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SECTI~N III. 

I. BRI TCH - lJI'THBRc E' I BRE - TYPE .ARrt.AY GR.ADI B'f'1T. 

The "resen t inve Et i ga tion confir e d Dr . Nancy 

Galp inrs re~ult {25} as to the JOfterior-anterior g ra d ­

ientc. b fe . exam pleE are plotted on g raphs 5 and 6, 

honing th - gra G.. u · l tramitL:>n from britch to "l i thers. 

A fAh exce ptions to thiF rule have oeen f0Qn0 bu t for 

the reaeon explaineC. in Ch~,pter I no account of theEe 

exce p t i ons ~il l be given here . 

In the prerent lot of la~b~ one exce pt i onal 

l h mb har 1een examine d , havi ng more checked Rrrays on 

the rum p and '1)2 ck tha n on th P . i de ( 1.amb o. fl) . Thie 

l amb ha1: avine on the r.J.m p anc. oac~ a n Sa d.d. le on t h e 

si c. e . Th iF Sade. le is ver:t c lJsely au:octate ilh Vall~y 

and a ctua ll3 i t started as a typical Valley having a 0 oo d 

many <'iciele fibres n C. a fe ~ . c urly tip fibre s fine . 

~ .eQulla haE revived only in the midc.le of the l e ngth of 

the fibre ~ nd be c ause of thi~ f a c t the ar l Y has to b e 

dee me d les r checked. th, n it Na r at fir~t ~upp~sed {s e e 

page 86 ) 
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Another poi n t .orth ~ent i oni ng is t he br itch -

ha lf britch g r a i ent::. It may be r emembe red t hat -

( i ) t~eEe t ~o ~aw~i : ~~ r ~ ~ l ~ i 0 ns a re f a irly 

c lJse together; 

( i i) i n t he majority of my lambL bri t ch po .... i!.ions 

have Pl< teb a rray ~ with ~addle arrayf ( i f 

not mJre checke a &r ay~J on t~e ~alf bi i tch; 

( i iiJ the ma~ori~y of br itche ~ have a hibh grad e o f 

ha l o - hair nb undance, beinc; deliberately ch· en 

i n ar ~e r to t nveEt i~ate the si~n i~icance of 

man.1 - hal) - hair brit ches i n relat ion t o hair i­

ne f. on the other .body re _, i}n~ . 

l'hi 1ill be ii::ru.ssed in th.- next eectLrn. 'Ie r e it :~ill 

oe Euffic ie nt to .Joi rit out tha 1 i n l amJi1s hav i ng many- halo ­

ha i r br i tche s and free or fairly free of ha l ~ hairF J n the 

half-Or i tch , the ffi;><'t def i nite }l rOe, re~L i n fibre ty pe arrcyS 

'l'h i s iE underrtandab le in v if' of 

the e &rlie r d i ~ caEEio nf dealing · ilh the centre of 5 ra vity 

of t he pre -curly- t ip fiore group , ~here it ha~ t e en pointe d 

Jut that the scar city of halo ha i r ~ involvet the r-hift i n6 

of t he cen t re of grav i ty t;> arde sickle fibreE . i.>uch a 

Bhifting i~ cauf' c d by a mJr~ intense r e - na t u. l c he ck ?.O d 

) f c our se thi~ latter dc termi es the array . ~ence f1om the 

lack 01 halo hairr it i s qui t e Eafe tJ ant icipate tha t on 

such an area at least Saddle arr t y 'i i ll be f >Und. 
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TABLE XVIII 

DISTRIBUTION OF ARRAYS. 

Exprefsed ae the percentage of arrays in different 
body regi JnE (a) and on the same reg ions in dif­

feren L lambs (b). 

(a) 

Re 0 i on/ 
rray Plateau Sadd l e Ravine Valley Pla in 

~Vi the rs 6. Q 2 7. 'J 80.0 
Back 6.0 8 . J 10 .0 27;0 
Side 6.0 15. 5 15.0 2.;.o 20.0 
Rump 6.0 2 .a ' 5. 0 a.o 
Half -britch 6.0 38.0 35.o 9.0 
Brit ch 70.0 15.5 5.0 5 .©. 

( b) 

Array/ Ealf 
Re5ion .Vi the rs BacK ide Rump Brit ch Britch 

Plateau 6.0 6. 0 6.0 6.7 5.9 70.5 
Saddle 6. 0 11. 5 20.:) 29.4 11. f 
Ravine 12. J 17.5 46.6 4]) . 2 5. _, 
Valle.Y 70.0 70. 0 59. G 26.7 2~.5 11. 8 
Plain 24.0 0 • ..J 6. 0 

all in 6. 0 
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L Distribuli.Jn'fof the &!'I<::lJ'E over the Lamb'::: body. 

Taoles NJ~ . XVIII~ and XVIII(b) as ~el l a graphs 

5 and 6 are given in order to illQstrate the orderlinesE of 

the array distribution found in the lot of lam~ shudied. 

The~ e t bleE are of ~ · .ich n obvious support to the above 

expressed vie .s th" t further dif'cussion is not needed. 

The percentage of hairiness ha~ been ascertained 

by th .J:c' leece Testing Department uc-ing the rredtillometer 

devised by Dr . • R. Mc Mahon ( b ) • The re stilt..., of tb e se 

~re tabulated i n Table XIX and graphs 7, 8 and 9 . 

Pri r to the difcuss ion it is felt, tha t in 

order to ~et a behter insight into the hairiness . situa­

tion .i th in dif erent arrays over the body re8 ion, t he 

follo dnu point~ mu8t be remembered . 

(i) the Qata 5iven for the hairiness in ~ome arrays 

(marked ~ in Tab le XX) are too scanty on th P one 

han d . On the other the v· ria tions t~it hin arrays 

are too large. qence t he discussion .111 b e 

confined to da t a -..hi ch re pre "'ent a fair number 

of a rray s; 
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(li) . From thP r r0 viotl~ diFC' lSl:ion it i£ under-

pt ·:or· L!11: t arr:..~· ..: are llri k:e: d to ea~h othe r. 

Plateau 

Lamb No. 

8 2 8. 3 He 
11 6.4 He 
2-7 35 . 0 Hb 

4.; 2 . 3 He 
44 30 .7 He 
46 1. 6 He 
4 8 6.J. 0 He 
7 4 93 . o ri: e 
75 24.6 He 
76 37 . '"' He 
81 49 . 8 He 
82 49 . 2 He 

.:f..= 4 2 . 3 

74 104. 0 .c 

Ma 

TRBl.E XIX. 

Sa dd le Ra vine 

Lamb 
• :::> . 

Iamb 
No . 

T R I T c 
If 

6 27.3 He 1 31. ·:J He 
65 45 .A He 

M= 3 6. 4 ' - 3 1. 9 

3ALF - BRI TCH . 

8 27 . 1 Hh 6 15.5 Hb 
11 34 .2 rre 4.3 11.5 Hb 
27 31.4 He 46 l ~.4 Rb 
48 47.0 He 75 21. 8 Rb 
65 ~6.0 He 76 42. 0 He 

81 41. 6 He 
82 ~4 .5 He 

35. 1 [ ... 26 .6 

Va lley 

Lamb 
o • % 

35 15.2 He 
84 9 . 4 Ht 

. • 12 . 3 

l 9 • .3 Ht 
3b.15. Hb 
44 15.7 Hb 
84 10.9 Hb 

..i • 12 . 9 

(eon. ) 



Plate a u 

Lamb 
No . 1{, 

!:>a d til e 

Lamb 
lE No. 

74 109 . 0 He 8 13 .5 
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!\ -,, vi r.ie 

RUMP 

H'.t 6 9.3 Ht 
11 20 .6 Hb t> 27 23.5 Hb 
48 4 0 . 0 He 

M= 24 . 8 

74 108 . 0 He 8 17. !I t 
8 1 28.5Hb 

.ll.~ = 2-'. 1 

.,_ .-

46 
65 
76 
81 
82 

19 . 0 Hb 
41. 5 He 
25.6 Hb 
15. 9 Ht 
24.5 He 

22 . 7 

. I DE 

6 7.4 Hb 
27 17 . 2 Eb 
e2 . 4 Hb 

M= 11. 3 

V ·:· lley £lain 

l~ rnb I.2 .n) 
JE No . % x No . 

1 10 . 9 lib 
43 10 . 4 Ht 
75 16. 5 lib 
84 12 . 8 Hb 

:M = 12.7 

1 1 8 .7 Hb 44 J . 1 T 
11 9 .7 Hb 
35 8 . 9 Hb 
43 7. 0 Ht 
46 9 .5 . t 
48 :. 9 . ., Hb 
65 11. 7 Hb 
75 4 . Z H t 
76 15. 0 Tic 
84 8.2 Ht 

M=ll. 4 

(con. ) 
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TA, El!' XIX (con. ) 

Plateau Saddle Rav ine Va lle;L 

Lamb Lamb Lamb l4mb 
Jo . % Ji No % ][ No 

.,., 
lf. No b Ji. 

BACK 

74 6. 0 He 82 16.4 Ht 8 8.1 Ft 1 4.4 Ht 
81 9. 8 Sb 6 5. 0 Ht 

11 J2.4 Ht 
&:.7 lL 1 Ht 
35 9 . 8 Hb 
4.J 6. e Ht 
44 4 . 6 Ht 
46 c. 7.7 Hb 

M= 8.9 

I'11HERS. 

/ 65 19. 7 R\, 
76 10.3 Hb 
7 6 26. 7 Ile 
84 6.8 Ht 

12 .7 
-

74 82 . 5 He 6 2.0 T 
11 6. 0 Ht 
27 8. c. gt 
3b 2 ·1 

• v T 
46 7. 1 T 
4f. 5. 9 Ht 
65 3 .7 Ht 
7D b. 1 Ht 
76 6.8 Hb 
81 2.. 0 T: 
82 2. 0 . T 

84 2. 7 Ht 

M -= 4 . 3 

x Legend : 
He - hairy thro u.g houL, e o ual thr~ugh ... m t 
Hb = 11 11 le s... at bu tt 
E t :: hairy tip 

T - Trace 

.f'la in 

LE.mb 
:) ~ :K 

l 2.0 T 
8 2 . J 'Y 

4~ 2. ,., ty 
44 2 . 0 T 

M= 2 "' . , 
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,, µ ,,.~ a 

..t'l8. t, · :ill ;;.,auu l e tla vi ne 

4 ::. . 3 3 b . 4.K vl . J£ 

.).J . l 2 6. 6 
24.8 22. 7 
f:._, . 1 li 11.3 
16.4 *- 8 . 9 

~ one or t to samplef only . 

JE 

Va l l ey 

l~ . 
12 . 9 
l~ . 7 
11. 4 
12 . 7 

Plain. 

4 . 3 2 . 0 

Unc...er the na 1.e o l one ar r'.y, say 2 1~ tea u , , re @.rou · od 

a Eerie::: of arra •. :.; the left ine, of L.wh a ~eri.ec m~,y be 

tl:u.lc_,ht 01· a .... lin.<e U ,t-1 ·'> i th a hypotheticc.:..l array ~ti 11 

"to ghEr 11 than "':la teau. , • ,erec.d: the r-i ht .in6 iL lin.ce up 

ith tough ~addle ( iJo racri rg on ~:in te u) . In an evoluti Jn -

ar.y l e nse tr arr:yE are nothing bu~ grad tiel E:tepr-:: , inti.n -

ately conr,ec Le d . iLh each other in li ne hr ordrr , Fte p h i c h 

m rk the p&lh of th e evollltion pr~c e ss i e ading Lrom a more 

pr imitive coa t to a mHe im pr 'J veo one ; henc e the 1·0 ver -

la p i n5 r _f, TeV i JLlSlj ct i E· CllU:Oed \"'hich 0 CCllr red i n the~e a.L'ray s 

i E only to oe ex pe c te"' i n ha i 1ine ss. 

(i i i ) T he ':h e ad'' of an arrc. :,r , t h e: t is , '" re - (!u.rly - t i p f i br es 

and checke d c urly - t i p fibre~, p l ays a de c is i ve ro l e 
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in the det e r~inati~n of the arrayt &s wel l a~ ir. the 

·~·tie .re are, however , 

still other i.'a ctors i.• hich ao not p lay a ny ro le rvh t -

soever in the determinat ion of either arra y or kernp, 

but they p lay a dPcisivc roln i n ha irinesE ab ll.ndan ce. 

These f[ c~or E are: 

the precipice, 
cri i~ Lhinning 
base or inb~rn) ha iriness 
abundance of hi e terotrichs letc.) 

,ie call e e.. tentatively tb e f orce.., r f-rponrible for some 

of th ~ a bove henomena 0 ts.il c heck" an C. th ir wi ll be 

discus~ed in due courre . Thus it i< ap~ re n t from 

th e ~ i F c u~Eion o f hairinesE, a d i r cusr i on baee a on th e 

ar r aj .... , ·~ h i c h for their part , arc de te rmin ed '.:>Cly by 

their "heaci. 11
, :~e can expe ct E omeLLn •t: to ge t 1e SE hair i -

ne ... 3 in more pr imitiv e array~ or mvre ha i r inesr in 1e ss 

pri mitiv e ones . 

(iv~The distri bution of hairines~ in the sample i~ of 

great i mper tan oe. ~,h i f3 i r. denote d in Ta bl!lt XIX 

third column) by E-yQ).bols borrowe d fro 'Yl lr'.'f . D.. The 

expla nat ion of these symbolr ii:: to be found a'. tbe 

e nd of the 11 ab le. 
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1. Hai rine s in the _ samP. ~~~y~ on a i f f erent 
_body r e[ i ..;r.:.:. . 

(a) ?la t e ~ u a r raye . 

The moi::L pi11ltivc ·ure. y f\:m !l C io Lh e 

New t..e ala nd Romne y i s the .t late a , and t he re f ore 

i t wa s no t ~ Qr r i Ein6 t o fin d in theDe a rray ~ t he 

highe t t .percen t a ge of hai 1·i neE . In t h i " lo t unde 1 

pr et. eilit et udy , all the .Pl ateau. ar r ayE e xec pt 

t h0Ee uf ~:we a11i w?.l , ~e re .found on th e britc h 

r eg i on • The percen t a g e of hb i r inesr rangeE from 

.c4 . G pe r c ent to J.3 . 0 per ccn l , the .1ef n be ing 

4 t;. • 3 pe r ce n t . A• 11 the s e Ea mp 1 e E we re 11 ha i r y 

thro ue; hout 11
; only one w0 e 11 l e EE h::i. iry at t he bu t t 

e n(1" . 

s t :> thP other b oay r e <-. io ns , only one 

l amb Wa E inc l uded i n my .:.later i al wl ith P la te a u 

any 1Jhe r e b u t on the b r itc h. Th i s I amb ( ro . 74 ) 

iE L-ty pe , ha ving e x tra ord i narily c halky f i b r e s 

~ i th ha i r i ne"E pe r c e ntage E oecilla t i ng in t he 

vi cinity of 100 per ce nt. I n ep i te of th e 

lack of othe r da t a t h r re i ~ no r eaeon t o Eupp oee 

t f18 t the perc ent ae:;e of ha i rine ss i n the .r·l a te a u 

arr ayr on o ther bo dy r e6 i on ~ may be s i ~nific f n tly 
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'2 he :1Per:,:: oi hi:.i1· iness in ~adclle Brray s 

on the britch and h~lf br i tch re~i~nR ~ re feirly 

clo&e to that of ? late a u; the othe r ~ te nd to 

be lo · er . 1hether lhi~ tendency i Q a re a l one 

or due to t he f C8. rci'y o.:. C.a t& it i s impossi b l e 

to/:: ay. As t .J the d istributi~w of the hairiness 

do~n the staple it iE intereetine ~o notice that 

/' 
11 Hc 11 (Hairy thDoughout) a.re d iminif:hing and '':I 11 k 
(les"' a.t butt) or even "Ht 11 (Hairy tip only) a re 

increastng . 

(c) Rav ine Ar ray s 

The nean~ in t hefe array s are a bit 

lO •Jer tha n for ~ad ,. l e arra.y ~ . l'h~ tre nd is 

ma in t &i ne d. . Ago. in an a ppreciable decrease of 

"He " and a great increa~e of "Hb!~ 
·:..;-

(d) Valley Arrays 

The means of hairines~ i n V lley arra ~ s 

ehoN the meet sig nificant de crea se and the most 

sta bility over the body regions, except for the 

~ ithers regi0n where a ~arke d drop occurred (Bac k -

12 . 7 pe r c e n t , w i t he r e 4 • v pc r c en t ) • The 

deviat i ons plus a nd mi nu~ from the mean are sma ller. 
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Tab le XXI shows the distribution of hairiness d own 

the staple§ 

TABLE XXL 

Region Britch t-i a lf '.Rump Side Rack i i trie r ~ motal 
l:3ritch 

Re 1 1 l ~ 
Hb 3 3 5 4 1 1 6 
Ht 1 1 ± 4 7 7 21 
T 4 4 

TO T.AL: 2 4 4 10 12 12 44 

Out of 44 Valley ar rays only 3 a r rays werr 1 Rc " , 

this being less than 7 per cen t of all alley array s anal-

~· i::ed. The distri bu ti ' n of hairinef3E C.own a nd along the 

array is of very g r eat p.rac tic 1 importance. In the 

pre"'e nt tabulation we a ctually \•1atch the g ra d ual decreas-

ing of "Hc 11 from P late a u to •. addle, from Sadd le to Hav ine 

and from Ravine t o Valley . We expect, too, that we ill 

reach a stage in iJ'a lley or in Plain arrays where 0111~ a 

trace o f ha iriness is detect~ ble. This assumpt i on is 

very covrect . ~huE ~e co uld advocate: Select for 

Pl a in ar rayE in order t o ~et rid o f hair i.ness. 

ho 1! ever, very f?.r f rom such a su56e ~ tion. '.L'here Ere 

a couple of r eaEonr .. hy it is co :-is idered tha t fllCh a 
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sugge~tion is not to be put for v. ard. Fir st: Plain 

array ~ are f ound usu.ally on the withers reg io n, that 

is the most improved regi on of tee fleece and it seems 

very difficult to raise the standard in other pa rts 

of the fleece ~~ the New Zeala nd Romnay up to Plain 

arrays ; second ly , P lain arrays are inc li ced to hav e 

the c ount much high er then the s t§ndar d c ount for Hom­

ney breed, hence s e l ecti on for ~P la in array s involves a 

Fimul taneou .. selec t i on for higher count and the 1a tter 

i s ur..de~ir~bl:e in tte liomney ore e • 

The data foQnd in he prerent study suggect 

t hat Valley array£ and particlllarly Neak or truncated 

Valle y arrays &re t he very arrMyc sele c t i on ehould be 

bas~d upon• It, mey be retLembered that the hairiness 

which i~ confined to the re gi on up to the cri~is level, 

after whi ch it dissp peaN, if rat!:el' harmless s nd 

tolerc.ble . '1'his is e ~pecially for ·alley arrays which 

such Valle3 arraye whi c h are "He" are unde~ i~able, all 

the othe rs are deEirable. The former comprises only 7 

per cent of the t~tal Valley array e analyEed . I t may 

be intere i::t1.t1g to cit cu.s r theEe three arrays . 'l'he fir~t 

one, f 0und on the britch region of Lamo ~o .35 le a toug h 

Valley array, a ppronchi:ig 11.avinc arrc:.~, having only 3 per 

cent ~f c hecked c urly t~ fibreF nd 3~ ?Br cent of neak 

cur ly ti p fibres. 
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The lat t te r are more or less chalky throughout, wi th 

a s mall portion fine after the c r i i:: is level. Pe k 

a.11rly tip fibres are the a ctual fibr es resp<ln ~ ible 

for the hairiness sustained down the ~taple although 

this 8rr~y i~ n0t heavily medulated (15.2 per cen t of 

ha i r i ne s s ) • 

The secdlnd one, found on the cide of lamb ~ 76 

is again "tough" Valle3, having only 29 per ce n t of 

fine sickle fibres anu 11.6 pf c hecked Curly tip fibre. ~ . 

The same applies to the thirEl. Valley found on the back 

on the same lliamr;Q. This array is approaching Saddle, 

having a well developed pre - cu.rly -ti p fi bre g r -:>Up , Nith 

only 36 per cent of fine sickle fibre~ in it and ?.2 oer 

cen t of checked curly tip fibres. These figuree are 

well below the ~ean for Valley arrays (see page 87), 

~he percentRee of hairiness bein5 15 per cent and ~6 .7 

per cent respe ctively. 

Thus it is plain that the sbove Valley array s 

are border -line oneEt and they are not truncated 

Valley arra;y~. 

2. Hairinese in different arrays on 
the ciffere nt body reg i one . 

11n.a data tab1.1l1: ted. in Table XX and g re rh s 7, 8, 

9, 10, and 11 Eudgest a Flight inclination to decrease 

the pe rcentage of hairiness ir.. the follo·.ving order: 
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Britch, halfbri t ch, rump, side, back, withe rs . 1here 

a r e, however, some iiidividual variation~. In the major-

ity of ca2es the britch r~~io n , hav i ng aE a rule the 

leas t de pressed arrg.y over the lamb 1 s body , hae al8 o 

the highest perce nt a gE ::Jf bai r i a es:::, .• hereas the :J1 i the rs 

reg ion , having the most depreesed array._, has the low­

est _rerce n tag e of hairiness. As to the former, it may 

be menti 0ned that a f e N exceptional ca se::: ·•ere f :HUl G. . 

They are: Lamb No . 74, N-type (graph 7) having t he 

percentage of hairiness high-er Ol! the half-bri tc h t han 

on the br itch and highe s t of 11, on the r ump. Lamb 

~o . 76, Plate au on britch and riaviue on the halfbr itch 

(gra~h 8} th e latter is a li tt le ffi ·Jre hairy tha.n the 

fo r mer and finally Lamb No. 84 with Val ley arraye all 

over the body (graph 9) having th~ same tendency &s 

lam~ o. 74. 

As to the other r egions, a fe w e x ce ptions are to 

be seen onfahe graph~ and therefore they need no furth 0r 

di:cassion, e xce pt one point whic h ra ise s a quest ion of 

considerable practical interes t, namely, the rignif ic ­

a nce of high abundance of halohairs on the bri t ch, with 

far fc ~'< er halo hairf on the ha l f britch an d on the re[:t 

of the main areas of the body. ~he ans we r to t he above 

question ii: t.o be found in g ra phF 7, , 9 and l l sho wing 

the pe rce ntB.ge of hairine f>~ over the bo dy re g i ons . Graph 

7 sh0ws f- lateau on the bri tch a ro Saddle on half br i tch~-:. 

; . 
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( Lambs ~os. 8,11,27, 48 ). Grap h e Eho ~ s agP in P late a u 

~n the britches b ut rta vine on Ha l f - britches 

(Lambs Nos. 75, 43, 4v, 76, 81; 82). In the graph 9 

Lamb Iio . 65 with Saddle-saddle; .-a . 6 Sada le-ravi ne; 

' u No. 1 Ravine - ravine, and ~o . 8~ - Valley-Valle~ on 

britches and half britches respectively. .All the 

2bov e gr&phP eho, Lhat uCTua l ly half -britches are : ess 

hairy th8n br itches but the differen ce between t hcGe 

t wo re g ions are less ma rked than between the other ex-
~ 

tremes, namely - withe rs-back. The diminishing hair i-

ness ~rom the britch regionE t owards half br itch 

reg ions ta.lees pla ce in slow a.nd ratr1e~ g ra dual f8.~hion, 

hence in the cours~ of ~electi o n aga i nst hairine~s the 

tri tch re g ion is . f grea t significance. 

Plateau or ntough" Saddle arrays (e.g • .:10 . 65) 

on the b ritch regions involve: 

(i) arrays on half britch regions more or les~ 

as ~oci s ted wi h Plateau arrays rather tha~ 

wi t h P l a in arrays; 

(ii) high ue1·ce ntage of hairiaess on the half 

. bri tch. Thi~ is fo r Sadn le arrayc higher 

then 26 per cen and fo r Rav ine higher than 

11 pe r cent. AE it has been said the hairi-

ness i'"' g radually a i mi n i 2hing from bri tch to 

~i therE, hence i f the starti ng poinl i~ hidh 

'fie ca nno t expect any rns.r"j:ed diminution 'Jf haj ri -
,, nes.s on the hino por ti0 n of the fle ece. 
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Since the hairiness is co rre late d with arrays (graph 11) 

it iE f:ugge;::ted that the idea:J..plan ~ oul d be to ba se 

~election agRinst bairi nes ~ ~n truncated Valley or Havine 

on the britch. 

Thus we a r rive Ht the esmc co ncepti~n as Thomas­

set (47} who sugge c t ed that sele ction aga i nst hair inel3s 

be based on t he tail. Thomasse t 1 s s \'5~€ r- t ion can:-:o t be 

dis cassed he re beca use t he hRi rines s of the t a i lr . ~ hich, 

though grad.8d for halo-hair r , were do c ke<1, has been left 

out of a ccollnt in the pret=~nt stu.d,y. 1rhe Lritch was 

c ho~en be ca use the hairinesE of that region itself ~ of 

~ub._ tan t ia l prac ti ca 1 i !11po rtanc e . iVhe r1 we bear in mi.nc 

t hat the am~rela tion between b ri tch halo gra de anu t ~il 

.... hal o g r ad e is hi g h r = + .78 (I:r . Dry'E p ert:or.;.E..l 

communicatiJ.n ) the reE'ult of th iE present inve e ti.:B. ~ io :1 

sugee~ ts that it .v o11ld •e worth while studying the ~ ie;­

nificance , f or the ha i riness of t he reEt of the fleece, 

of halo-hair abundance ~nd di st r i but ion on the t ail . 

It is well to reme mber t hat wool as suc h is a 

sub.iec t of different i ntera cti'.) n~, not only of genet ic 

origin but a lso of e nvi r onmen t al (llcY&h on - unpublished) . 

Therefore 0. 11 suggc 2ti 0ns 'hh:. c h come a!': a result ot an 

i nv e ~tigati :)a of. a gi ve u problerJ 'ucl:::Ot oe ca refG.11y 

examined &~e inst Lhe ~ackgra una f rom ~hi c h the p~oble m 

7.ae pick ed cut anG. af le .r E 'l C h a f inal t er t 1 e ca n 
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believe that suc h a pr~cti cal Eugge Qt i on will no t ~is -

lead a practi cal oreeder. ~ e rtainly f~rth e r investi -

ge.tion ir ne eded to te"'-t th P c: uge;er-ti .} n t hat i n order 

to g e t rid of hairiness no matter ~ hether kemp h~ ri -

nesE or not, Eelectiou mu~t be Jased upon t r uncate d ' 

Va lley and that the cru.cial posi ti::>n should be the · 

britch. .All the ~ ame, from inquiries maue in F. T. - • 

it seeme to me li kely that truncated Valley array~ have 

little chance of' the reviv Hl of bairinefas in :::ubser~u.c .1 t 

fleeces. 

ItI.FJrces resp~nei b le for t~e diminQtion 
of Rairines 

In the prece d ing ch <-1 pter the 1'head 11 check war 

disc ti. .. sed. It wae poin.ted 0u.t that this check oat1 r 3S 

the head of th€ array \.o 1::e fine. Mention h3. 8 a lre 2dy 

een made th~t there a re 0ther forc ,s which caure the e nd 

or tail of the CL.t.rly - tip fibres t.o be fine. 

action the ten1 "ts il checkn iE' conveniently applie d , 

for contrary to the h~ad c heck "tail che ck" starts Lo 

~ork at the end of the curly tip series and it~ expan-

Pion is directed toward~ the middle of an array. In 

Plain arrP. .. s - ~ here both the crec1cs re~ch their climax, 

they ca~se all peak CQrly tip frobres to be fine nrt 

t.hlls tae se tno checks c ·J rae together. 'l1 ~e "tail" check 
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probably exerci f, eS i.ts influence 0n the perce ntage of 

bisterotrichs for wben th ~ chalkinesE ie main tained 

well along the array the ocrc~ ~ cage J f hi~terotrichs 

i s hi gh.er . 

IL i~ pro oose6. t.0 d ifC USE' !1 0 '/w the rrtail 11 

c he ck i n i t E pr i 1un r y f o i · :n , kn o w n a E a ,. pre c i p i c e 'T , 

and other force.., rerponsible for haypenings after 

"cricis thinningn. The .) a~ 0, )T' inborn chalkiness 

upon hich B.11 the Pe forces are a t ··•o rK, mtirt be left 

LI. t of the preqe nt di ECUE'" ion becatu e :1e ~now yrac-

ti ca lly .no th1i.ng about it. 

1. 1h~ Pr e ci pice 

Galpi n ( unpubliFhed pa_ er) defines it as 

follows : 

nprecipice if t he term giv en to Che Eudden 
change along the arr~y fro m the coarqe to 
thP fi~e cur ly- ti~ fib rc e ~ ith ~~t inter­
med iate fibres". 

The a bove definit i on i~ correct only for Eome 

:P lateau arrays. 

\ 

A precipice in its pures~ f orm can re s 0 e n 
./,v 

in Plateau ar r ays. Gra!iS 3 anci 12 Eho sue h a 
)'-. 

preci~ i ce in the length of tte fibreg. The tro~ h 

be tween the tvo oeak~ is vr:;ry deep. Ju.st the/~ame 

may b'J Pho ·JV n in the C.inrr~ter oft.he fibres. 'rbe 
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l atter is more importan t and the ref ore the di ~cussi :>i1 

il l be focus~e d o the cha nger in the f ibre d i ameter. 

The mo s t P trik .... 1g ano. i l lLimi na ti rg ex::irnples 

are pr ovi ded .y Lamb No . 74 . J..r i t hap been me!1t i c.•1 ed 

many timer, t~u:: "\i -type lamb har ve1•y co8 rse art' primi-

tive ~-;o ol and therefo re the di.f:ference i:; in th e lc;f1€th 

as we ll ar::: d i ame t er are e arily dete ctable . 

haE been found on its b.:-l tch re~i:rn a very c::har9 r 1rni -

pi ce bot h in the le gth and ~iPmete r of the eu_ ly- tip 

se rier but .. hat i~ extremely ir:tei"efU.11g i c:: that 

(i) thi r 9r~ ci pice occtir1·e d &t th e very beginning 

of the curly - t ip ecrie 8 ~nd thu~ i t haE 

sharply d i vided two f.ibr·e/ty peE fr· ow ea.cl1 

ther, and 

(ii) the pos t- preci pice fihres .ere not actu'"ll;y 

tinP at a l l &nd •ere hairy . ·r he pre-

preci pice fib.ref , i.e. H.T . C. T. i'ib res, 

'fJe rc F J extremely ch&Jky and thick the t 
\ 

the pos t- prec:i pice fibre~, i.e. ctirly tip ' 

fibres, lnoked 8S if they ~ere fine. 

The preci pice found on the half -bri tch 

re~ion i~ of gre&t imp0rLance tJ o . 'l he be gin-

n ing ha2 r~ trea t e J a little. {This retreat i ng -

that is mo vi r.g to .'ardE" the r i ght in the array+ is 
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app ren t only.) It is be tter to rega.rG. a. t this 

stage of L i s cu~si 1n , ~he pr e-precipice reb i J n a s 

Q~mova ble and ctable - see page 182. 

precipi c e curly-tip fibres here 8ga in ar9 no t 

fine, thoCE" on the Jeft wi ng a r e longe r a.rt coarse r, 

th0fe on the righ t wing are ~hJrter and f i r:.e 11 
• 

..1ooki ng f r om th e l eft l•) the r i ghi; wing ~·. e c, n se e 

the gradual traaei ti on in bo th length and d l ame er 

up to the extreme ri.ght wi ng tihere Lhe cllrly -tip 

fibreE a re really fine . The prec ip ice foune on 

the s i de regi::rn i s the rnor-t abrup t. The be g in-

ning ha .- t>eemingly retre r. te l sLill f urthe r , i.~. 

ha" move d more to t!Je r i g ht a 1:d )Illy a fe w pJ&t 

precipice - curly ti p fiu reE , na mE·ly the f ir ~.., fibres 

are halry, 0 ther::: are fiije or oe&. rly f'ine . .:t s ... erns 

t hat the Ei Qe re g ion has the p r ecipice Ni th t he 

greate Et drop. rhe sa rie to a le...,ser --xter1t ap-

plies to the withe re reei on , ·· Ile reas on the ruop 

regi on th e pre~iplce ie much more ~hall~w t hane en 

on the or i tch and f i nally t he ~rec i pi ce on the Jae~ 

region is f:o flat iha t lt i f' ve ry hard to r e c)gnis e 

it aB a preci ot ce and it is mllch better to ~JeR~ of 

a g.radtia l traneiLion i n bot.h <Han1;;t. er a nri le :1g th . 

u o· - . we cAn Etate t hat -

(il in six regione studied the precipices 
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f o und behaved differently. The most powe r f u }. 

JrEcipice r ar on the si de . The l ~aft or orac-

tilally none Jn the bac~ regi n. Othe r reg i :ins 

p la ce d in o rder f r om stronges t to weake st ar,,: 

.~ i .. here 
ha lf 'o ritc h 
br i tch, ana 
l'Ump . 

As to the la t te 1 , it may bz:. eidded ~ hat i t ~ar., ~.>re-:> 

akic Ni tb. t he ba ck region th :J.11 wit h the balf-'britch . 

( ii)Pof' t ;1 reci p ice c1u l y-ti J1 fi b .re "' nef>J cot be ~ine , 

as it was po$tulnted by Ga l p i n. 

meoullA.ted. In th i E partic ular case the pre-

~- o c hr.lkv that the oost-
v ~ 

precipi c e f ibres looked in comparison rather 

fine . 

{iii) The poet ~ reci p ic c .. uly-t i p fib7'es may coh.Jw 

divertity in t hei r c iameter 0nd length. Thit 

be i ng the c a s e , t r e f i r E' t 1 o t J f f' i b re s i s 

longn: t &nd coarE e £t, wherear the last lot iE 

ehorteFt and fi~e rt . All i.ntermc dia te s occL r. 

Thci::e three point$ are of primary imp ortance 

i.cJ. t he w1d.0rstuna.ing ~f the iK> .clc ol.' Lhe precipice. It 
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mLH•t oc emplla.Bi ed. once fllore that the~e c onclusi on c are 

drawn from llnmisla laable ffH ue e.r.G all th , prec;lpice::: , 

exce pt 0n t he back , ';'f'.re di s tir ctl,y and a c o.tely recog­

n i s [: b le o v. in g t o t he i' H · i t b s t a 11 t h , pre c i pi ce ·" i b re f:: 

·1•ere extremely cha lky . 11"0· , the followi ng quectio11 

ariees : we k no w al.ready that .,.hen t.he p reci:pic,~ is 

"weak'r only the l H" L f1 brc 12 B re c Ji 've fin"', an'· tb? 

rrstrongern the precipice the mor e fibree become .fine 

unti l the Etage i~~ 1•eached ••he re al l the po~t- pre i­

pice fibres a re fine . Now 114.18t tac hap~ened to th-= 

ore - precipice fibree , in other ·,- orde, doef: the upl8 nd 

t) t ~1c 1eft of thit' preci pice un ·;eri;:;o any ch a nge t. 1r1ich 

·1.ill, in turn , bring ab .. :rn t the deterioration of th5.L 

region? I t m·i..._ t be edmi t t: ed that for a lo ng tirne l t 

hat: Jeen thc1.16ht t ha t t,f:le upland <C.f the ~ountHiti £nc1 

the lower llahomet, and it was ! arc t. o imae ine that the 

moun t a i n wo uld come to .i.i.o.horaet . ::..uch a que;.t ion wae 

of in ereEt ~inue the mEjor i ty of p recipicef, or, 

stri c tly speaking,precipiceE in Galpin's i.::encie of this 

'Iv >rd , were f' ounc. in les~ checked f" rray[:, like Platea 1 

or Saddle, but n0ne of them in Va lley or Plain arra y~, 

ar1C1 natur"lly the auef' ti on arise::: - what rappen s to 

th e precip.i.e:e? 
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The na i n fe s t~rer of posL - Ire c ipice f i b r es ~ id not 

undercp many great ahange s , the influe n ce of. tt1e orce 

respor.~. i b le [01· the/precipi ce extended to ·ards t h ·:, u.i d.d.le 

of the array , bring i ng about firstly thr d i minuti 0n o f 

tair i nec:s s .r:d. fina ily c au.~ i ne, a ll fibres at tl~E: ftJot of 

the precipi ce to be f ine. Similarly t he f orce of '.:;he 

"headu c heck extending too to;.·vard c the mil:.a le O.l. f!H 

~rr&.,y has cause u t he fib re r to be .r.ine r an u fi ne r, 'lrJ' 

thur ap ·•·Lt. l b e eYp l& incd in the ev ollltiot::. E?ect.i:H, 8 

f: tage ". a~ reac i ed. llihe1•n the r i i'ferencef' betheell tb·: 

t op and foCJt o.f thi~ precipice .\ere l e v 9 lle d . 1..:1fle 

)' reci" pi ce i E & geological ter ·n , t lrnrefore it may be 

Je rmitt€J to Eay s im l y that t he top .~uE- e~ odec.. i1fms 

the to p was not the mou.nt~in, onlJI ~h ornet. 0f 1i ourr-e, 

i n the l a st ca~e a pr e cipi.ce a :::uch roay bC' haY'6 ly 

C9lled a preoi pj CA, beY'IU~e there :r.s:i. y hf' 2 eraOLl. 1 

lnot t. udde n as iiostu:lated. by Ga.l_piw.) tra.nsit i o.r. fron 

fairly cha. iCy pre - Ii reeipice fiurt~f to fairly chE lky 

p~8 t- precipice fibres. He re it may be added that 

f.L1t berland 1 s conclusi o1 s are n:i t (.j_fse imilar . 

The pre c i pice a s ur,d er~ tood in thi ~ br ac 

l'l~'aniJ1g of t;he ·:. oru. is a rattier common feat.ire of' +J. bre -

t ,ype r:1rt•f- ;,... . In rome: nr· ra:.J~ t c.t;. a 1:ca.)i E vi th. B C')n-

fider8b1·- num L' eL· o f huiry -tip-cu.r ly -Lip .fibre>8, aJl 

cur l y tip fibre~lie at the f'.)ot 0I' th e r, recipi cc. In 
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0th.erst hot1eve:r, onl.Y a part of curly-tip fibres. 

Further, t~is precipice iE in some arrayE ver.y abrupt , 

t hiP is Lhe common ca;::e in Plateau array ~ , bu.t i r more 

checke ~ a r ray E i t iE t o be found too, and then again 

all ;-o ... t- peak - cu1 ly t ip fi bre ._ are fine . Fina lly, 

the precipice is nJ rmRl ly both 11 the leng th anc the 

diam0 ter o f fib l' CS, ':mt Lhere ha r been f0:.ind in a nurcber 

of car:=es a preci p ice in the dio.me ter only or in the 

length of fibre~ ~nly. 

2.CriEiF t h innins ~ 

As lt t>as q lready bc c1; s tated t!criEis t h inning 11 

uE ~ally oc c urs a t the as e of a bout 2 mo n ths (Dry, 13) 

but thiE i~ n0t & rule and gre:. t variations exi f t. 

qence, in ben~ol te t dat a th e ~ymbols Ht (~airJ tip 

·) nly} a~d Db \m.i.c;y, otAL less n'v ~ he butt end.J 

x 'Ihe term "cr1E:iE thinningn a~ :.isea in publiEhed pa i,ers 
meane re ~ action in area of cros s section ane ce EEa tion 

of 11edullation st th e> age of abou. t t~ moothc Thj~ if' 
the meaning in ~ l he term car1 · ie~ in thiE thesis, in 

- whatever rercistent fibres the thinning may t 2ke p, ace. 
It ehoulc.. howeve r , b pointe · .mt that Dr:v is ai;it to u::::e 
the ter-n in a more E'peci a J se nPe, Fe ui::ua lly a r:r l :i ~E i t 
o!:ly to b irthcor-. t fi href ' -1-i e th er pre-cur Ly-tip fibre fl or 
the earliP~ t ftart.ing curly-tip fH1re £ , of t 2; DE>r· h ich 
I.ave a ch .·.1ce t o sf·ied a s b irthco&t kem p f', b u.t .vh ich fre ­
quent ly ~ecomc fine, o.Lte:-1 ve1", f tld der: L, £bout the E'!eme 
Li~e n~ r iore~ o~ the Eb We Ly pes stop growing to ce shed 
so on afLerward ' . 
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Since the di inuti~n of ha i rin~R~ do~n t he s t ap le 

i::. ma inly du.e to c .c i Eis thinning , it is plain tha t 

i D 11 Jft 11 fc[\1.pl~f, ti-JC Hc;_•i~ ~fl thinnin1:;" t aicf>,· pl~C€ 

earlier thatJ in "Hbn samp le~ . 

ni re i:- der·cribea a::, ve ry siffiilar ,,) the cat:>gen 

phac:e of ~hed librec 'Suth.erlc._1d,46) b 1.it :.he Te.oge1: 

ciou: !10t ew=:ure and a fibre d 1)es not shell. Another 

sue~eE"ti Jfl that criFiS thinning rnc.:y bE' drie to the ·t..r.­

f]uenCP of the envir~nment, ie ~hsc1eFPd by ~~ther-

lan 1 (46). He c ::mclude::. th L "cri<'iP U1inni11g 11 (l.n 

Dr:, !3 f=ense) .lr not .ue to environment. So!Yletimcs 

"cri~ir thinningt' iE not a. ~udden, t...:. t e ra G. ual chf'n,se 

fro m chalkinesE to finene~s. Sowe timef-' such a 

grad Q£ cha nge ~ a~~E r p laco ve r:; :a. te ( e; ft er four 

monLh~d anc, -:if cou.rse in our t.irf':.:ent m;:i~l staple f 

Na~ confined to the ve ry butt end. ThjG latt~r c 

not reg8rdea in t he prese~t diecusEion as "crisis 

t bi. Q "• lP 6 !l . 

For the sake of eimpli city as de l.l as for 

rear:-ons explaiaed lat"'r t it, is thoQght a · vc n tageouf.', 

to CeFcribe the "cris is thinning" in the •. a~c kind 

of Le rms v.iJ.ich ciescribe the res l1 lt Ji' the pre-nat l 

che c Jc in the pr·e-curly tip fibr-e grJup. If we say 
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" c risis thinni ng" t a ke€ place in !=;uper ~ickle .ti' :fa:::-hion, 

ilhis means that the crh'iE thiuniLJg 1 ~- confire( t o a 

very i: ho rt port 1. on of th e f i bre le nf.~ ., n 1 not lont:er than 

the correspondin~ reg i on in the pre- aatal re g i on of 

euper sickle ~' fibres, while le.g.) "f ine sickle 

fashion" meanr th s. t ~ b•: .fjbre i ~ f i he af t e r t he 

"c r i F i E' t hi c.n i !le, n • 

Thu~, crisif tb in.aing t c;J.:dng p lace in ~ilper 

.ic r l k 1 fa shi on iE c~nflned to a rela tively .ma ll 

numb e r of f'j \:J r es . Jn t ' , \:!Ur ly - t i fiore t,roup the 

.f i r ~ t f i b re '.:" h i. ch n t t he ~ am r t i me an.. L h e mo d. 

chalky fibr eE: rnc..y have tllCh a cri:::-i~ t hinning. Cri~· ls 

thinning t cE.: i ng :p lecp in ::aper ~ ieklE ti fae hi .:;n is ~::>re 

common. 

r1crisi thinning'' ancf' ,i ef.:>re th ~ reviv·Jl of chalK:iness 

qere a ~q in th n shorter 

fine region iE' to be Jll 'H'. in the left ;,o ine; of the 
fibre 

cllr.ly-Lip/grou p , b.ere aE Lhe ri. 5 ht .~ L~g i~ r·urniehed 

nilh fibres havinf, thi~ fine :? ~r t. ion very mp.ch longer 

ana. very often ·,.Hth0u t revivel 0f the .• eaullatiJ.n . .us 

tJ the revival of ffiBC~llatiJ ~, it ~ust be added that 

the me c.111 lla after the 11 cri.... is thinning'' may be or may 

no t be, aE \; hick ar before t h 0 cr i~is thi.ni neT . In 

f& ct, a ll g radatl)nE exist. '!'he same C:.lJ p l i e s to the 
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fa shion i n ~hich medulla revive~ . It may re ~1 i v e 

suddenly or gredually . If re~~ced ~~dulla tion 

TLe .oo:::t c :>e.1mon Lb.chi rn in .~. ich .. crir.is 

:viLh no l 'e viv- 1 of h1-:ti.ci11e""L T h · t-. ma y be e w..: J un -

t1:~.reo iJ.1 all t::u-ra.'iF wi .h;u.t. any exception£, b..:i.t 

arrayL. liEre again tbr tit~ation plays perhans 

c.:u1ly-tip fith'e$ hcve he flnc f'icklc - f'ar-hiun 

cri. .. is tb.lnnin5, anc. -:>,f1c..:: iE of e re tt intere..:t , 

the.re ha::. ~;e;;e r 'ot::e11 f .1Lti1d an arr~,~v having a ~up··r 

sickle 4,' ft•f'J.,ion of ncriei i-. tLinni.og " on thP 

ni1.~1t on ttir· left wine: f thE cu.r y-tip fibre 

Ly;.es. .rll~t o.r one o:-:m.not i1na,:;in" fine c i ciele 
.b' 

.fibreL firsi. 2nd 1a ter ::ane't' sickL'=/fi brc:-- in t he 

pr~ - curly-ttp gr)ap. 

ThE aJove f iEc1e r ion makes probable the 

cJhclusi:rn~ tnat thi::re L:: a pa rallel bet.iee1 t he 

p&. n ~ i 0 n 0 f c r i 8 i ~ th i !1 n i ng rr • In other ... ore.~ , 

h i ~ L.> 1· .;' r '.: e <-• t s i t-. re l f. 
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The analody ls Eo cl se and ~ugge~ t i ve t hat 

it ir: ... houi:_:h t Elli'iicie r t to Ja.) c:: treEs <.1p or1 only a 

(i } the abo ve de ... cribe1 f&.ctr are a lmost iden. -

tl c .e. 1 w i t h t n ~- E' vent ~ in t h <.' pre - c u. r ly - ti p 

f ibre group, nsmely , there are in t he lat t er 

groap, e . g . ~elo ha irF 0r euner ~ickle A 

fibre8, &hi ch do n.t ~ho~ ~ny thinnin6 of 

tre wed.Llllati , n. r·u:rthPr, t'1ereare Euper 

kinQ 0~ ~n i ~nl:~ a~ th 0 cr lFis thinning. 

Ar to t~ese Eupe r sickle '' fibr~s it may 

be a::: :1cl l t::.• remeillbsr- t · f ~- re una.11 
\ 

nimbe r of Eu er E"cklc ~ 1 fibr e F f oand ~n 

all Bl'rayr correfpond._ with the s mall 

nurnoe.r Jf Ell r:.c riu~:::le \ 1 ·-like "crisls 

thinning " . 

li i) It 'Ja,y be men ti oned fo r t!1c s.1ke of .JJ. riousi t y 

r a th-r that ~ume tra itB c hsra cte r lsti~ for halo-

hairc are tJund in Eo mc cur ly tip I'ibre~, 

cha_ky throughout. 

other 1egi0.ac- . 

ha l ~-ha ir F d3G~ n o ~ d is ual ify a h?l~ ha ir 
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f ~O''l belongine tn the halo-hai r fibre type~ 

ano in turn, t.!1e same p hen.Jruenon f.Jll!lG. in tb 

post-na tal re 6 i0L ur ~ome chalk~ fib res shoula 

not oe regarded .=. " crifliE thinn ingn. 

' iii) In the pre -c u.rl.y -ti p fi.t.L·e gro.J.p , the fib re s 

arc a rranged in ordAr Po t~at ~]~ayr sickle 

f i brer ftll!nj~h the AxL·emF rtt:iht ;;iri5. AgE:i•1, 

e x fl c tly the sam"" orcer h•J ld F: true f o r c:ririF 

(iv)In th ~ beEt ~hec~ed a~1s c like trunc3t0d 

Valley or -lain , thn ,i re-c...tr ly-t i p f ibre 

fir.e ~ic'{le fib ref. ~ i mi J.r,i r l y i u wr 1 adv :~ -

ced criei s ~hinning . all ~ibreF bP ow cri~iF 

thinnine err fj~s, b c& ~Ee ·criEiP thiPninp" 

t· '.{e ~~ place in ··:'i.ne ~ i ckle faehionn . 

tfo attempt is macle to ::;pecula te upon the 

f~rce~ rec po Si b l e for th i e phenJmenon . '.l:he cri ::}s 

o I the 11 t a i l check" • I n ~r. Jry'E la boratory there 

~~re Eor:ie speclllE:tionf leacjn_, to~Jr<rdP c r.r.::iecting he 

criFi ~ lh"nn iag Al t h thr ~recipiec, although th e other 

vie ·v conLect intS cri~iE' th.inning .. 1 Lh j heac c h.eckr1 i~ 
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not wit hout fou.ndation. It may be hoped that f urth r r 

study apon this line wi ll reveal the forces respon-

8 i b le . 

.l.t'rom the point of. vie . of hairiness "crisi s 

thinni ng•· ir of very grea t importance. As it has 

alrea dy been pointe d out the re are three ci.Q es from 

wh ich the c halkinee 0 in an array ie attacked, na~ely 

from the heaa of an arra y, from th e tail of curl.Y 

tip fibre type seriee ant~ from the crisL. level. 

The first t~o attacke are p erLor~ed by rnPan~ of 

"Hea -rr and 11 t a. il 11 c he ck, re...: pe ctively. 'l'heee t 'l.o 

forces are of very primary i·nportance, they play 

a main part in the evolution of the fleece, and they 

are a :i le t) weed out the c ha lki ness. mhe finenesE 

cau~ea by crieis thinning ic perhaps not of pri mary 

importance from the evolution point o f view, but it 

i f very important in the dimlh.nutio11 of hairiness in 

there re6ionc of the fijre length in wh;ch either the 

previ J usly mentioned checke are power leS f or when they-

do not yet extend to these fibres. An ~exsmple for 

the first case is challcy eickle fibres. 1'1 or the 

second, peak curly-tip fibres. In such cases, cri~is 

thinning of~en come~ and helps to ~eep the inborn 

chaJ.. kine si:: down . However, such a belp rr~y be 



ca pri cious and danberouc, for when a follicle once 

produces a chalky fibre it is p1aueible to think 

that it. can Jater on come back to the prediction of 

c halkinei:::s. It seems tbat a follicle 'Nhic h does not 

produce a chalky fibre early .has Je SE chance to pro-

dace chalki ness in it:.; later career. .hlthough it 

must be remembered that checked curly tip fibres 

were found in which a slight chalkines~ occurred in 

the proximal pa rt of the fibre l e ngth, the latter 

being of very rare occurre '1 ce may be regarded a ... an 

exce pt i on . 

Thus to eum up, selection ag :i inst, hairiness 

should be based on trunc ate d Valley arrays on the 

br itch regions for: 

(i) t4Jruncated arrays cannot have '-cemp hairiness} 

(ii) the hairy fibres in truncated Valley are con­

fined to a relatively ::mall number of peak 

curly tip fibreE."; the latter when having 

ncrisis thinning" are fine after it; 

(iii) the brttch as the least improved region o f 

the fleece is the most saitable region for 

selecting aga inst hairinesf, although t he 

rump regi on may get the upper hand i n th e 

~ r centage of hairines~. The difference c::i. 

however, are of no sign ificance. 
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SEOTIO · I V 

L. N-TYPE - FROM THE ~TANDPOI ~T OF EVOLUT IO ... ~ 

1. Introducti .Jn 

In dealing with evoluti on in th e fleece 

of the Ne w ~ealand Romney bre ed , it i~ thJught 

neceE Eary to c onE i der f irst of all the material upon 

which the present [tuuy i e based . k~ was pointed 

out in the f irr:t cha p ter, 1~ry 1 s experimentbl s t ock 

f ur n is hes t b.e be~t mat eriEl for euch a study beca uEe 

it comprises rheep ::in wh ich the uool rangeEI in u.n in­

terup te d series from very coar2e and mixed #::> Ol to 

very f'ino and even .1 001. ThuP ::,rxne N-type sheep may 

be lirDce G. .i.p ·~·i th the .tl ~ .._.ckface t'lree a. of ~heep or 

even with the (] 1de 1, '-"l hereas eo 'ne Nen-N-type lamb8, 

hav i ng trun cated Valley Dr ; lain a rr~ye are in this 

like l;Orinos {25,46). The oresent Ft..idy , ho·neve r, 

is confired to the ev oluti)n of the fleece aithin 

the ~ew ~enland Romney br~ed nn~ therefore it is not 
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attempted to draw any general c oncl EiJn s from 

fact s pre sen ted n~w , althou5h those facts and 

the kno~i ledge of other bre eds of Eheep stro ngly 

euggeEt that the same change ... have t aken pla ce 

i n the evolQtion of the flee ce of other d omeE-

tic aneede of Eheep . The data from the poin t 

of view of the evolution of other b reed s of 

eheep an~ eEpecially of the bir t hcoat of wild 

Eheep i F eo sketchy that it ifl not pose ible to 

say how •i i<le i ~ the Gi6nific' nee of thP ideas 

that ar e to be _!:. re~cntea. 

Cf CJ....1.r~e, i f cou_d. be 1bje cte d tba t 

my approach to the e'J)lu.tion pr3blem is based 

on the stwy of a ~rll impro veC breeu of f heep. 

buch an attituoe 4 0~1 Je completely wrong ; 

apart fro the feet thrt all experimental 

Ecience is ba se d on inducti0n ( and eEnecially 

genetic ~) it may be t~ken for gr&nte f that no-

body could quection the rigbt Jf a hietorian 

to write a etudy of the flapeleonic epoch •th-

out particular knowledge o f the e poc h of ~1exan­

G 
d.e r the u-re& t . 
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2. N-Ty f' e - as example of .r,n tav i.sm .• 

Althoueh Lry's flock is s til l under investiga-

ti on and its genetic make-up iE= still lr:>rgely unkno~n, 

yet !)ry , 1c !.ahon and Suther lan d in a recent publicati)n 

(17) di ... cus Lea the menQelian Eituation in these animals ; 

"In several H-type animals born in various 
experimental matin°~ , it is concluded from 
their ancestry and7e~ breedin~ per~ormance 
that their eenetic bas is is multifactoral, 
but in most 'i -t.Ype lambs born at the L-ol­
lege the genetic ba~is is ~ainfestly 
relatively ~imple", 

and f.uther: 

"We are able to sugee ... t m')re th. n 0ni:> ~ome·. hat 
elaborate explans.tion of our Jist of facte. 
Two linked complimentary factor~ for '1 -t.y pe 
are f?voured by one of us , hile a domini ­
gene is the pivot of another hypotbePis . 11 

From the abo\e stat e ment we can concl ude that 

genetically there are t· .. o kinds of N-tyoe . The most in-

t e resting for our ~res1nt di cussion is lhe first, 

na.Jely, th:: multi-facto rial .. -type. 

No~ the questio~ arises of the way in which 

all the change s ~ere broue:ht about. 

At thie rtage of ~ur knowledge there are t o 

ways in 'IVhich it is cossible tofoxplain these phenomena, 

namely (a) rever ~e mutation (b) recom~ina i~n. 
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Although some reverse mutat i ons do occur,(36) 

they are co nfined to fairly s2.mple c&ser:: and occur very 

seldom indeed. 

Data in hand EuggeE ts that reLombination is 

the phenomenon ~- hich brings abJut tre atavistic ap-

pe a rance of the cost of 1 -type au imalc There is 

some evidence to ~ found in lit erature wh ich deals 

with similar easer. Thus in every textbook menti:)U3 

are to be f0und c~ncernin6 aLaviQn i n dome stic animalE, 

the be Et known 1. <:: • 
"' . 

the red c""lvef. in the hite Rn-1 'baacla cattle. 

1.rhe latter case is identical with that reported by Lry 

( 1 7) that on Tew .lea lan qk hee p farmE such ,_ -type lambs 

dropped up from time to time. 

The above cited. cases .dll not be di<>cussed 

here, chiefly on account of the lack of data for genetic 

consideratio, , 

StockarQ (45) in his very fascinatin0 rtudy on 

the ataviEtic reappearance of d igi~~ in mammalF proved 

con c lusively the presence of a factorial baEi~ for 

For more than one 

rea~on his experiment is of intereet to slJ th~ee ~ho 

are intere~ted in evoluti1na£y problems. First 
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because it was concerne d ~ith osteolo&y and all the 

authoriti es in thiE discipline regard bonee aE being 

the mate.rial tftat is most resiFtent to variation. 

Secondly 1 he oroved the wro ngness of OEborn 's state-

ment: 

nThe evolution of anatomic[i l orga ns is never 
reversiblen. 

E' i nally it ha~ a direct bcarine; upon Qtlr rtu.~y of the 

ev ollltion L1 the fleece of the i(omney br· ed. 

It ii:: ho ped to deal with the problem of the 

evolutionary ofigin of .1.· -type la mb 0 in a seoarate pa .,er , 

for the ~eFent purpo ee it . ill be Fufficient to explain 

briefly tha t Stockard by mcan r ~ co mbining ~ lfferent 

gen,, r&.Lions and takinc; nc" c J unt only of the toe - quality 

ach1eved in a graaub. l way l he &tavictic re:: ppearance of 

extra toe s; 'l' hus: 

"Through these ex ~ erimentF t he usual fuur­
front an~ three-hi ~6-toed con~lt i on of the 
5uinea-pig has been brought back to a fiv 
f r ont and f Jur hind toe arrangement ~hich 
is similar to the arrangement no ~ found 
normal ly in the " o g" • 

The method empl8yed by Stockard is very simple 

He mated simtlar 1~i th rimilBr and i n this Ney ac hieve d 

Thus he denvtes by "!•"an animal sho~ -

ing a trace 'Jf extra ~ oe, "P 11 ae poor, "F" ar fair and 

nGn a i:: 6 ood . In t his or<ier· :l:pn c l :::s i~ oetter than 

"N' 11 class 1 an d"J:t'tr clas8 it.. be tler than npn class, 

whe reas nG" class compr ises no rmally develo ped extra 
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toe f . Hi s stat i s t ica l re sult~ are of pr i mary i mportance. 

Now , however , it vJ ill be e.aough to cite only his Eummar i s ed 

da ta: 

Thus, mating ~imilar to similar he achieved 

N' x .;.! 1 

p x p 

F x F 

G x G 

= 

• 

5'~ of extra Loe d animals 

o! extfa to~d aniMale 
but in thi~ c las s 22% of anima l s 
f:ho\. for the first ti.1e "F" ( f a ir , 
cond.i ti on. 

= 95·,~ of e xtra toed animals 
Here for thr.: firEt time the w od 
toes {G class) appear 

• loo% of extra toed animal~: 
Thi:: cl&.&~ comori<>es -

85fv of G-class condition 
~ of F - cls ss condition 
6% of P-o las~ c .. rncli ti Jn. 

The :nain pointf ""'tressed by ·~tockard having a dire c t bear -

i ng upon our pre~ent diEcu~sion are : 

1. 11Certainly no one will assume that all individuals 

of a race carry the factors for polyd.actyly in 

their germ cellE;" 

2 . 110n the other hand, the re~ppearance of normally 

misfing digits in gllinea pig~ is not only a d.if-

f ere nt but possibly an op posite phenomenon from 

polydactyly, a retllrn to previ:rns fo0t conditio r, i.: , 

a typical ata icm. The reap,earance oi.' a t oe 

E'houlc probably not be t boughL o ~· a~ reE"ulti~g 

f rom a n e w mutat i on, bnt rather it oo CLlrs on 

a c count of a peculiar brini:;;ing together or c om 
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"bination of old factors in cert&in 

3."The expression of extra toe ~ seems to 

iepend upon mult iple fq ctor~". 

4. n;1hen atavistic return o · d igito occurs 

in the~e mammals, th~ digi ts re appea r 

in reverEe order i'ro .n L11a t i:i .~hi ch 

they di sap pea red. ' 

In the ii -ty pe animals, it is much easier to 

prove that the reappear:ince ')f the primi ti vn. coat is 

due to reoo wbination. ~11 the riters BgreP that 

Kemp iL uot~ing but a remnant of the OQ~r ooa t of 

•iE. E'1eep. It ~i ll perhaps be enough here to 

q~o te 3arker (3) 

11EveD in pure .)Ie rino flocks a sheep will very 
occasio11ally occur wtbh a coat that is quite 
full of ke mp . This is a go od exawple of 
.nnt iE popularly termed 'rev er~ ion', a 
purely here ditary phenomenon 11

• 

It 11 be well to remember that Jne of Dr. Dry'~ aims 

was to study the ke mp s i ttia t ion by sele cting for kernp. 

HiP grading ~ystem i"' ba~erl upon t he abundance of halo-

hair~, t.ha t i. P t:h 1 ·' e .e rgef.'t birthcoa t kempµ 
- and N- ty pe 
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ta b • 74 l -t1 J 6 ont n old , bind q rt r. 
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are always Grad~ VI ! .Ve "lli 11 remember the conclurions 

reached in prece din; chapter[, namely, that each array 

has its peculiar centre of eravity in the pre-curly ti p 

group and animals ~ith Grade VI! must have ~lateau array, 

hence the ~lateau array is closely dependent on and cor-

related with thi<:- higheEt grading. Thus the celection 

for kemp brings about not only the gre~ter percenta~e of 

kemp but alro a chci.nge tov..ardi: more p rimitive in all othrr 

pr opertie ~ of the coa t. 

N::i& a fe ,., examples ·ii 11 illustrate tfrn 'Jay in 

which such an a taviEm in the birthcoa t if. brou.gh.t about: 

( 1) • 

E54 V. V ) 
) 

589 IV S) 

E 59 V V) 
) -

589 IV S} 

- 735.VI S) 
) 

14.III.Q) 
-~ 54 v. v. ) 

ti.: 55 1LS?) 

7~5 VI c.: ) .... 
) 

14 III S) 

E 5.;, v. V} 
) 

'7 ' 
.:JO III V ) 

-1016 v. ~. ) 
) 

- 661 VI ~ ~ 

- 1Cl6 V s) 
) 
) 
) 

-7 ':; 1 v R ) 

- 1342 VI S ) 

- 1328 VI 

) 
) 
) 
) 
~ 
) 

v£s ) 
) 

- 74 VIl P 

P = Plateau; S = SadC:~e; R = Ravine; V = Valley 

(other example~ are di~cus....:ed by Sutherland (46). ) 
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(2) In the 1~39 offspring is an experiment deE i gned 

to inve i:t igate the i nheritance of :Jaddle array 

by mat i ng baddle x Saddle, five lambs out of 

eleven hav e l'lateau on all the reg ions examined. 

ln other woras, 45 per ce nt of the ot:r~pring of 

Saddle x Saddle mating we re N-type lambs: 

Here it will be ·wrth while to mention other 

:f'act 8 iVhich strengthen.our i nterpretation . Sutherland 

(46) described the reappearance of horn~ in ~ - ty e animals 

whereaE Clarke in his unpub l ished pa pe r deEcribing N-ty pe 

a.ni ma ls from the s tanet poin t of •. e at qual l ty , found that -

the head and neck are :iea vier in r1-ty pe and the 

special nroces s of the: tho..racic ve.r·t brae are 

higher than in fjOtl-.i.· -type animals. 

From the above cited factE it iE quite log ical to 

presume -

li) that the recombinatiJ!'.l of genes .• ith. rather l ow 

frequency is re ~p~n ~i ble for oringing about the 

atavic:tic c h<:..rc c1.er if ticr of t.he coat of the i\1 -

type rtomney sheep; 

{iiJ Th.is was acb.ieved by meanE )Jf inbreedine; and £e lection; 

liii) the expre seion of B-type+coat seems to depend upon 

multiple factors; 

{iv) the building up of MN-type occurs in reverse 

order from that in vb ich it evo 1 ve d , and 
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therefore th P ilatea~ arra3 ~ iE re~ · rde d n o t 

only the most primitive buVale ) th ~ olde~t array, 

and the I'la in the mof t i:n proved anl the ;younger t 

in the ser. se of phy logeny; 

v)The ..Plateau array iP not to be ree:,;arded ac:: an array 

1·ihich is to be found on th(.t coat of 1 1i l«! ... heep . 

.c'la teall array may be found on come mixed •O ol sheep, 

a , for inG t,nnce, H lack.fa ce or _ o li sh ·-o untain E hee p 

( cakie 1}. I n ether '~ o rd.~ 1 -t;y pe animals ca nno t be looked 

upon ac:: throw-backs in their fleece lio thl"ir a nee!':' tor c::, 

but they c a n be regarded ae re verLinb to a f l ew ce-ty pe 

lo wer on the laeder of the cv J lu tion of t~e fleece. 
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l. Introduction. 

The ~ark hitherto done x on the ~r oblem of the 

evolution in the ~hEep'c fleEce has divi ded studen t s of 

this probler;) into t 10 diEtinct grou';f . The firft one, 

repreEente d chiefly by .vuerden, belie vef ·hat wool 

evolved only from the fine inner c ')at, tne ~econd ore , 

led p robably by Prawocl18nEki t>.nc. hi~ sch1ol in l oland 

believes that tr1e fleece of domestic c;heep originated 

from both inner otld outer coat. 

Thus .utlerden (20), for in8tance, arrived at 

the concepti'Jn that (20, page 467) -

"In the "ourse of evolution, the long coarse 
fioreE have oecorne the true;kemp of the ~heep 
a '1 rJ the fine und.e r .fib re E have eco me -~ oo 1; 
ec~nrnte follicleE then dive either ~emo or 
171 o o 1 , no t k: em p a t o 11 e p e r i o d R nc ·o o 1 a t 
a11 o ':;her '1 

• 

'.rhif vie.J J.f.' .vuerden's hat: been influenbial and helpful 

in directin€ thought on the evolution of the flee c e, 

~Due to the war condition it i~ cuite impossible to c~ l lect 
all the li teretur<' on the rubject, and. therefore the hi s­
tory of the wor"l<: in evol.1tion o~ the fleece mu~t be t r Pated 
in a very $'-etchy i!l&nne.::. 
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but t ov~a rds the close of his life Di.lerden himself :follnd 

that the outer and inne r coat~ 0f the :,ieri.no 'AJor0 not so 

distinct as had been suppoEed. '•1 ild 1nan (49) reports how 

Dueruen had learnt that in the Me r~n~ fihe fibree could 

gro~ in follicles which ~ad ehed birthc J~t komps. 

Retu.rninc; to Duercen's concepti:>n - lff:: do not know 

how mLJ.c h he ooclifiet: it before hi::: death - we realise tha t 

if .tCem:p is t.o be regarded a ~ the only remnsnt of th.e otlter 

coat , an ex9lanatlJn haE to be f0Qnj for co3rso fi~r~e or 

mixed w0ol aheep euch as ~cotch ~lackface. Fence Barker 

(3,p. 264) ar·r i.ved at th ~ idea "O'llE',tl::-. t fsntastic, ac:.· it 

seems to me, b1it lo~ ical enollc,h on ru.erG.en's v i e w, hieh 

is expressed in the folloning Et~tement : 

"If a structtire or organ if lo ~t d .... ri .ng tht course 
of evolution , it is u.aU.ally found that. anothe r 
org1;. n 'oeuome f mol. i.tlf.ed. to perform the functions 
of that ~tdc~ has been loet. I n the Eheep there 
is h Lenuency, after the Juter coat ha~ bee n lost 
for Lhe in.ner co& t ta become coa rse and w take 
on Eome of its functions. T~is secondarv modi ­
ficati::>n may go ro far tha t ~ome of the inner 
co a t fib1·es become almoet as co£.ree ae kemp, e.g . 
the long etreight bair l of the ~cotch Blackfa ce". 

On t te o th er hand PrawochenFki (40, p . 29) 

s tates: "The thic2t ant Ftiff outer coat fi orer oI' vild 

sheep become t; r& dLUl. ll,Y thinner an c oe t, i n to loPe .their 

rne dlllla. The lees the raac ir rimitive, tte more it 



-20A-

has fibre s of t r an ro i t i :)r.al c ha r a c te r wh ich are in dif-

ferent Fta6e s ~f more or less aJvanced di minu t i on of 

t he .. :ed.ulla and pr i :ncry cho.lkin f.F . ::.?inal ly , only a 

re mr.ant of the outer coat le left 1,·1 hicb may l.)e f-:,uod 

even i n t hµ be~ t improved 8pecimen. ~he rever~e i s 

to be ,\latched. i n the inner c.Jnt fibre:- '.'hich in the 

course or evolution be eIDme lone.;er unc:: l.l1ic.ke 1' t.han the 

do Nn i n vd ld ohe e pll • 

Kac zow~ki, onee rofesFor Prawo chc~rki ' L assis -

tsnt, haE' Ft:illied all the c0 iffere.r•t :;:>oU.c l :nt:'cdf:. Jf 

8he"p and arriv e d et the ~ame c, .'.)rcluri')n ar -'r2wochen~ki 

di d . !o~e 0! the above cited writerF wa~ a~le t') Jlo ve 
t o 

thi 0 hy~othe s ·E conclu~ivcly . Thif:: '?IHf:.' .i::-in::..y du.e / the 

luc.:c of :: J.l tab l e .na te i'ia l as we 11 a::: t hr: la.ck of <:now -

l ecle.,e of j,;ry ' s c omparative i'iJ Jl anaLomy . It rnay be added 

that V1JE.e .• orlrnrE v.!10 have nar~ the ,)pportunity to 1Jo r k 

on co a .r se 1.J olled. breeds of ;heeo OJulc not at;;rPe with 

Due r den' ::: vi c:, . 'hLH' »oc~ner (b4) pa~ 0 es p rer:1ark wh ic h 

i "' in a c corcancc vi th ?ra wo c hensk i 's Etatemen t. !: i mi l a rly 

i n Dr . .i.-ry ' E l aboratory no one was i n f a v ·Jllr of D11e rden's 

vie w. 

PerhRpP it ~il l be wort h while t o ill~ntion a 

l ette 1· public-hed by roi=- Ear Ewart (24) I n Na tur e 1 i n 

1 927. He t~ r i t es e...: .f o 11 o •VE : 
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" •••••••• From thie short accoant of the investi­
gationE on hand it fJllo~s that a Ftidy of 
the coat of &he~p QUr ing foetal life lends 
no eupport to the vie\ hithcr&o held by BoN­
rrr !land othere, th.at •. ool i hair from whi ch 
pith or ~oculla ha~ ueen bred out, but ~hows 
that . ool is a ~ietinct and pr imitive type 
of fibre ,. ifJ.erent alike from fur H ,d hair 11 • 

Prom t,hir- it might ap~e .ar that rwa r t misfe<i the point , 

for the pro11-=rn at stake ii:: ,,.he ther the .;.leece evolved 

from the inner coat or fro~ both outer and inner coat 

anc as fr I · i:: I kr:o:. no one que r t..ioned Lha::. ool, or 

at 1east a i:a1t of it (hi~terotrichs) is 11 a dir:tinct 

and pr imitive type of fib re". 

2. Rvol~Li0n in the Pre-Curly-t i p ~rJ~p. 

r1 om the precedine; chapter~ it is understood 

thr:t tr.ere are three pri.11ary, 0ldert fibre t:yoes from 

w hi c h a 11 J t ho r f i b t' e s b..a. v e e v :) 1 v c d • 'l'he pr ims.ry fibre 

ty ;:;er ar : 

hal'J-hG.: rr: in the pre-curly -ti p e;roup. 

hairy -tip-curly -tip fibres in c1.1rly-tip group 

and in the last group, histeratrichs. 

~alo-hair~ anG hairy-tip-curly-tip ~ibres belong undoubtedlJ 

to the outer coat. WhereaP histerotrichs comprise the 

inner coat . In ~ome ~:~type lames these t v·o coatP 3.re 

distinctly separated i'rom each other. 
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As to the hister0trich~ 1 it may be of grPat intere ~t 

to qu.ote Duerden : U~l) -

"TLe '.JUter 'li:empy c oat if:! already Nell developed ove r 
the booy of the ne .. -born .:crcian lamb, whi le the in­
ner ~Joolly coat is reprere11ted by only a fe •'9 short 

·fibres, rettricted to certain nreas 11
• 

Thie statement is in full accordance ~ith the manner in Nhi c h 

hir--teroti'ichs c.evel')p and. thPrel'orc his:terotrichr may be re -

gardcd al? inner co~t fibre~. 

Dr_y (1;~) aca Galpin (26) proved that hnlo -hairr 

are the oldePt or firrt fi brcL to pierce t.he su:f£ace of the 

lamb'2 rX:in. Dry, •~u.th ~ land ana myE'elf wr;re able to show 

the i~tirnnte r lati Jnch "p bct~eeJ all tn~ c0~stituents of 

tbE pre-curly-tip g""ou.p. Thus t ·1ere ir no reed. to dwell on 

ti"i~ "•Oint nny longer. It ma7 be :11011 jL1ct to mentio n shortly 

that the firre t::1rcr of th fir: t grou"} comprise a gradual 

tranrition fro~ halo-hairr Lo cick~e fi~r~r, hence halo-

A. fibrei:- \'ith ~upcr sickle --.r fibre~, E11per Eickle A 1 fibres 

reEcmblance in thP tip chPpe i r ro cuggeEtive that one could 

Euspect. that thc~e fibreE evolved from common Etoc'lc. (fibre s 

:dth non-typical tip will be ciE c u.~sed h ter on). This common 

stock is halo-hairs and from halo-hairs all the other consti-
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ents of the first group evolved. The above statemen t will 

be better unde rf too<l \v hen we re mcmbe r ..t., la teEi u array on the 

ani mals No f!. 130'7 B.20. 48. Ar t:> the firE=t e. am_ple , see 

fi 5 . ~Z all the nre-curly-tip fibre2, s imply enout, h, a re 

hal o - ha ir s anc the JJ..d fuper :::ick1e s are not ty pi cal and 

ca me from a d.i.t'!et e nt c Loek. Ttlllf t his array E:how .... no 

trace Jf other tibref than hal o haire. rlate au ()!)lamb 

. o • 4 8 E ho- w s one s t e p f u r the r. Here halo-hair ~ com prise 

only 77. 8 per c ent of the _p re-c lirly -t ip e roup and a new 

fi br P type, namely ~· uper i.:ickle .A (22.2%) m2ke8 · its appear-

a nee . A f~rther ~tep may be ~ een iJ P lateau array on 

Jamb No. 74 , ha vi~ ha l o h3irE: 
~uoer :::·ickle 
Super ::> i ck l e 

This examp l e sho';VE not only a ne w fjbre type but a slow 

t ende ncy ln d iminut ion of halo-hairr. 1?inally the Pla te a u 

arra y on larmb No. r;5 hows the birth of super sic k le B 

fibrec-; halo hBir "' 24 . 4% 
~uper ~ickleA63 .4~ 

r up er f'ickle A' 9 .8~ 
s l p~ r E i c ;: 1 e .3 2. 4' ~ 

Ju~ t in thC:: tame :my we ~18.Y show th"' orig i n of 

all olher .Libr, ty.:.1es . The most im ;.i o!'tant fib re s of this 

group, namely c.:icK:le i'1b r eE , <l i ffer from s·.i ,er f'ickJe B 

flbreE in the lcr.gLh o r the nee:{, ani.. o.t c0urse no one 

co•t l d C. oLtbt th&t .f i te sdl.ck le fi br·e ~: haci ori g j na ted from 

cha l:{y sick le f i brei;:. The hC~ual date. f or this discus-

rion is collected in the appendix. Thus ~e ca n as s ume 
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that all the fibres comp r ieing the p re-curly-tip group 

are potential halo-hairr which C')Uld not reach their 

full expre Ei otl oecauce of the preventing p .J er of the 

11 head c he ch. n . 

It must be remembere d that r l a te au c=~ay has 

practically no 2ickle fibres .. hereas the pre -curly-tip 

group of ~lain array i n my materiel C) nsists of 10) per 

cent of ~ ickle fibre~, and theEe s ickle fi bres are all 

f:lne. Graph 13 and 14 sho~ the evolution of sickle 

f i b re E an d -Jf f i no s i ck le f i b re s re s D e c t i v Eldjr • .Af: it 

has alreacy been said, each array has its own peculiar 

centre of gravity i n pre-curly-tip f!b re ~ro up. Thi f: 

centre of gravity ih Plateau arrav~ iE wi thin helo-hair~, 

and f1.1per ric-le A fibrer, am:.< it i E g ra du.ally Ehifted 

until it reaches fine sickle fihrer in ~lain array. The 

t ab le below illui::trateE th is 2hifting. ('r ble XXII) 

It . t.LSt be recElled t.ha t the !-1ercen tage of 

the pre-curly-ti p group aoce r..ot shJ any Fienificant 

change8 from one arrfly to Bnot'"H:: r , t he ;nean f of these 

fibres, expre~sed as pe rcente.gc::- of total fi"bres are: 

in Plateau '3.rray 8.59~ 

in Saddle array 8. 7 ~-:, 

in fWvine array 8.G9,~ 

in Valley array 7.54% 

There are, however, cases when the perce ntage of pre-
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c llr l y t i p gr o up i c v a r y l ow . Such c a~e s wi 11 be 

di e c us s ed la ter on. 

' ... P. BT,(, XX. I I. 

f.~&i. U!:. O? ?IBR- ~{PE <- ":· .. FR' rr "" 
-~ f., -5 .. S TT T",' ? :~-

CE~TRGE OF TOT..: L :!-RE - CtJRI.Y- T I? P I BR!. GPOUP. 

Plateau Sad fl. le R" v inc \Talley Pika in .. - --
Ba by ha lo 1. ;,7 

hairs 

h .s l r hairs 30 . 30 0 . 20 0. 9 0 .16 

fuper f i c 1Cle 4 1 . 50 4. 00 1. 9 0.52 
A 

super ~ i cl: ·1 e 
A.1 ll. 0 6 8 . 30 4 . 0 l.1 6 

super S i C kle 
B 15 . 00 26 . 5C 14.4 13 . 04 

sickle f i b r- e 0 .77 6 1. )0 78 . 8 8E • .1.. 2 1 00 . 0 

sick J e f ibre . c h: 1£..y 100 . 0 100 . 0 57.9 ] 0 .58 o. oo 
EicklE' fi br e 

- fi ne Cl . 00 o.oo 42. 1 89 .42 lC0 . 00 

T huE Lo u 1m u.p i t may be s t ~ t ee. : 

:the c :.rn sti t ue n tE 0I t ht' ;i re-c urly - t i p g roup evolve d 

frd·!!! !1alJ hair:., tf1.s.t i s i rom f i b r e s belongine, to t he ollt er 

coat . 
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FrJm the ;receding diecissiJn and ec::pecia lly from 

the discll~si-1n 0n the hairy tip cLLrly tip fibres we have 

gal ed a cle ar pi ctllre o ... the .. ie;nificAnce -J.f these fi brec:.:: . 

PerhapF her~ it is neceesary to empha~ise once more that 

hairy ti p cu.rly tip fibrec are not your.5cr in phylogeny 

than in other con titllent~ of the oute · coal anG th2t they 

priobabl ?ierce th t:..:irfcce ::>1' the I.amb'"' "'kin at very much 

the SC."'!lc time SE tial J hai.rt:. or ru.per ... ickles. 

'.l'o prove the BbJVe a~ Fwnption only a few po:n t::> 

need be rec&llea.. 

\ i) : lr:i.tec. ax.·r·c..y on lc::Jm o .i:~o . l.J')7 c::how8 a great abun-

dance of halo hair~ anc b.airy-tip-cllrly-tip fi brei:: 

anc &. very negligible per cent&ge of Ellper ~ickle 

1'i1:l'c, hu.ce n~ch a.r. arr&.y p· JV€f that t'rom tf·, e 

ph,yloe,eny .tanq.oi!Jt h.s..lo-hain snd h2.iry-tip-curly­

tip fiare~ ar-" the Jld.eft fil.irt'f Jf the ou.ter-coa t 

and a~l the )therr, e::pcci~ llJ tupe:r 0 icklc and 

:::icl<Je fibre"', a:ce y::iuI.le;er . 

tiiJ In the prece d:..ne; cha: ter .~c .,atched t he 'rigin olf! 

super r:iccle J..il.Jre~ in arrRyr in which the hailit-

ti p- curly -ti;i fibres ,ere 11 lenti.ful. It ""a.uld 

n t be poEEi ble to atch the orig·n of b::it h halo­

haire and l:airy-tip-cll:t'ly - tip fi breF" fo r hey 
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arA t.hp .Lhi: t &lid s. 1->rie~n&l fj J rei::c of che outer coat . 

liii) With r -50.rli o thEo last ;;a i..t, ~; "~p~n'~ EtQdy (26) on 

c :nbr:;o L.)gy o.f the fl eece i s in :'u.11 =--c co.ru sr.;ce ~-;ith 

the EtatemeLt ru&de. 

l iv) L.'.3.mb 1';) . 74 VI! h&r one arrGJ- in Nhi ch m3arlJ all 

hair,y-tip-cu.rly-tip f ib res have an identical thin -

f ibr~E:. It ~n' ;f be r e ca 11 ea th&·~ i ., ~1 a c: not 1 ee n 

postula tea. fo r ~uper eickle ~' 11 o res to pierce the 

surface of th P akin later t haa , eqy , super s ickle a , 

o nly Sllpe E ic :cle ..,, iibres happ ene d to be more eub ­

: ected Lo the pre -natal c heck and therefore it is 

un de r r- t o~ u i, ~ c: t : 

(vJ The ~airy-~ip-cur1y -Ll p fibrRE , nE fe ta ~3bulated in 

halo - hair iihreE . 

There iE aJ need .to r:Lreu.· Lhc f a ct t"iat .i thin 

th~ c.i.rl.>7 -Li .i:- :t'ttre c:ro up, ria i r.Y -ti p-ctirly-tip fibres are 

pl1yl..,5e .t1etica ll;y oi.C., r th .:in the c:.irly-tip t;r :m ... , th <? lat ter 

ln I lateau. !:! id ne::n -

..t la t e '"' u i t i :: po 2 s i o le to sec s u. c h e v o l u t i ::rn in s ta t l1 s 

nas c e ndi . Ferh~ps the mo~t striking ex2mp le was fur -
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nished again by lamb ~o. 74. hS ~e know the most primi -

tive col:it is to be found on the britch region wherea::.: tre 

most advanced is Jn the withers. Thus we Ehould expect 

to get: 

(i) le~s hairy-tip-curly-tip fibres on the i t hers 

t ha n on t he b r i t c h ; 

(ii) more pre-precipice curly-tip fibre~· on the withers; 

Hairy-cip-curly-tip fibres per 100 cur ly-tip fibre"'. 

Bri tc:i Half 
Britch 

70.4 62.7 

Rump 

61. 6 

Side 

37. 8 

Hack r' ithers 

5 8. 1 25.5 

What haF happened to the lost hairy-tip-curly-tip fibres? 

' I If our afsumr tL>n i~ corre ct, we i:·hould f ind them, g~fehey 

become ere- preci pic e curly tip fibres. liga in the table 

be J ow supports the correctn~ss of the above a~sumption. 

Curly-tip 

Pre - precipi ce Post - precipice. 

No "' No . % Jo 

Britch 0 0 125 100 
Ralf britch 6 4 174 96.0 
Rump 0 0 130 100 
Side 30 14. 0 195 86.0 
Back No precipice 
Ni_ I-hers 70 34 135 66 
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The most outqtanding feature of Plateall arrays 

:found on lamb fo . 74 is the unmistakable clear.me ss of all 

the chc•n5es which are csused in the collrse of the evolu­

tion in the fleece, and thus the pre-pre cipice curly -

tip fibreE {see fig.34) d iffer only in one re:::pect from 

the hairy-tip-curly - tlp ribres, namely the ti p of the 

fo<Fmer is fine. vf course, a few intermediates occur 

showing the v-~ay in which thiE gradual change wa~ brought 

about. The post-natal structllre of all these fibres is 

exactly the Eame. Table J...XIII and Graph 15 showing the 

evollltion in Cur·ly-tip grollp al lows us to ge t a be.tter in­

si ~ht into the phenomenon . 

Of course, in more depreesed arrays, the hairy­

tip-curly-tip fibree d ieappear aE' the hP.l o-hai re do. 

Ro .vever, sometimes a hairy-ti p -cur·ly-tip fibre may crop 

up L1 very f lne arrays as it has already be en shown in 

Sect ion I. 'l:he same eq_ua lly applieE to ha lo-hai rF, 

.vhi-ch a1'e found. in fine ar r ays like Valley. 



\ 
-215-

\ 
T .• 131$ XXI £I 

Evolut t on in Curl] - tip fib re Group in the 
:Plateau ltrraiJ.s. 

La mb No. % of Hairy % C) f Total. 
Tip-cur~- curly 

tip tip 

46 77. € 22.4 lJJ 

48 5 8. () 42.0 100 

21 56.3 43.7 100 

8 43. 7 56.3 100 

74 41.3 58. 7 100 

82 40.0 60.0 100 

11 37.7 62.3 100 

75 31.4 68. 6 101 

76 30.2 69. 8 100 

81 22.2 77.8 100 

44 22.© 7£.0 101 

43 7.9 92.1 100 

I. 



Lent$t.h of !i.1 sterotrlob 
Ravine on .H.w.np .. 
t ingle cu.rv 
ts longer th~o 
le te curly ti 

t :l 
t izc o 
f1br 
0 1C 

m1r11t. 
the fie oo.ou 

verl:.! pp ing bet 

i, 17~ dlilys old} 
rv-tr1c n1: and 
\ l onger i'ibros) 
sterotrioh. 



-216-

~ Evolution in gisterotri chs. 

In dealine with hister~trich abundance it has 

been sh'.)~n t hat th e hig heEt pe rc en tage of histe·.rotrich 

fibre !: are found in Platea11 and tne lowe ~ t in Plain, other 

array s furni Ehi1g inter~edia te figureE. l'hu.s the q ue ~ -

ti0n arise s 11 Nhs t h.~E: hap pene d. to hister o t r ichs?" Have 

they b:;e::i l oEt i n the collrse of evoluti n? Tre data in 

hand Euggert that h i~t e r o trichs in the c0urse of evolution 

ha ve be> c J 1le c ur1 ::; - ti p fib re , • The r e ~re t~ folloving 

re f, f'::>ns fo r reg. 1'a in~ t.he l ate c urly -tip fibres a ~ t-!' ans ­

ferr cd hiQter otri chs: 

(i) We may take i t lttat the den ... ity of an improved 

fleece iE' n ot lower than that af a primitive 

one in spite of the fact that an improve d fleece 

ha s :nuch fewer hicterotrich fibrei=; 

(ii).Arr~ys T]qvin5 the " t ai in of thE' cu.rlJ t ip fibre 

se rl.er f ine hJJ.VP usually lefE histerotrichs 

than thorr.. c'12l~y as f ar aE t hP first his tero-

trichP ( s ~ e appe ndix). True enough .e ccn 

dee m the r r6Cipice reE ponsible for th e fine 

curly-ti p fibre s , but a g l a nce at graphs o! 

tlr length of f ibres will reve a l a very inter­

e s ting s e t - f R.f f c> i r L 
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Graph 3 illustrates the a .rrangement of fibre ty pes 

in Plateau arrHy on the britch of lamb No . ?4. There 

i& reaPon to believe that this lamb fllrni"'hes thqbest 

example of the atavi ~ tic reappearance of the pr i mi-

ti ve fleece. 

t:-ichs} -

This graph shows (59.5% of histero-

(a) The way ~n whi ch histerotrichs grow - note 

thet the second peak loneer hi~terotri chF ) 

iP a very little lower than the first one; 

(b) 'I'he precipice in c tir l3-tip gr .):.ip; 

(¢) Some o verlapping between t~P first histero-~ 

trichs .. i nd last curly- ip fibres . 

c.rraph 16 l51.8';~ of hi~terotrichs) shows that ~he se cond 

peak of hi~LerJtrich fibres may be even higher tha:i the 

f i rst one ana the overlapping bet~een hleterotrichs and 

curly-tip fltre& is f: till neiSliglble • 

• fow graph 17 ( 24% of his te ro tri cb.s) shows a 

very remarkable diminution at the fecond peak of his­

terottrch length &nd much closer overlapping bet.-veen 
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histerotrich anci cu.rly tip fibres. 

The graphs above cited SQg5est the way in 

·.-Jhich such ch9.nges .~ere perLorrned. It follows, 

then, that the p::-e cipice is .oot entirely responsible 

for fine curly tip fibres , but probably the first 

wave o f hi ~ t e r t rich s ha s a c ue 1 e r a t e d i t s de v e 1 op-

me a L and bf' come in the course of the evoluti :Jn, a 

part of the curly-tip series . 

Ithas a.lrea4y been uointe d out that tte 11 Tai l" 

check ~uet be regarded P~ bejng phylogen·cally older 

th c- n the "head" check, and, ftutherwu:ce, the rrtail 11 

check ls not correlated very cl ;sely •ith the "beadn 

check; hence some le~s depress6d a rray:: may have 

lowe r per centager of histerotr ichr:, whereas some 

more deprePsed have higher {see graph lP). However, 

if one re~P.mbers Lhet th~ claseification of a given 

array depend.~ entirely 0n th e nheaC.''check , u1ch a 

discrepan~y ~ill be rea d ily under~tood. 

~Relationship betwe e n fib~-~y_ge Gro11p~. 

In the preceding chapters the evolution of typ ­

ical fibre types was ui~cus~ed. Mention was made that there 
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are some f i bre s whi c h have non-typical t "ps a nd only by 

virtue 01' the n&ck thinning, a phenomenon entire 1y depe n­

dent on the pre-natal check, ·ere assigned to the pre-

curly-ti p fibre group. There are E.till others 1hich 

fill the sop between groups of fibre type ... . in tha they 

are in '..ernec.iate .fitrt:s linking t he pre-curly-tip group 

with th"' curly-Lip group and the cllrJy-tip group wit h 

b.isterotrichs. 

~ith regar~ to th · firtt type of intermediate, 

it has be en postulated that ~ uch fibreL ~rP derived from 

hairy ti~ early tip tiures be ca~se the tip, the Etruchure 

of th ~)"'t-nat>_ re 5 ion and thedding a1·e very ~imilar to 

thoEe of the hairy-tip-curly-tip ~roup a nd they are always 

to 1:e fo.Jnd on the right wi ng of their fibre types. ThuB 

it i~- logical to aBswne that in eome array"" the pre-.natFl 

check extends iaLo the hairy-tip-curly-tip-fibre type and 

cause~ the neck Lhinnlng. ~robably the curly-tip ibre 

grou) iF more avL to be influe nce d by the pre-natal check 

than halo-t-Fiiri:. '-'Ll.Ch a pypothesis explains eatisfac­

torily one of 'Dr,y 1 C' 0 in parallel 11 conce::lt ..... - a concept 

employed by Sutherland to explain the 0ccurrence in 

Pl-ateajl ar~ay~ of a fe ~· Eickle fibreE apparently unrelated 

to other fibre type"". Thef'e sickle fibres in Plsteau 

which have non-typical ickle ends had been deriv e d f rom 

ha i r y - t i p - c ur ly - t i p f i b re E " n d hence the d i s cont i n u i t y 
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• lu ~ · .p•b in pre-cur~-~1p ~1 re group . Ar.. example of such a Plateau 

array is given by Sutherland {1±6 ) . 

Sheep: Halo Super Saper S..1.per ~l ckles c U.l' ly riis tsro · 
h'"' irs sickle s ickle sick1a tip trichs. 

.A A' B 

18.5 ~l 8 0 2 1 280 445. 

If the intermediate fibre ~ are a nuisance in the 

classifica ti on of an array, they a r e o~ outftanding impor-

tance from the standpoint of e11olution. They furni ~h the 

ve ry link between the fibre t ypes and t hus Eho w the gracual 

transition from les s to more advanced fi bre ty peE. 

nin t ermediate s " a re i'ollnd everywhere . Tbe "intermediates'' 

wi thin grot.lps we r e uisc.isse d e ar· lier. .1..ow mention mu~t be 

ma de :>f tb-Jse which link up t v~o d ifferent gr oup8 of fibre 

ty pes. 

'l'he "interm edi a tes" oet wee n :::ickle fibre~ and 

cur ly tip fibres sho w that :here i s a Ebge in the evo-

llltiJn proces"' at •1hi ch fibreE may oecome e it her fickle 

fi bre r or curly ti p fibres. If the l ate sickle fibreF did 

not eucceed in piercing the Ek in s~rface before th e pr e -

nata l check f:1a , re a che d ib: thresho l d , obviou~ly they 
a~ 

will be prevented f rom becoming cickl e ended, and/it ha~ 

already been mentioned, Clirly -ti p ch a racterisation may 

be imposed on what woul d oth8 rwise have been a sickle 
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fibre. Of course, a potential sickle fib re whi ch failed 

to procuce a sickle end cannot be cla8si fi ed as a sickle 

:L ibre~ an:..y a cur ly -ti p-fibre; hes ide~ it h a~: all trie 

otner character i sti c s of curly-tip f ibre e . One seeing 

all th A Eteps oi the above des c r i bed p roce~~, in the~e .. 
intermec1iaLe fibre~ , mllft und oubte cly arri!o{e a t the cnn-

cluEion thaL ha~oeen reac hed . 

~gain , the hbove hypotheEis explainf the grcAt 

v ariatiorn~ in cickle fibre abunC.ance. ~ere it w i 11 

perhtqA oe enJlloh to poio.t ou~ tha .. ln very well im-

proved. fleeces plain arrays we re found by Stitherland 

a d my~elf Eho~ing ve1y few sickle fib~~ s , the l atter 

bei r.e.. the Oi.~ . .., r ~preE-en ta tive of tho pre-curly - tip 

fi bre group. ~t the ~arne time ~uch arrays ~ho be-

sic...es very fe \. hi::- t e1utrichs. ~ uch a sta~e murt be 

reearded as the lrist step of evolution t ending to even 

the 6.iaru ':: ter '.lO<i the length of fibre~ uy means of in-

c rea~i.ng the muntier of curly-tip fibreE to the hypo -

the t i c '-- l 1 e ie l a f 1 o~~ of tot a 1 f i b r e s • 

The "inte"'uediatern between curly-tip fibrer and 

hi:::t'3rotrichL 1·urnii::h t he be~ t exam:;:iles of the dire c-

ti on or hiE:te.rotrich evolution. Ee re the intermediate 
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fi bre s are so plentiful that in sorne arraye i t iE very 

difTi c..A.lt to cla:::df.y t!1E:1t1 p.roperl3 . It is a well -

knonn fact ~ha t r1ateau arr&y ha~ its pre-natal region 

ffiQCh longer than llsin array and hence one may beliPve 

t hat the dif1'ere!lC€2 in the t.:me or' piercing th~ skin 

Eurface by ~if rrent fibre ty ~c E are more marked. The 

other extre~e if to be foQnd ia Plain array - the re­

main.i.n6 e.ri·a_ys f 1 ... rr...iEhed a ll in termeidiate steps. In 

such 6n arrLy the bulk of fibreE pierce the f k~n in a 

r&t hc:.(· [t1ort peri)G of ti'Tle, that ~f' , initiation ;)f the 

gro •,~ 1 1 0.1.' '. !le fi1E~ • .:'ibrcs if retarded and that or the 

lhr~t \ hii· t ... _·ot ri chs) accelerated. It followF then that 

i n ou~ ~nter ial under invectigation we have come across 

array? in ~hich ve •er~ able to watch the evolutionar~ 

process in statQ~ nascenat; hence ~he intermAdiatc fi hres. 

6. Ev'.)lu.ti ~)r..arv te:idrncy and the DenEity Jf the Flee c~. 

One quewt i on which arreete our interest iP whet he r 

fuch an evolQtionary tendency to confine the bu l k of libres 

to the curly tip reriei: may proceed to completion f'o tha t 

curly t i p f i bree become the only survivin5 ty ~ ~. 
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~utherland ' P data (46) baQ od on the arrayE of 

.'/ensleydale f Coe c inde ed rugt:Jert tha t. an e volution may 

proceed preci se ly to that ulti mate goal, sine~ Eome ~ens ­

leydale s ha ve a ~- much as 95 per ;~ ent of curly tip fibres~ 

T hi s q ue c. t i on i f' f gr & a t p ra c ti c a 1 i m or t c. n c e "1 e o a use i t 

i~ connected wiLh rhe de n::.:j ty or' the .f leece. That data 

i n hand ~re in fsvour of the idea that the ev) lutionary 

procesE tend E t s rvea th~ Ftart and finir h of f i bre g roNth 

ana in · eneleydales this proces F hPr nrarly rea ched i ts 

goEl , bJ.t 1.. .here i.f pro ::i ably a s Pco ndary pr oces~ wni c h 

distinctly hac. cJthifliS t o ao with the ev olut i on aE ~ueh, 

a ~ rocesr wh ich ~ivee r ise t o new hlEterotr ich fo l l icles 

to be l a id c_ .yi'.n anr. in thi s JB;J the fleece density may 

be increased. ThiE c onclu ~i o n is dra an from graphe 4 

and 19 (No. 27 - ha lf br itch anc Eide) . A2 may be noticed 

th•' fi r st ;-ea:k , ' 1hi ch actually if the ; eak of t he fecJnd 

wa ve , i s f p 1 i t i n t o t !.::> t e e & b.. 

~ The ou tc ome of the labJrate phylo~enetic hi~tory which 
~e h~ ve been r~vie wing ae beEt ~e may - li~e a paleonto ­

log i r t making the bert o~ a bro ken Eeries - WJuld th0n be 
tha t :rnrl.,y tip fibref became the only sur-vivjng t~·:ie. ,', ll 
the ~ame cur ly tip ribreE ~~ulc ther be the liv i ng r ep res­
entat: veE _f th~ t~pcs ~~ic h hac v an i ~h et . Thue we are 
r eminded of the eoundneFs of a contention pre~sed by Huddal, 
namely, follicles do not pos sess specificity bu t that a 
fol licle i ::: t he produce of v.h.::1. tever fiore type is the re::: ult­
an t of the f ·J r ces a c~ing in, on, or th.rough th&t follicle. 
All the ~ame , the end owment eettled upon a fol licle in its 
early days may pro~~c e permanent effecte. 
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,I 

that ne~ follicle~ are l aid do~n, follicles whic h proba 0 ly 1 
j 

0We their exi~tence to some eecond8ry pro ce eE . ·the t;ber 

or not thi~ iu.ea oe ri5l1t, the im portance of comparat ive 

Etudie s of histe~otrich development i ~ enpha,ised. 

In exRmini ng the graphE plot '...ing le ng l..h fre quencies 

of histerotricr_~: , it is well to b0ar in 11ind ·v '1at i f known 

&bJut th~ devel opment of thee€ fibre~, wh ich waE ftuci ed by 

Dr y in a prelimi nary rrRnncr come .J e E:. r r ago . .lf rom v& .c i us 

di ~se cti JnE he concluded histerotr ic hE beginn ing to develop 

later thBn th)~e of · h::it may he c8lled my "~irst .Yaver1 are 

gro wn in follicleE prodn Pe d RP buds from ori~inal Gi etem -

trich foll i cle E wh ich t~emEelies - like ~hoEe of £11 

fi bre£ preced in5 them in the array - are devel:::>pe d from 

dovmgrowthf of th!:• .alpic:hia!l layer of thP skin. n f te n 

. r) ~ound tNo histerotrichs in the oompoQnd follicle, bu t 

occa e i JnnlJy, anC that in ,on- Plateau, at thA age of s ome 

four monthc, he f Jun d three hi.st.erotrichs in the cJ mpounC:. 

f ollicle. The follicler of ot her • ibr i: t y .r.•e::, be 1:1tnught, 

do not give ri ~e to daughter follicle~. He i e not ce r tain 

t hat later h i 0 tt?r >trichs neveL~ develop in f ollicdes wh ich 

a.re tf1e G. i .re <::t "'1r0auct ol' the ~.:alpighian la,ycr of the 

epi dermie, bu t he thinkE" it probaole that at le a Et the 

normal mJde of development is by budCing. from a follicle 

alrea dy es t ab li s he d . 
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Trio points su~~c· tea by oy 3 r aph s are to be 

stressecl . '..!.'he .f ir<:.>t i~ '.c!:.l t EJme t il'f.e..._ the sec ond 

wa ve of t he h lE terotr ic hE i r :argel' Lhar~ t h ~ f ir st 

.'\la ve • . The histerotric ~ of tle eecJn~ ha ve are moL e 

~Eeuming that later ~iEterotrichs are 

E'.l way""' d.evelJ ped i n d5 U.6 t t r folli c le s , i t it- theu 

probab le tha t s ome times thoH dat1ghter f o l licles dev J lo p 

as bud E from folli cle E 3rowi ng 8mal:c r cur ly-tip - i bres . 

If t hiE indeej pt',)VC true i t would fit my c ·mcep 11-on o f 

the e11o luti annry tre nC. Jf the " p r011ot i onn :) f ldPtero ­

t ri c hs to be cJ;:-,c curl ~.1 - tip -' ibreP . . 

The E:ecoNl ;.; :iint bean n wha t I air ir (; li ned 

to regard at a ~ccon dPry pr ce ss in evoluti) n . 1-

though llisterotric hP s re very abundant i n .i:-la t 0 E ll Array , 

1ny measureme-:.t..:: Jr' lP·1 ~th reve€l n l 3 t wo ·>." ave::. I am 

a sked to emphas i Pe t ~iE point for the reason th~t it is 

not known h ow '.llany tiii:. tcrotfichf.: gr oT in e. co111r .Jund 

f -:-i ll i cle in l:latesu .n.r·r&.y . :·1t'1f'rland,anf al so Vr y , 

made a prellminar',} exploratior1, but they tei?.l .e the 

matter proved l e ... ::: eas:y to dec i de - pJ·o bau ly becauEe 

:)f the gre&t 6.e.a.e. i t, y of the ..:.·1br 0 s - t hao was ant i-
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cipated, with the rei::ult that t he que~ti on wa s left un-

U' t tled. My graphs ~ut;6·~st t :iat in Plate a u array it 

ms. v \Vell turn 1Ut U1at onl.Y t~ his t ero trichE gr·0w i. n 

the c ompo un d follicle . • f nerefo re , it may pr o ve E i 1:.. -

nifj c a nt thtit my hin t of J di vi ded sec nd •a ve , i.e. 

the exi etcnc e of a third wave - and DrJ ' s three-fi o r e 

compound follicles, arc recJrd.eG. f r om n::>n- 1latea u. . 

• ip. ~ ugge::=t.ion c o11seque ntl.Y is thnt Ll1e t hird wave maJ 

oe a 0 eco ndary p'1en orne non, addin1~ t o dcnE- i ty in s eco n -

d a r,y faEhiJn , tenCiflb to re.· t ore the· cJ bundEi nce of hi~ ' -

te.~·o tric b8 reduced to ,'l (tD.t l lo j~ J. p OL1 a.E ~he ms. in 

evolutionar~ tre nd. 

Ia these iQec~ thero iE ro.-ae Epeculat io n , b J ".; I 

am aske d to put for wl.rc theEe idea~ ae ~ Lae i r for ~1r -

th er work on h i ~terotri c i'..E (a nc.:. en tLe who le IJrob l Pm of 

ev oluti0n) , for it i ::: kn o'lv:1 weill i n t his labor£t Jr,Y U1at 

t he much needed stu.dJ o;: [1i...: te1otric hE wi llhhave t0 be 

o .r a pa td!en t 1cind. 

From the evolution point of viP ~ , ~r~ ' ~ fibre 

ty pe arraye a re n)thJn3 but g.radual Etep~ in evJ lut 1on . 
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Ar: it ha~ alreEdy be en pointed out a name g iven to a n array 

re a lly co\e!·[ :: f?e1·iP: ··i: '=i rr-,:.v:: , h!Jv i n-~ Jne com:ton ch·~ rac-

t eristic. 

J:'l teau arr"J< Lnc lsc· or ;:icklc ribre l:., arl::. f-..r [&dale 

the lack of fine f'ivKle i'ibre~. b ·t 1t.l Lhin on a •r[~;i1 are 

greet c;u&r::tit&L i ve c.ifr'erencef: , hence the tera1 rrt.oue,h;:ie ss 1r 

iE e:r:pl0ye:". ::-o ..... 5h1;efc- jf nn e.r~·,.,.y i E' an Ln dic&to1• ..)f 

the f r JBr~Ee ach "eved in th- COQr Ee of evJlution . Th~s 

&11 Lhe .cl' '_r::: .1 aria __ ,~~ riay be £.r.r:-:1.fi ect in lir1;:a1 orci; t ac -

co r c. in€5 t o t fF' l 1 t .:.> ·.te:: hne C'::: • 

:ith En c.rr·:y ·· 11ich :i1ay be .:xi..d .Jn .. ome pr:i.miti ve Preed 

of shee11, th€ L:-:::;t :.ith t1e ti!·o:. 1 arr&.,y 0.1.· 'E' :...c.acle 

terie:, stc . u .. 1til hC .vill fin<:. E.Jm6 anr._y •. h:..ch may be 

mcir'9 c~1ecked t!1•.n even Plain • .&•i.J .. itl , iri U1e ... 1-:te[·:_i 

s e r i e !: •1.f;; c ~.: n • a t c h t he s 1 ::H pro e e ... f o f f. v '.) 1 u t L:: n f ' r o u1 

halo - hair~ thro·3~ Euper ?i~{le iior~~ t~ [fa~le fibe$ 

!'1 i c !C 1 e f i l; re E ; 

ther chn.nue : ·iJithin fickle :;:.'ibr6t ~1Lt "r2d'..u:.1 inc 8.Ee 

of fi.re <"ic{:le fi '..ires until .L." tally :.11 ti1G j,.:..C -CUl'ly­

tif fibre gr•JU·; c.:11:r idr of ,ne t,1·::t:·, nRmE·l,y , fine 

f'ic'.\le fibr~c- . '""'vE>r. the lstter t nG.: t o ~h ift i'1to 

cur ly-t i ;-- fibre~ . ..•Q~ t the s8me c hant,e!! v~e re under-
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g one by hair.1 - tip -cu r ly - tip f i bre 8, {Jhi c h g r adua lly 

bec ome Ct.lY Ly ~ip fibre', then later ch.ec . ed cu.rly tip 

nnd fine C:llCl.Y tip riore~. uua i: i n ~-..y r~11. ~en~~ c1.irly 

t i p tibrec o~comc tine t o. ~ f~rL of ~he c0llec-

triche. Th~ 1.atter, in th(' C'Jurse .)f ev::;luti.)r, '1ave 

de c :.'ea8oG'. in numb r and.. t:o'Tle;have oea.a shifted to the 

curly tip .:· ore gro up (t:ee c:raph 2.~'). 

be rene~ber8 a lhqt Ea 1at 1e ~ave not EJ.cceede d in Pla te au 

Curly tip fior eE ~ere derived tram hairy ti p c~rly tip 

fib!'e::., ..."'.Jr tnr· hic;hest ;e rcenta6e .)f .:8. i.ry tip curly 

0 ( th .r. J J.;~ ir ly tip 5rou.;.. . • 

The grEphc which illustrate eltaer the represen-

ts.tive t ·,pe yf l'ibre or the ..Libre type gro.ip, ~ro. mort 

t y pi c .: J e mi ]:' r o g re r s i v e c ,l r v e ~ 1· o r e v J 1 J. t i. on _., r v c e r ~ • 

The rhape Jr t~ree c~rveE 

an ) b v l ) .i P v '.le • 

, .. c.~ 

'c.. ... T r.e.v he. v e 

of the fleece h:ivr. o.1.rcad.y LJeen u.if:CJ.t~etl . 'i'he ''head check 11 

Q8U.$8F- D.11 tht:: r.::c -C:J.!'1..y -ti. p _,_'-ib re~· dld '3 part of the 

ponsible tor the finen 8S of the re~ns.ining c.i.rly-ti p 

fib r es . It if not kno.-.a \ hat part i~ p l ayed i n evo l ut i 0n 
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by the 
11
cri sii:. thinnic.3'1 •1hi oh in the ma ~o.ri ty o.r: 

array~ i~ very ~r 1nJ.i~ced. It i.~ vsry n· u.b.,ful 

whether th: cr i 2ie thinnincl depe~dF Jn o~h~r fo~oP~ 

·f· ni 11 rem~:nb .: r t!lat ·r: r~ae Velle' ar r "'.'.'f- tl'rn 

c halki.nes.., ..i..~ e ~)Lfincr )i.lj t ~ pr : (.,ur1y Lip firy res 

a n , i n the c •.J u..t t f: c 1' 1. Qr t. h c r e ~ o 1 u. _;_ n e ,, P n t h i s 

?lain arr&~...; ~~.o~ ·' · 

Finally it rna y be 

p r ecip:ce fibr~~ ? r~ ~e r'v .d ~ r~~ ch~l~ curly tip 

.Li brE' • ' . 
,;) C N r '[Jl O Jf'. 

The rcrce tlt&t:,e o.f 0.l.rl.• '- ip f ibre~, cr-l<' 1-ated on 

a ver",y' •::r:i:fou:_1 :; rcoipic·2', i'h,.,reef ~it.1th"' curly tip 

fibre8 on thr Jae~ re~i vn arr ch~l~y thr)ugh0ut . 

Thu.s to Eu.m up the pr~~ent e udy has proved 

c 0n cl .J.f'i vely 

(i) that- th~ hypot>ie.i i:. c es -:- L~ted 11ith t he name 

the .fleece ir .. "'t tenai)Je. 
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{ii ) tho .i. leec€ J f i '!lI,roved sheep c ompri f' e ~ 

kr:..np hairiness ~es I~o ,.hy log?netic.!?.l ~as t i -

f'icbti 1n , bJth ::> ..... • the rv :;.r-"' <e:rived f1J ;n tf-).e 

outer coat . 

(iv~ the 8~e follicle can 0 ive ei t t1er iceQlp or 

III. ~ o.:i-i_ c:r;;i-- ~r1c1,: co~1 ~ 1-~~- ~'l'r" ~· 'J".::')·T 1·w: 
<1 ·<er:~ • .:.~ · >'f < ?~rJi.., . r ,; AB ~·u ·r t'Rµz •. ' 6-

::::.ur ~-o 11· '"' ~ if'i. .- .'"'"tot. 

c-o~c. geneticir- t~ ~ee .. to ovcrl .;ok tJ~e f2.ct 

geneLic.'...Et~ ~.ho take i::n 5r2-ntecl tha t ev ,Jl:.iti on 

i n the majorivy .:if c·~- .... e s mu.t'1ti:rn i:: th? real phen ome non 

11 I n Lhe evolution ·:H o u. r d.Offi8!'.:tic :rnimP. l brc ,,__ d~ fr om 

very s m~ ll p~r t . The ma in cause o f va ri ab ility is 

ce r tain l y cr o u: br breedin6 '1 , and 11 the c.h;;i.~f sou.rc e 
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:)f vari.s.bility lt. 1.....nl:::urtec.:y cr-:;:::~-breeG.in5 , tb.e 

cr a~se~ brecdr ~iffer" . 

fo. m:=. 

KRrakal b~rthcoa . 

a.grreC. a1rca,,y th3t ~~ rrn.J.ta.tiJn ir l ~ rcs.l. Lnd 

i mportant event Mii.ch <.'.:ivc;. t:1 ; r-.r. ori"'~l f ' r r fe~.cc-

referE to tne evo luti on a f speci~s, rnther than 

that evJlut~on i n ~'1· }q+;.er i r °b"' .. ;ht ,b"·J.t :n a 

. lf t'ereat ne .. 2nr· r- . 
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n •• • •••• a great numbe r o f mu tan t t,~pes 

u t lii~ ial ~ r e e aing. 

v ;.ai~t. i es .. • •• • b t... t there ":!'i:- num,e.r~e!:r. 

cL~r~c tc r ~ ot ~om~~tlc an · ~alF an~ plnnts 

t sn nc.:: is i n iti::elf an e volat i :1na:;<y proceH.; 

:.'llC.cve.1 i ..i. plau t and An iTE1 b1'ee<1 I.re. : ft.Pr. 

.~10 lee:: ,.s e Jf (; ha rBc ter i s ti cr t' s.t, ?i t•i~'Llt 

hi:nr•n pr0te c t i Jn, woulct '"1P ril sh, i t. i:::- r:ev·~r­

ti1ele~F a real P•JOlal.loc th ti$ t kin:; "_'l& ce'' . 

2. The KiGd of ~a tation . 

Genc:ca 11.Y by tu ;.tu t i 0 he arc' inc .Lned. t o 

u.nder . t anG. 1~ cLtn.:.:.c- in the ;;;er··1 -c E 11 which Li1·iri0 ~ 

ab::;..it suac..en ai:ld a.br'Llpt ln.he« i tea ct18nge in 1:-omc 0f 

t he charaoter i~ tic ~ of l_j_ v ing aci:Ji:~r. ·- ·ic h c f1an ge s 

a r e ea ~ i ly de t , c tab le H n a v i E i h 1 r> , th(' y J cc u c · 1_. the r 

a t r a n d om a n~ re Jiten ciila5troiE . The re ~P. re , how -
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an d visjble, hence they a r e more often t han no t over-

look e d. I t seems , ho~e v er , t hat not only h~ve t hese 
in 

are ea[ il~ vi~.ble. ... cou.n.e t f i::- i<"' m .. t ! a ira l. 

catacl:y::·!'1r ~f U 1ing a.ci lifelJ2E :;c .: .. _:: -a he ,,,as ree -

:;.. l ·= inir,. mJr gco le ·ici= 1 phen om-

er._[. a ~- the N' .: ..i l t o ~ · ligh t a~ 

to t "l.02~ ! ' t j J 1 takine, place. 

from r<ac l, 41). 

mnte.t.:i :.H'.! theory wu.L ln r b · tt;:;r )Si 1 i.')n t hi:in Guvier . 

De Vrie8 ' the'.)r-_y a..:- 1Jt: un er~t!.lmi i. t today ln volv es 

thP ~ar:c t't1n~a ·r.ental idea ~s ~.ivier'~ o.nd similarly 
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n.e ma.y fee 1 that daur' E pa pe r E are of much 

greaLr i'li\')J:1 taoce it.. ~!X_•l'.linir ... :: that mutat ions a re 

himcis lr. 

"HowFve1, if 0ne io 2ccucto.ed to ue iic 
~v=~ r. r c. _,ei'iJ~ ".!.. 13 <r. it c n bf' '"h')•1n 
t t:ti tre c 0nf:'p icuour mutatiQnf cc tr Jrl].' 
i :i ex t re 1e ca::- e E t h , t a t l ,., ' c.:: t ·=- F o rte n a 2 
v,·- ,, ·· : i ~Jbf'1.J ly f&1 u re i ft~ n t.ha r U1e t 
lit ,l- in.::.Jv;ic;;J')J.i= ' r'l'Jr.i 1' · 111.~s · o.,~ ta ·e 
ple:. c-:, ~-b .. .:.uh a.r·e .>~ i:athol.>e;ic · ::. :.iu. t EI't; 

t,. . .. !,ic·h. [ir'' _f.J._'cct ly .. ·ell anla t) f"U.r­

ive" . 

'l ~1U.f bu u.r d.i vi. des :rn.1 tat ions into t· o Ll' CJ lf£ : biG 

:nut<:.LiJr:r· f tc Vr ier- t sn: ''f:m&lJ '' :n~t Lj.) 1E.. The 

1 Fi. tis 1-1 e i.r i te s 

(p. 1,2). 

n,-:. seconC. ca1lfe f')r n,y s 0 rl. )t~f uncle:r e stir.1<:t t • ng 
of thr .frec:..iency o ... r.1 t· l.i.)n, '-iu:... hi ch 
if ;: t i 11 toc.;._;-1 c ..inc ny tre ma.1o ri t_y of oiu -
1 J ~ .;. ~· L i ~ i; ti ·:. t Iv: ·1· t!:.. n t ~ -- r ;- ~- J t a 1 1 s o 
con _9iC:.l .)U.. t ;;:. .... to "'.< ·' th~ir r· ccot;nition 
0::>.ric,le , eV '?tJ ill c~t"'~ .J:: a i;.::)m ').lj 1 _::0u.f 
in.itL.nL iiJ.iv~i.ial. .i.cco!'dino t·) my cx.pAI' -
iCJQ C <3 ;.he gr ·-.t ·na ~1'ilJ of u.it~ntE: f'.JN 
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t rensgresei ve var41 ti on v. lt h the/original. 
Th~t crn be beet PX~lai~e~ by an A ~ample. 
Cl~ .;f 1..fi •,fL:"~H'~"..'.) Jf n t/'"'ic·l c;.rf"e!-
1~ 2 ·· . '. r::.:::.n• '~"' '~E.y b~ h~t e rJZ,Y[Cll~ ·for 
a t'e;cess ivc. chlGrorh.vll f~ct':: ..:i 11t Ht~r 
c".:l •• 'J t bf' detectec . Jn i tz offi:pri;.g 
~".'f:r·:~~2ti0n t<>lrc~· n}·=e"'. ,,r 2~~· :r•~ ?f 
t,i r r,_:~·y ' .', pe hB.Vill'' the C'.)lCHlT' '>f it ._. 
iehve~ a 11 t d'-1 ;\::=>1". , \·::;ri ~- if' •:r -_r- ,'l -

ti ,t1 ill r0 t ;c re coJ;n1ee in .. he rr:t 'orlt.1 
:if (!~~fe'", fCl'r"!' 3'1'" li, .. /1dJP.r :rec n T ]sr: t s 
r:tt'..; ,ccur ic the U .. ue oec, C:u.e to the ;&cia ­
l.!. J!l oi r:itrit iJ j (ut~\i.lHl tii~ tr·i•utj )n of 
L Lrot:en in tre , oil,. qo•.;!VC1: if /CU 

p~::icee~ t~ c::i~tin~e thir cxreri~~cl i~to 
t 11 - 1'.: ec:orn.. t,eccr;: ti Hi it can 0° ~ho: n that 
co· IJP of tb 0 ::iffrpric;·, V·Rt i::,"'11 P1oi::e 
.;!, ,..,., C''~cPn.dPr, f1')m ~Hl .'..i'c5 ,l::.n~, •. t.h t ile 
ne~ l1:H1JL..)' ':J 1.U :'•y>-·prir;,-:.' ctH·, r!"-:-i, ·r_ 
• h< 1hJl"' bed a d·..;r'-<:e 6 reei. t 1111,1 th t> Jt:1er 
bear, it is onl,y ·:J·· tl-i"'' :·::u '"'). 8.ttertJJn 
tJ nG t<c .. ,n ta~l •!1, So 0ul;,' in '(H · ?3 

,YJO.. rec ~r.U.: <=, ::c. :tLV·nL 'd.ch de>+ .:a ll:v 
)cc.urc: s.r c: hom.)zyt;;•'J..i._ in,~ ivida-=i l in F 1 • 

.P.,'1'... '.1e r.a · ir it.> ~;: e: ll !.1-l ~2- I J ._ , !' f- far 
as r-.~1 eJ(_;:e1·ieace e-;oc::: ur·c 1i.ita tions of 
u L '.\: ii:c.l II • 

F1rth~r 1aur describer chc types 0f em~ll mutat i Jns 

(p.113) -

;
11''10 S!'lc 11 , lltatl.J. F .1hic.1 0 1:.n bn "'icke:l up in 
LhiE .vay ::,,rr r :vcr::c t.:! ·:. '."hE:- caure 
ET1~11 , i::'Cc.e".Jce::.. in Lhe co1.,Llrir.;; c•f thP, 
1eav .i:, the tlof'"Or!1~, ir ~t1E· rr c.'.. i\'f' lellf~th 
0! an.ther ·nu thi: ~L. .. c, Ji' 1.r ... lri!'lel::, t.he 
Ei?/; ::if the Eeec, etc. i.n on-:: 1•·2rd, t"'. .•:t 
&r~ ~ lt'e.ic G')U.E i~J.~.L~t.u=!c • 

'fl~ ht!J n .:.. • " h 1· I - l'•! • l ,.. ,."': t'1 • 
i .1en .., 1kn L l Jilf'G. J• n1: tt.. ~ .. \;. ~r 
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··rt ::u.l1l t·,o L1; 0 n·,~· ; · I ~ t.t r; 1}. l o r> t tE' ;:_-.t 
to ,Jr> E(~ ri :.•.: L-J,v ·- ::t.n ived at L:i.oi:: e crin­
c ~~i_. .. • l lL·a L.:> 111enL .. H1 tf- -:t ~i.,..1ce 
l~J1 l ·rA.fc .nB.n.y r'(.p<.: ri.:;~ ·r.; ith -;h~ 

s-;:.,:-:1.,;.:_.;;:-. .c,n.tir1oirm1m , l C Lll t iv~ted Jn +-h"-: 

&v0:·-be fJ1ne c.'J~\.1-) i t1 .. ~iv:;!L~f1~~ et :/'2i.l.1·. 
I c-::ar:«itr-:a r. 1-. -:!r., :::o, at. ·ea ~t "'.:° ;).,.. t- '" i.f' 

._·: i:::~eci?.~ I ,jt ... ~t,ll'1.1 1 bly a.H . .v "1;/ con­
cl ,1r-.' ) .. f: ·• 

mJ.tat ion ::- ir. l.nt ir1hi.i.B,l.Jl if' about 10 i;er ce.n &nc: even 

the l' ttcr i~ to:> lo 'i' HCC.Jl't ing to hiE rF>f 11.1 ts fr0"1 

t '-1 ,._ la:.-'.., .'· c ...: t 1 ~ .L n v - f t : ;:· -=i ti ' , f' , '1"' c ~-: . 1 1 E' \l -. -:: r> ~t e 

r:>L 0' ,,i2ne r1t.l.t.Stion in evolution 1-o~ ;e 1 'i5) 

11 r_:' 1-~ s' ::;tf:!nr:nt thqt .JJ..itati·n1~ R ~d Rb'.'l'e '"1 1 
E~lnll ~ ...... U.: t·dn.';,. ::.r ~r.J "1:1.r~'.'JI''inaniy tree-
~ Jc n t is !) .r L n c 1_ T a 1 y i mo J l' tan t r' o 1 our ? n t i r c 
&ttit-c.r. t; .• Rt. il -...ef ti ,i"J Jr' tV ..,llltion. 
LI, t., t.he .; rc .. ent c hPve g reHL ly overes -
ti 1;E te 0 Lhc. '"Jr:_ L,. r C} oi.' 1 L<.l'C .Li. t e ~- , tf'.E.n :, s 
t L!tcl L.L.'2...iencc oi the e.x pe rimentf Jf ,TJf.i?.r. ­
~'en. 1 : J J ... vt c.. :1t , r.::>·iJ-vt.r, t'.) ~-_,c,k. t n -

.t'av .. <t!'' ii..1 -J~' the oi:iith) t~ .i-,"lr, concl:1si );)f- 1f 
J -::> '18.Wl" ( D. '.l.

1hc $1,ff c.;.~:.tir.ctlo;1 lJet\ ce1. 
he.c e, i · ~ c·· "'rt' non-ht .cedi ta ry VC.J'iHti 'in, 
tlL ueEtr<lction J.l ~ht• H_,~le ic. " P ,..,_i cr ~ r 
KC. 'J"t' ll'JG,r t, h• t;e1m 1 inhe1itttnce ot' acc.uired 
ch .. 1 s. ctc1 ::- 1

• .::-\1rt!'J..,;1·1-:,.:1... .!.!.~ 1··1..>le c: ::-iticP.,:.'.. 
&:1 l~::: _::. Q_ th-::- v<-rL.itioriE- ir d. ue :::.lrno~t cr1 -
ti ''(~]J t Johan.n"cn, an: ._1 11 t•li.~ rn.8ly.._ i:: t.!1€ 
'lh.,le bu .. ~_.:'iL « o l' the llp to u.~te science 0~ 
lerer.it,y ~38 r_r·c cte ~, . Bu.i; F:;\Pl: ~-.. r. :1u: 
fol lo·~! .... ~ . ere .).r'e .,r t unasen tha~1 ... T::>h - nnsen 
hlm~cll'. J::i· .. 2nr~2~ n ti!'"' llo e )fJCJ •' ~ m fro": 
hit ':!X r~ i .""t'' rt_, [ 1it'1 ·ohr11 .t.e ~ 1 anc. be:l .. ~· (F ,) 

i1,J -·re '::. ien t a .c ho v. _·e..1·e • ~lf' ti· it"' t ion£< .'Jere , 
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11 but 
Lhe 

°"/f' !.''JCT .'/f' i·h·~ i.JP~ bC\j'1m<> predominant 
;~.~:: ::>t:i.cH1 :- and '"·Gove< Jl l.bct.c:. r.J.t&t::.ons 

2.re 1 ... ;,E JT1elrt~c ':.l i_te ...ll1.lS•1·-1 B.flU ..11re , 
a~1i:: thr ~- on y mon~ tr'.):::i. Uerc .'."'rs !"!"lr tE< •ll • 
.i.1he r .-:..'i.lt )f c .... · ir l1t':. rly .f':.l"'~- cstL .. dio11 
OI.' tt:e t!'CCQr?1~:;y r~n~. t~c ~c":_~ •7, .1..1..;t l 

11ut.J.li ),, ... n:-. e:th2r a complctP 1 .:t.:..nHc.1imnc 1 

on the ru.e~tion of ~"~JlL..ti:;.'.:. o; sr: v.•lu.t.Lr, 
bGfed n r,a . ..tr:-:11 ~eil!.ectL.;ri o:f:' C?lf"~!l&Lioni~ e.s 
Lo t ~ y ::; r~ j hp r i '::J"' r t -:-- i 1 ::- ~ f· !J _ ·:. :_ ·i E: v P .:l ; 

11 3'.)wcv~r, 'J;y experin:c tr ;1 ·~1tin 1·,i11::-r11aov e 
corclt1::-ivel:1 that i!l l·flj_f ~-ecieE: :rctvr mu 

t9. t i _, n ~ <- -, :: '3 j :) V e 8 1 J 1 f' ID! l 1 T 'T J t ':' ;. i ) c r ( 'k: 1 · _i CE' 

rn1t.r•;,,,fn) !"',rr• '"~t r_·ir6in.'1.'ily fret~ll~rt . 1..!heEc-
1fl!!'-llL( .a.~··tiJn:? --r~ur<.:r.; sl r:~r-ib1"' r.~11,;f'D­
loticfl rr:_c ~·hyri0L>ticel _pl")pcrtic~ ; t..hcy c.o 
· '-' . · "l'El 1y Cb ·1."P ~ri· cl0

·:·..- ,.. 
11 ·,..r c, le 'e 

deP~l'ib~t'.-aP· ~onf't;ou~· ,n· r;a~; .. ~l .. ~L:i.~~:., ,t.h~y ~ 
- L' r C l: -:; t. IJ . C 1-i t ?. r'\ [" i . - -' ~ t r- ~ • 11 ::_ 1 ~ r_ "' 'T' ;j 

'!i '- 1 r.. L l.LrinL n 1U \i 1.:: ilit.v. 'l'/'lf.)i ever:. 
:- ..; '1 ;_, i' . '= f i '1 C T' C ;..• ~ C tr: '"" 1 

I • 

Fina.l.l~/ he i:.wnf. 1p the ,ef init.i..Jn of''i:mrl l'' 

mu ta ti 0 us ( .r. 14 c } : 
ir... 

"Bef :e on1· v:r,y e,vr:s occur ·~l'pf'!tu.ally/big nu.m ... 
. . r. , 2'T"« i ·1 ii' Prence E c) ·r·: r · ')' "d ~, :"' ..... t-c.r 

m.1t:;t i ~ ~ , ic th' :ls .;Ti:' .)t c- t.!: I he;/ <;.l'G ::o 
t.i:.:,y t-, t thP,/ C''"l b~ ;~en '.)!11"' i 1' ff,CC''l ~··-1h (;:; 
f 11 f:'X "''' r 5. (' n t r.. ·- vc ~1 r.n i 0--L ;--.. 2 1e.; i u_ laa.c: i:.t 11 
t L f> pir ..) .!' E. ,:· t i ~· : :) f L h I~ •: :._ r~ n !, ~ • 

t'e, c- i ::.11 r nc. invisible 

1e t.hsls in Droi:o o p hil& rt1el. 
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connected with any visi b le changes of the traits. During 

this study it ~ac revealed , wha t a lready Painter and Mac-

kensen had pointed out, name 1y, that the gene tic ma p shows 

that the genes are more or less/equally distributed through 

the chromosome, whereas th e cytological map of the chromo-

some sho ws a different d istri but ion , that is, in one region 

of the chromosome t here were f.)und more loci per unit leng h 

than in another. Slizynski expla ins this phenomenon as 

f ollows; 

"The best ex pl anation of this phenomenon 
(un~~mal distribution of genes in a chromo­
some} i ~ the theory of mor hogenetical poten­
ti a l. This t erm definer the amplitu~e of 
gene expre Esion or itE power of crea t ion of 
a trait, peculiar to itE difr·erent allelo­
morphP. Genes haviGg high morpho-gene tical 
potentit:...l, ~.hen changed oy mutat ion bring 
about a very dist i nct change in pre-existing 
c..haracteris ti c s . Here be long almost a 11 gene:: 
kno ~n in 1rosophila , up to th~present." 

In o the r ~ ordc , these genes, when undergoing mutational 
c 
change_ bring abJ ut 'big( mut ations of Le Vries. This 

is understood in the light of his further explanation: 

"It i s well known that not all the genes can 
easily mutate. In ~ ome regions of a chromo­
some muta tion concern only 'rtrong' traits, 
that ir, a change of cuch a t rait i r eaEily 
detectable and hence t t eEe genes have e high 
po ten ti al" ••••• 

"Forcee Nhich bring about mutations no mat ter 
~hether spontane ous or induced enc Junter 
'resiPtant ge nes' in some region of a chromo­
some: and in otherP gener with low potentia l, 
that i~ ge ner which do mutate, but the ~e 
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11 mutations are invisible. Thanks to 
the l a tter proces(." we get ' white' 
places on the geneti c map of a chromo­
some, places which are seemingly not 
fille d. up with genes". 

Now we can recognise genes ha vmng low potential 

as genes which mutate in Baar'~ fashion. Slizynsk i des-

c ribes the role played by those t ~o types of genes in the 

domestic animals and thus an attempt is made to connect 

the result of theoretical genetics with data furni...hed by 

pr a ctical animal 1reedi ng -

"Genes having l JW morphogenetical poten­
tial, that i~, genes \'.hi ch ml1tate ·ith­
out any detectable change~ of the pre ­
existinc chcra cteri~tic~, play probably 

a gre&ter r c le in the processeE of evo­
lution ac well a~ in the proce: ees 
leadin~ to adaptation of the organism 
to a given and strictly defined condi­
tion of 'milieu' than hitherto found 
BOC described 'laborator~ 5enest Aith 
very high pot en t i a 1. The la t t € r have 
definite evolutionary vala.e .)nly in 
th e care of ~~dden and cntacly~mic 
cb.ange£ in the phy .. ica l and btlogical 
CJnd itionE of the envir:>nment. 'l'here 
are many examples in gcnetical litera­
ture to ~upport thi~ vie w" . 

Finally '-'lizynski rre n ti one the ''kleine ...iutationen 11 (Baur' s 

original definition of 'small' mutati)ns) and defines them 

as "genes of low morphogenetical potentia1 11
• Thus 

SlizynEki distinguished, as Baur, Hammond an~ probably 
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Goodale did, t wo kind9 of mu tati ons and furnished ·cy to­

logica l evi de r. ce of the existence of chan6es in the chromo­

eomes of Dros ophila with i nvi sib le effects. 

3 . Role of ~utation an · Selection in Evolution, 

There is n o rea son t o believe that Johannsents 

pure line the ory is to be cha llenge d. vha t i s to be 

challenge d i~ the at t itude of ~orne·genetici st~ to the 

r uest i on of the kind and fre que ncy of mutation. It 

might seem th£t to th i s category of geneticirtr be lo ng s 

Goodale (26) . !Iis experiment on the mJure Eelec ted 

fo r larger ~pot e of Nhite hair~ :m their foreht>adr com­

pelle d him to £ tate 11 close co_. t a ct wi tt the mouse 

materi al prodQces an impre s~ion that Eomething of the 

nature off: c rea tive pro ce E::: iE taking place llnde r one's 

man i pulation of selection [ll~ m~t in6 , not a mere rearra nge-

ment of pre-exi et ing genee. 11 Yet he di~ cussess all 

pof:'si b l e wayr fu1·nished by the prei:-ent 1rn::»-'ilea. e of 

ge net i c s and f ai l Q to presen t a satisfactory explanation 

of the result of ~iE experi ment . However , h• is obliged 

to state : 
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"These changes may by some be cal led 
'muta ·ons', but if this is done, 

the term 'mutation' has been trans­
ferred by Eacce f sive c hanges in mean­
ing from the elementary ~pecie~ of 
De Vries ~h ich at one bound de veloped 
striking differenc es, of$en in several 
c haracter~ at Jnce, t) the tmall fluc­
tuating va riation[ of Dar~ in in the 
se nse in ~hich na rwin use Q the ord 
'
1fluctuating", i.e. small inherited 
variations, not in the sense of trans ­
itory environmental variation .... \1 hich iF. 
in current use in biologica l circles". 

Goodale himself, apparently being not familiar with .1:5aur's 

work he:dtates to ar ri ve at such "new"conclusions that ac-

t ua l ly these Rma 11 in her i tea variations are the .. s111a 11" 

mutations (although his who le experiment sugcerts Baur' 

theory of smb.ll mutations) . This may be seen from his 

t wo s ta tern en ti::: 

and 

"Since our pre [ent know lede,e vf wu.ta ti ons 
indicate~ that they are tao infrequent a nd 
too erratic to furnish a suitable explanatiJn 
wf the rc1ccesr of selectio~1 ..••. 11 

"mo::.t mutations, by reai:~ of their nature, do 
not supply the kind O.L ch: 0i;e necef=:rary for 
the progrcs~ive adapta~ion of a form to its 
EQrroundingE or for the prog r esf ive ad vance 
in st rue t .ire n. 

Finally, stating that r.1t is immateris l ~hether that which 

is developed by selection was hidden in the ~erm 11 ..... .... ce s •••• 

or whe ther it is a ne...v creation", Goodale writes nnarwin's 
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vie ~ tha t selection haE power to a c vance the creation 

of new inheritance finds eupport in thiE" exper. iment~ ••• n 

Pe rhapE t here is no need to emphasise that othe r 

geneticists are perfectly clear aE to the role of mu t ation 

and selection ineevoluti on . Just le t me quote alo r gan vi1 o 

writes l37) "Selection ceases ... to produce any further effects 

after these genes have oeen sorted -:iut anG. the tTa terial ha s 

become homozygous for t hem" ••.•• nEvolution, howe ve r, means 

prdducing ne w t - inge, not more of vh at already exist!"; rr •••• 

"It followe, that if ne w c ha r &cte rf transcending the ex­

tremes of tho original populatmon arise, this must come 

aboa.t thro..ieh a c •1ange in one or more of t he genes them­

selve s . At ~rese n t we have discov ered on~y one way in 

which such a chan~e takes p lace - by a mutation in a ge ne". 

(See als o Se re bro ~ sk i ' s paper (43). 

Now it ~ill oe of a~resting intere $t to vie w the 

conc lusionE t hat ~aur arrive d a t. Thus he states (7, P• 

146) "The t sma ll mu ta ti on E ev id en t ly :p1a3 a very impor-

tant role in evolution" (5, p.115) 11 Di f ..'ere nceE of 

spedies in the gr Jup of antirr hina~trum at least, a re the 

fumrnat ion of very s ma ll mutation r te vf" •••••. "I f or my 

part do not see the s ma llest diffi cul ty - ge ne r al l y 

~ ~eaki ng - in tra cing bac ~ the ~ hole process of the 
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creation of ~pecies, as it can be watched today in the 

grou.p of n.ntirrhinl1ID to the effect of na tural se l ection, 

on Eelected individuals with sma ll mutatiJns. It is 

not necessary to men ti on that the • .ti o le di s play of co m­

bina t io nE is here alEo of the very greateFt importance. 

A mutst i on which in itself posses~es no Eelecti on value 

may get selection value when in combinat ion with some 

other mutation. l do not underestimate therefore the 

importance of combination for the me chan iEm of evola­

tion. l go today ao far as to say that I interpret 

tne biological meaning of bisexual reproduction t o be 

th ;-3 t more progeEs is ;nad.e pos~d ble through the se lee -

tion of c mbination of muta.dlt genes. But in the last 

analysi~ it iE the mu tation procesE whi ch actually 

createG new m terial." ••• 

tl Nith the Eta te ~ent that there ic ~1fficient 

material available for selection, we claf ify , of course, 

;)n ly a small part of the proble m of ev olution. But the 

etatement that evolution is at all possible by the way 

of natural ~election, E-eems to .ne t o be of principle 

importance. The se le c ti on theory i' attacked today 

from al l ~ides, particularly by investigators who know 

more philosophy than biologJ, or, if t hey are biologists, 

have very little experimental experience. It is re peatedly 
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argued that natural selection can,10t •IO rk oecau£e the 

theoretically necessary J.r:. terial for sel ection does 

not exist in sufficient multitude of variations. "h is 

argument is f~l~e. hen one applies correct ne tho ds in 

searchiog for the hereditary differences one finds them". 

It might take us too far afield to sum up Baur's 

cone lusions. as far a~ our present discussion is con-

oer.ned the follov1iog chief points of Eaur 1 s conclusions 

must be Etressed: 

rt(a) •••• we arrive at least as far as differentia­
tion at subspecies is concerned, purely at 
Da r win's selection theory with the supple­
ment that the original selective material is 
mainly given by these 'sm~ll' mutations. 

"{b) •••• of c ourse , the selection of ~pecial com­
binations must play a big part . I by no rneans 
underest i mate the great importance of the com­
bination~ but in any ca~e - in the :tlnal 
analysis it i ~ th~ mQtation which g ives the 
~riginal material for selection. 

"(c) •.•• in the cuse of crtifical selection it is 
the cbn£picuous big mutations which are very 
i@portant. '.i'he usu<Ally very conepisuous d if­
ferences in races of •ntirrhimum maJus are 
not Eumma ione of ~mall mutationE bat are 
dQe to f8ctor mutations that are rare but 
very productive. The reason for it i s that 
artificial selection wor".{E' '"i th a. very much. 
lees fine sieve than na turo l selec ti~n, that 
is l.ho.t mf.n findr <...nu pa;y£ nttcntion gener­
ally only to the c0nspicuou~ mutants and 
the Ee are mutants v hich in the ma~ ori ty of 
cases are annihilated in the c ourse of 
natural selectiJn". 
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The significance vf selecti on will be Qi Ecussed 

briefly in Lhe next chapter. Now it is necessary to dis­

cuss point (c) of Baur's statement. It is felt that 

~ Baur made the same mistake for vbich he te1ro&ches o the r 

bi o l~gist s . His last statement is illogical and is in 

contradiction t o his previous statements. Apart from the 

f act that he explains the evolll t i on of specie .. by 1i:inanE of 

s mall mutation and natural selection, a concausion arrived 

at bS means of artificial selecti o 1, he states that 

"man pa.Js attention to the conspicuous mutant rt 

and that 

"artificia l eele c t i ~n works with a very ~~ch l ess 
fine sieve than the na tura l selecti)n". 

Of collrse, this state ment is false. Artificial selection 

11sually can reach a hiBher level than .aa tllral as the latter 

~ elects ani ma l~ or plantE from the ::::tan.point of thei.f fit­

ness and the :former usu.ally le ave~ out of a ccou.nt an ani mal 

as such and pays attenti0n only to the ~articular trait it 

iE}"selec ting for. Jf course, if Baur had be en more famil-

iar with domestic animal~ he could not have arrived at such 

a ri di cu lous conclu~ion. Ho~ever, Raur ' s last statement c an -

not impair the validi ty of his ~ain conclusion , but must 

be t a ken as a weak point in his generalisation. 
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ith regard to the role of 'sma ll' mQtations, in 

the evolution of domeetic animal s it Vi 11 be of great in-

tereE: t to quote Hammond' vie ws. He apparently has not 

been famil iar with the wo rk done by Baur. Hammond did 

not use the term 'small' mutations in aeecribing these 

changes which count in the evolutionary processes of 

domestic an i mals; ye t he, ac Baur and Goodale did, laid 

streEs on the small inherited changec 1 hich are of the 

very greatest impo rtance in the e v :>lu ti on of live-stock. 

Thus Hammond writes (30): 

"The 1t rge m..i. tat j :inf: that occur in oa.r live 
stock are nearly all of the recessive type, 

and for the most part consist of defects and 
abnormalities or fancy point~ (such as coloar 
and h:>rn~), ich are of little commercial im­
portance. Phey usaally segre~ate out in 
simple ratios, and it is an ea ~y matter tJ 
'breed . ')t' th~m by using ~eodelia'.n met hods. 
On tho other hand, almost all rommercial 
q'1alities are: 'blendine;' ia inheritance; 
there i no dominaoce, and in m~ opinion they 
have been prod uced by quite different methods, 
that i t by the accumulation of cmall variations, 
~hich are uontlnualiy ~ppe&ring and may be stirou­
iated by environment •••••••• 

"Thus 1 see the real evolution of commercial 
qualit.:..e[, built up by small variati ons, con­

stantly b&in5 added to accoraing to the envir­
o.nmer.t oi the animal , and the torm& ti on of 
var iet l ee, freaks and fancy points pr ocuced 
by the wutatlon of genes already formed by 
other proceEees ••.••• 

"The evoluti)n in the ~ke leton (of the horse) 
has follo wed a definite and uniform course of 
changes. This evolution has not been br:J ken 
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nby a number of sharp changes, such as 
mutation affecti!l6 different parts of 
the boCi.y inde_tiena.ently; for exartple, 
no shortened limb bones, sach as tho~e 
wb.ich occur in the .iiaehshund dog ••••• 
and behave as mendeliah rece~sives, 
come in the series. These things are 
mu tat ions thR t may easily be nicked out 
by man and bred to fo rm fancy strains, 
but they plRy no real part either in 
n11.tural evolatton or in the deve1oorne11t 
of the body in commercial meat produc­
tion. These mutationE do not as a 
rule form int.ermedi~tes .. hen bred to 
th~ normal ty;ie i whereas when t .o dif­
fere!lt "developedn t~·pes 9re crossed, 
all gradiati8ns between them may be 
0bteined. In the ~orse the different 
type~ of conformation are mag~ifications 
(light horse) or exte ntions (heavy horees) 
of the gradual chanses which have taken 
place :!uring_~h~ course ot evolution. n 

In 8hort , Hammond, probably ~uite independently 

from Haur came to the eame cone ueions as the l~tter. 

RnmmonC. di Et i nguis he£ very sharply i !ldeed t wo kindE of 

mutti.ti .,n<, that i -, bie, anG. Ftnall , an,.-. c;;.ttributes to the 

latter u verJ 15ru::.t part in evolu.tLH1 not only in live 

stock but BlE0 in natural evolation. There ir no need 

to discuss Hammond's explanatiQn of the forces stimulating 

the origin of m~tation. The ~oint we ~ere looki~g for is 

that 'rmall' muts.tions .-.ere recot;,ni~ed hy 'Baur in the 

plant and by ~ lizynski, Good~le ~nd ~articularly by 

Hammond in the animal realm. 
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4. Selection anu itc part in E~olutiQ..g_. 

It it t hought necessary to devote a few remarks 

to the question of the sele cti~n which piliays such an iro­

portan !, i·ole in evolution. Again the~e remarks mllst be 

strictly c ::rnfi.ned to those problem"' '!']hi ch concern our 

pre sent discus~lJn. Huxley (31) notec that species may 

originate in several different ways and thi~ origin "may 

be either grauual o.c abrupt •••••• The divergent origin of 

ne w forml ~fter i 'olation appearE alway~ to be gradual ••• " 

Morgan ':57) Gtates 11Evoluti on once begu11 in a given di rec­

tion is in P favollrable position to go on in ttie fame 

direcci ,.c. rather than in enot;•e r n.. Gooda l e {28) is under 

the impreE.SiJ!~ t,hqtJ "nar"11in 1 s v -«n th3t- selection ha s 

po\9r to advance the creati~n of ne~ inheri t ance finds 

support in these experiment~ and may eventa lly regain 
I 

it E former standing ae a fAc to r in orsanic evolutiJn. 

Bal.l.!', it may be re~embered (p.245) arrived a t the ~ame 

conclusion, whereas iiammond ' E opinion iE t hat environ­

m"n t and e sp'3cially nutritio!'l plaJ a sUmu'JRting role 

in progres8i Ve evolutioni 

I.n the light of the above cited opinione and 

in the light o f thP present inver tigat i Jn , one is in-



-250-

clined to think! that if a set of genes is a p t to mutate 

the selection g oes i n s omewhat "snowball" fa sh ion . The 

snow is fur nishe d by mutati on and selecti on fur nishes 

the direction and perha ps the speed too. If t he balance 

between genes i s up~ e t and t he powe r of the salection 

maintained , it is ea s i er f o r t he e vo lution t o g o in t he 

directi on insis t ed upon by selecti on . Thi s bei ng pure 

meaha ni s tic s pecul ation mus t be rega r ded a s s uc h. The 

point which nee ds t o be s t re ~ sed i s tha t ~vo lu t ion by 

means of "w ma l l" muta tion s and se lec t i Jn i s a re a l 

phenome non . 

In th i s iiiscrnsi on , one mo r e r 1=> mark is to be ffe r ed. 

I n th e c our se of evo l uti on a ~tage i ~ re a ch~ d i n whi c h 

e vo l ut i on can not 0 0 Any fur th e r; evo l utlJn in the s heep 's 

f l eece fo r l ne t ance ca c. ha r u.ly e, o 2.b)VC t hP. l a i n a rrays. 

The medillRt i Jn in Pl a i n arrays i s a lreaay "bred ou t " and 

the var i a t ions i u plu~ Rnd minu~ f rom the ~e ~ ~ are very 

sma l l indee d . 3ut in .P . a t e a u u rra::~ the ue r centage/.lf 

hai r ine E's i s ver-;;1 higl1 r.,n J. range"" u~To.ble XIX sf S>\.,. S , 

f r om 24 per cen t t.'.) 109 per cent. In othe r a rray "' the 

variab i l i ty i n t he peroonta ·e of hn i rine Es is gradual ly 

ciimini Et\$d un t i 1 i n the 1'l a i n a r r ay s the Ve. riab i li ty 

reac he d a. lm0st o. The h i g h coe fficien t o f va ri R- ti.;n 

indicates a multifac t orial ba Ee of iuheritance , t he 

l at ter i n Jur example i ~ obv i JuE fr om t he ev , lutioa 
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standpoi nt too. 

Bu.t we know that .Plain arrays are determine d b_y probably 

no fewer geneE than ~lateau. Hence the low coeff icient of 

variation in Plain arrays may lead to und ere~ti mnti on of 

the number of ge nes inv olved in the de termination of fine-

ness of v.o ol. 

p r ope r ti es of tho array, e.f.. the nu.mber of fibres in 8 given 

fib r e type , the d. i amete.r , tte f'heddi ne rituati:-ic, etc. in 

sh ..> r : , all the t.ra iL£" ln wo ~ l sho~J th0 sa~e propertieE, hence 
iwt-

the lov coef icient of va :iation doeE mean nece, carily tha t 

the number of e en e2 involved mu. t be al[o very lo h , and there-

fore a statisticAl treatme nt of gene tic datA must be tre · ted 

wit h g reat c aution . 

5. Fole of 11 Small 11 .:utationr: aud 
Selecti on in the LVJLUtton of 
the:. 1·1eece. 

Prorr. the c..oove discussion it i~ ::> bv ious that nsmall" 

mutations f.irnisht;~ th~ r11ateri .s l .for evolution. It must be, 

however, remembered t rat the fleece as an entity has unde rg one 

many ey Jlu t.ioncry c h&nge~ . In the prei:ent E=tu.dy a t t enti on was 

paid only to t he most pr imar.y ev o luti Jnary changes, leaving 

praot i c2.lly out of a cc ount such important propertie s of the 
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wool as r~te uf growth, density, character, eto. Kven 

in the description of the evolutiJn it was necessary to 

confiae the discussion only to the for ceE responsible 

fer the chan -~es from Plateau tn Plain array ~, leaving 

out of account the base or inborn coa rseness upon which 

the checks act. Thie fact, ho~ever, does not o bscure 

Lh€ pict ~ 1e of evolution in the fleece. 

Th€ 1 Ea1all' mutatio r ~ c ould not havefaeen 

detectec •· i thout the foundation · ork of lir . Dry . ith-

out tb a itu.o ·Aled.ee of COl'!Jpsrative •'.OOl anatomy, such litt le 

chE" ngc~ . hich couPt 1n the evoluti '.) r. proces f ~~ere over­

lo okec. "'::>1·.· , ho·uever, in the li0 ht o f Lhe f a cts hi t he rto 

describea ~t iE felt upneces~ary to o i nt out all the 

f L. c';;s ·•l1 i c:h ::... r e in f a vour of regarding Lhe c voluttan in 

the f.Lcece c.. c a c10iit J rot.uct u1f rsm lln mutatione ar1d 

sel octiJn. fbe aata &nd graphs presented here are suf-

fi cie nt proof . lror the sake of example, let ue diB cuss 

t he occurre11ce of "sr.:inll0 mu.tati or1s ln the l->re -clj.rly ­

tip fi bre groun. One o r the firbt small mutations had 

caused some of the balo-hairE to be cu~e super afckle A 

fibre E , the· n other sma 11 mutations caused ~ome of the 

Eu.,,er ~ickle A fibres r.o bec ome super sickle A', thEt 

ie, tti2 mut ation has caused the tiny re3iJn of the 

neck to be tine, later probably more than one small 

mutat ion caused E'uper eickle A' to be come super sickle B 
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to bec ome t ickl e fib re E. ChalLy sickle f i bre s by 

~e&n~ ~r firther rm~l l mu t at i ons ha ve g r aQua lly lJ s t 

their ha iriness un t i l sick le f i bre s beco me fine throug h-

out. Thes e a re quali tat i ve c !::lange s only, bu t quant i-

t a tive c hange s o ccurred t oo , c hang i ng the balance o f 

t he pre -curly - t i p fi bre g r oup as has already been des-

cribe d . Such g r adual changes may be no ticea i n all 

t he o t her proper t i er of t he a r rays . One may e vo lve 

f a &te r ~E for i nEtance f i ne ri ckJe fib r eP or hairy-

t i p-c urly - ti~ .dbret (gra_r.h.r· l '::i. a.ud. 15); another mo.re 

El owly , (hifterotric. f: - graph 20), "l:mt all Jf t he m show 

t y pical evoJ ut ionar tre nd F. ffr~m unknown time Q (Bark er, 

2 ) ·n.bian has se le c teQ shee for fin .:> wo ol, he ne e t he fre -

quency of c.iutatJon .lo:: in .JU.l c:rn~icleration not of pri mary 

i n t ereLt . .:.ven if .the .f rc <:u.ency ere very l.J ., i t ·No u l d 

no t matter . :;f c::.,u::e, the frec;,J.e 11;y of rr;utat i on even 

in the same zpee i e~ or race may' iffe g r eatly , he nce 

the same ~et~J~E ~pplic~ to the ~&me Epecic~ Jr race 
"' 

g ive dt i ffer e .at resultE . 

At the preEent E t agi::. of the know le dge Jf g e ne tic s , 

i t is thought bet t er to confine tts d iSO Q~Si~n of the e vo-

l u.tion 0..L ttie fleece t..0 the ~eh• point"' ::::treEsed abov e. 
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SECTI ON VI 

I. THE C!L4R.A CTER OF LAMB' s l.O OL. 

1. Intro duction. 

In thi s part of the thesis a preliminary account 

is being pre r ented of investigat i ons on th character of 

the lamb's wool. As f a r as our Knowledge goes, no such 

inve c tigati on has hitherto been cgrrie d out, ana t here­

fore it \,aspeces sary to find out an ear:y and :::imple 

me thod for compariEon of diffcre ~ L etaples an0 to judge 

the ,: ifferent r:oi;ertie l Ol the .•, 001 ad vCUlJ • Such 

i nve st ig~ti~ns ~a) be of interest fi~st beca~se t hey 

may reveal some re l cL tLJnEhi p be tween t.he p by~icB 1 pro­

pe1: ie f; of . ool at an early ~tage of t he lamb's life, 

an the :;.'leece of aC.uH ... hee.tJ ; sc;c011dly they give 

s ome idee of the ~oJ uG t of variation in the ~ ool cha r­

a cter bet ween t he sai:1e boc y ree:,ion of d ifff:'rent la r:tb s 

and between di1ferent bod~ reGion~ 1n the Pa~e lambs. 

Third.l~, ~owe col're l' ti Jn rnuy be sho .rn between dif-

f erent ·n ool chara cte rtc . l"inally they may furnish 

in tereEti L6 t&ta ae to the ori gi n of t0rue ~ ool cha rac­

ters. 
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It is fel t necessary to point out that only 

17 lambs , which furnished the chief material for the 

whole present study , ~ere exa mi ned and there fore a ll 

conclus i ons drawn must be treated with g rea t r eserve. 

The act ual exami nat ion of ~ ta ~s wa s done by 

Mr • E . A. Cl arke with assi stance from Mr . . r.A . Suther-

land. an 1 Hr. R. ·,ebe r, to whom I \' i ~h to express my 

inde b tedne Els . 

2. Fi neness 

The l e ngth of the lamb's sta pe c 1nsi sts of 

a wa vy region and a cri mped r egi on. The fineness of 

wool was ascertained only i n the crimpe d region. The 

crimpe d re g ion is as a rule finer than t he wavy 

region. This is due to the "crisis thining". '.P he 

fineness was ascerta i ned by means of a g rad ing scale 

cons i Eti ng of seven grade s . Grade I was t he fine ~ t, 

Grade 7 the coarsest. 



-257-

TABLE XXIV. 

? I NT? JESS OF iVOOL I N DIFFERENT REGIONS 
OF THE BODY . 

Region/ Sum up 
Grade 1 2 3 4 5 6 7 Tota 1 1-3 1-7 

Wither..., 9 6 1 16 16 
Back 8 6 2 16 16 
Side 4 9 2 15 15 
Rump 2 3 5 4 - ~ 15 10 5 
Half 3 5 4 4 16 8 8 

Britch 
Brit ch 2 2 6 3 3 16 2 14 

Total: 23 27 17 10 10 3 3 94 67 27 

TABLE .XXi[ 

FINENESS OF V'OJL IN I IFh'ERENT ARRAYS. 

Array/ Sum up 
Grade 1 2 3 4 5 6 7 To t e l 1-3 ~-11 

Plain 3 1 4 4 
Valley 14 20 8 2 2 1 47 42 5 
Raiine 3 4 6 5 1 19 13 6 
Sadd le 2 2 2 1 5 12 6 6 
Plateau. - 1 2 3 5 6 17 1 16 

Total 22 27 17 10 10 6 7 99 66 33 
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{a) Relati onship between Fineness 
of rioo 1 and Body Region. 

The abo ve tables s how the re l ationship between 

too fineness of wool on diff e r ent bo d y region~ and in dif-f 

feren t array~ . The re~ults of this ·nve ~ tigat ion may be 

summe up as follow s: 

Wi the rs: a s a rule are as f i ne o~ fine~ than Back 

and <:: i de reg ion~ , but the re are a few ex-

cepti ons ; it may happen that back or 

side i~ finer than withers. 

Back: is as f ine, or less fine than withe rs but 

in f )ur caEes out of 17 back was finer ( 1 

grade diffe rence) than both withe rs and 

Ei de . 

Side: is stronger than wi thers and ba ck; onl y 

in 3 cases ou t of 1'7 was si de fi ner than 

both withe rs and back. 

is still coa rser than s i de region; only 

in 1 case out of 16 , rump was as fine as 

withers and finer than back and ~ ide, and 
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in one case rump was as f ine as both withers 

and back but finer than side; rump is finer 

than half bri tch; However , out of 16, rump 

was in four cases coarser than the half-

britch, and i n only one case stronger than 

britch and in 3 cases rump wa~ as fine as 

both half-britch and britnh; 

Half - Britch is still coarser than r mp with the exce p-

Britch 

tions just enumerated . On ly one case was 

found where half-britch was finer than 

britch (N~.74) and 3 ca se s ~ hen half-britch 

was as coarse as britch; 

is the coarsest reBi on of all the regi0ns 

examined (with the exaeptions mentione d 

above). 

Thus we can say with rebard to the finenes s of • o ) l in 

cri mped regionf that there is a transitional gradiation 

from ·R it he rs , o a c k, ~ i de , r ump , ha 1 f - b r i t ch t o b r it ch 

wi th the exce ptions enumerated above. 
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(b) Relationship betwe en fineness 
of wool and fibre type array. 

Table XXV shows that tile f i nest array is Plain, 

then go Valley, Ravine, SadGle and Plateau. The Valley 

arrays are concentrated within the first group of fine­

ness (gradas 1 to 3) bllt some valley arrays may be as 

stroni a~ lateau arrays. Within R vine arrays the 

great majori ty belong to the first group of fineness, 

but Saddle array£, as it as expected, are rather on 

the ~ order line. All gradients exist . The Plateau 

arrays belong definitely to the coarsest group. 

There i~, ho wever, one i ntere f ting point, namely ~ ome 

Plateau arrays may be finer th the crimped region 

than, e.g. Valley arrays, and s ome Valley arrays and 

other le s s depre ssed than Valle y a r rayE may be coar-

ser than Plateau array ... . However, we may say that 

as a rule the more depresse d t he array, the £iner 

the wool. 

It i~, how~ver,very hard t o say whet her there 

is a correla tion betheen the kind of array and t~ 

fineness (coun t} of the wo ol. This is due to the 
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fact t ha t al 1 the staples exa mi ne d a re from as 

many as six retii '.)ns of the body and it i s quite ( 

i mp os s i b l e to eliminate the error which may be 

due to the difference. within arrays on dif-

f e re n t body regions. o Jn the ma teri al in hand, 

it is impos[ible to correla t - these traits, ,y et 

it is quite logi ca 1 to ass umc that Eucb a cor-

relation exiEt s . It may be added also that 

Sutherland (46) has come to tbe same conclusion. 

~ very intereEting example of the dif -

f erence s in the finenes~ of the wool vi tbin arrays 

on difl'erent parts of the body is furnished by Lamb 

No . 74 VIJ :.e remember that a 11 the c:: ix regi Jns 

have Plateau arrays and the f ineness of ~ o ~l is 

C'.)1.fined to grades 6 anc. 7 , that i E' t o the coa rse 8 t 

extreme of the grading s ca le. This example fur-

nic::hes the evidence that the c hief factor caus ing 

the .ool to be fine depends on the array ra ther 

than on the pa r t of the body . The laet Etate-

men t is ea::3 i l y uncer stood in the light of the di.. .. -

cus~ion i n prece ding part~ of this thesis. 
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3. ve: 

As it has already been pointed out, the leng th 

of a etape consist s of t .· o re g ionr - the first {distal) 

one is wavy , the second one (proximal) may or may not 

be crirn .,.,ed. A<;; to the former, the length a nd eha rac te r 

of aves .ere avcertained (see alQo platee, 35, 36, 37, 

38 and 39). 

TABLE XXVI. 

THE IE NG'l1R OF THE NAV"S REGI ON AL iJNG TEE STA?LE 

Length Wither ... Back Side Ru.mp Bri t c h 

3/3 x 2 3 1 1 
H 2/3++ - 12 

1 
0. 2/'lJ+ 2 11 ,,, 

2 13 s 1 9 
d 2/3 6 3 4 3 4 
0 
>--i 1/3++ 2 7 4 7 3 3 
~ 

H 1/3+.- 4 _ 2 4 H l 5 
o. 1/3 5 $ 2 6 7 9 1 3 3 10 2 7 d 
0 1/3- 1 2 1 
>--i 

(.') 

x 3~3 = righ ·- '.:.::. tae ~u. t bu.tt 
1 3- • les[ than 1/3 of the leng t h of the sta ple 

The length in order I' rom longest. 

1 Ru.mp 2 ~it hers 3 Back. 

4 Brit ch 5 Side 6 Half brit ch 
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TA BIE XX.VII 

THE CHARACTF.R JF THE iAVES. 
Half 

Chara c - 1'1 the rs Back Si de Rump Britch Britch 
ter 

H 

p, Excel. l 1 2 
::j Very good 3 5 i g " r.;t 4 0 9 0 v .... Good 5 3 3 4 l 4 
0 

H Medium 6 1 5 4 4 2 
H 

Poor 2. 3 5 2 5 4 
°' Bad 4 2 le'.> 4 .:) 2 1 4' 6 12 rj 
() 

;.... 
0 

8 
Very ba d 1 3 

The c ha racter i n :-;rder fr om best: 

1 · i t he rs 2 . Ba ck 3 Rump 
4 Side 5 Bri t ch 6 qalf br i tch. 

As it can be se en fro m Tabls XXVI t he longeEt wa ve 

region is t o be f ound on t he rump , . ithe r s a n d back and the 

&ho r t ee t on bri t c h , s ide ana half - bri tch res pe ctive l YJ The re 

are, h o;~ e ver , some i nd ividual variations. 

The re i s no co r rela t i on betwe en t he lengt h of wavy 

reg i on and c haract e r of wave s . 

Table XXVI a. ~':'lJ ~r- '"l ict.ire "' Ph'.)'Nt: tri?..t the bet te r 

v.a v e~ · re to oe fJ.rnc. Jn the \' ith e r~, bac:< an r. rump r ee; i onE , 

r espec it vely &nd the ~ orse :-;n the ~ide, ar i tch and half- britch 

re spec ti vely . The r e o.re , hovev '" r , ~v!De inc ividu.al var i a ti '.)ns . 
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4. The Crimp: 

The l e ngt h of the crimped re~ i o n may be compllted 

from the data g iven f or the le ng t h of the wavy re6 i on of 

t he stap l es • 

The f ollowi ng cha racter E ere ascertained: 

(a) the reg lllari ty of the cri mp a l ong t he leng t h of the 

staple; 

(b ) the de pt~ {amplitude) of the c..i.rves; 

(c) the nave l eng t h (fre quency) of the c ~rves; 

(d) genera l chara c t er ot the CJ. i mp . 

The da t a are shown in t he Tables be low. 

TAB:Lb XXVIII 

REGUIA RI TY OF TH E CRI MP 
Half 

Withere Back Side Rllmp Britch Britch 

Excel- 1 
lent I 

Very good l 7 4 0 1 -5 4 
Good 5 2 2 3 

Medium 6 10 7 4 
Poor 2 8 1.1 2 ~ 3 
Bad 1 l: 
Very_ ba d -

no crimp 2 3 1 

Regula r ity in order f r om be et : 

Half'h bri t ch 
w1 i1 e rs 2 

5 
Brbi tch ack 

1 

77 8 
3 

3 
8 

1 

1 

12. 3 11 
8 

3 
4 1 .) 5 

1 

1 

3 rumo; 
6 Ef O.e 



-265-

TA!}LE XXIX 

THF. DEPTR OF THE CRIMP 
Half 

Wl the rs Back Side Rump Brit ch ~ritch. 

H ,. ,. 
3 1 l 4 8 '::! Deep 0 

0 9 12 5 12 12 14 H 
0 Normal 3 9 4 11 8 6 

H 
Shalloin 6 4 5 1 3 2 

Pt 
5 (8 3 4 2 cj 6 

ZTrace 1 3 2 1 
0 

No.crimp 2 3 1 1 1 

Deep crimp, in order of fre quency: Britch, ..,, ithers, 
ha lf-bri tch, back, 
rump, side. 

Normal er imp, in n " 

Shallow er imp " fl IT 

Trace o:f " " " 

Depth o:f er imp 

" 

n 

n 

~r.: tci~; 
ea ck 

rump, back, half­
britch, britch 
~ i de , wi the rs 

"' i the rr , Eide , 
back, hal~ -britch 
bri t b.h, rump 

side, rump half ­
bri tch, back 

2. Hump, 3 Ha lf-bri tch 
5 .. ithers 6 Side. 
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TABLE XXX. 

THE 1AVE LENGTH . 

Half 
Withers Back Side Rump Britch Britch 

Long 2 3 7 9 11 13 

Me d ium 9 9 5 4 5 3 

Short 4 5 1 2 

No crimp 2 3 1 1 1 

TABLE XXXI 

GK.~ERA L CHARAtJIJlER OF CRIM.P 
Half 

Withe rs Back Side Rump Britch Britch 
H 

0. Excellent 1 1 :j 
() Very good 1 6 2 9 1 4 3 8 3 8 3 10 ~ Good 4 7 5 5 4 7 0 

H Medium 8 6 6 3 5 3 H 

a. Poor 1 1 3 3 2 2 
-j Bad 9 1 8 9 1 7 1 8 1 6 
0 Very bad ~ 

ciD 

No crimp 2 3 1 1 1 

In order from be et: L. Bri tch; 2 Back; 3 Rump 
4 Half-bri tch 5. it he rs 
6 Side. 
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From the above tab le s we c an draw th e following 

short cone lus ion s: 

(1) The traits which count in the determination of 

the chara cter of lamb 's wood do not show any 

regula rity and uniformity over the body. In 

other JWo rds, one tra i t is better ma~ked on one 

body re gion, the other on another. .l!.ven for 

the sa me tra it on the same bod y re ~ ion the r e 

are marke d differe nces due to great indivi dual 

variability. However, in spi te o f t he a bove 

re ce r vation it is po 8 s~b le t o show t he genera l 

tendency in the re la tion be twe en different body 

regions; 

(2) The regularity of crimp shows better unifo r mity 

on the hind-quarter than on the f IDre- quarter. 

The most re gular crimp is on the half- britch, 

bri tch and rump , whereas withe re, back and s ide 

have les s r eg ul ar crimp and an ap ;>reciab le 

number of s taples we re found havin5 no crimped 

reg i on, tha t is, the ool (see plates) is not 

straight, but wavy (except lamb No. 74 - the 

cha racter of its woo 1 wi 11 be discusse d Ja ter on). 
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{3) For the depth of the crimp a table was com­

puted dividing the depth into t v. o groups. 

Each group comprises tv.o clasi:es, hence deep 

crimp means that the height of an arch is 

longer than its len.gth. In a normal er imp 

the height of an arch is equal to its length, 

~ hereas in shallow crimp the length of an 

arch is longer than its height. Thus the 

depth of a crimp is re tter marked on t!:e 

hind quarter too. It is worth pointing 

out that a c r imp found in a number of 

chalky fibre~, shows the very traits of 

so -called 11 thread". Kaczkowski and MJ. ller 

(3 3) uEe this term to define an overbuilt 

crimp, tha t is a crimp having the hei ght 

of its arches tar too great. ::>uch a 

crimp was found in fine .er ino \\0o1 and 

was hitherto regarded as an indication of 

overselection , for higher count. Since 

the 11 tb.read 11 was found in chalky fibres, 

such an explanation is no longer tenable. 

(4) The wave length: The data tabulated in 

Table XXX sugge ts the exi.stence of a cor­

rela tion bet ween the wave l ength and the fine­

ness (count} of the wool. The coarser the 
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wppl the longer the wave s of the cr imp. 

Suc h a correlation, expresced as the num­

ber. of erimps per inch, has been found 

chiefly for ...ierino wool by Zipser , Daven­

port and Ritzman, 1uerden and others (2). 

(5) The general characte r of the cri mp may be 

understood as the summation of the regu­

larity, the depth and t he wa ve length of 

the c r imp~ ks TableXXXI and plates show 

the crimp charac te r in order f rom best is: 

Britch, Back, Rump, half-britch, 

J ithere, and side. 

It may be rewembe red (Tari le Xxrv) th.at the 

coarsest v~ol in the crimped region was 

found on the britch region, and yet t hi~ 

region shows the best character of the 

crimp; it follo ws then, tha t there is 

no tendency to correlate the f ineness of 

the ~ ool with the character of t he crimp. 

The side ana ba ck region, for example, 

have both very fine ~ ol am y et the cha rac­

te r of the crimp on the back is much better 

than on the side. (All the lambs we re covered) 
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It is interesting to note that 

in extremely f .i.ne sickle fibres and some 

histerotrichs, the crimp was very ppor in­

deed; on the other hand, some strong 

fibres show very good cha racter of the 

crimp. 

(6) JlJin and Thomasset (47) have found the dif­

ferent nc entres of Keraii nization 11 acting a th 

a certain deg r ee of inde pendence on diff erent 

regions of the fleece. Galpin {26) working 

on the coat of the foetus found marke d dif­

ferences in t he development of the follicles 

on different body regions. The same ~ut hor 

has found different centres of depression 

causing different arrays on the different 

coat egions of the same lamb. The ab ove 

pa pers sug5 e s t that the f leece can not be r e­

garded as one entity. 'l'he pre sent inve ~ti­

ga tion shows cle a rly tha t wi t h regard to 

other cha r acteristics of the fleede, dif'ferent 

regions of the body oehave diff erently (shed­

ding, the c haracter of the woo 1, the characte r 

of the cri mp, etc.) A very strik~ng example 

which illustrates some de gree of regional 
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independence is furnished by Lamb No. 74. 

The staples pi cture d (fig .39) show that 

only the bri toh ana back have tre crimped 

reg i ons. The rump shows a sligh t trace of 

the crimp whereas all the remaining staples 

have straight woo l. The bri tch, the 

back and the rump are the regions where 

the best wool crimp c haracter is t o be found 

(see Table XXXI) . These facts suggert t hat 

even for crimp characteristics, different 

"centres" on the ~leece are to be found. 

From these centre& there i s wha t may be 

termed a flow all over the fleece and fur­

ther the<>e regions of the body sho· ing the 

beet c haracteristic may be regarded as the 

oldest in the sen~e of phylogeny. 
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SUMMARY. 

1. There is no appreciable shifting of the skin 

with reference to the skeleton* on the hind­

quarte r , during the first 6 months of lamb's 

growth. 

2. Fibre types arranged in pre-curly-tip group, 

curly-tip group anQ post-curly-tip gr~up, are 

discussed. The character i stic features of each 

fibre t y pe and fibre type array are reviewed, 

the stress ie laid on the key ty pe in eacp array, 

and on the qual i ta ti ve differences be tween arrays 

am on the quan ti ta ti ve di ffe re noes \'ii. thin a given 

fibre type array. 

3. Halo-hair shape, leng h, coarsenes s an d abundance 

are discussed; the way in which the latter is 

being reduced i e sho~n. 

4. The pre- and post-natal career of super sickles 

and Eickle-fibres i s discussed· in the light of 

c omparative anatomy of ¥. ool. 'l'he exi s tence of 

typical and non-typical Eaper -.:ic1cle s involves 

a si ngle and/or doub.le bond in arrays. The 

tip shape of typical and non- t ypical super­

sickles i s discussed in some detail; the 
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time the medullation appears and the rate of 

thickening play probably a significant role 

in determining the diffe rent va riations in the 

t ip-shape; non-ty pical super sick les and 

sickle fibres a re alway s ~ituate d at t he ri g ht 

wing of the fibre t ype series, whereas the 

typic a l ended fibres are situated on the/Left 

wing. The minute study on the t ip shape 

may be of primary importance in distinguish­

ing t he fi bre t ype s in the inve et iga tion on 

the embryo logy of vo o 1. 

5. On their po ~t -natal re5 ion birthooat fibres 

are placed in four classes accor ding t o the 

behaviour of cha lkiness and rrcrisi s thinning". 

6. Geaeral s hape of the tuft r.r:f:ly be s uper imposed 

upon individual fibres. 

7. The "toughness" of an array may be measured by 

the abundance of the key ty pe and expre Ese d as 

a per centage of a g iven fi bre ty pe or fibre 

type group. 
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8. The centre of g ravity of the pre-curly-tip group 

is shifted from halo -hairs and su e r sickle A in 

Plateau to chalky sick le fibres in Saddle and fine 

sickle fibres in Ravine, Valley and ~lain, in the 

latter array thr shifting of the centre of gravity 

has reached. the extre me end.. 

9. The time the fi bres develop and the ti~o of the 

oa.tse t of the wo rk of the pre-na ta 1 check is 

probably r e sponsible for th e shifting of the 

centre of gravity in the r re-curly-tip group. 

The interaction o~ the same factors is prob­

ably respons.i ble for the length of sickle-ended 

fibres and especially sicklg-fibres and ninter­

me di a t e s • 11 

10. For the sake of convenience the term "pr0-natc: 1 

check" is repla ced by "head"check; thue "head" 

check is re c: ponsi ble for all the changes in the 

head of an array, notably for determining the 

arrays, whereas the "tail"chec k is empl Jyed to 

expla in the changes in the tail of an a r ray. 

11. The abundance of super eickles and ~ick le­

fi bres in different arrays and body re g ions 

is tabulate d and diecussed. 
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12. The tip sha pe, length, and post-natal portion 

of H.T.C.T. fibres is discussed. 

13. ~·ine H.T.C. T . fibres were found in one Vally 

on the 1ithers. 

14. H.T .C. T. fibres are always t o be found in 

Plateau array. 

15. The influence of body region on the abun­

dance of H.T.C.T. fibres is dete ctable only 

in l es s chec ked non-plateau a rray~; in 

well checked arrays the percentage of 

the Ee fi breE is neg ligible; in Ravine 

on ha lf-britch the percen tage of H.T .C.T. 

fibres is of some importance only when 

P lateau or 11 to ugh" Saddle a rray i s follnd 

on the bri tch. 

16. There is no relationship between the abun­

dance of s.s.B. and H.T . C.T. fibres in 

Plateau array~; f urther there iQ no sig­

nificant correlation between either of them 

and the percentage of hair i ness 
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17 . The morphology of cu.rly-tip fibres, with 

spec ial reference to the tips form and 

poet-natal structure is discussed in the 

light )f the "head" check; the upper 

boundary for the expanEion of the "head" 

check into thP curly-tip group has ten­

tatively been ascertained, this being 

37~ of checked C.T. fibres. 

18.Hi~terotrichs start to pierce the surface 

of the skin about 3 day befJre the lamb's 

birth; their entry into the fleece is 

completed. at about 5 months. The latter 

figure is regarded as the upper boundary 

for the development of new histerotrichs. 

19.From the table given by Burns concerning 

the growhh of skin area, and from present 

invertigation on the time the Ja st his­

terotrichs are being added to tte fleece, 

it was conclu.ded that the density of the 

fleece, th.at is, num oer of fibres per 

unit area, is decreasing after the lamb 

is five months old. 



-277-

20. Histerotrichs grow in two waves topped 

~ith t~o distinct peaks, either of which 

may be higher or lo~ er. 

21. It was calculated that the rate of histero­

trich growth is about 0.6 mm. per day. 

22. The highe~t abundance of histerotriohs 

was found in Plateau ana the lowei::t in 

Plain array e. 

23. It was concluded that the drop in halo­

nair abundance is correlated with a simul­

tanejuS drop in hi~terotrich abundance. 

24 .. The more improved the Valley ar ray the 

lower the percentage of histerotri chs. 

25. A high coeff icient of variation of his­

terotrich abundance may sug~eft a multi­

factorial i~heritance of histerotrich 

abundance. 

26. Orange G very rapidly dye~ the Eheath of 

cheo.. fibrec::. 
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27. Shed~ing is correlated with array and body 

region; the highe t percentage of shed 

fibres wa! found in Plateau, the lowest in 

Valley, the strongest shedding was found 

on the nack, the weakest on the • ithers. 

28. The non-typical ended pre-curly-tip fibres 

do n ,it shed freely. 

29 . ~hedding in the curly-tip group is negligible 

in my mater ia 1. 

30. It is guggeE ted that in order to get rid of 

kemp hairinesr, selection should bebased 

on truncated arrays. 

31. ,L;'ine super slclrle B, fine sickle fibres, and 

one histerotrich were !ound to be shed in 

normal fashion. 

32. A number of f l bres · ere found, which a 1 peared 

as if a bo ut to shed "smokily" but actually 

did shed in normal fashion. 

33. There i s relati Jnship betneen the arrays and 

the abundance of G2 ; the less checked the 

array the more hairy G2 fibres. 
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34. The relation between G2 and body regions 

corresponds with that of G1• 

35. In kemp producti on the folliclee of the 

first fibre , t hat is halo-hairs and their 

closest associates play the decisive role; 

it is emphasised tha t selection a gainst 

kemp hairiness should be based on trun­

cated arrays. 

36. The present inve c tiga ti ons co .fir~ea. Gal­

pin' s re Eult as t o the poe te r ior-anterior 

gradients. 

37. There is a rela tion ~ hip between hairiness 

an Q array E; a l€: o, there is a re la ti on­

Ehip bet~e e n the be ha vi our of hairiness 

down the s tap le an d array . Plateau array s 

show not only the hig he et pe rce n tage of 

hairiness but al:s o the highe s t percentage 

of samples nhairy tbroughJut", Va lley 

array s have but 7 per ce n t ;f eamnles "hairy 

thr oughout", others be io.g " len : hairy at 

butt 11 or "hairy tip only 11 • 
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38. The hairiness is diminishing when we oass 

from britch to half britch in gradual fashion, 

hence, if the starting point is gros8ly hairy 

we cannot expect any marked diminution in 

the percentage of h airines~ on the hind 

quarter. 

39. Hairiness in the array is attacked from three 

sides - from the head, tre tail am "crisis 

leve l ll. "Head'' che ck and r1 tail 11 check are 

responsible for the diminution of ~a iriness 

on the head o; the array and on t he tail of 

the c.irly tip series, respectively; one of 

the se forces is pro bably responsible for 

"crisis thinning". The~ e two checks do not 

sho.v any high ::.Jr r ela t i on, b.en02 the carrel-

ati on betveen the array and hairines s is ob-

soured; an array wi~h a very ~e ak 'head" 

check may have a very strong "taiP' chekk 

and vice versa; thGt is why the variations 

in the percentcge8 of hairine~s within a 

gi ven array ~re great. Only in Plain array 

the correlati Jn between theGe t.o che ck s 

18 very high and Plain arrays can show a 
.... 

trace of hairines~, at moEt. Truncated 
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Valley array being closely associated 

with Plain arrays should Ehow a higher 

correlati~n between "head" and "Ta il" 

checks than all the remainder. 

40. It is sugge ~ted that in order to get 

rid of hairiness, no matter ·~hether 

kemp-hai. riness or non-kemp hairi ness, 

the ideal plan ~·. ould be to base the 

selection on truncated Valley array 

and the crucial position should be 

the britch. 

41. The hibh coefficient of v&.riation in 

the percentage of hairiness suggetts 

multifactorial inheri tame; on the 

other hand the very 10w coeff lcient 

of variati~n does not uecessarily 

mean th~ we are deRling with a simple 

Mendelian sitQation. 

42. The p~ecipice ~ituated in six regions 

on lamb No; 74 (N-type ) befltD.ved dif ­

ferently; the mo~ t abrupt precip i ce 

was foand on the ~ide, ~he least or 

practicElly none on the back; .Post-
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precipice f i bre s need not be fine; they 

may show diver~ity in their diameter and 

length. 

43. "Crisls thinning 11 ic di~cusse d in the 

light of the present invcetlgation. 

44. An attempt was made to pr ove that the 

recombination of genes i s respons ib le 

for bring ing a bout the ata vi ~ tic c ha r­

acte risticF. o~ the coat on i - type. 

'i'he genet ic basis of the N-type coat 

here ~ discussed i S mult i fa c toria l. 

45. Two s cho ol~ of thought of the pvoblem 

or evolution of the flee ce are revie wed. 

46. The ev Jlutlon of the fleece of the Ne ~ 

ZealandRomney breed id discussed; there 

are trree fibre t ypes deeme d to be t he 

oldest in the sense 0f phy l:Jgeny, 

namely halo-hair in pre-curly-tip g roup, 

hairy-tip - curly-tip in curly-tip group , 

and. hi~terotrich in post~c<uv-tip g roup. 

The fir~t t wo fibre types belong to the 

outer coat, the la~t to the inner c~a t. 



-283 

47. The percen tage of the pre-curly-tip group 

do es not shaw any 8ignific ~ nt changes, 

from one arra y to another - save occasional 

exce ptions - only the cen tre of gravity is 

shifted in the c ourse of evolution from halo ­

hairs in Plateau array to fine sickle fibres 

in ?lain array. 

48. The cobs ti tu.e.nts of .the pre-cur ly-tlp group 

evolved from halo-hairs. 

49. It was possible to aPcertain that at least 

77 per cent of CQrly-tip f ibreE have evolved 

from hairy-tip-curly-tip :ibre~; ~t ~as 

i:.ugge2ted also, that the non-typical ended 

fibres belonging to the pre-curly-tip group 

have/ev olved from hairy-tip-curly-tip fibres. 

50. Some of the histerotrichs, in the course 

of evolution, nav~ 'Jecome late c:.irly-tip fib res. 

51. Evolutionary ten~ency end the density of 

the fleece i~ discussed. 

52. "Head" c te ck and "tail" check are dis cuesed 

from the evolutionary point of viev .. 
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53. ~~e hypothesis associated with the name 

of ~uerden and others about the evolu­

tion of the fleece is not tenable. The 

flee ce of improved sheep comprises both 

inner and outer coat; the $'e '}aration 

--

of kemp-hairineas fr om non-kemp hairiness 

has no phylogenetical jus tificati on; both 

of them arP derived from the d>uter coat; 

The ~eme follicle csn g ive either kemp 

or "' Ool; a "kemp in one per iod and r'fOOl 

in anot her. 

54. A genera1 c ~m~iclerati'Jn of evolution;trom 

the standpoint of genetics, is outlined 

and emphasis is lRid on the role of 

"small" matatione in evolution. It is 

thought tha.t the additive effect of nsma11n 

matations t)5eth ~1 ~ith arti ficial selec tion 

has br1ught about the evolQtion of the fleece. 

55. A prelimi nary report on the c haracter of 

lamb's WQol i 0 given. 

--- oOo ---
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