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SECTION 111.

I. BRITCH-WITHERS FIBRE-TYPE ARRAY GRADIENT,

The present investigation confirmed Dr. Nancy
Galpin's result (25) as to the posterior-anterior grad-
iente. & few examples are plotted on graphs 5 and 6,
showing the graducl transition from britehhtbowithers,
A few exceptions to this rule have been found but for
the reaeon explained in Chggter I no account of these
exceptions will bebgiven hefe.

In the present 1ot of lambs one exceptional
lamb has been examined, having more checked arrays on
the rump and back than on the cide (Iamb No. 81). This
lamb has @avine on the ramp and back and Saddle on the
side. This Saddle is very closely assoeciated with Vallgy
and actually it started as a typical Valley &aving a good
many sickle fibres and a few curly tip fibres fine.
Medulla has revived only in the middle of the length of
the fibre and because of this facet the array has to be
deemed lesc checked than it was at first supposed (see

page 86)
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Apother point worth mentioning is the briteh -
half britch gradiente. It may be rémembered that -
(1) these two sampiisg pretiions are fairly
close together;
(ii) in the majority of my lambs britch positions
have Plsesteau arrays with Saddle arrays { if
nog more checked arraye) on the half britech;
(iii) the majoripy of britches have a high grade of
halo-hair asbundance, being deliberately chwen
in order to invectigate the significance of
many-halo~hair britches in relstion to hairi-
ness on the other .body regions.
This will be discussed in the next secetion. Here it will
be sufficient to point out that in lambpe having many-halo-
hair britches and free or fairly free of halo hairs on the
half-briteh, the most definite progress in fibre type arrsys
has been encountered. This is understandable in view. of
the earlier diccussions dealing with the éentre of gravity
of the pre-curly-tip fibre group, where it has been pointed
out that the scarceity of halo hairs involves the shifting
of the centre of gravity towards sickle fibres. ~uch &
shifting is caured by a more intense pre-natal check =nd
of course this latter determines the array. Hence from the
lack of halo hairs it is quite safe to anticipate that on

such an area at least Saddle array will be found.
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TABLE XVIII

DISTRIBUTION OF

ARRAYS.

Expressed as the percentage of arrays in different
body regions

(a)

ferent lambs (b).

and on the same regions in dif-

(a)

Region/

Array Plateau Saddle Ravine YValley Pilgin

Withers 6.0 - - 27.0 80.0

Back 6.0 8.0 10.0 27;0 -

Side 6.0 15.5 15.0 23.0 20.0

Rump 6.0 23.0 35.0 8.0 -

Half-britch 6.0 38.0 35.0 9.0

Britch 70.0 15.5 5.0 5.0 -

(b)

Array/ Half

Region Withers Back <Side Rump Briteh Britch

Pla teau 6.0 6.0 6.0 6o 1 5.9 70.5

Saddle - 6.0 11.5 20.0 29.4 11.8

Ravine - B o o S o e o} 46.6 43. 2 o359

Valley 70.0 70.0 . 890 26.7 25.8 11,8

Plain 24,0 0.0 6.0 - = -
alk T - 6.0 - = - -




G”ph e

Britch-withers Fibre Type #irrey Gradient,

The separator of points w»ithin the region representing
any oae array is s malter of convenience in graphing.
The relative poeition of pointe withim an array region
does not indiecate differences in toughness,



Graph & S
Briteh Withers Pibre Type Arrey Gradient.

The separetion of pointe withis the region
represeniling any one array is a mslter of
eonvenience in graphing; the relstive
position of pointe within an array regi n
doec not indioate differencecs in toughnese
within the particulsr arrsy,
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1. Distribution¥pf the arrays over the lamb's body.

Tables Nos, XVIII®) and XVIII(b) as well as graphs
5 and 6 are given in order to illustrate the orderliness of
the array distribution found in the lot of lambe shudied.
Thece tables are of cuch =n obvious support to the above

expressed views that further discussion is not needed.

II. DISTRIBUTION QF HAIRINESS:

The percentage of hairiness has been ascertained
by th: #leece Testing Department using the medullometer
devised by Pr. P,R. MecMahon (35). The results of these
sre tabulated in Table XIX and graphs 7, 8 and 9.

Prior to the discussion it is felt, that in
order to get a bebter insight into the hairiness situa-
tion within different arrays over the body region, the

following points must be remembered.

(i) the data given for the hairiness in some arrays
(marked ® in Table XX) are too seanty on the one
hand. On the other the variations wit hin arrays
are too large. Hence the discussion will be
confined to data which represent a fair number

of arrays;
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(ii). From the previous discussion it is under-

gtood that arrays are linked to each other.

TABLE XIX.

DISTRIBUTION OF HAIRINESS,

Platean caddle Ravine Valley
Iamb No. % ® Lamb Lamb Lamb '
Bo. % % ¥o. X = No. %

BB L U N

8 28.8 He 6 27.% He 1 oL ¥ He 35 16.2 HEe
11 56.4 He 65 45.8 He 84 9.4 HE
2% 5.0 Hb

4% 29.% Ho
44 0.7 He
46 gl.6 He
48 65.0 He

74 95.0 He
75 24.6 He
76 37.0 He
81 49.8 He
g2 49.2 He

M= 42.9 M= 26.4 M= $3.9 M= 12,3

HALF - BRITCH.

{

74 104.0 He 8 ZF.4 HB. 6 10,5 BB g -
11 34.2 Be 43 11.5 B8b $5.15.9 Hb
27 31.4 Be 46 19.4 Bd 44 15.7 Hb
48 47.0 He 75 21.8 Hb 84 10.9 Hb
65 56.0 He 76 42.0 He

8l 41.6 He

82 34.5 He

M. 5.1 M= 26.6 M« 129

(con.)
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TABIE XIX {econ.)

Platesan naddle _BRavine Velle £lain
Lamb Lamb lamb Iamb Lambd
o 0% =& Fo. B mPo. % _E B, % o= Woo. 0B

RUMP
74 109.0 He 8 13.5 H®, 6 9.3 BY 1 10.9 BB
11 20.6 HbS 27 23.5 Hb 43 10.4 Bt
48 40,0 He 46 13.0 Hb 75 16,5 Hb
65 4.5 He 84 12.8 Hb
76 25.6 Hb
81 15.9 Ht
82 24.5 He
M= 24.8 M= 223 M= 12.7
S1IDE
74 100.0 He & 17. 8HS 6 7.4 Hb 1 10.7 Hb 44 g
81 28.5HDb 2T 1.2 8b 11 {1 9. % #b
82 8.4 Hb 35 ' 8.9 Hb
43 7.0 Ht
46 9.5 HG
48 29.3 Hb
65 11.7 Hb
75 4.Z HE
76 15.0 He
84 B.2 HE
B 28.1 M= 11.3 M=11.4

(con.)



PABLE XI1X {ceon.)
Plateaun Saddle Ravine Valley Plain
Lamb Lamb Lamb Lamb Lamb
No. % = ©No $ = B % = No % = No x
BACK
74 96.0 He 82 16.4 HE 8 B.l Hi 1 4.4 HY
g1 - 9.8 Kb 6 5.0 Bt
1112.4 HE
27 18.1 Ht
35 9.8 HD
43 6.8 Ht
44 4,6 HE
48 27.7 Hb
F B5 39.2 Hb A
76 10.3 Hb
76 26.7 He
84 6.8 Ht
M= 8.9 s 32T
WITHERS.,
74 82.5 He 6 2.0 -% 1 2303
5 T R S . Rl A
2V 8.0 Bt 43 2.0 8
45 ‘2.0 -F 4% 2.0 %
46 ol
48 89 B
6b 3.7 Bb
o 3.1 BE
76 6.8 Bb
8l & 0 W
82 2.8 %
g4 2.7 HE
M= 4.;_7) M= 2.0
x lLegend:
He = hairy throughout, equal throughout
Bp = -7 o less at batt
Ht = hairy tip
T - Trace




Graph 7
Percentages of Hairlpess:

iamd Ho, 74 with ?latesa on 81l regloans;
other 1lsmbe with Platesu cn Briteh and
Seddle on half-britch.
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Nither

Graph 8

Pereentages of Hairinpess:
All lambs with Platesu on Britch and Ravipne on Balfbriteh
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Percentsges of Rairiness:

lemb To. Briteh Ha iforiteh.
65 Saddle “addle
& Saddle Ravine
1 Saddls Revine
84 Valley on 81l the regzions,
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TARIE XX
Region/ :
Array Pla teau caaule Kavine Valley Plain.
Briteh 42.3 S6.4x% 51.9% 12.9 -
Halfbriteh 85,1 26.6 12.9
Ramp 24,8 ous 7 il
Side 25,4 = 11,8 = 11.4
Back 16.4 % 8.9 e
4.2 2.0
* = one or two samples only.
Under the name of one array, say Plateau, sre grouped
a series of arrays; the left wing of such a series may bhe

thought of as linked up with a hypothetical array still
"tougher" than Plateau, whereas the right wing ies linked up
with tough Saddle (bordering on Pla teau). In an evolution-
ary sense the arreyc are nothing but graduesl steps, intim-
ately connected with each other in linesr order, steps which
mark the path of the evolution process leading f{rom a more
primitive coat to a more improved one; hence the "over-
lapping" previously discussed whieh occurred in these arrays

is only to be expected inm hairiness.

(iii) The"head" of an arrdy, that is, pre-curly-tip fibres

and checke§ carly-tip fibrec, plays a decisive role
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in the determination of the arrayec 2s well as in the

presence and abundance of xemp. There are, however,

7y

3

€till other ifactors which do not play any role what-
soever in the determinstion of either array or kemp,
but they play a decisive role in hairiness abundance,
These facbors are:

the precipice,

¢risies thinning

base lor inbérn) hairiness

abundance of histerotrichs lete.)
We called tentatively the forees responeible for some
of the above phtnomena "t2il check” and this will be

discussed in due course. Thus it ie apparent from

ceussion vased on the

e
rn

the dicscussion of hairiness, a d
arrays, which for their part, are determined only by
their "head", we can expect sometimi's to get le ss hairi-
ness in more primitive arrays or more hairiness in le ss

primitive ones.

{(iv)The distribution of hairiness in the sample ic of
great importance. This is denoted in Table XIX)
fhird column) by sygibols borrowed from ¥.7,D.. Tﬁe
explanation of these symbols is to be found &t the

end of the Table.
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l. Bairiness in the same arrays on different
body regions.

(a) Platesu arrays.

The most primitive arrsy founc in the
New wealand Romney is the Plateau, and therefore
it was not surprising to find in these arrays the
highest percentage of hairines. In this lot under
precehfi study, all the Plateau arrays execpt
those of one animel, were found on the britch
region. The percentage of hairiness ranges from
24.6 per cent to 33.0 per cent, the mesn being
42.3 per cent. 411 these samples were "hairy
throughout”; only one was "less hairy at the butt
end",

As to the other body regions, only one
lamb was included in my material with Plateau
anywhere but on the britch. This Tamb (No.74)
is N-type, having extraordinarily chalky fibres
with hairiness percentages oscillating in the
'vieinity of 100 per cent. In spite of the
lack of other data there is no reason to suppose
that the percentage of hairiness in the rlatean
arrays on other body regions may be significantly

lower.
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(b){Bdddle Jrrays;

(c)

2

The Keens of hairiness in Caddle arrays
on the britch and half britech regions are fairly
close to that of Plate=zu; the others tend to
be lower. dhether this tendency is & resl one
or due to the cearcity of cdats it ie impossible
tofay. As to the distribution of the hairiness
down the staple it iec interesting to notice that
"He" (Hairy thpooughout) are diminishing and "HQ"/&
(less at butt) or even "Ht" (Hairy tip only) are

increasing.

Ravine Arrays

The means in these arrays are a bit
lower than for ©addle arrays, The trend is
maintained. #gain an appreciable decrease of

"He" and a great increase of "Hbl

(d) Valley Arrays

The means of hairiness in Valley arrays
show the most significant deceease and the most
stability over the body regions, except for the
withers region where a marked drop occurred {(Back -
12.7 per cent, withers 4.3 per cent). The

deviations plus and minucs from the mean are smaller,

ERSSTRS—



Table XXI shows the distribution of hairiness down

the staple?

TABLE XXI.

Region Britch Ha lf Rump Side Back ®ithers' Total
Britch

He s - - il 1 - 3

Hb - 3 3 5} 4 1 16

Ht 1 1 3 - 7 ¥ 21

- - - - - - 4 4

TOTAL: 2 4 4 10 12 12 44

Qut of 44 Valley arrays only 3 arrays were "He",
this being less than 7 per cent of all Valley arrsays anal-
ysed. The distributi'n of hairiness down and along the
array is of very great practicel importance. 1In the
present tabulation we actual ly watch the gradual decreas-
ing of "He" from Plateau to Saddle, from Saddle to Ravine
and from Ra¥ine to Valley. We expect, too, that we will
reach & stage in Valley or in Plain arrays where only a
trace of hairiness is detectable. This assumption is
very correct. Thus we could advocate: Select for
Plain arraye in order to get rid of hairiness. We are,
however, very far from such & saggec tion. There are

8 couple of reasons why it is considered that cuch a
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suggestion is not to be put forward. PFirst: Plain
arrayc are found usually on the withers region, thst
is the most improved region of the fleece and it seems
very diffiecult to raise the standerd in other parts

of the fleece o6& the New Zealand Romnay up bto Flain
arrays; second ly, Plain arraye are inclined to have
the count much higher than the standard count for Hom-
ney breed, hence selection for Plain arrays involves &
cimnl taneous selection for higher count and the la tter
is undesirabke in the Homney oreed.

The data found in the present study suggest
that Valley arraye and particalarly weak or truncated
Valley arraye esre the very arrays selection shouald be
based upon. It mey be remembe red thgt the hairiness
which is confined to the region up to the crisis level,
after which it disappears, ie rather harmless and
tolerable. This is especially for Valley arrays which
gshow a low percentage of hairiness. Therefore only
such Valley arrays which are "He" are undesi®able, all
the othere are desirable. The former comprises only 7
per cent of the total valley arrays analysed. It may
be interecting to discuss thece three arrays. The first
one, found on the britech region of lamb Fo.35 le a tough
Valley array, approaching Havine array, having only 3 per
ecent of checked curly tip fibrees and 33 per cent of peak

carly tip fibres,
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The lé&tter are more or less chalky throughout, with
a smell portion finme &after the cricsis level. Peak
gurly tip fibres are the actual fibres respdnsible
for the hairiness sustained down the staple although
this arrgy ie not heavily medalated (15.2 per cent of
hairiness).

The secand one, found on the cide of Jamb No. 76
is again "tough" Valley, having only 29 per cent of
fine sickle fi bres and 11.6 of checked Curly tip fibres.
The same applies to the thiré& Valley found on the back
on the same lamb. This array is approaching Saddle,
having & well deve loped pre-curly-tip fibre group, with
only 38 per cent of fine sickle fibres in it and 7.2 per
cent of checked curly tip fibres. These figures are
we 1l below the mean for Velley arrays (see page 87),
The percentage of hairiness being 15 per cent and 26.7
per cent respectively.

Thas it is plain that the sbove Valley arrays
are border-line ones, and they are not truncated
Valley arrays.,

Hairiness in different arrays on
the different body regions.

The data tabulated in Table XX and graphs 7, 8,
9, 10, and 11 suggest a slight inclination %o decrease

the percentage of hairiness in the following order:
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Briteh, halfbritch, rump, side, back,withers. There
are, however, some iddividual variations. In the ma jor-
ity of cases the briteh r«g8ion, having as a rule the
least depressed arrgy over the lamb's body, has also

the highest percentage of hairiness, whereas the withers
region, having the most depressed arrays, has the low-
est percentage of hairiness. As to the former, it may
be mentioned that a few exceptional ocases were found.
They are: Tamb No. 74, N-type (graph 7) having the
percentage of hairiness higher on the half-britch than
on the briteh and highest of all, on the rump. tamb
No., 76, Plateau on britech and Havine on the halfbritech
{(graph 8) the latter is a little more hairy than the
former and finally Lamb No, 84 with Valley arrays all
over the body (graph 9) having the same tendency as

lamg No. 74.

As to the other regions, a few exceptions are to
be seen onthe graphe and therefore they need no further
diccussion, except one point which raises a question of
considerable practical interest, namely, the cignific~
ance of high abundance of halohairs on the briteh, with
far fewer halo hairs on the half britch and on the rest
of the main areas of the body. Yhe answer to the above
question is to be found in graphs 7, 8, 9 and 11 showing
the percentsge of hairiness over the body regions. Graph

/// 7 shows flateau on the britch am Saddle on half britches
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Pergenteges of Haliriness In Platesu on Britches,
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(Lambs HBos. 8,11,27,48). Graph 8 shows again Plateaun

on the britches but Havine on Half-britches
{1ambs Nos. 75, 43, 4o, 76, 81, 82). In the graph 9

Lamb Bo, 65 with Saddle-saddle; ¥o. 6 Saddle-ravine;
No. 1 Ravine-ravine, and No, Béf~ Valley-Valley on
britches and half britches respectively. All the
above grephs show that usaally half-boritches are less
hairy than britches but the difference between these
two regions are less marked than between the other ex~
tremes, namely - withers-bvack, The diminishingfﬁairio
ness Brom the britch regione towards half briteh
regions takes place in slow and rsther gradugl fashion,
hence in the courss of selection ageinst hairiness the
briteh region is »f great significance.

Plateau or "tough" Saddle arrays (e.g. No. 65)
on the briteh regions involve:

(i) arrays on half britch regions more or less
associated wi h Plateau arrays rather than
with Plain arrays;

(1i) high percentage of hairiness on the half
_briteh. This is for Saddle arraye higher
then 26 per cent and for Ravine higher than
11 per cent. Ac it hes been said the hairi-

nes

i

is gradually diminishing from briteh to
withers, henece if the starting point i= high
we cannot expect any marked diminubion of hairi-

ness on the hind portion of the fleece.
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Since the heiriness is correlated with arrays (greph 11}
it is suggested that the ideal plan would be to base
selection against hairiness on truncated Valley or Ravine
on the briteh,

Thus we arrive at the same conception as Thomas-
set (47 ) who suggected that seleection agzainst hairiness
be based on the tail. Thomasset's suggestion cannot be
discassed here because the hairipness of the tails, which,
though graded for halo-hsirs, were docked, has been le ft
out of account in the present study. The britch was
chosen because the hairiness of that region itself is of
gubstantial practical importance. ¥hen we bear in mind
that the edgrelation between britch halo grade and tgil
halo grade is high ro= o+ 98 {Dr. Diy'e personal
communication) the result of this present investigaiion
suggests that it wouléd e worth while studying the cig-
nificance, for the hairiness of the rest of the fleece,
of halo-hair asbundance and distribution on the tall,

It is well to remember that wool as such is &
subject of different interactions, not only of genetic
origin but also of environmental (McMshon - unpublished]).
Therefore all suggestions which come as g result of an
investigation of & given problem must be ecsrefully
examined ageinst the background from whiech the problem

was picked cut apnd after such a final test we can
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believe that such a pr2ctical suggestion will not mis=-
lead a practical breeder. Vertainly further investi-
getion is needed to test the suggestion that in order

to get rid of hairiness no matter whether kemp hailri-
nese or not, selection must be pased upon truncated’.
Valley and that the crucial position should be phé*;
oritch. All the =ame, from inquiries made in F;T.;;'
it seems to me likely that truncated Valley array§ hﬁve
little chance of the revival of hairiness in subseQuent‘

Pleeces,

II1.Forces responeible for the diminmution

of Halriness:

In the preceding chapters the "head"” check was

discussed. It waes pointed out that this check causes

the head of the array to be fine. Mention his already
been made thet there are other forces which cause the end
or tail of the curly-tip fibres to be fine. To thise
gaction the term "tail check"”™ is conveniently applied,

for contrary to the head check "tail check"™ starts to
work at the end of the curly tip series and its expan-
gion is directed towards the middle of an array. In
Plain arrayvs where both the checks reach their climax,

they camse all peak Curly tip fobres to be fine end

thus these two checks come together. The "tail" check
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probably exercises its influenee on the percentage of
histerotrichs for when ths chalkiness is maintained
well along the array the pereentage of histerotrichs
ig higher.

It ic proposed to discusse now the "tail®
cheek in its primary form, known as a "precipiee”,
and other forces responsible for happenings after
"erisis thinning®. The base, or inborn chalkiness
upon which all these forces are &t work, must be left
out of the present discussion because we Xnow prac-

tically mothdng about it.

1. The Precipice :‘

Galpin {unpublished paper) defines it as
follows:
"Precipice is the term givean to the sudden
change along the array from the coarse to
the fine curly-ti, fibres without inter-
mediate fibres”.
The above definition is correct only for some
Plateau arrays.
A precipice in ite puresy form can be scen
A
///‘ in Plateau arrays. Graps & and 12 show such a
precipice in the length of the fibres, The trouzh

be tween the tw peaks is very deep. Just thefame

may be shown in the diamier of the fibres., The



Graph 12

lamb Ho, 124 (First sesaple) Platean on the side,
Note the precipice in the length of fibres.

e, S 4 5 6 ki 8 Pl

Halo hair 18 7
S.5.4 2 13
S.85. 4% 1
B:.8.3. 2
2.7.8.%. 1 86 &
C.T. 42 100 28 42

Fotal: 42 100 95 42 5 %“o 37

b
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latter is more important and therefore the discussion
will be focussed on the changes in the fibre diameter,
The most striking and illuminating examples
are provided by lamb No. 74. Le it has been mentioned
many btimes, this N-type lamb has very cosrse apd primi-
tive wool and therefore the differences in the length
as well ac diamebter are eacily detectable. Thag there
hae been found on its britch region a very shapp preci=-
pice both in the length and diemeter of the curly-tip
series but what is extremely interesting is that
(i) thic precipice occurred st the very beginning
of the curly-tip series end thus it has
shaprply divided two fibretypes from each
other, and
(ii) the post-precipice fibres were not actually f
fine at all and were hairy. The pre-
preciplee fibres, f.e, H,T.0.T. Lfibres,

were co extremely chalky and bthick theat AN

3 sle=r

the post-preclipice flbres, i.e. carly tip

fibres, looked as if they were fine.

The precipice found on the half-britch
region is of great importance too. The begin-
ning has retreated a little. (This retreating -

that is moving towarde the right in the array$ is
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apparent only.) It is better to regard et this
gtage of discussion, vhe pre-precipice region as
anmovable and stable -~ see page 182, The pvst-
precipiee curly-tip fibres here again are not
fine, those on the left wing are longer amd coarser,
those on the right wing are shorter and fipe v.
Lookingvfrom the left to the right wing we ¢an see
the gradual trancition in bobth length and diamefer
up to the extreme right wing where the curly-tip
fibres are really fine. The precipice founé on
the side region is the most abrupt. The begin-
ning has seemingly retrested st ill further, i.e.
has moved more to the right and only a few post
precipice - curly tip fibres,namely the first fibres
are hairy, othere are fine or neerly fine. It seems
that the side region has the precipice with the
greatest drop. The same to 8 lesmser extent ap-
plies to the witherc region, whereas on the rump
region the precipice is much more shalloﬁ than even
on the oriteh and finally the precipice on the bagk
region is =o flat that it ie very hard to recognise
it as & precipice and it is much better to speak of
a gradual transition in both diameter snd length.
Thas to sum up; we can state that -

(i) in six regions studied the precipices
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found behaved differently. The most powerful
precipice was on the side. The least or prac-
ti€ally none on the back region. Other regions
placed in order from strongest to weakest ars:

withers

half briteh

briteh, and

rump.

As to the latter, it may be sdded that it was more

akin with the back region than with the hal f-britch.

(ii)Post precipice curly~tip fibrec need not be fine,

(143}

ag it was postulated by Galpin. They can Dde
medullated. In this particular case the pre-
precipice fibres were co chalky that the post-
precipice fibres looked in comparison rather

fine.

The post precipicc ecurly~tip fibres may show
diversity in their diameter and length. This
being the sase, the firet lot of fibres is

longest and coarsest, wherezs the Iast lobt is

cshortest and finect,. All intermediates occur.

Thecse three pointse are of primary importance

in the understanding of the wrk of the precipice. 1t
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mast be emphesised once more that these conclusions are
drawn from unmistakable fac .= and all the precipices,
except on the back, were distinetly and acately recog-
nisable owing to the Fect that all the precipiee fibres
were extremely chalky. Row, the following question
grices: we know already that when the precipice ie
"weak" only the last fi bres sre quite fine, anié the
"stronger" the precipice the more fibres become fine
until the stage is reached where all the post- preci-
pice fibres are fine, Now what hac happened to the

pre -precipice fibres, in other words, does the upland
to the left of thie precipice undergo any changes whiech
will, in turn, bring sbout the deterioration of this
region? It must be sadmitted that for a2 long time it
has been thought that the upland wes the ¥ountain end
the lower Mahomet, and it was hard fto imsgine that the
mountain would come to kMahomet, Such &8 guestion was

of interest since the majority of precipices, or,
strietly speaking,precipices in Galpin's sense of this
word, were found in less checked arrays; like Pleteaa
or Saddle, but none of them in Valley or Plain arrsye,
and naturally the guestionm arises - what happens to

the precipice?
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The main features of post-precipice fibreese did not
andergo many great eh&nges, the influence of the force
responsible for thefprecipice extended fowards the middle
of the arrsy, bringing about firstly the diminution of
hairiness and finally causing all fibres at the foot of
the precipice to be fine. Similarly the force of the
"head" check extending too towards the middle of an
erray has caused the fibres to be finer and finer, and
thus as will be explsined in the evolution section, a
stage was reached where the cifferences between fthe
top and foot of this precipice were levelled. The
precipice ig 8 geological term, therefore it may be
permitted to say simrly that the top was erpded. Thus
the top was not the mount2in, only 3shomet. 0f conrse,
in the last case a precipice as such may be hardly
called a precipice, bedguse there may be 2 gradasl
(not sudden as postula ted by Gelpin) trensition from

"

fairly chalky pre-precipice fibres to fairly chalky
post-precipice fibrecs. Here it may be added that
Sutherland's conclusions are not dissimilar,

The precipice as understood in thie breoad
meaning of the word is a rather common feafure of fibre=-
type arraye, In some arrays, e.g. arrays w th a con-
giderable numver of hairy-tip-curly=-tip fibres, all

guarly tip fibreslie at Lthe foot of the precipice. In
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others, however, only a part of curly-tip fibres.
Farther, this precipice is in some arrayé very abrapt,
this i the common case in Platesn arrays, but in more
checked arrays it ic to be found too, and then again

all post- peak - curly tip fibres sre fine, Finally,
the precipice is normally both in the length and the
diameter of fibres, but there has been found in & number
of cases & precipice in the dismeter only or in the

length of fibres only.

2.Cricie thinning =

4s 1t bas already beecn stated "erisis thinning”
asually oecurs at the age of about 2 months (Dry, 13)
but this ic¢ not & rule and great variations exist,
Hence, in benzol test data the symbols Ht (hairy tip

only) and Bb {(Hairy, but less &t the butt enmd.)

* The term "erisis thinning"™ as used in published papers

means reduction in area of cross section ané cessation
of medullation at the age of sboutl tw months. This is
the meaning dia-whieh the term carries in this thesis, in
whatever persistent fi bres the thinning mey take place,
It should however, be pointed out that Dry is apt to use
the term in a more special sense, He ususlly &pplies it
only to birthecoat fihres whether pre-curly-tip fibres or
the earliject starting curly-tip fibres, of types which
have g chzace to shed as birthcoat kemps, but which fre-
quent ly become fine, often very caddenly about the same
time ac Libres of the same types slop growing to be shed
soon aflerwarde,
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Since the diminutiom of hairinese down the staple

i

m

mainly due to c¢risis thinning, it is plain that

in "Ht" samples, the "erisis thinning™ taker place
earlier than in "Hb"™ samples. Sueh & orisies thin-
ning is described as very similar %o the catogen
phase of ched fibres (Buftherland,46) but the Telogen
does not ensure and & fibre does not shed, Another
suggestion that crisis thinning may be dne to the in-
fluenee of the environment, is diiscussed by Suther-

land (46). He concludes that "erieis thinning” (in

#9]

Dry's sense) is not due to environment, Somet imes
"erisis thinning" ie not & sudden, but gradual change

from chalkiness to fineness. Soumetimes such e

gradusl change ftakes place very late: (after four

-months] and of course in our present materiel staples
wes confined to the very butt end. This latter is

not regsrded in the present discussion as "erisis
thianing".

For the sake of simplicity as well as for
reasons explained later, it i& thought adventageous
to deseribe. the "erisis thinning™ in the same kinéd
of terme which describe the result of the pre-mnatal

check in the pre-curly tip fibre groap. If we say



//l'

~185~-

"erisis thinning” takes place in super sickle A' fashion,
khis means that the crisics thinning is confined to a
very ghort portion of the fibre lengih, not longer than

the corresponding region in the pre-natal region of

saper sickle A' fibres, while le.g.) "fine sickle
fashion™ means that the fibre is fihe after the
“oerisie thipning®.

Thus, crisis thinning taking plaece in super
sickle A' fashion is confined to a relatively small
pumber of fibres. In th~ cuarly-tip fibre group the
first fibres which at the same time gre the most
chalky fibres may have tuch a cricies thinning. Crisis
thinning teking plece in super csickle B fashion is more
common. The fine region, thai ie the region after
"erisis thinning” andbefore the revival of chalkiness
varies a good deel in hength. Here sx2in the shor ter
fine region is to be found in the left wing of the

fibre
early-tip/group , whereas the right wing is furnished
with fibres having this fine portion very mmch longer
and very often wit hout revivel of the se dullation., 4s
to the revival of medullation, it must be added that
the medulla after the "erisis thinning"” may be or may

not be, as thick as before the crisis thining. In

fact, all gradations exist, The same applies to the
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fashion in which medulla revives, 1t may revive
suddenly or gradually. If reduced medullation
revives it does so usuaally in & gradual fashion.
The most common fashion in which "erisis
thinning"™ takes place ics the "fine sickle fashion®
with no revival of hairiness., This may be encoun=-
tered in all arrays without any exceptions, but
broadly spesking is more common in more checked
arraye. Here again bthe situation plays perhaps
a greater part than the array., Urually the last
curly~-tip fibres have .he fine sickle-facshion

f great interest,

O

erisis thinning, and what is
there hac never been found an array having a super
sickle A' fashion of "erisis fhinning ™ on the
right wing, with fine cickle fashion"erisis bthin-
ning" on the left wing of the curly-tip fibre

Ly pes. Just as one camnot imagine fine sickle

A'
fibrec first and later saper sickla/fibres in the

b]

pre-carly-tip group.

the above discuscsion makes probable the
eohelusions that there is a parallel between the
"hesad chedkf andé the check which causes the ex~

pension of crisis thinning"”. In other words,

history repeats iftself.
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The analogy is so close and suggestive that
it is thought sufficient to lay stress upon only a
few common characteristics:

(i) the abeve described facts are almost iden-
tical witah the events in the pre-carly-tip
fibre group, namely, there are in the latter
group, €.g8. halo haire or super sickle & o
fibres, which do not cshow asny thinning of
the medullation. Farther, thereare super
sickle #' fibres showing exacély the same
kind of thinning as the crieies thinning.

As to these super sickle &' fibres it may
be 88 well to remember that the small
pnumber of super cickle A' fibres found $n
all arraye corresponds with the small

namber of suarer sickle At'-like "erisis

thinning".

{i1) It may be mentioned for the sake of curiousity
rather that some traits characteristic for halo-
hairs are found in some curly tip fibres,
cha lky throughout. We may recall that some
halo-hairs have the cdistal region finer thap
other regions. Sueh a gradual fipeness of

halo~hairs does not disgualify a helo hair
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from belonging to the halo-hair fibre type,
and in turn, the same phenomenon found in the
post~-natal region of some chalky fibres should

not be regarded ss "erisie thinning®.

{iii} In the pre-curly-~tip fibre groap, the fibres
are arranged in order so that always sickle
fibres fumnish the extreme right wing. Again,
exactly the same order holds true for crisis
thiuning. Fipally -~

{iv)In the becst checked arrays, like truncated
¥alley or tlain, the pre-curly-tip fibre

e, nomely

’ 3 jaiaite

group consistse of only one fibre Uy

ey

fine sickle fibree,. Similarly in well sdven-~
ced crieis thinning, all fibres below crisis
thinning are fins, because "erieis thinning"™

tzkes place in "fine sickle fashion®.

No attempt is made to mpeculate apon the
forees reepousible for thie phenomencn. The cricsis
thinning is probably not to be regarded as the result
of the "tail check". In ¥r., Dry's laboratory there
are some speculsations leading towards connecting the
crisis thinning #with the precipice, although the other

view connecting crisie thinning with "hea® cheek™ Iis
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not without foundeation, It may be hoped that furthor
study apon this line will reveal the forces respon=-
gible.

From the point of view of hairiness "erisis
thinning" ic of very great importance. Les it has
already been pointed out there are three sides from
which the chalkineses in an array is atbtacked, namely
from the head of an array, from the tail of curly
ti p fibre type series and from the crisis 1evel.l
The first two attacke are performed by means of
"Head" and "tail"™ check, respectively. These two

forces are of very primary importance, they play
& main part in the evolution of the fleece, and they
are able to weed out the chalkiness., Rhe fineness
caused by crisis thinning is perhaps not of primary
impor tance from the evolution point of view, but it

is very impor tant in the diminution of hairiness in
thecse regions of the fibre length in which either the
previously mentioned checks are powerless or when they
do not yet extend to these fibres. An-cexample for
the first case is chalky sickle fibres. For the
second, peek curly-tip fibres. In such cases, crisis
thinning oféen comes and helps to keep the inborn

chal kiness down. However, such a help may be



¥y

=190=

capricious and dangerous, for when a follicle once
produces a chalky fibre it ie plausible to think
that it can later on come back to the production of
chalkiness., It seems that a follicle which does not
produce a chalky fibre early has J ss chance to pro-
duce chalkiness in its later career, 41though it
must be remembered that checked curly tip fibres
were found in which a slight chalkiness occurred in
the proximal part of the fibre length, the latter
being of very rare occurrence may be regarded as an
exception.

Thas to sum up, selection agsinst hairiness
should be based on truncated Valley arrays on the
britch regions for:

(i) gruncated arrays cannot have kemp hairiness}

(ii) the hairy fibres in truncated Valley are con=-
fined to a relatively small number of peak
curly tip fibres; the latter when having
"erisis thinning" are fine after it;

(iii)the britch as the least improved region of
the fleece is the most suitable region for
selecting against hairiness, although the
rump region may get the upper haand in the
pe rcentage of hairiness. The differences,

however, are of no significance.
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SECTIOE IV

1. X-TYPE - FROM THE STANDPOINT OF EVOLUTION

1. Introduction

In dealing with evolution in the fleece
of the New <%ealand Romney breed, it is thought
necessary to consider first of all the material upon
which the present study ie based. 4g was pointed
out in the firet chapter, bry's experimental stock
furnishes the best materiel for such & gstudy because
it comprises cheep on which the wool ranges in unin-
terupted series from very coarse and mixed wool to
very fine and even wool. Thue some H-type sheep may
be linked up with the Blackface breed of sheep or
even with the Cekiel, whereas some Wen-N-type lambs,
having truncated Valley or Plain arrayc are in thie
like merinos (25,46). Phe present study, however,
is confined to the evolution of the fleece within

the Wew Lealand Romney breed anc therefore it is not
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attempted to draw any general conclucsicns from
facts precsented now, although those facts and
the knowledge of other breeds of sheep strongly
suggest that the csame changes have taken place
in the evolution of the fleece of other domes-
tic apeeds of cheep. The data from the point
of view of the evolution of other breeds of
sheep anlG esgpecially of the birtheoat of wild
csheep is so sketchy that it is not possible to
say how wide is the significance of the ideas
that are to be presented,

0f wvourse, if could be objeeted that
my approach to the evolution problem is based
on the study of a well improved breed of sheep.
Suech &n attitude would be completely wrong;
apart from the fact thet all experimental
science is based on induction ( and especially
geneties) it may be taken for grented that no-
body conld question the right of & historian
to write & study of the Nspelepnic epoch wi th-
out particuler knowledge of the epoch of #lexan-

der bLone Great.
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2. B-Type - as example of sibavibmu.

Although Ury's floeck ie still under investiga-
tion and it®s genetic make-up is still largely unknown,
yet Dry, McMahon and Sutherland in a recent publication
(17) discusced the mendelian situation in these enimalsg

"In several N-type animals born in various
experimental matinges, it is concluded from
their ancestry and/epw breeding perilormance
that their genetic basis is multifactoral,
but in most W-type lambs born at the Yol=-
lege the genetic bacsis is mainfestly
relatively simple",

and further:

"We are sble to suggecst more then one somewhat
e laborate explanstion of our list of facts.
Two linked complimentary factors for N-type
are favoured by one of us, while a domini-
gene is the pivot of another hypothesis.”

From the above statement we can conclude that
geneticaly there are two kinds of N-type. The most in-
teresting for our present discussion is the first,
namely, the multi-factorial N-type.

Now the question arises of the way in which
all the changes were brought. about,.

At this stage of our knowledge there are two
ways in which it is possible tofxplain these phenomena,

namely (a) reverse mutation (b) recombination.
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Although some reverse mutations do occur,(36)
they are confined to fairly simple cases and oecur very
seldom indeed.

Data in hand suggesta that recombination is
the phenomenon which brings aboat the atavistiec ap-
pearance of the coat of N-type animals, There is
some evidence to te found in literature which deals
with similar cases. Thus in every textbook mentions
are to be found concerning atavism in domestic animals,
the best known is

the red calves in the white and bdachk cattle.
The l&tter case is identical with bthst reported by Dry
(17) thaf on New Zealandtheep farmes such N-type lambs
dropped ap from time to time.

The above cited cases will not be discussed
here, chiefly on account of the lack of data for genetic
consideration.

Stockard (45) in his very fascinating study on
the atavistic reappearance of digi§§ in mammals proved
conclusively the presence of a faetorial basis for
characters lost in evolution. For more than one
reason his experiment is of interest to sll those who

are interested in evolutbtionary problems. Firsti;
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because it was concerned with osteology and all the
authorities in this discipline regard bones &g being
the material that is most resistent to variation.
Secondly, he proved the wrongness of Qsborn's state-
ment:

"The evolution of anatomicel organs is never
reversible”.

Finally it has a2 direct bearing upon ouar study of the
evolution in the fleece of the Lomney breed.

It is hoped to deal with the problem of the
evolutionary ofigin of N-type lambs in a separate paper,
for the present purpose it will be sufficient to explain
briefly that Stockard by means of combining different
generations and taking account only of the toe- gquality
achieved in & gradual way the atavistic reasppearance of
extra toes; Thus:

"Phrough these experiments the usual four-

front and three~hing-toed condition of the

guinea-pig has been brought back to a five

front and four hind toe arrangement which

is similar to the arrangement now found

normally in the dog".

The method employed by Btockard is very simple
He mated similar wi th similar and in this wgy achieved
his results, Thus he denotes by "N""an animal show-
ing a trace of extra toe, "P" as poor, "F" as fair and
iG" as good, In this order "P" ¢lass is betbter than

TN'" glass, and"F" class is better than "P" class,

whereas "G" class comprises normally developed extra
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toecs. His statistical results are of primary importance.
Now, however, it will be eaough to cite only his summarised
data:
Thus, mating similar to similar he achieved
' x © = 5% of extra toed animals
P x P = 650 of ext¥a toBd snifals
but in this class 22% of animals
show for the firet time "F" (fair,
condition.
FxF = 95% of extra toe& animals

Here for the first time the g od
toes (G eclass) appear

(9}

e

g2
]

100% of extra toed animals:
This class comprises -

85% of G-class condition

% of F-class condition

6% of P-class condition.

The main points stressed by ~tockard having & direect bear-

ing upon our present discussion are:

L "Certainly no one will assume that all individuals
of a race carry the factors for polydactyly in
their germ cells;"

& "On the other hand, the re@8ppearance of normally
miscing digits in guinea pigs is not only a dif-
ferent but possibly an opposite phenomenon from
polydactyly, a return to previous foot conditions,
a typical ataviem. The reappearance of a toe
should probably not be thought of &as resnlting
from a new matation, but rather it oocurs on

account of a peculiar bringing together or com-
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"bination of 0ld factors in cert8in
individunals”,
3."The expression of extra toec seems to

depend upon multiple factors™.

4,"¥%hen atavistic return of digiés occurs

v

in thece mammdls, the digits reappear
in reverse order from that in whiech

they disappeared.”

In the N-type animels, it is much easier to
prove that the reappearance of the primitive coat is
due to recombination. A1l the writers agree that
Kemp i¢ nothing but a remnant of the outer ooat of
wild sheep. It will perhaps be enough here to
guote Barker (3)

"Bven in pure Merino flocks a sheep will very
occasionally occur with & coat that is quite
full of kemp. This is & good example of
what is popularly termed frevereion', a
purely hereditary phenomenon”.

It w11 be well to:rremember that one of Dr, Dry's aims
was to study the kemp situation by selecting for kemp.

His grading system is based apon the abundance of halo-

hairs ; i
» that is the B rgest birtheoat kemps ang ¥-type



Fig. o1

Lambd No. 74(N-type)] & monthe old, foregusrter

Fig. 352

Lamb no, 74 (H~type) 6 monthe old, hind quarter,
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are always Graide VI! #e will remember the conelusions

reached in preceding chapters, namely, that each array

has its peculiar centre of gravity in the pre-curly

tip

group and animals with Grade VI! must have Plateaa array,

hence the Yflateau array is closely dependent on and

COr=

related with this highest grading. Thus the selection

for kemp brings about not only the greater percentag

e of

kemp but also a change towards more primitive in all other

properties of the coat,
Now a few examples will illustrate the way

which such an ataviem in the birthcoat is brought ab

(1).

in

oakb:

E54 V.V ) /
) - 735.V1 8)
589 IV S) ) -1016 V.S,)
14,I11.8) ) e "
E 54 V.Vo) 1 661 VI <*’) < 1042 VI = )
E 55 ¥.57) =) ;
E 59V V) ) - 74 VI
}- 735 V1 8 ) )
589 IV S) ) - 1016 V 8) |
14 IIT 8) ) )
) - 1328 VI ViS)
E 54 V. V) ) )
LA TR )
i e e i
P = plateau; § = Saddle; R = Ravine; V = Valley

(other examples are discussed by Sutherliand (46).

(see also’figures 31, 32,34 and 39)

)
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{(2) In the 1939 offspring i#&\an experiment designed
to invectigate the inheritance of Saddle array
by mating vbaddle x Saddle, five lambs out of
eleven have Platesu on all the regions examined.
in other words, 45 per cent of the offspring of

Saddle x Saddle mating were N-type lambs!

Here it will be worth while to mention other
facts which strengthen our interpretation. Sutherland
(46) described the reappearance of horne in N-type animals
whereas Clarke in his unpublished paper describing N-type
animals from the standpoint of meat quality, found that -

the head and neck are heavier in N-type and the.
spééial procegsyof the thowacic vertgbraee are
higher than in Bon-B-type animals.
FProm the above cited faets it is quite logical to
presume -

(i) that the recombination of genes with rather low
frequency is recsponsible for bringing about the
atavistic ceharscteristics of the-coat of the N~
type fomney sheep;

{ii) This was &achie ved by means_pfvinbreeding and selection;

{(iii) the expression of N-typescoat seems to depend upon
multiple factors;
({iv) the building up of “N-type occurs in reverse

order from that in which it evolved, and
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dis regerded not

therefore the Flateau array
only the most primitive butalsc the oldest array,
and the Plain the most improved ani the youngeet

in the sense of phylogeny;

(iv)The Plateau array is not to be regarded as an array
which is to be found on the coat of wild sheep.
Pla teau array may be found on some mixed wool sheep,
as, for inestance, Blackface or Polish “ountain sheep
(caxiel).In dher words N-type animals cannot be looked
upon as throw-backs in their fleece Lo their ancecstars,
but they can be regarded as reverting to a fleece-type

lower on the ladder of the evolution of the fleece.
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SECTIOR V.,

EVOLUTION OF THE FLEECE OF THE NEW ZEALAND ROMNEY BREED,

Introduction.

The work hitherto done * on the problem of the
evolution in the cheep's fleece hes divided students of
this problem into two distinet groupse. The first one,
represented chiefly by “uerden, believes that wool
evolved only from the Ffine inner coat, the second ore,
led probably by Prawochenski and his school in Poland
believes that the fleece of domestic sheep originated
from both inner snd outer coat.

Thus Duerden (20), for instance, arrived at

the conception that (20, page 467) -

"In the course of evolution, the long coarse

fibres have become the truekemp of the sheep

and the fine under fibres have bhecome Wool;

separate follicles then give either kemp or

wool, not kemp at one period ané wool at

another®,
This view of Jluerden's has been influenbial and helpful
in directing, thought on the evolution of the fleece,
Due to the war condition it is cuite impossible to cdllect
all the literature on the subject, and therefore the his=

tory of the work in evolution of the fleece must be treated
in a8 very sketchy manner,
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but towards the close of his life Duerden himself found
that the outer and inner coats of the Merino were not so
distinet as had been supposed, Wildman (49) reports how
Duerden had learnt that in the Merino fihe fibres could
grow in follicles which had shed birtheo#t kemps.

" Returning to Duerden's concepiion - we do not know
how much he modified it before his death - we realise that
if Xemp is to be regarded as the only remnant of the outer
coat, an explanation has to be found for coarse fibres or
mixed wool sheep such as Scotch Blackface. Hence Barker
(3,p. 264) arrived at the ides somewh et fantastic,; as it
seems to me, but logieal enough on Duerden's view, vhish
is expressed in the following stetement:

"If a structure or organ is lost during the course

of evolution, it is uadally found that another

orgen becomes modiffed to perform the functions

of that which has been lost. 1In the sheep there

is a tendency, after the outer coat has been lost

for the inner coat fo beeome coarse and so take

on some of lte functions, This secondery modi=-

fication may go so far that some of the inner

coat fibres become almost as coarse as kemp, €.g.

the long straight haire of the ~coteh Rlackface"”,

On the other hané Frawochenski (40, p.29)
states; "The thick and stiff oubter coat fibres of wild
sheep become gradually thinner snd vegin to lose)the&r

medullsa. The less the race is primitive, the more it
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has fibres of transitioral character which are in dif-
ferent stages of more or less advanced diminution of
the medulla and primary chalkiness, Fipnally, only &
remnant of the outer coat is left which may be found
even in the best improved specimen. The reverse is
to be watched in the inner coat fibres which in the
course of evolution bedwme longer anc thicker than the
down in wild sheep".

Kaczgwski, onee Professor Prawochenski's assis-
tant, hss studied all the different Polish breeds of
sheep and arrived et the same cornclusion as Irawochenski
did. None of the above citediwriters was able to prove

t

thie hypothesis conclusively., This was mainly dne?the
lack of csuiltable matetrial as well as the lack of know-
ledge of Lry's comparative wo ol anatomy. It may be added
that those workers who have had the opportunity to work
on coarse woolled breeds of cheep could not agree with
Duerden's view. Thue Lockner (34) passes s remark which
is in accordance with FPrawochenski's statement. Similarly

in Dr. Lry's laboratory no one was in favour of Puerden's

view,
Perhape it will be worth while to mention a
letter published by Cossar Ewart (24) In &Nature' in

1927, He writes &s follows:
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M eeeesssFrom this short account of the investi-

gations on hand 1t follows that a study of

the ccat of sheep during foetal life lends

no support to the view hitherko held by Bow-

man and others, that wool is hair from which

pith or medulla has been bred out, but shows

that wool is a dictinct and primitive type

of fibre different alike from fur and hair®,
From this 1t might appear that Ewart missed the point,
for the problem at stake is whether the fleece evolved
from the inner coat or from both outer and inner eoaf
and as fsr as I know no one quecstioned that wool, or

&t least a part of it (histerotrichs) is "a distinect

and primitive type of fibre".

Evolubtion in the Pre-Curly-tip Yroup.

From the preceding chapters it is understood
thet there are three primary, oldest fibre types from
which all other fibres have evolved. The primary fibre
types are:

halo-h& re in the pre-curly-tip group.
hairy-tip-curly-tip fibres in eurly-tip group

and in the last group, histerotrichs.

Halo-hairs and hairy-tip-curly-tip fibres belong undoubtedl}

to the outer coat, Whereas histerotrichs comprise the
inner coat., 1In csome Il-type lambs these two coats are

distinctly separated from each other.
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As to the histerotrichs, it may be of great interest

to quote Duerden: (21) =~
"Phe outer kempy coat is already well developed over
the body of the new-born rersisn lamb, while the in-
ner woolly coat is represented by only a few short
fibres, restricted to certain areas”,
Thies statement is in full aecordance with the manner in whish
histerotfichs develop and therefore histerotrichs may be re=

garded as innér coat fibres,

Dry (13) and Galpin (26) proved that halo~hairs
are the oldest or first fi brec to pierce the sufface of the
lamb's skin. Dry, ~utherland and myself were able te show
the intimate relationchip between all the constituents of
the pre-curly#tip group. Thus there is no need to'dwell on
this point any longer. It may be mell just to mention shortly
that the fibre types of the first group comprise & gradusl
transition from halo~hairs to sickle fibfes, hence halo-
haire are connected with super sickle A fibres, super sickle
4 fibres with super sickle &' fibres, super sickle A4' fibres
with super sickle B anc the latter with sickle fibres. The
resemblance in the tip shape is so suggestive that one could
suspect that these fibres evolved from common stoeck, (fibres
with non-typiesl tip will be discussed 1 ter on). This common

stock is halo-hairs'ané from halo~hairs all the other consti-
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ents of the first group evolved. The above statement will
be better understood when we remember FPlateau array on the
animals Nos, 1307 and 48. s © the first example, see
fig.32 all the pre-curly-tip fibres, simply enough, are
halo-hairs and the odd super sickle s are not typical and
came from a8 different tctock. Thas this array cshows no
trace of other fibres than halc haire, Plateau on Lamb
No. 48 shows one step further. Here hslo-hairs comprise
only 77.8 per cent of the pre-curly-tip group and a new
fibre tvpe, namely super sickle A (22.2%) makes its appear-
ance, A further step may be ceen in Plateau array on
Temb No. 74, having halo haire 51.4%
super sickle 4 30.7% 4
Super sickle A'17.9%
This example showes not only & new fibre type but a slow
tendency in diminution of halo-hsirs, Finslly the Plateau
array on Lamb No, 75 shows the birth of super sickle B
fibres: halo hairs 24,49
super £ickled6d.4%
super sickle &' 9,89
super sickle B  2.4%
Just in the came way we may show the origin of

all other fibre types. The most important fibres of this
group, namely sickle fibres, differ from saper sickle B
fibres in the length of bthe neqk, and of course no one
could doubt that fire shckle fibres had originated from

chalky sickle fibres. The actual datea for this discus-

gion is collected in the appendix, Thus we esn ascsume
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Tvolution of sickle fibres from pre-sickle fibres.
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that all the fibres comprising the pre-curly-tip group
are pobential halo-haire which could nmot: reach their
full exprescion vecaunse of the preventing power of the
"hesad cheak"™.

It mast be remembered that Plateau &rray has
practically no sickle fibres whereas the pre-curly-tip
group of Flain array in my materizl e>nesists of 100 per
cent of cickle fibres, and these sickle fibres are all
fine, raph 13 and 14 show the evolution of sickle
fibres and of fine sickle fibres respectivédy. As it
has already been said, each érray hae its own peculiar
ecentre of gravity in pre-curly-tip fibre group. This
centre of gravity ih Platean arraye ie within halo~-hairs,
and super sickle A fibres, and it is gradually shifted
until it reaches fine sickle fibres in Rlain array. The

table below illustrates this shifting. (Table XXITI)

1t must be recslled that the percentage of
the pre-curly-tip group doees rot show any significant
changes from one array to sznother, the means of these

fibres, expressed as perecentages of total fibres are:

in Plateau array 8. 59%
in Saddéle array 8.72%
in Revine array 8.29%
in Valley array 7.54%

There are, however, cases when the percentage of pre-
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curly tip group is very low. Such cases will be

discussed later on.

TABLE XX1II.

e PYDRPTOCTR AC T T
) Lok R Ll Ao T  F o < .'HR"

I PRE-CURLY-TIP FIRRE GROUP.

) IANC N"Y BRTRRE m
MBEANS OF FIBRE TY
i

CENTAGE QF TOT

Platean Saddle Ravine Valley Piain
Baby halo 1%
hairs
hslo heirs 30.30 0.20 08 0.16 -
super sickle 41.50 4,00 L 0. 52 -
A
super sickle
AT 11.06 8.30 4.0 1,186 -
super sickle
B 15.00 26. 50 14,4 15.04 -
sickle fibre 0.77 61,00 78.8 86,12 - 1o08
gickle fibre
- chalky 100.0 100.0 5%.9 10.58 0.00
sickle fibre
- fihe 0.00 0.00 4z.1 89.42 100.00

Thus to sum up it may be steted:
The constituents of the pre-curly-tip group evolved

from halo hairs, that ie from fibres belonging to the odier

cost.
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3. Evolution in the Surly tip @Group

Prom the preceding discussion and especially from

the discussion on the hairy tip curly tip Libres we
gained a clear piecture of the significance of these

Perhaps here it is necessary to emphacise once more

have

fibre

ot
mw

°

that

hairy tip curly tip fibres are not younger in phylogeny

than in other constituents of the outer coat and that they

poobably pierce the curface of the Iamb's skin at very mueh

the same time szs hal o haires or super sickles.

To prove the above assumption only a few points

need be recalled..

(1)

(i1

Plategu array on lamb Ho, 1807 shows a great abun-
dance of halo haire and hairy-tip-curly-tip fibresn
ané & very negligible per centage of super sickle
fibres, hence such an array proves that from the
phylogeny standpoint h&lo-hairs end heiry-tip-curly-
tip fibres are the oldest fibres of the outer-coat

and all the others, etgpecially csuper sickle and

sickle fibres, are younger.

In the preceding chanter we watched the origin off

()]

uper sickle flores ip arrays in which the hai 1y -
tip-curly-tip fibres were plentiful. It would
not be possible to watch the origin of both halo-

hairs and hairy-tip-curly-tip fibres for they
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are the fiirt andé aboriginal fibres of the oufer coat.

{111 )With regard to the last point, G&dpin's stady (26) on

embryology of the fleece is in full aceordance with

the statement made.

{iv) Lamb No. 74 VI! has one array in which neérly all

(v)

hairy-tip-curly-tip fibres have an identical thin-
ning in the neck region, &8¢ Lhe super sickle A"
fibyes, It may be recalled that it has not been
postiala tedoforusuper sickle A' fi bres to pierce the
surface of the skin later than, say, super sickle A,
only super sickle &' fibres happened to be more sub-

jected to the pre -natal check and therefore it is

apderstooae wviab:

4]
T
fayl
(O]
a
L
]
or
@
o
HQ
o

The hairy-tip-carly-tip fibres, as ¢

Table IX show, are as long as at least some of the

halo=-hair i{ibres.

There is no need &o stresg the faet that within

the carly-tip €£&bre group, hairy-tip-curly-tip fibres are

phylcgeneticaily older than the curly-tip group, the latter

being evolved from the former. In Plateau 21d near-

Flateau it is possible to see such evolution in status

nascendi. Perhaps the most striking example was fur-
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nished again by lamb No. 74, Ag we kXnow the most primi-
tive co&at ies to be found on the britch region whereas tte
most advanced is on the withers. Thus we cshould expect

to get:

(i) less hairy-tip-curly-tip fibres on the withers

than on the briteh;

{ii) more pre-precipice curly-tip fibree on the withers;

Hairy-bip-curly-tip fibres per 100 curly-tip fibres.

Britch Half Rump Side Back #ithers
Britch

70.4 62.7 61.6 37.8 58.1 25.5

What has happened to the lost hairy-tip-curly-tip fibres?
If our assumption is correct, we should find them, askhey
become pre-precipice curly tip fibres. Again the table

below supports the correctness of the above assumption.

Carly-tip
Pre-precipice Post-precipice.
y No % No. %
Britch 0 0 125 100
Half britch 6 4 174 96.0
Rump 0 0 130 100
Side 30 14.0 1986 86.0
Back . No precipice

Withers 70 . 34 135 66
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The most outstanding feature of Plateau arrays
found on lamb Ho, 74 is the unmistakable clearmess of all
the changes which are csused in the course of the evolu-
tion in the fleece, and thas the pre-precipice curly-
tip fibree (see fig.34) differ only in one respect from
the hairy-tip-curly-tip fibres, namely the tip of the
foemer is fine. UOf course, a few intermediates occur
showing the way in which this gradual change was brought
about, The post-natal structure of all these fibres is
exactly the same. Table XXIII and Graph 15 showing the
evolution in Curly-tip group & lows us to get a better in-

sight into the phenomenon.

O0f course, in more deprescsed arrays, the hairy-
tip-curly-tip fibres disappear acs the helo-halirs do.
However, csometimes a hairy-tip-curly-tip fibre may crop
up in very fine arrays as it has already teen shown in
Section I. The same equally applies to halo=-hs re,

shich are found in fine arrays like Valley.
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TABLE XXITI

Evolution in Curiy-tip fibre Group in the

Plateaua Arrays,
Lamb No. % of Hairy % of Total.

Tip-curly- gurly

tip tip
46 7.6 22.4 100
48 58.0 42.0 100
er 56.3 43,7 100
8 43,7 56.3 100
74 41.3 58.7 100
82 40.0 69.0 100
11 37.7 62.3 100
75 31.4 68.6 100
76 30.2 69.8 100
81 22,2 77.8 100
44 22.0 78.0 100

44 79 92.1 100




===

graph 16

Tength of Histerotrishs aad early tip fioree - Tambd No, 46 (175 duys old)

Ravine on Hump., Note the two peaked ourve for hiszterstrichs and
single eurve for curly tip fibres; the eecont peak (longer f{ibres)

is longer then the firet; eome verlepping between histerotriohs and
late ecurly tip fibres, -

5
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4, Evolution in Histerotriechs.

In dealing with histerotrich abundance it has
been shown that the highest percentage of histervotrich
fibres are found in Plateau and tne loweet in Plain, other
arrays farnishing intermediste figures. Thus the gques-~
tion arises "What{ has happened to histerotrichs?" Have
they been lost in the course of evolution? The dats in
hand suggest that histerotrichs in the course of evolution
have become curly-tip fibres. There are the folloW ng
reasons for regarding the late eurly-tip fibree ss trans-

ferred histerotrichs:

(i) We may take it that the density of an improved
fleece is not lower than that of s priamitive
one in spite of the fact that an improved fleece

has much fewer histerotrich fibres;

(ii)Arrays having the "tai 1" of the curly tip fibre
series fine have usually less histerotrichs
than those chalky &8 far ac the first his tero-

triche (see appendix). True enough we can
deem the grecipice responsible for the fine
curly-tip fibres, but & glance at graphs of
the length of fibres will reveal a very inter-

esting set of affairs,



Graph 17
length of Histerotriehs and Curly tip Fibdres.

Lamb Wo., £4 (148 daye old, Velley on half britoh)
Bote & very remarkable diminubicn of the second nesk
of histerclrleh length; two peaked curve for eurly
tip fibres; wuck closer overlapping oetween his-
terotriche amd late curly tip Tibrer, ZThe &oited
line suggeets ths way in which the Iirsb histero-
trichs beo=zme late curly tip fibres,
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Graph 3 illustrates the arrangement of fibre types
in Plateau array on the britch of lamb No. 74. There
is reason to believe that this lamb furnishes thebest
example of the atavicstiec reappearance of the primii
tive fleece. This graph shows (59.5% of atatevos
trichs) -
(a) The way in which histerotriche grow - note
that the second pesk (longer histerotriche)
ie a very little lower than the first one;
(b) The precipice in eurly-tip group;
(¢) Some overlapping between the first histero-.

trichs and last curly-tip fibres.

Greph 16 (51.€% of histerotrichs) shows that the second
peak of histerotrich fibres may be even higher than the
first one and the overlapping between histerotrichs and

carly-tip fibres is still negligible.

¥ow greph 17 (24% of histerotrichs) shows a
very remarkable diminution at the second peak of his-

terottkch length and much closer overlapping be tween



Graph 186 .
Length of histerctriche and eurly tip fibres:

Lamb Wo, 43(174 deys old)

Platesu on sriteh, Mobte the helght of the first pesXk and the dimination
of the second peak of hirterotriche length; very close overlapping
between the firet wave of histerotriche and fine carly tip fibres,



-219-

histerotrich and curly tip fibres.

The graphs above cited suggest the way in
which such changes $ere performed. It follows,
then, that the precipiee is pnot entirely responsible
for fine curly btip fibres, but probably the first
wave of histerotrichs has accelerated its develop-'
ment and become in the course of the evolution, a
part of the curly-tip series,

Ithas el ready been pointed out that the "Tail"
check must be regarded =s being phylogenﬁéally older
thzn the "head"™ check, and, furthermore, the "tail®
check 1s not correlated very closely with the "head"”
check; hence some less depressed arrays may have
lower per centages of histerotrichs, whereas some
more depressed have higher (see graph 18). However,
if one remembers thet the classification of a given
array depends entirely on the "head"check , such s

discrepancy will be readily understood.

5. Relationship between fibre-type @roups.

In the preceding chapters the evolution of typ-

ical fibre types was discussed. Mention was made that there
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are some fibres which have non-typical tips and only by
virtue of the neck thinning, & phenomenon entirely depen-
dent on the pre-natal check, were assigned to the pre-
carly-tip fibre group. There are still others which
fill the gop between groups of fibre types, in that they
are intermecdiate fibres linking the pre-curly-tip group
with the curly-tip group and the curdy-tip group with
histerotrichs.

With regard to the first type of intermediate,
it has been postulated that such fibres are derived from
hairy tip curly tip fiores because the tip, the structure
of the post-natzl region and shedding are very similar to
those of the hairy-tip-curly-tip Group and they are always
to '@ found on the right wing of their fibre types. Thus
it is logical to assume that in some arrays the pre-natsl
check extends inlto the hairy-tip-curly-tip-fibre type and
causes the neck thinning. Frovably the curly-tip fibre
group i€ more apt to be influenced by the pre-natal eheck
than hal o-hairs.  Such a hypothesis explains eatisfac-
torily one of "Bry's "in parallel"” concests - a concept
employed by Sutherland to explsin the occurrence in
Piateap arrays of a few sickle fibres apparently unrelsted
to other fibre types. These sickle fibres in Plsteau
which have non-typical sickle ends had been derived from

hairy-tip-cur ly-tip fibres and hence the discontinuity
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in pre-curly-tip €£ibre group. An example of =such a Platean

array is given by Sutherland (46).

Sheep: Halo Super Saper Saper Sickles Curly distero-
hairs esickle sickle sickle tip trichs.
A -4 B
18.5 31 g8 0 2 1 280 445,

If the intermediate fibres are a nuisance in the
classification of an array, they sre of outstanding impor-
tance from the standpoint of ewolution. They furnish the
vefy link between the fibre types and thus show the gradual
tranpsition from less to more advanced Tibre types, Such
"intermediates™ are found everywhere. The "intermediates™
within groups were discussed earlier. Now mention must be
made of those whien link up two different groups of fibre
types.

The "intermediates'" between sickle fibrec and
curly tip fibres show that there is s stzge in the evo-
lation process at which fibres may become either sickle
fibree or eurly tip fibres. If the late sickle fibres did
not succeed in piereing the skin surface before the pre-
natal check had reached its threshold, obviously they

s
will be prevented from becoming csickie ended, an27it has
already been mentioned, curly-tip characterisation may

be imposed on what would otherwise have been a sickle
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fibre. O0f course, 8 potential sickle fibre which failed
to produce & sickle end cannot be classified as a sickle
fibre, ©nly a curliy~-tip-fibre; besides it has sll the
other charscteristies of curly-tip fibres. One seeing
all the steps o? the above desceribed process, in these
intermediate fibrec, must undoubtedly arrise at the con-
¢lusion that hasbeen reached.

Agaln, the above hypothesis expiains the great
variations in sickle fibre abundsance. Here it will
perhaps e enough to point out that in very wéll im-
proved fleeces plain arrays were found by Butherland
and myself showing very few sickle fibies, the latter
beide the odd,-representative of the pre-curly-tip
fibre group. At the came time sach arrays show be-
sides very few histerotrichs. “uch a stage must be
regarded as the last sbtep of evolution tending to even
the diameter and the length of fibres oty means of in-
creasing the number of curly-tip fibres to the hypo-
thetical level of 1004 of total fibres.

The "intermediates"” between curly-tip fibres snd
histerotriehs furnish the bést examples of the diree-

tion of hicsterobtriech evolution. Eere the intermediate
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fibres are so plentiful that in some arrays it is very

difficult to clascify thew properly. It is a well-
known fact that Plateau array has its pre-natsl region
much longer than Plain array and hence one may believe
that the differences in the time orf plereing the skin
surfsce by different fibre types are more marked. The
other extreme is te be found in Plain array - the re-
maining &rrays furnicshed all intermediate steps. In
sach an array the bulk of fibres pierce the skin in =a
rather short period of time, that is, initiation of the
grouth of the firet fibres is retarded and that of the
last (histerotrichs) accelerated. It followe then that
in our material under investigation we have come acress
arrays in which we weré able to watch the evolutionary

process in statuc pascend}; hence the intermediate fi bres.

6. Evolutionary teandency &nd the Density of the Fleece.

One question which arrests our interest is whether
cuch an evolutionary tendency to confine the bulk of fibres

to the curly tip cseries may proceed to completidn so that

curly tip fibres Dbecome the only surviving tyrpe.



Graph 19

Iength of his terotrichs;

Lamb ¥o, 27 1179 deys o0ld), Ravine oa side.
Note the first pesk which ie actu=lly the pesk
of the second wave, iec =plit into two teeth.,
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Sutherlsnd's data (46) based on the arrays of
Wensleydalecs does indeed suggest that an evolution may
proceed brecisely to that ultimate goal, since some Fens-
leydales have ac much as 95 per cent of curly tip fibres™
This question is of great practical importence because it
je conpected with the density of the fleece. That data
in hand are in favour of the idea thet the evolutionary
process tends to even the start and finish of fibre growth
and in Wensleydales this process has nearly reached its
goel, but there is probably a cecondary process which
distinetly has nothing to do with the evolution as s=uch,

a procese which gives rise to new histerotrich follicles

to be laid down and in this way the fleece density may

be increased. This conclusion is drawn from graphs 4

and 19 (No. 27 - half briteh and side). As may be noticed
the first peak, which actually is the peak of the second

wave, ie split into tw teebh. Such & peak may saggesh

X The outecome of the elahorate phylogenetic history which

we h&ve been reviewing as best we may - like a paleonto-
logict making the best ol a broken series - would then be
that carly tip fibres became the only surviving type. All
the same ceurly tip fibres would then be the living repres-
entatives of the types which had vanished. Thue we are
reminded of the soundness of a contention pressed by Ruddal,
namely, follieles do not possess specificity but that a
folliele is the produce of whatever fibre type is the recsult-
ant of the forces acéing in, on, or through that folliecle.
All the rame, the endowment settled upon a follicle in its
early days may produce permanent effects,
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/d

that new follicles are 1aid down, folliecles which probably;f
A

\ 1

vve their existence to some sgecondary process. #he bher
or not this idesa bevright, the importance of comparative \
studies of histeirotrich development isc emphasised. by
In examining the graphs plotiing length frequegcies
of hisgerotrichs, it is well to bear in mind what is knqwn
Gbout the development of these fibres, which wase studied\by
Dry in a preliminary manner some ye&ars ago. From variou¥
dissecetions he concluded histerotrichs beginning to develop
later than those of what may be called my "first wave™ are
grown in follicles produced as budse from orifginsl tistew -
trieh follicles which themsel®es - like those of all
fibree preceding them in the array - are developed from
downgrowths of the Malpighian layer of the ekin. pften
Dry found two histerotrichs in the compound folliele, but
occasionally, and that in Non-Plateau, at the age of some
four months, he found three histerotrichs in the compound
follicle. The follicles of other fibre types, he Hought,
do not give rise to daughter follicles. He is not certain
that 1a ter hisbterotrichs never develop in follicdes which
are the direet product of the Malpighian layer of the
epidermis, but he thinks it probable that at least the
normal mode of development is by budding, from & follicle

already established.
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Two points sugge:ted by my graphs are to be
stressed. The first is that sometimes the second
wave of the histerotrichs is larger than the first
wave. *he histerotriehs of the second wave are more
nume roas, f2scuming that later histerotrichs are
always developed in daughter follicles, it is then

probable that sometimes those daughéer follicles deve lop

)

0

as buds from follieles growing smsl ler curly-tip fibre

v

If thie indeed prove true it would fit my conception of
the evolutionary &trend of the “promotion"™ of histero-
triehs to become curly-tip fibres.

The second point bears &n what I am inclimed
to regard as a secondary process ia evolution. Al-
though histerotrichs are very asbundant in Plateasu Array,
my measurementc of length reveal only two waves, I anm
asked to emphasise this point for the resson that it is
not known how many histerotfiche grow in & compound
follicle in Platesau ~rray. Jatherland,ané also Pry,
made a preliminsry exploration, but they tedkl me the
matter proved less easy to decide ~ probably because

of the greatl densily ol the [ibres ~ than was anti-
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cipated, with the result that the question was left un-
cettled. By graphs csuggest that in Plateau array it
may well turn o>ut that only tw histerotrichs grcw in
the compound follicle.. Therefore, it may prove sig-
nificant that my hint of a divided second wave, i.e.
the existence of a third wave - and Dry's three-fibre
compound follicles, are recorded from non-Plateau.

Mg suggestion eonsequently is that the third wave may
be a secondary phenomenon, adding %o density in secon-
dary fashion, tending to rectore the abundance of his-
terotrichs reduced to what 1 look upon &s the mein
evolutionary trend.

In these idees there is some speculation, but I
am asked to put forward these ideas acs =2 lasis for fur-
there work on hisgterotrichs {(and on the whole problem of
evolution), for it is known wedl in this laborstory that
the much needed study of uisterotrichs willhkave to be

of a patéent kipd.

FORCES AT WORK RESPOESIBLE FOR THE EVOLUTION

OF THE ROWNEY FITHCE.

From the evolution point of view, bry's fibre

type arrsye are nothing but gradual steps in evolution.
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Ae 1t has already been pointed out a name given to an array

-

m

AT , having osne common charac-

=

really covers & series of ay

9

6, is, for example, for

e
0

o
e

fteristic. Thic charscter

P

Flateau arrsys the lack of ibres, anc for caddle

4

sickle
the lack of fine sickle fibres, but #i thin sn arrsy are

greet quentitdtive differences, hence the term "toughness”

ie employed. Toughness of ap arrsy is an indicator of
the progrece achieved in the course of evolution. Thas

&ll the Flateau arrays may be srranged in linear order ac-
cording to their toughness. The first will be linked ap
with en array which may be found on some primitive breed
of sheep, the last with the first array of Lhe Caddle
series, ebta. until we will find some srray which may be
more checked than even Plain., #geain, in the llsteau

series we can watech the slow process of evolution from

0

halo-hairs through super sickle fibres to eickle fibes
and in the ~addle seriec we cee the further diminution
of more primitive fibre types and gradusl iancrease of
sickle fibres; In Bavine and Valley we watch the fur-
ther changes within sickle fibres with gradaal inecrease
of fine sickle fi bres until finally 211 the pre-curly-~
tip fibre group consicts of one type, namely, fine
gieckle fibres. Tven the latter tends to shift into

carly-tip fibres. Juct the same changes were under-
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gone by heairy-tip-curly-tip fibres, which gradually
become carly tip fibrec, then later checked curly &tip
and fipne curly bip Tibres and Cfinelly ell peak curly

tip fibres become fine too. # part of the collec-

tion of fine curly tip fibrezs was derived from histere-
trichs. The latter, in the course of evolution, have
decreased in number and somehave beea shifted to the
curly tip fiobre group (see graph 20). It must however,
be remembered that so #ar we have not succeeded in Plateau
arraye in showing that at this primitive stage all the
Curly tip fibres were derived from hairy tip curly $ip
fibres, Tor the highest percentage of hairy tip eurly
tip fibres found up to the present is about 80 per cent
gl the whode eurly tip £roup.

The graphs whieh illustrate either the represen-
bative type of fibre or the fibre type group, show most
typical and progressive cuarves for evolation process,

The shape of these curves wac not foreseen. They have
proved unexpectedly arrecsting end their significance is
an obvious one.

The forees ab work responsible for the evolution
of the fleece have already been discussed. The "head cheeck”
@auses 411 the pre-curly-tip {ibres and & part of the
carly-tip fibres to be fine =2nd the "tail check™" is res-
ponsible for the finencss of the remaining curly-tip

fibres. It ie not known what part is played in evolution
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by the "erisis thinning" which in the ma jority of
arraye is very propoounced. It is very doubtful

whe ther the crisis thinning depénds on other forces
than those hitherto mentioned. However, these

two echecks are sufficient to explain the svolution.
We Wi 11 remember that in some Valley arrsys the
chalkiness 1s confined only to pegk Curly tip fibres
and in the course ot further egolution even this
chalkinecss is deprescsed by thesebtwo checks, as
Plain arrays shoi.

Finally it may be worth mentionin: that post-
preecipice fibres are derived from chalky curly tip
fibres., lamb No, 74 agailn may furnish a clear proof.
The percentsge of curly tip fibres, cale: lated on
total fibrecs, on the cide and bsck regions is 35.7/
and 35.2% respectively, and yet the cide region has
a8 very profounc precipice, wherees al] the curly tip
fibres on the back region are ¢halxy t%roughout.

Thus to sum up the préesent study has proved
conel usively

(i) that the hypothesis associsted with the name
of Duerden and others sbout the evolution of

the fleece is not tenable.
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{ii} the fleece of im
bobh inner 2né ouler gcoat;
{(iii] the separation of
kemp hairiness has
fication, both of them are

outer coat,

(ivl the csame follicle can give

wool, that is, =

wool in anobther.
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no phylogenetieal justi-

kemp in one

proved sheep comprises

kemp hairiness from non-
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that the &

andergone many evolubionary

geneticists who take for

prought apoul these changes
of cases mutatio

in the majority

it

ﬁ)

which csusges thege chan

"In Gthe evolution of oar domestic

wild ancestors, has

very small part. The main cause

br

certainly cross breeding",

to

LS

overlook

bh

gil to see theb

(3]

is the real phenomsnon

Hagedoorn (29) writes

animal brecds freom

probably played only a

of variability is

and "the :ehief gource



of variability is undoubtedly crosc-breeding, the
recomovinsation of the genés in recpect to which
groesed breeds differ”, To believe in such 2
theory it is necessary %o sssume firetly that wild
ancestors had =11 the genes precent in todey's
existéng breeds anéd yet there is little =ign of
segregation of genec in living wild forms, or of
ataviem in erocsses between different Comesticated
forms., Of course, known facts are in obvious con-
tradiction with:-such an assumption,. One might

be btempted tooack whe ther by crossing Ovie vignei
with all other wild sheep we can "recombine®™ genes
responeible for the Karakul birtheoat., .,

The 1eaéin5 genetieicte, however, had
agreed already that = mutation is the real and
important event which gives the material for selec-
tion. Thus Huxley (31) states "Bvolubion is Jjoint
product of mubtation snd natural seclection™. He
refers to the evolution of species, rather than
domestic animals, but there is no reason to believe
that eveolation in the latter is bragght about in'a”

differeant meaner., #organ (38) for example, states

R o s o I | . e = i
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Meesoses 8 great number of mutant

furniched mapkind with the mster

igl for

akrtifiecial breeding. Not only do fan-
tastie types of animals snd plants prodoace
varisties.,..... but there are numberless
characters of domestic animalse and plants
depending on gene matation, thet have greet
economic value. Their discovery endé main-

tensnece

andieven if plant snd anigsel

use of charscteristiocs

makes
humén protection, would perksh,

2 regl evolutbtio

41

thelegs

2~ The Kind of “@atation.

o fe]
L B A =

Generally by mutation we

underctand a chsnge in the germ-cell whi

ie in itself an evolutionary

DIOCeEE;

often

without
tt i nevar-
taking place”,

inclined %o

ch bringe

about sudden ahd abrupt inherited change in some of

the characteristies of living beinge,

are easily detectable and visible, bthey

“uch changes

sgeur rsther

at random and sre often disastroas. Therepare, how-
ever, other mutations which bring aboutl changes shioch
are neither sudden anc abrupt nor eacily debtectable
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and visible, hence they are more often than not over-
looked., It seems, however, that not only haye these
mutations veen overlooked bubt also the paper?ghicb
Baur first deseribed them in 1324. However, this
might -seem to be the natural way of "evolution" of
sclence that attention is paid first to thiogs which
are easily vieible,. 01 cource thie is-most naturyal.
Most certainly a fich in water was diccovered before
the plankton. @hen Yuvier promulgated hie theory of
cataclyems of living ané lifeless beinze he was see-
ing only the fich. However, his successor, Charles
Lyell (©0) was already in & pocition to see the phnk-
ton too, and rejecting Cuvler's theory cf-eetestrophes

!

nat Torwars his own, explalning mos! geologieal phenom=

ens ac the result ol slight aul slow changes, similar

to those etill taking place. 1t is thought that

"leyll'e work had & lasting effect upon Darwin®" (guoted
E

from Hagl, 41). Again, De Vries who conceived the

matation theory waes in pno bstter position than Uuvier,

De Vries' theory a&as we understand it today involves

the came fundamental idea as Cuvier's and similarly

the credit of challenging Te Vries' theory may be

given to Bsur as it was given in geonlogy to Lyell.

s PGP =iy s . - R I T
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One may €feel that Baur's papers are of much
greater importance in explaining that mutations are

the motive force in evolutionary pr

(o]

cecses, that if
ie considered betbter to let the author spesk for
himeelf, It may, however, be added that the discus~
sion will be counfined to those factors which have 8
direct bearing upon the precent invec tigation.
Thus Baur (5) discussing the frecuency of

mubtations states (p. 111)

"However, if one is accustomed to use his

eyee for & period of years it e¢tn be shown

that the conspicuoucs matations occeur only

in extreme cases that at least as often as

thal or probably far more often than that

little inconspicogous 'emell' matations take

place, which are not pthologieazl but ere
types which &re periectly well able bo sar-

£

vive™r.
Thus baur divides matations into two groups: big

mutatione of De Vries, and "small"” mautations. The

latter sre very difficult to detect. Thus he writes
{(p. 112).

"A second cause for my serious underestimating
¢of the freqaency of mutation, a8 thing which
ie still today done by the majority of bio-
logists is that the mutants are pot all so
eonspicuous as to make their recognition
possible, even in cases of a homozygous

matant individual. According to my exper-
ience the grsat ma, orily of mataats show
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.r  transgressive varigtion with thebriginal.
That can be best explained by an example.
Out of the offspring of a typieal green-
leav.4d plant one may be h°terozyéou£ for
a recessive chlorophyll faector; but this
cannot be detected. In ite offepring
segregation takee plage, ani 25% msre of
the new type heving the c¢olour of its

leavecsa bit darker. Even this segrega-
tion #ill pnotl be recognised in the majority
of cases, Barker and lighéer green plants

mey ocecur in the same bed, due to the varia-
tion of natrition (uneg aal distribution of
nitrogen in the ~011;. However, 1f you
proceed to0  continue this cxnnzimu“t into
the second generstion it cam be shown that
some of the offepring, that is,all those
vihich deseended from an Fy plant with the
new homozygous darkening factor, vhow in
the whole bed a darker green than the ofher
beds, it is only now that you pay attention
to the new mutation, So only in the Pz
you reccgnise 8 new mutant which g@ctually
oecurred ac a homozygous individual in F,.
And the majority of 211 mutetions, ae far
as my experience goes.are amutations of

this kind®,

Further Baur describec the types of small matations

v

(p.113)

"Phe small mutations which ean be picked upiin
this way are of diverse typec. They cauese
small differences in bhe colJurlnv of the
leaves, the bloe £0ﬂk, in the relative lenpgth
of saptherw amd the kind of hairiness, the
size of the seed, etc. in one word, thly
are a btremendous multitude".

Then he mentioned how he arrivedAt those conclusions:
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"It would go too far if I should atteaxpt
to deseribe how i arrived st those eon-
eluasione, 4+ like to mention th=t since
1904 1 made meny experimentc with the
species Antirrhlmom, I cultiveted on ths
average some 40,000 individuals a year.
I examined them, 80, at least for this
one spedies I Jjustifiably draw my con-
clugions™.

A

Stating (7, page 145) thet the percentage of
matat ioas in Antirrhimam ie aboubt 10 per cent and even
the latter is btoo low according to his results from

the 1a

m

t year's investigations, he dwells upon the

.

role ot gene mutstion inm evolution (page 145)

"Phe statement that matatione and above all
small mutstions 2re so extlraordinarly fee~
guent i& pripcipally important for our entire
attitude towarl Lhe guestion of evolution.

Up to the preszent we have greatly overes-
ti meted the constancy of pure lines, bthanks
to the influence of the experiments of Johan-
sea, 1 do not want, however, to epesak uan-
favourably of the methods snd conclusions of
Johannsen. The shapp distinction between
hereditary and non-hereditary variation,
the (destruetion of the vague icea which is
known uncer the term'inheritance of accguired
charscters’, Farthermore the whole criftical
analysie of the variations is due &lmost en-
tirely to Johanmsen, and on this e2pnslysis the
whole building of the up to date science of
heredity was erected. But even hers, his
followers were more Johannsen than Johsannsen
himeself, Johannsen drew no conclusions from
his experiments with barley and beans as to
how freguent or how rare the mutations were,

L S 2~ . e e b . . 25 o g =
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"hat bye 2nd bye the idea became predominant
that matetions and above &ll fscter mutations

2, are alweye comething guite unusual and mre,
and that only monstrosities were the result,
The recult of this utterly false estimation
of the frequeney andé the effect of faetor
mutations was either a completelignordimus’
on the question of evolution or sn evolutiun
based on natural segection of ecombinations as
Lotey and Heribert Wilesen believed;

"However,imy experiments with =ptirrhimuwm prove
conclusively that in thie species Tactor =ipa~
tations &nd above all 'smsll' matetions (kleine
matetionen) are extrsordinarily frequent. These
‘email{ matations embrece gll poesible morpho-
lo@ieal -ad physiological DrOpDrtle“‘ they do
not%gencrally csuse any chenges vhich cculd be
described as monstrouc or pathological, they
are chenges which remain gqguite within a norm
and do not dimipish 1te viability. They even
some Limes increscse them",

Finally he sume up the definition of"small"

matati ons (p. 146}:
in
"Before our very eyes occur rerpetually/big nom~-
bere, emell differenees conditioned by factor
mutz Ll‘.E, in the majority of casces they are So
tiny that they ce&n be séen only 17 epecial methods
for experiment have been found. . They include &ll
the propertier of the plant™.

Slizyneki (44) tackler thece emall and invisible
changes from & somewhet different sngle. He studied cyto-

logieally as well ac genetically spontépeous and induced

e thals in DProsophila mel. These lethal ehanges were not
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connected with any visible changes of the traits, JLuring
this study it was revealed, what already Painter and Mac-
kensen had pointed out, namely, that the genetic map shows
that the genes are more or lesslequally distributed through
the chromosome, whereas the cytological map of the chromo=-
some shows a different distribution, that is, in one region
of the chromosome there were found more loci per unit length
then in another, <Slizynski explains this phenomenon as

follows;

"The best explanation of this phenomenon
(anegmal distribution of genes in a chromo-
some) ic the theory of morr-hogenetical poten-
tiel. This term defines the zmplitufle of
gene expression or its power of creation of

a2 trait, peculiar to its different allelo-
morphs., Genes having high morpho-genetical
potential, when changed by mutation bring
about a very distinct change in pre-existing
characteristice. Here belong almost 81l genes
known in Prosophila, up to thepresent."

In other words, these genes, when undergoing mutational

¢
change! bring about 'bigl mutations of Ye Vries. This

is understood in the light of his further explanation:

"It ies well known that not all the genes can
eacily matate. In some regions of = chromo-
some mutation concern only 'strong' traits,
that 1is, a echange of such a trait ic easily
detectable and hence these genes have & high
potential™.....

"Force® which bring about mutations nc matter
whether spontaneous or induced encounter
‘resicstant genes' in some region of & chromo=-
some, and in others genes with low potential,
that is genes which do mutate, but these
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"mutations are invisible. Thanks to
the latter process we get 'white'
places on the genetic map of & chromo-
some, places which are seetmingly not
filled up with genes”,

Now we can recognise genecs havéng low potential
as genes which mutate in Baur's fashion. Slizynski des=-
cribes the role played by those two types of genes in the
domestic animals and thus an attempt ies made to connect
the result of theoretical genetics with data furnicshed by
practical animal breeding -

"Genes having low morphogenetical poten-
tial, that is, genes whiech mutate with-
out any detectable changecs of the pre-
existing characteristics, play probably

a greater rcle in the processes of evo-
lotion as well as in the procecses
leading to adaptation of the organism
to a given and strictly defined condi-
tion of 'milieu' than hitherto found
ané described 'laboratory genes' with
very high potential. The latter have
definite evolutionary value only in
the cacse of sudden and cataclycsmiec
changee in the physical and bictogical
conditions of the environment. There
are many examples in genetical litera-
ture to support this view",

Finally ~lizyneki mentione the "kleine Hautationen" (Baur's
original definition of 'small' mutations) and defines them
as "genes of low morphogenetical potential", Thus

Slizyneki distinguished, as Baur, Hammond and probably
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Goodale did, two kinde of mutations and furnished ey to-
logical evidence of the existence of changes in the chromo~

somes of Drosophila with invisible effects.

3. Role of Mutation and Selection in Evolution,

There is no reason to believe that Johannsenl!s

paure line theory is to be challenged. What is to be
challenged is the attitude of some geneticiste to the
question of the kind and frequency of mutation. It
might seem that to this category of geneticicsts belongs
Goodale (28). His experiment on the mouce selected

for larger spotes of white haire on their foreheads com-
pelled him to state "close contact with the mouse
material produces an impression that something of the
nature of & creative procescs ie taking place under one's
manipulation of seleection =znd mating, not & mere rearrange-
ment of pre-existing genee.” Yet he discussess all
possible waye furnished by the present knowledge of
genetics and fails to present a satisfactory explanation

of the result of his experiment. However, hé:is obliged

to state :
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"These changes may by some be called
"matations', but if thie is done,
the term 'mutation' has been trans-
ferred by succecsive changes in mean-
ing from the elementary species of
De Vries which at one bound developed
striking differences, oféen in several
characters at once, to the small fluec-
tuating variations of Parwin in the
sense in which Darwin used the word
"fluctuating™, i.e. small inherited
variations, not in the sense of trans-
itory environmental variations whieh is
in current use in biological circles"”.

Goodale himself, apparently being not familiar with Baur's
work hecitates to arrive at such "new"coneclusions that ac-
tually these small inherited variations sare the “"small"®
mutations (although his whole experiment csuggests Baur's
theory of smell mutations). This may be seen from his
two statements:
"Since our present knowledge of mutations
indicates that they are teo infrequent end
too erratic to furnish a suitable explanation
of the suscess of selection....."
and
"most mutations, by reason of their nature, do
not supply the kind of chenge necescary for
the progressive adaptation of a form to its

sarroundings or for the progressive advance
in stracture®.

Finally, stating that "it is immaterisl #hether that which

is developed by selection was hidden in the germ cells

® 0

or whether it is a new creation”, Goodale writes "Darwin's



-245~

view that selection has power to advence the creation
of new inheritance finds support in this experiment,...™
Perhape there is no need to emphasise that other
geneticists are perfectly clear as to the role of mautation
and selection inecevolution. Just let me quote Morgan wo
writes (37) "Selection ceases‘ to produce any further effects
after these genes have oneen sorted out and the m terial has
become homozygous for them"....."Evolution, however, means
prdducing new things, not more of vhat already exists”,...
"It follows, that if new characters transcending the ex-
tremes of the original populathon arise, this must come
aboat through a change in one or more of the genes them-
selves., At precsent we have discovered only one way in
which such a change takes place - by a mutation in a gene".
(See also Serebrowski's paper (43).

How it will be of arresting interest to view the
coneclusions that Baur arrived at. Thus he states (7, ps
146) "The 'small mutations evidently glay a very impor-
tant role in evolation® (6, p.115) "Differences of
spedies in the group of #ntirrhinastrum at least, are the
summation of very small mabtation stepsT......"I for my
part Go not see the smallest difficulty - generally

cpeaking - in tracing back the whole process of the
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creation of species, as it can be watched today in the
group of antirrhinam to the effeect of natural selection,
on selected individuals with small mutations., It is

not necessary to mention that the vhole display of com-
binations is here also of the very greatest importance.
A mutetion which ipn itself possesseg no selection value
may get selection value when in combination with some
other mautation. 1 do not underestimate therefore the
impor tance of combination for the mechanism of evola-
tion. 1 go today o far as to say that I interpret

the biological meaning of bisexual reproduction to be
thet more progess is made possible through the selee-
tion of combination of mutamt genes. But in the last
anslysis it is the mutation process which actually
creates new material.” ...

i Aith the ctatement that there is sufficient
material available for selection, we eclafify, of course,
only a small part of the problem of evolution. But the
statement that evolution is at all possible by the way
of natural selection, seems to me to be of principle
importance. The selection theory is attacked today
from all cides, particularly by investigatérs who know
more philosophy than'biology, or, if they are biologists,

have very little experimental experience., It is repeatedly
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argued that natural selection cannot w rk becaucse the
theoretically necessary msterial for selection does
not exist in sufficient multitude of variations. *his
argument is fslse. When one applies correct me thods in
searching for the hereditary differences one finds them",
It might take us too far afield to sum up Baur's
conclusions., 4&s far as our present discussion is con-
gerned the following chief points of Baur's conelusions

mast be stresgsed:

"(a)....Wwe arrive at least as far as differentia-
tion at subspecies is concerned, purely at
Darwin's selection theory with the supple=-
ment that the original selective material is
mainly given by these 'smell' mutations.

"{b)....0f course, the selection of special com=-
binations must play a big part. I by no means
underestimate the great importance of the com-
binatione but in any cease - in the fi nal
analysis it is the mutation which gives the
original material for selection.

"(g)e...in the case of artifical seleetion it is
the ehnepicuous big mutations which are very
igportant. Yhe usually very conspisuouas dif-
ferences in races of 4ntirrhimum ma jus are
not summetions of small mutations but are
due to fector mautations that are rare buat
very productive. The reason for it is that
artificial selection workes with a very much
1eas fine sieve thapn natural selection, that
is that man finde and pays attention gener-
ally only to the conspicuous matants and
these are mutants which in the majority of
cases are annihilated in the course of
natursl selection”.
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The significance of selection will be discussed

briefly in the next chapter. Now it iSs.nesessary to dis-
cuss point (e¢) of Baur's statement. It is felt that
Baur made the same mistake for which he zesprotches other
biologists. His last statement is illogiecal and is in
contradiction to his previous statements. Apart from the
fact that he explains the evolution of species by means of
small mutation and natural seleetion, & concdusion arrived
at by means of artificial selection, he states that

"man paye attention to the conspicuous matant"
and that

"artificial seleection works with a very much less
fine sieve than the natural selection®.

Of course, this statement is false., Artificial selection
ususlly can reach a higher level than natural as the latter
selects animals or plante from the ctandpoint of theif fit-
ness and the former usually leaves out of account an animal
as such and paye attention only to the particuler trait it
igselecting for. O0f course, if Baur had been more famil-
iar with domestic animals he could not have arrived at such

a ridieulous conclusion. However, Baur's last statement can-
not impair the validity of his main conclusions, but must

be taken as a wesk point in his genersl isation.
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With regard to the role of 'small®' mutations, in
the evolution of domestic animals it W 11 be of great in-
terest to quote Hammond's views, He apparently has not
been familiar with the work done by Bsur. Hammond d4id
not use the term 'small' mutations in describing these
changes which count in the evolutionary processes of
domestic animals; yet he, as Baur and Goodsle did, 1laid
stress on the #mall inherited changes which are of the
very greatest importance in the evolutlion of live-stock.
Thus Hasmmond writes (30):

"The k rge mutati~pe that oecur in our 1live
stock are nearly all of the recessive type,

and for the most part consist of defects and

abnormalities or fancy points (such as coloar

and horns), wh ich are of little commercial im-

portance. They usually segregate out in

simple ratios, and 1t is an easy matter to

breed for them by using Mendelian methods.

On the other hand, almost all commercial

qual ities are 'blending' ian inheritance;

there is no dominance, and in my opinion they

have been produced by guite dif ferent methods,
that ic by the accamulation of esmall variations,
which are contlnually appesring and may be stimu-
iated by environment....ccese

"Phus 1 see the real evolution of commercial
gua lities, built up by small variations, con-

stantly being added to according to the envir-

onment of the animal , and the formation of

varieties, freaks and fancy points produeced

by the mutation of genes already formed by

other procesSsSeS...s.s

"Phe evolution in the skeleton (of the horse)
has followsd & definite and uniform course of
changes. This evolution has not been broken
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"oy a number of sharp changes, such as
mutation affecting different parts of
the body independently; for example,

no shortened limb bones, such as those
which occur in the Yaehshund dog.....
and behave as mendeliah rececssives,

come in the series. These thinges are
mutat ions that may easily be picked out
by man and bred to form fancy strains,
but they play no resl part either in
natural evolubion or in the deve lopment
of the body 1n commercial meat produc-
tion. These mutations do not as a
rule form intermediates when bred to

the normal typel whereas when two dif-
ferent "developed™ types are crossed,
all gradiations be tween them may be
obtained. In the horse the different
types of conformation are magpifications
(light horse) or extentions (heavy horses)
of the gradual changes which have taken
place curing the coursc of evolution."

In short, Hammond, probably cuite independently
from Baur came to the same conclusions as the latter,
Hammond distinguishee very sharply indeed two kinds of
mutations, that ie, big and esmall, ani attributes to the
latter a very great part in evolution not only in live
stock but also in patural evolution., There is no need
to discuss Hammond's explanation of the forces stimulating
the origin of mutation. The point we were looking for is
that 'small' mutations were recognised by Baur in the
plant and by Slizynski, Goodale znd particularly by

Hammond in bthe asnimal realm.
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4, Selection and ites Part in Evolubtion.

It i$8 thought necessary to devote a few remarks
to the guestion of the selection which pdays such an im-
portant role in evolution. Again these remarks must be
stricily confined to those problems which conecern our
preéent discussion. Huxley (31) notes that species may
originate in several different waye and this origin "may
be either gradual or abrupbt...... The divergent origin of
new forme after isolation &ppears always to be gradnal...”
Morgan (37) states "Evoluti on once begun in a given direc-
tion is in a favourable position to go on in the same
direc®i.n rather than in &nother™, Goodale (28) is under
the impression that "Darwin's view that selection has
povwer to advance fthe creation of new inheritance finde
sapport in these experiments and may eventally regsain
i1te former standing as a factor in organie evolutian.”
Baur, it may be remembered (p.245) arrived at the same
conclusion, whereas Hammond's opinion is that environ-
ment and especially nutrition play a stimulating role
in progressive evolution;

In the light of the above cited opinions and

in the light of the present invectigation, one is in-
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clined to think that if a set of genes is apt to mutate
the selection goes in somewhat "snowball"” fashion. The
snow is furnished by mutation and selection furnishes
the direction and perhaps the speed too. If the balance
between genes is upset and the power of the s@lection
maintained, it is easier for the evolaution to go in the
direction insisted upon by selection. This being pure
meehanistic speculation must be regarded as such. The
point which needs to be stressed is that evolution by
means of "small" mutations and selection is a real
phenomenon.

In this discuasesion, one more remark is to be offered.
In the course of evolution a stage is reached in which
evolution eannot go any further; evolution in the cheep's
fleece for instance can hardly go above the £lain arrays.
The medullation in Plain arrays is already "bred oat" and
the variations in plus and minus from the mean are very
small indeed. But in Platean arrays the percentagqbf
hairiness is very high and ranges asTable XIX shows,
from 24 per cent to 109 per cesnt. In other arrays the
variabilibty in the percentage of hairiness is gradually
diminished until in the Flain arraye the variability
reached slmost O, The high coefficient of variation
indicates a multifactorial base of inheritance, the

latter in our example is obvious from the evolution



standpoint too.

Bat we know thaet Plain arrays are determined by probably
no fewer genecs than Platesu., Hence the low coefficient of
varistion in rlain arrays may lead to underestimation of
the number of genes involved in the deteﬁmination of fine~
ness of wigol. Thisis only one example, ¢Ff course all other
properti es of the array, e.g. the number of fibres in & given
fibre type, the dismeter, the shedding situation, ete, in
short, 811 the traite in wool show the same properties, hence
the low coefficient of variation doegug;an recessarily that
the number of gene:s involved must be also very low, and there-

fore a statistical treatment of genetic data must be trezted

with great eaubtion.

5. Bple of "Swall" Hutations and
Selection in Ghe Bvorlutiom of
the plieéece.

From the above discussion it is obvious that "small™
mutations furnished the materisl for evolution. It must bve,
however, remembered that the fleece as an entity has undergone
many evolutionary changes, 1In the present study attention was
paid only to the most primary evolutionary changes, leaving

practically out of account such important properties of the
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wool as rate of growth, density, character, etec, Even
in the déscription of the evolution it was necessary tb
confine the discussion only to the forces responsible
for the changes from Plateau to Plain arrays, leaving
out of account the base or inborn coarseness upon which
the checks act. This faet, however, does not obscure
the picture of evolution in the fleece.

The 'smell' mutetions could not havepeen
detected without the foundation work of Pr.Dry. With=-
out the knowledge of compsrative wpol snatomy, such little
changes which count in the evolution process were over-
looked., now, however, in the light of the facts hitherto
desceribed it ies felt urnecessary to point ouf all the
fagts which are in favour of regarding the evolubtion in
the fleece as & joint product of "smell" mutations and
selection. <Lhe data and graphs presented here are suf-
ficlent proofy ¥or the sake of example, let us discuss
the occuarrence of "small™ mutations in the Pre-cygrly-
tip fibre group. ©One of the firBt small mutations had
caused some of the halo~hsirs to becuwe super sickle £
fibree, then other small mutations caused some of the
saper sickle A fibres to become super sickle A', that
ig, thic mutation has caused the tiny region of the
neck to be fine, later probably more than one esmall

mutation caused super sickle A' $o become super sickle B
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and still other mutations cause suéer sickle fibres
to become sickle fibres. Chalky sickle fibres by
means of further emall mutations have gradually lost
their hairiness until sickle fibres become fine through-
out. These are qualitative changes only, but quanti-
tative changes occurred too, changing the balance of
the pre-curly-tip fibre group as has already been des-
cribed. Such gradual changes may be noticed in all
the other properties of the arrays, One may evolve
faster as for instance fine sickle fibres or hairy-
tip-curly-tip fibres {graphs 14 and 13); another more
elowly, (histerotrichs - graph 20), but all of them show
typical evolutionary trends, From unknown times {(Barker,
2) ¥"Man has selected sheep for fine wool, hence the fre-
quency of mutation is in our consideration not of primary
interest. Lyen if fhe frequeney were very low it would
not matter. of course, the freguency of matation even
in the same species or race may differ greatly, hence
the same methods gpplied to the came species or race
g8ive different resul te,

At the present ctage of the knowledge of genetics,
it is thought better to confire the discussion of the evo-

lution of the fleece (o the few poinbts stressed above.
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SECTION VI

I. THE CHARACTER OF 1AMB's ®O0OL.

1. Introduetion.

In this part of the thesis a preliminary account
is being precented of investigations on the character of
the lamb's wool. Ls far as our knowledge goes, no such
investigation has hitherto been carried out, and there-
fore it washecessary to find out an easy and simple
method for comparison of different staples and to Judge
the iifferent properties of the wool ad oculos., Such
investigations may be of interest first. because they
may reveal some relationship between the physiesl pro-
perties of wool at an early stage of the lémb's Xite
and the fleece of adult sheep; secondly they give
some idee of the amount of variation in the wool char-
acter between the same body region of different lambs
and between different body regions on the same lambs,
Thirdly, some correlation may be shown between dif=-
ferenl wool characters, Finally they may furnish
interesting data as to the origin of some wool charac=-

ters,
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It is felt necessary to point out that only
17 lambs, which furnished the chief material for the
whole present study, were examined and therefore all
conclusions dxawn must be treated with great recserve.

The actual examination of stagés was done by
¥r . E.A, Clarke with assistance from Mr. J.A,Suther-
land and Mr, R. Weber, to whom I wich to express my

indebbtedness,

o Finenesg

The length of the lamb's stape consists of
a wavy region and a crimped region. The fineness of
wool was ascertained only in the crimped region. The
crimped region is as a rule finer than the wavy
region. This is due to the "crisis thining™. The
fineness was ascertained by means of a grading scale
coneiseting of seven grades. Grade I was the finest,

Grade 7 the coarsest.
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PABLE XXIV.
FINENESS OF WOOL IN DIFFERENT REGIONS
OF THE BOLY. TN

Region/ Sum up
Grade 24 2 e 4 5 6 7 Total 1-3 a-7
Withers g 6 1 - - - - 16 16 -
Back 8 6 = < - - - 16 16 -
Side 4 9 2 - - - - 15 15 -
Rump 2 5 5 s - - o+ 15 10 5
Half S 6 4 4 - - 16 8 8
Britch - -

Britech - - 2 2 6 & D 16 > 14
Total: 235 27 Ty 10 10 & D 94 67 o

TABLE XXX
FPINENESS OF W0OOL IN DIFFERENT ARRAYS,
Array/ Sam up
Grade 1 S 4 5] 6 7 Total 1-3 4=7

Plain 3 1 - - - - - 4 4 -
Valley 14 20 8 = 2 - 51 47 42 5
Regfine 3 4 6 5 - i - 19 13 6
Saddle 2 2 2 E o - - 12 6 6
Pla teau - - 1 2 & B 6 17 1 16
Total 22 oy i AR o R 6 ;4 99 66 33

B
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(2) Relationship between Fineness
of Wool and Body Region.

The above tables show the relationship between

the fineness of wool on different body regions and in difﬁg
ferent arrays., The recsults of this investigation may be
summe@ up as follows:
Withers: as a rule are as fipe or finer than Back

and side regions, but there are a few ex-

eceptions; it may happen that back or

side i finer than withers,

Back: is as fipne, or less fine than withers but

in four cacses out of 17 back was finer (1
grade difference) than both withers and

gide,

Side: ie stronger than withers and back; only

in 3 cases out of 17 was side finer than

both withers and back.

Ramp: is still coarser than side region; only
in 1 case out of 16, rump was as fine as

wi thers and finer than back and side, and
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in one case rump was as fine as both withers
and back but finer than side; rump is finer
than half briteh; However, out of 16, rump
wae in four cases coarser than the half-
britech, and in only one case stronger than
britch and in 3 casesrump was as fine as

both half-briteh and britsh;

Half-Britch is still coarser then rump with the excep-

tions just enumerated. Only one case was
found where half-britch was finer than
britch (No.74) and & cases when half-britch
wag as coarse as britch;

Britch is the coarsest region of all the regions

examined (with the exgeptions mentioned

above).

Thus we can say with regard to the fineness of wool in
erimped regions that there is a transitional gradiation
from withers, back, eide, rump, half-britech to brit ch

with the exceptions enumerated above,
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(B) Relationship between fineness
of wWool and fibre Lype array.

PTable XXV shows that the finest array is Plain,
then go Valley, Ravine, Saddle and Plateau. The Valley
arrays are concentrated within the first group of fine-
ness (gradés 1 to 3) but some valley arrays may be &s
strong as FPlateau arrays. Within Ravine arrays the
great majority belong to the first group of fineness,
but Saddle arrays, as it was expected, are rather on
the border linme. All gradients exist. The Plateaun
arrays belong definitely to the coarsest group.

There is, however, one interecting point, namely some
Plateau arrays may be finer ih the crimped region
then, e.g. Valley arrays, and come Valley arrays and
other less depressed than Valley arrays may be co&ar-
ser than Plateau arrays. However, we may say that
as a rule the more depressed the array, the finer
the wool.

It is, howédver,very hard to say whether there
is a correletion between the kind of array and the

fineness (count) of the wool. This is due to the
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fact that 8 1 the staples examined are from as
many as six regions of the body and it is quite
impossible to eliminate the error which may be
due to the difference ¢ within arrays on dif-
ferent body regions. So on the material in hand,
it is imposcible to correlate these traits, yet
it is quite logical to assume that such a cor-

relation exists, It may be added also that

S

Sutherland (46) has come to the same conclusion.

#& very interesting example of bthe dif-
ferences in the fineness of the wool within arrays -
on different parte of the body is furnished by Lamb
No. 74 VI! W#e remember that 211 the s=ix regions
have Plateau arrays and the fineness of wo.l is
confined to grades 6 and 7, that ies to the coarsest

extreme of the grading scale. This example fur-
nishes the evidence that the chief factor causing
the wool to be fine depends on the array rather
than on the part of the body. The last state-
ment is easily understood in the light of the dis-

cussion in preceding parts of this thesis.
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3. Wave :

As it has already been po
of a stapge consists of two regions

one is wavy, the second one (proxi

inted out, the length
- the first (distal)

mal) may or may not

be crimped. As to the former, the length and sharacter

of waves were accerteined (see als

38 and 39).

o plates, 35, 36, 37,

TABLE XXVI,

TEE IENGTH OF THE WAVE REGION ALONG THE STAPLE

Haltl
Length Withers Back Side Rump Britch Britch
5;5+f 2 3 - 1 :
— 2/3 - ~ - - , -
o 2/3"‘ 2 12 11 T 2 13 2 )
3 2/3 6 3 4 3 4
i 1/&% 2 7 4 7 3 3
S et e AR 1 5 4
5 1/3 .22 Y 1 3 ¥ o
9 1/3- - - - 1 2 1
(o :
X DI = righ. -c tae sub butt
1/%- = legs than 1/3 of the length of the staple

The length in order from longest.
i Rump 2 Wit hers

4 Britch S Side

3 Back
6 Half briteh
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TABIE XXVII
THE CHARACTER OF THE WAVES,
Half
Charac- Withers Back  Side Rump Britch Britch
ter

H
o, Excel. o, 2 g - - 2 -
2 Very good 3 ; 5 - &2 g = 3 ® il
{% Good b 7 3 9 3 3 4 i 1 4
i Medium 6 & 5 4 4 2
. Faor 2 3 5 - 5 4
5 Bad - 8 Z g & AmlURe TR e e 6 12
© Very bad - - - 1 - 5 5
b

The character in order from best:

1 Withers 2 Back 3 Rump

4 Side L5 Britch 6 Half briteh.

As it can be seen from Table XXVI the longecst wave
region is to be found on the rump, withers and back and the
8hortest on britch, side and half-briteh respectivelyy There
are, however, some individual variations.

There is no correlatidon between the length of wavy
region and character of waves,

Table XXVI as well as picturee shows that the better
waves :re to be foandé on the withers, back and rump regions,

reepecitvely and the worse on the cide, britch and half-britech

respectively. There are, however, some individual variations.
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4, The Crimp:

The length of the crimped region may be computed

from the data given for the length of the wavy region of

the staples.

The following charascters were ascertained:

(a) the regularity of the crimp along the length of the

staple;

(b) the depth (amplitude) of the curves;

(c) the wave length (frequency) of the curves;

(d) general character ot the crimp.

The data are shown in the Tables below,

TABLE XXVIII

REGUIA RITY OF THE CRIMP

Half

Withers Back Side Rump Britch Britch

Excel- 1 - - - 1 L
lent ; / 2

Very goodl 7 g & S g 12 3 11
Good 5 2 2 3 3 8
Medium 6 10 7 4 3 3
Poor 2 & - ; 2 20854 XS e ) 5
Bad - 2 1 M - P 4 1 1
Very bad - 2 - : g
no erimp 2 ~ 5] 1

Regularity in order Ifrom best:

H - -
]4 gféhgggtch 2 Britch

° §"BFde
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Bormal c¢rimp, in *

Shallow crimp "

Trace of i

Depth of crimp :

"

TABLE XXIX
THE DEPTH OF THE CRIMP
Half
Withers Back Side Rump Britch Briteh,

=2

- Deep 6 3 1 1 4 g
o 9 12 5 12 12 14
& Normal 3 9 4 11 8 6
—
H—
_Shallow 6 4 5 1 3 2
= 6 5 8 ] & 2
o Trace - 1 3 2 : -
S

No.erimp 2 S 1 1 1

Deep crimp, in order of Pfrecuency: Briteh, withers,

half-bhritech, back,
rump, &Side.

g g rump, back, half-
briteh, briteh
gide, withers

n n witherse, side,
back, hali=-britch
brithhk, ruamp

" " side, rump half-
briteh, back

1 Britein, 2. Rump, S Half-britch
4 Back b W#ithers 6 Side.
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TABLE XXX,
THE WAVE LENGTH,
Half
Withers Back Side Rump Britech Britch
Long 2 3 7 9 11 13
Medium 9 9 5 4 5 3
Short 4 5 1 2 - -
No erimp 2 - 5 3 1 2

TABLE - XXXI
GENERAL CHARAGTER OF CRIMP
Half

3 Withers Back Side Rump Briteh Britch
5 Excellent 1 - - - 1 ~
o Very good 1 6 2 1 4 O g 9 g 9 10
.5 Good 4 7 ] 5 4 7
. Medium 8 6 6 3 5 3
o Foor 1 1 3 S 2 2
5 Bad e 1 ® 9 1 Sy O COF (-
S Very bad - - - - - ‘
D)

No erimp 2 S 3 1 1

In order from best: L. Briteh; 2 Back; 3 Rump

4 Half-britech 6., W%ithers

Side.
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From the above tables we can draw the following

short conc lusions:

(1)

(2)

The traits which count in the determination of
the character of lamb's wood do not show any
regularity and wniformity over the body. 1In
other words, one trait is better marked on one
body region, the other on another. Lyen for
the same trait on the same body region there
are makked differences due to great individual
variability. However, in spite of the above
recervation it is possible to show the general
tendency in the relation between different body

regions;

The regularity of cerimp shows better uniformity
on the hind-quarter than on the fore-quarter.
The most regular crimp is on the half-britch,
britch and rump, whereas withe re, back and =side
have less regular crimp and an &p preciable
number of staples were found having no erimped
region, that is, the wool (see plates) is not
straight, but wavy (except lamb No. 74 - the

character of its wool will be discussed 1a ter on).

]



(3)

(4)
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For the depth of the crimp a table was com-
puted dividing the depth into two groups.
Each group comprises tw classes, hence deep
crimp means that the height of an arch is
longer than its length. In a normal crimp
the height of an arch is equal to its length,
whereas in shallow crimp the length of an
arch is longer than its height, Thus the
depth of a crimp is be tter marked on tte
hind quarter too, It is worth pointing

out that a crimp found in a number of

chalky fibres, shows the very traits of

so -called "thread". Kaczkowski and Muller
(63) use this term to define an overbuilt
crimp, that is a crimp having the height

of its arches far ftoo great. Such a

erimp was found in fine Merine wool and

was hitherto regarded as an indication of
overselection, for higher count. Since

the "thread" was found in chalky fibres,

such an explanation is no longer tenable.

The wave langth: The data tabulated in
Table XXX suggests the exkstence of a cor-
relation between the wave length and. the fihe-~

ness (count) of the wool. The coarser the
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wppl the longer the waves of the crimp.
Such a correlation, expressed as the num-
ber of erimps per inch, has been found
chiefly for Merino wool by Zipser, Daven-

port and Ritzman, Puerden and others (2).

The general character of the crimp may be
understood as the summation of the regu-
larity, the depth and the wave length of
the crimp; Ag TeblelXXI and plates show
the crimp character in order Trom bést is:
Bri teh, Back, Rump, half-britch,
dWithers, and side.

It may be remembered (Tanhle XXIV) that the
coarsest wol in the ecrimped region was
found on the britch region, and yet this
region shows the best character of the
crimp; it follows then, that there is

no tendency to correlate the fineness of
the wool with the character of the crimp.
The side and back region, for example,

have both very fine wol ani yet the charac-
ter of the c¢rimp on the back is much better

than on the side., (All the lambs were covered)
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It is interesting to note that
in extremely fine sickle fibres and some
histerotrichs, the cecrimp was very ppor in-
deed ; on the other hand, some strong
fibres show very good character'of the

crimp.

Jljin and Thomasset (47) have found the dif=-
ferent "Centres of Keratinization" acting wi th
a8 certain degree of independence on different
regions of the fleece. Galpin (26) working

on the coat of the foetus found marked dif-
ferences in the development of the follieles
on different body regions. The same gut hor
has found different centres of depression
causing different arrays on the different
coab: *egions of the same lamb. The above
papers suggest that the fleece cannot be re-
garded as one entity. The present investi-
gation shows clearly that with regard to

other characteristice of the fléede, dif ferent
regions of the body vehave differently (shed-
ding, the character of the wool, the character
of the crimp, ete.) 4 very striking example

which illustrates some degree of regional
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independence is furnished by lLamb No. 74.
The staples pictured (£fig.39) show that
only the briteh and back have the crimped
regions. The rump shows a slight trace of
the crimp whereas all the remaining staples
have straight wool. The britech, the

back and the rump are the regions where

the best wool crimp character is to be found
(see Table XXXI). These facts suggest that
even for crimp characteristics, different
"eentres™ on the fleece are to be found.
From these centres there is what may be
termed a flow all over the fleece and far-
ther these regions of the body showing the
best characteristic may be regarded as the

oldest in the sencse of phylogeny.
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SUMMARY,

There is no appreciable shifting of the skin
with reference to the skeleton, on the hind-
guarter, during the first 6 months of lamb's

growth.

Fibre types arranged in pre-curly-tip group,
curly-tip group and post-curly~tip group, are
discussed. The characteristic features of each

fibre type and fibre type array are reviewed,

the stress ie laid on the xey type in each array,
and on the qualitative differences between arrays
ami on the quantitative differences wi thin a given

fibre type array.

Halo-hair shape, length, coarseness and abundance
are discussed; the way in which the latter is

being reduced is shown.

The pre- and post-natal career of super sickles
and sickle-fibres is discussed in the light of
comparative anatomy of wool. The existence of
typical and non-typical super sickles involves
& single and/or double bond in arrays. The
tip shape of typical and non-typieal super-

cickles is discussed in some detail; the
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time the medullation appears and the rate of
thickening play probably & significant role

in determining the different variations in the
tip-shape; non-typical super sickles and
sickle fibres are always situated at the right
wing of the fibre type series, whereas the
typical ended fibres are situated on thefieft
wing. The minute study on the tip shape
may be of primary importance in distinguish-
ing the fibre types in the investigation on

the embryology of wol.

On their post-natal region birthceoat fibres
are placed in four classes according to the

behaviour of chalkiness and "erisis thinning".

Gemeral shape: of the tuft may be super imposed

upon individual fibres.

The "toughness"of an array may be measured by
the abundance of the key type and exprecssed as

a per centage of & given fibre type or fibre

type group.
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The centre of gravity of the pre-curly-tip group
is shifted from halo-hairs and sucser sickle 4 in
Platean to chalky sickle fibres in Saddle and finpe
sickle fibres in Ravine, Valley and Plain, in the
latter array the shifting of the centre of gravity

has reached the extreme end.

The time the fibres develop and the time of the
outset of the work of the pre-natal check is
probably responsible for the shifting of the
centre of gravity in the pre-curly-tip grouap.
The interaction of the same factors is prob-
ably responsi ble for the length of sickle-ended
fibres and especially sicklg-fibres and "inter-

mediates, "

For the sake of convenience the term "pre-natel
check" is replaced by "head"check; thus "head"
check is responsi ble for all the changes in the
head of an array, notably for determining the
arrays, whereas the "tail"check is employed to

explain the changes in the tail of an array.

The abundance of super sickles gnd sickle~-
fibres in different arrays and body regions

is. tabulated and discussed.
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12, The:tip shape, length, and post-natal portion
of E.T,C.T, fibres is discussed.

13. ¥ine H,7,C,T, fibres were found in one Vally

on the withers.

14, H.T.C.T, fibres are always to be found in

Plateau array.

15. The influence of body region on the abun-
dance of H.T,C.T. fibres is detectable only
in less checked non-plateau arrays; in
well checked arrays the percentage of
thece fibres is negligible; in Revine
on half-britech the percentage of H.T.C.T.
fibres is of some importance only when
Plateau or "tough" Baddle array is found

on the briteh.

16. There is no relationship between the abun~
dance of S,S.B., and H.T.C.T, fibres in
Plateau arrays; farther there is no sig-
nificant correlation between either of them

and the percentage of hairiness
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17, The morphology of curly-tip fibres, with
special reference to the tips form and
posb-natal stracture is discussed in the
light of the "head" check; the upper
boundary for the expansion of the "head"
check into the curly-tip group has ten-
tatively been ascertained, this being
37% of checked C,T., fibres.

18.Histerotrichs start to pierce the surface
of the skin about & days before 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
invecstigation on the time the la st his-
terotrichs are being added to tke fleece,
it was concluded that the density of the
fleece, that is, number of fibres per
anit area, is decreasing after the lamb

is five months old.
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Histerotrichs grow in two waves topped
with two distinet peaks, either of whieh

may be higher or lower,

It was calculated that the rate of histero-

triech growth is about 0.6 mm. per day.

The highest abundance of histerotrichs
was found in Plateau and the lowest in

Plain arraye,

It was concluded that the drop in halo=-
hair abundsnce is correlated with 8 simul-

taneous drop in histerotrich abundance,

The more improved the Valley array the

lower the percentage of histerotrichs.

A high coefficient of variation of his-
terotrich abundance may suggecst a malti-
fagtorial inheritance of histerotrich

abundance,

Orange G very rapidly dyes the sheath of

shed fibres,
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Shedding is correlated with array and body
region; the highest percentage of shed
fibres wa8 found in FPlateaa, the lowest in
Valley, the strongest shedding was found

on the back, the weakest on the withers,

The non-typical ended pre-curly-tip fibres

do not shed freely.

Shedding in the curly-tip group is negligible

in my material,

It is guggested that in order to get rid of
kemp hairiness, selection should bebased

on truncated arrays,

Fine super sickle B, fine sickle fi bres, and
one histerotrich were found to be shed in

normal fashion.

A number of fibres were found, which appeared
as if about to shed "smokily" but-actually

did shed in normal fashion.

There is relationship between the arrays and
the abundance of Gp; the less checked the

array the more hairy Gy fibres.
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The relation between Go and body regions

corresponds with that of Gl'

In kemp production the folliecles of the
first fibres, that is halo-hai rs and their
closest associates play the decisive role;
it is emphasised that selection against
kemp hairiness should be based on trun-

cated arrays.

The present invectigations confirmed Gal-
pin's recult as to the posterior-anterior

gradients,

There is a relationship between hairiness
and arrays; also, there is a relation-
ship between the behaviour of hairkness

down the staple and array. Plateau arrays
show not only the highest percentage of
hairiness but also the highest percentage

of samples "hairy throughout®, Valley

arrays have but 7 per cent of samples "hairy
throughout™, others beiag "less hairy at

butt™ or "hairy tip only™".
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The hairiness is diminishing when we pass
from britch to half britch in gradual fashion,
hence, if the starting point is grossly hairy
we cannot expect any marked diminution in

the percentage of hairiness on the hind

quarter.

Hairiness in the array is attacked from three
gides ~ from the head, tke tail amd "erisis
level™. "Head" check and "ta2il" check are
regsponsible for the diminution of hairiness
on the head of the array and on the tail of
the curly tip series, respectively; one of
these forces is probably responsible for
"erisis thinniég". Thece two checks do not
show any high correlation, neansc the correl-
ation between the arfay and hairineses is ob-
scured; an array with a very weak "head"
check may have a very strong "tail" chekk
and viece versa; that is why the variations
in the percentages of hairiness within a
given array are great, OUnly in Plain array
the correlation between these two checks

is very high and ?lain arrays c¢an show a

trace of hairiness, at moset. Truncated
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Valley array being closely associated
with Plain arrays should show a higher
correlation between "head" and "Tail"

checks than all the remainder.

It is suggested that in order to get
rid of hairiness, no matter whether
kemp~hal riness or non-kemp hairiness,
the ideal plan would be to base the
selection on truncated Valley array
and the crucial position should be

the britech.

Phe high coefficient of variation in
the percentsge of hairiness suggests
multifactorial inheritame; on the
other hand the very low coefficient
of variation does not necessarily

mean that we are dealing with a simple

Mendelian situation.

The peecipice situated in six regions
on lamb No; 74 (N-type) belmved dif-
ferently; bthe most abrupt precipice
was found on the side, the lgast or

practically none on the back; Post-
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precipice fibres need not be fine; they
may chow diversity in their diameter and

length.

"Crisis thinning" is discussed in the

light of the present investigsation.

An attempt was made to prove that the
recombination of genes is responsible
for bringing about the atavistic echar-
acteristice of the coat on N-type.

The genetic basis of the N-type coat

here &8 discussed ig mulbtifactorisl.

Two schools of thought of the pwoblem

of evolation of the fleece are reviewed.

The evolution of the fleece of the New
ZealandRomney breed i& discussed; there
are three fibre types deemed to be the
oldest in the sense: of phylogeny,
namely halo-hair in pre-curly-tip group,
hairy-tip=curly-tip in curly-tip group,
and histerotrich in post-cundy~tip group.
The first two fibre types belong to the

outer coat, the last to the ianner coat.
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The percentage of the pre-curly-tip group
does not shaw any significz=nt changes,

from one arra y to another - save oecasional
exceptions - only the eentre of gravity is
shifted in the course of evolution from halo-
hairs in Plateau array to fine sickle fibres

in Plain array.

The cohstituents of the pre-curly-tip group

evolved from hslo-haire,

It was possible to ascertain that at least
77 per cent of curly-tip fibres have evolved
from hairy-~tip-curly-tip fibres; kU was
suggec ted also, that the non-typical ended
fibres belonging to the pre-curly-tip group
havefevolved from hairy-tip-curly-tip fibres,

Some of the histerotrichs, in the course

of evolution, have hecome late curly-tip fibres.

Bvolubtionary tendency =2nd the density of

the fleece is discussed.

"Head" check and "tail" check are discussed

from the evolutionary point of view,
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The hypothesis associated with the name
of “uerden and others about the evolu-
tion of the fleece is not tenable. The
fleece of improved sheep comprises both
inner and outer ecoat; the separation

of kemp=-hairiness from non-kemp hairiness
has no phylogenetical justification; both
of them are derived from the duter coat;
The seme follicle can give either kemp

or Wool; 8 kemp in one period and wool

in another,

A general consideration of evolutionfrom

the standpoint of geneties, is outlined

and emphacis is 1laid on the role of

"small™ mutations in evolution. It is
thought thet the additive effeect of "small"™
mutations together with artificial selection

has briught about the evolation of the fleece.

A preliminary report on the character of

lamb's wool ies given.

——= 000 ===
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Legend for mnse with Tables covering Lambs Nos.
1 - 84 will be found on peags whteh shonld
be unfolded. Key to =bbreviations nsed is
also conteined therson.

Folded portions of Tebles shonld"also he

-
opened ont,




