t1on. Such a d1tference 1n length ls observable 

in the samples being considered. 

'l'he Form ot the Pa;e1lla e.n4 the Fibre contour. 

In the great majority ot t1brea that have been examined from 

'Romney sheep, the contoutt ot the t1bre oro a sectton is d1st1.nctly 



1on 

aclt 

ft 
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10 , -
ell1pt1oal. That th1a part1oular conto~ 1e co~lat 4 wlth the 

elliptical nature ot the papilla oroa aeot1on ls 1upported by a 

oonslderable body ot evtdenoe. The bulb or the to111cle la 1n 

each caee appl"Oxlmately o1rcular ln cross aeotlon. Th papilla 

~ the other hand le uaually markedly el11pt1oal 1n e ot1on ee­

peolall7 t 1ts wld at portion. The plast1o Peglon just above 

the papilla 1 slightly ell1ptlca~ • •d• thla elllpt1clty 1noreaeea 

aa the flbN aseumea 1ta eompletel7 kerat1n1ze4 atate. In the 

oue or papillae poas ts1ng equal d1mnete~at 90 4eg. the riesult• 

ant t1brea are o1~cular 1n oroes sect1on, A study or the o1rcu­

larlty r atio ot the papillae and ot tha tlbree p!'04uoed ahowa a 
! 

etr1k1ng paN.11el1am between the ell r:p ~lei ty ot the papilla ~ 

ot the fibre produced: • 

Eu.. lip ·io 1 E 
of papilla _ 1bN ••ot1on 
sect1on A B 

151 1. 69 1.42 1.16 

188 1 . 42 1.26 1.13 

J 
60 1.56 1.,a 1.13 

oulde~ 55 1.54 1.35 1.14 

ttltoh 42 1.,1 1.29 1.02 

It•• ev14ent troa the above t ble that the ttbre 18 less 

e LLip t1 e,a.L than the papilla. From a general oons1derat1on ot 

extreme caeee 1t seem• probable that there 11 an upper l1m1t 1n the 

·e.ct -l,p t Le t1 ot the t1bN pl'04uoed, whereas the P pllla oor­

reapond1ng ay widely aeymmetr1cal. Co~ve1sety there 11, 

tor lower e t -t ip t 101t1e11 ot th papill , a olo er parallellam, 

wd h fhe elt.:AAp ficdy of fh e h.l>re. 

\ 



FIGU.t(~ b 

t ' 

-A. Photomicrograph of the papilla. in a mea.ulla producing follicle 
Elonga·ted ana. a.ar·kly staining ovoid cells are quite 
ul.lllle£ous in the papill~ • 

.!3. r he _p .. _pilla in a. pure v~ ool producing follicle • :rhe J.ark 1.y 
staining bodieb e.xhibiteu in A. a.re here absent. 
Bo uh follicles were observe-... in the same section and have 
e onse<;.uently been treated ia.entically 



11 -
Or1mp P'ormat1on 

From the work ot Rossouw, Barker, Burgess, Norrie and others 

it 1a clear that the oharacter1st1c form. ot crimped wool tibrea 

can be analysed into two movementa:-

A. A curvat1ve ot the fibre as it grows, as 1r one side were 

growing more rapidly than the other. 

B. A periodic tw1at1ng ot the fibre as 1t grows directing the 

curvative at first to one side and then to the oth r. 

These two influences result in a wave-like structure. 

s.o.Barker (4) lists several possible causes as tollows:-

(a) Dehydration ~f the gel with consequent application or a 

roroe along the length ot the fibre, similar to that put forward 

by Oallandreau. 

(b) Phya1oo-ohem1cal forces at work 1n the follicle during the 

torma.t1on ot the ~1b~ 1teelt. 

(c) Surface tension effects, although this is unlikely. 

(d) Wildman'a rotatio~ ot the bulb. 

(e) A combination ot all th&se. 

Kany ot these explanations are suggested by experiments 1n 

isolated physical and phys1co-chem1cal systems. With ref erence 

to the particular biological problem at issue an exploration 

or the b1e'og1cal situation within the animal 1t•elt is being 

made. Concerning the toll1cle system the work on the or1enta• 

t1on ot the diamete~ot the papilla 1e particularly s1gn1t1oant. 

Thie suggests that the basal portion of the follicle as a whole 

rotates relatively to the non.plastic upper region of the tol• 
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l1ole which oont&1na the r1g1d and oompletel7 tormed tibre. 

ltY1d noe ot such a rotation has been g1 ven 1)7 W114man' e wo1't ( 5), 

but we re yet tar from understanding the cauaes ot auoh pe:r1od1o 

twiatlnga. Obaet'Vation.5 on the minute structure ot the papilla 

support the view that the pap1i1a N>t tee 1n4ependently ot the 

' bulb or the tolllole. Blooct veesele enter the baee ot the tol• 

licl t:rom each e1de. Sometimes th se vessels supply that aide ot 

the papilla upon Which they ent rand at other times they are seen 

to supply oppoe1t sides, being crossed over one anoth r. A tUJtth•:r 

a1gn1t1cant point ls tb&.t the7 c:roas over at a region Where the 

papilla 1 thinned to a n ok ftJ /. Juet at euoh a point 

Wh re tw1et1ng eould t-ead1ly ooeur. In addition to the twisted 

nature or the blood ve•sels. tbe de:rmal tlbttea, Wh1eh constitute 

the papilla, are also tn a tw1at d oond1t1on~33) It S ma neceSSBl'J 

that there should be aom..e per1o41o !'Otat1on at the b ae ot the 

' tolllol•• natomica.117 thet-e 1a strong support f'or papilla 

rotat1ona
1
wh.1le 1t 1s difficult to see by what other ageno1 the 

stout toll1cle baee could become twlated. 

With reference to the other component 1n or1mp formation many 

obaei-vat1cne have b n made on the out"lat1ve or tol11olea and the 

t1bres produced. Th axes ot the papilla are orientated 1n de• 

t1n1te way with reference to the 'golt•olub' ant! cu"e4 form tr the 

tolliole Ff~ ~ Av B. • V1 wing the 'go1t-olub' base of' the tol• 

l1cle aa it lies 1n the plane ot obaerv~t1on, the asymmetr1oal taoe 

ot the papilla 1s seen. On rotating the tolllole through 90 deg. 

the eJW,letrioal race ot the pap1ll le eeen. ,but the base ot the fol• 

, ltole 18 now eynunetr1oal also 1.e. without an, 'golt-olub' bend 
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( 'l'h1a detinl te or1.6.1\tat1 on lenda support to the view that 

the shape ot the papilla 4eterm1nea in pan th shape ot the tolllcle 

bue). In the tonne~ poe1t1on,A, the upper pal't ot the tolllole 

eh.owe tai- more our-ve.ture· than 1n the oaae ot the latter poeltion,B. 

'l'h1e 1e an important obae:rvatlon aa it d1Peots attention to the 
-

po111b1l1ty ot a greater rt ot growth on one aide ot the pap_1lla 

than on th other-. A few ob M'&t1ona have en ma de on the 

rate ot m1totlo 41v1st oa with :rat renoe to th ax1a or the pap­

illa, the rat being greater at the pos1t1on (x t1g • .4A ) which 

la 4.n the oute,. 1h with i-ere~noe to the oun ~UN ot thetlbre. 

'l'he most pl• sing teatu.re ot th1e prel1m1na.ry work la the poe­

a1b1llty or eat~b11ching an oM.eri, Nlationahip between the 

ae,mmetrloal nature ot the papilla and the contoUJ1 and cu."ative 

ot the t1bre. Ft-om these oon,1derat1one also th phenomena ot 

tw1at1ng oa.n be appro&ohed. 
I' I 

Aa a ~eeult ot auoh morpholog1oal 

work the underly1ng per1od1o toroee upon wh1oh d pende tb torm 

ot the tlbN 1t111 become more eaatl1 un4eratood~. 

B. petalled ss,moture ot the Papilla •. 

Pat'e.llel 1t th gros to ot the papilla. th detailed 

oellular structure ot the papilla. 11:1 b 1ng tud1el wlth reter­

e!loe to the ot1v1ty ot ttbr growth and the mechanism <it med­

ulla production. Slee relationah1ps only aNt 1nautf'lo1en't to 

explain what hav been 4esor1bed ao 41tterent phyp1olog1ca1 

potent1a11t1 a tor ha1r1ne11. 

Just a.c in the ease or the xtemal tora ot the P p1Ua, the 

internal rorm 1 equally divers 1n tructure. owing to the 

in-obab111ty ot there b 1ng numeNu ra.otors which 1nfluenc• 

\ 
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medulla torJDe.t1on 1t ls a 4ittloult matter to separate out those 

tact»ora wh1oh are eeeentlal to medulla tormat1on.. It 11 true 

that moa~ conap1ououe teaturee have been aaaoo1ate4 with medull-

ted f1bNa on the one hand. while on the oth r hand where theae 

reatui:-ea have been abaent wool t1bN waa belng prcauoed. 'l'he 

teature rete~re4 to ooneleta ot eepeo1 lly elongated an4 darkl.7 

atain!.ng ovo1d eella 1n the papilla 'J ,~ 5 A ,. B. these vaey1ng enor­

moualy 1n numb re from follicle to tolllole• Jn man.7 oases auoh 

bodies are being ahed tt'Om the papilla into the eUM"oun41ng bulb 

and auoh a oon41t1on 1a more treq · ntl7 aeooe1atedw1th a de• 

ereaee4 rate ot m1tot1o 41v1a1on and no medulla production. 

~eating tolllcles or fine t1brea M14 ot shed ke pa show a lack 

ot theae bodies 1n the papilla. FUl'ther et'tldies on the o~1g1n 

ot theae papilla inclusions and the1r abundance 1n sample• well 

lmcnm tor their ability to (a) produce medulla (b) pztoctuce pur 

wool only, would probably throw con•d.4erabl 11ght on the question 

ot the organ1zat1cm ot cyat1ne 1n th pap1lla. 

Facts have been presented above 1n the echeme of work that 

hae been undertaken on toll1cle etruotur • In this plan aiming 

at a conception ot th fleece as a whole through a study ot ifs. 

el ente, the ,1ntel'J'elat1onah1p ot the varloua character 1a st at.lily 

born 1n m1n4 • 

J 
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