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INTRODUCTION:

In a recent paper Dry (4) gives an account of the fibre
type arrays - the result of an action of two forces - the
prenatal check and the reducing of inherent coarseness acting
on an undefined substratum which occur on the back (4) of the

New Zealand Romney Lamb.,

Preliminary observations by Dr. Dry and myself suggested
that orderly relations existed between the fibre type arreys on
th2 back and britch positions. These observations were
extended and a comparative study of the fibre type arrays
ocourring over the dorsal snd dorso-latersl portions of the
coat of the Romney Lamb has been made. Their distribution,

as one was prepared to find, has proved orderly.

Following naturally on this investigetion came a study of

the proportions of precurly-tip to curly-tip and histerotrich
fibres.

The Romney Lambs used Lor this work were fifteen of Dry's
(6) experimental animals. For the purpose of general compar-
isen four Southdown and four Ryeland lembsg from the Massey
Agricultural College stud flockswere sampled in the same way as
the Romney lambs. Tumerous odd semples were taken casually
from & greater number of Romney, Southdown and Ryeland lambs.

Samples were teaken from the following positions and were

conveniently named - see Fig. R
(1) Poll on the mid-dorsal line between the ear and

horn positions.

(2) Neck base on the mid-dorsal line dorsal to the point
of the shoulder.

(3) shoulder point on the point of the right shoulder bone
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(4). Withers: o? the mid-dorsal line level with the fifth
rib.

(8)¢ F ib. on the right fifth rib, ventro-lateral to the
: withers in a line with the lateral aspect of the
shoulder point and superior to the elbow.

(6) HElbow. on the elbow joint of the right forelimb.

(7) Baek: ofbtha mid-dorsal line level with the last
rib.

(8) Side: on the right side, ventro-lateral to the back

at the distal end of the last rib.
(9) erior
" on the mid-dorsal line at the superior angle
of the ileum.
(10) . Thurl: on the junction of the femur and pelvic bones

(acetabulum) and ventro-lateral to the
superior angle of the ileum.

(11)- erior .
: Midwey end slightly anterior to an imaginary
line drawn between stifle and thurl.

(12). Britech: immediately posterior to the stifle Joint end
midway seross the thigh.

Note that only dorsal and dorso-lateral positions have been
regularly studied. 0dd samples have, however, been taken from
the positions on the mid-ventral line. These positions
were the brisket and on the mid-ventral line level with the
shoulder point position - named ventral neck position.

The gradients figured do not take these samples into
account but it may be mentioned that from the observations
made it appeared that an array on the mid-veniral line was a.
little more depressed - that is a little more severely checked -
than an array on the mid-dorsel line in the corresponding
positions.

In reference to the dorsal and derso-latersl portions of
the coat -~ samples were not teken from all of the positions shown
on Fig. 2 for every animel, for from preliminary examinations,
it was found that briteh, superior ileum, back, side, withers,
shoulder point, and poll samples were sufficient to show the
orderliness of distribution and the gradient of the depression
on most sheep.?rhﬁ,few sheep hed aamplegfghken from all the
positions figured.
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The method of examining samples was simple ; the
fibre tips wercprotected from the weather by coats of
water-proof material (3) the lambs being covered before the
halo~hairs commenced shedding.

Samples were taken from the positions figured and
were stored in envelopes to be sorted in the laboratory on

pieces if black velvet. Blunt tipped forceps with a good grip

were used for sorting the samples.

Before giving an account of the distribution of the
fibre type arrays it is necessary to describe an arrsy that so

far has not been found on the back.

Bscerpement: A New Fibre-Type Arrey:
Figure 1.

This new array is, on the one hand, similar to the
Plateau array in chi it has no sickle-~fibres and has coarse
: halo-and sub-halo hairs and super-sickle fibres; on the other
hand, however, it is closely akin to the Plain array in that
immediately following along the array it has fine super-siqkle4
fibres succeeded by fine checked curly-tip ones; these checked
cur1y~tip fibres are succeeded along the series by curly tip
fibres exhibiting ££‘inorease in coarseness. This
array therefore has no coarse curly-tip fibres and the only
transition from early to late fibres is by way of the fine super-
sickle and checked curly-tip fibres to the fine curly-~tip ones
of the gseries. Compare Fig. £ with the Platesu and Plain
arrays of Dry (4). ’

To date an Escarpment array has only once been found on
any position other than the poll -~ this was on the britch of a
very dense Romney. From this animal only briteh and back
samples were preserved; the arrey on the back was Plain.

The interpretation of such an array as the Escarpment

must remain speculative until detailed studies of prenatal
development have been completed and correlated with postnatal

growth. This arrsy is as intensely checked . if not more so
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than the most depressed Plain array. It is also not unlike
e Plateau array in which the precipice is unusually early.

Toldt (13) deseribes three forms of hairs - Leithasre -
Grannenhaare and Wollhsare as present in a typicel coat - the
types not being sharply separated from one another but the
forms are distinet and do not grade into one another.

Dry (2) working on the coat of the mouse found that
on the back there are no transitional fibres connecting the
Zigzags and Hairlets. Transitional fibres do occur between
Zigzags and Auchenes but are not plentiful. This absence
of all transitional fibres betWween Zigzags and Heirlets
further suggests that breaks" m&y be d usual occurrence in
Mammalien coats.

In the sheep in some arrays we find a precipice occurring
in the curly-tips. |©Precipice is the term given to the sudden
change elong the array from coerse to fine eurly-tip fibres
without intermediate fibres.

We mey suppose therefore that the precipice in the
array in the coat of the sheep mey be correlated with the
‘break’” between Zigzags and Hairlets in the mouse coat of
Dry (2) and with the lack of connecting fibres referred to
by Toldt (13).

Further, when we consider the small number of
transitional fibres connecting different fibre types it is not
unreasonable to suppose that these comnecting fibres are
incidental to the main fibre types and may be due to the
development of a comparatively small number of follicles being
either sasccelerated or delayed. This lack of transitional
fibres has been noticed particularly between the halo-hairs
and super-sickle fibres in most arrays and between the small-
ended sickle-fibres and the curly-tips of Ravine arrays.

To allow for such 'breaks between fibre types we must
assume that the development of the coat takes place in a
series of Jerks'. Prenatel observations suggesis that such

may be the case ~ ‘breaks occurring between the trio stage
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and the first folliecles and between the trio and nine stages.
It is possible that other smaller "bresks" may occur, for
exanple between the trioing of the X and the trioing of the Y
follicles. It must be remembered, however, that there are
additional folliecles coming in all the time.

If such breaks be of usual occurrence the interpretation
of the Esoarpmsnﬁ array mey be that in the Escarpment there is
a break' between the super-sickle and curly-tip fibres - such
& 'break! being analogous if not homologous with the "precipice"
of other arrays - and may be due to either a period when no
follicles are laid down or to delayed growth of a follicle laid
down or to differences in follicle arrangement.

The overlapping of the two forces - the prenatal check
and the reduction of inherent coarseness at the precipice =~
will prevent the later portion of the arrsy becoming coarse.

Thus we may account for the Escarpment Array as being due to
a Prene.tal check acting upon the early fibres, a break'
anslogous to the precipice followéd by an overlapping of the
two forces, the prenatal check and the reduction of inherent
coarseness, causing all fibres later than the precipice to be
fine.

Ihe Fibre Iype Arrays:

Before describing the distribution of the arrays it is
necessary to state that the variation in the axrrsays is due to
the action of two varisbles (a) the intensity of the pre-natal
check and (b) the reducing of inherent coarseness. The result
of this action of variebles is termed a depression. When it
is considered that each of these variasbles can differ consid-
erably in its time of onset, its period of durationknd its
intensity, it is not unlikely that one will find variation
in the fibre type arrays occurring on different animals.

Dry (4) finds considerable variation from sheep to sheep in
arrays occurring on the back. This action of forces, as far
as can now be judged, is a local phenomenon (4). This

point is discussed on p. /¢ but it is useful to note here
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that fibre type arrays vary from position to position on
the same animal, thus supporting this theory.

Dry (5) found the fibre type arrays naturally fell into
the following order :

Plateau least depressed.
Saddle

Ravine

Valley

Plain and Escarpment - most depressed.
This order is due to the changes in intensity of the prenatal
check and the extent of the reducing of the inherent coarseness.
In the Plateau array the prenatal check is very nearly if

not entirely non-existent. The noticeable effects of the

reduction of inherent ooarseneasdﬁz not t:éz-pieee till about
half way along the curly tip portion of the array . The

precipice does, however, vary from position to position; this
is discussed elsewhere. The Saddle array is due to a non-
intense pre-natal check and & late reduction of inherent
coarseness. This reduction takes place at gbout the same time
in both Saddle and Plateau arrays. The prenatal check in the
Havine array is often intense but is of fairly gshort duration,
there always being & rise in coarseress in the post-ravine sickle-
fibres. The reduction in inherent coarseness is still later
than the rise in coarseness due to the removal of the prenatal
check. In the Valley array the prenatal check is intense :
and of long duration while the reduction in inherent coarseness
more nearliy epproaches the time when the prenatal check has
ceased vo function. In the Plein arrays the prenatal check
and the reduction in inherent coarseness overlap and there is
no increase in coarseness along the array. The Escarpment
arrayis similar to the Plain except that it lacks sickle-fibres.
Both these arrays have a severe prenatel check but in the Plain
array it does not appear that overlapping with the reduction

in inherent coarseness takesplace until after the formation of
sickle fibres. In the Escarpment the reduction of inherent
coarseness is exceptionally early and in conjunction with the

prenatal check depressed all follicles later than super-sickle
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ones to checked curly-tip ones. It is therefore difficult to
say whether the Escarpment is more depressed than the Plain
a;ray so they have been considered to be equally affected.

We thus oan suggest that the order of the fLibre type
arrays ie due to an increase in the intensity of the prenatal
check together with an earlier reduction of the inhereant
coarsencss.

Bach of these arrays passes graduelly into the next;
all variety of arrays intermediate between these arrays have been
encountered both from animal to animel and over the seme
animal .

D

Ihe {igtribution:

As has been sgtated elsewhere preliminary examinations
showed that different fibre type arrays occurred on back and
briteh positions. It was known that fibre type arrays pass
gradually from one to the other - see abava-. From thase'two
facts it was suspected that all fibre type arrays separating
the array on the back from the array on the britch would be
encountered somewhere on the area intervening between these two
positions. This was found to be true. PFurther, knowing that
the arrays on the back'and briteh positions differed it was
suspected that the arrays on the positions anterior to the back
would differ from those on the back; this surmise was slso found
to be correct. As well as revealing that fibre type arrays
on back and britch positions differed the preliminery examination
indicated that orderly relations emisted between back and britch -
the arrsy on the back never being less intensely depressed than
the one of the britch.

lMore detailed work involving the study of the fibre
type arrays occurring over the bodies of various Romney lambs
demonstrates that orderly veriation from position to position
is the rule for the distribution of fibre type arrays over the
body of the Romney lamb.
See Figs. &, 4, 5, 6, 7 and Grephs 1, 2, 3, 4, 5, 6, and 7.
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This orderliness in variation is mainly due to less
depressed srreys being posterior to more depressed ones, though,
a8 explained later, some elaboration of this genersl statement is
required.

it

From these staxementaAis epparent that the gradual increase
in the depression cauged by the ectionaf the prenatal check and
the reduction of inherent coarseness Ifrom posterior to anterior
regions results in a general posterior-anteriot, or britech ~
poll fibre type array gradient.

See CGraphs 1, 2, 3, 4, 5; 6 and 7.

Besides the britch-poll gradient there must be kept in
mind the subsidiary gradients due to the lessening of the
depression as one passes from superior to inferior positions
of the dorsal and lateral regions of the coal ¢f the Romney
lamb.

See Fig., 3, 4, 5 and Graphs 1, 2, &, 4, 5, 6 and 7.
Returning now to the description of the genersl gradients we
find that these vary in steepness from animel to animal. Fine
even coated lambs and their opposites the very coarse coated
animsls have very slight britch-poll gredients. See Graphs
1 and 2 - Sheep No. 765 and No. 618. ©Figs. 3 and 4. These
two lambs resemble one asnother in that both exhibit slight
briteh~poll gradients, but they are unlike in that No. 618
(Graph 2) shows an even gradient due to a heavy depression - the
result of intense prenatal checking and aa&ly reducing of the
inherent coarseness, while No. 755 (Graph 1) has been very
glightly effected by the prenatal check and the reducing of
inherent coarseness has been comparatively lete. These two
animals show gradients on different planes; 1t is necessary
to find more veried animels to connect the two planes. These
two animals also vary in the evenness ol length of the fibres
comprising the fibre type arrsy. No. 618 (Graph 2) shows
little varistion in the length of its fibres as one passes along

the array, while No. 755 shows marked variation in fibre length .

a8 one passes along
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the series - those fibres later then the precipice being very
much shorter than the earlier ones.

These two sheep = No. 618 and No. 755 - do not exhibit
gradients such as are fouﬁd in the coats of lambs more
typical of the breed but are indicative of the wide extremes
of coarseness and fineness occurring in this breed of sheep;
they are also indicative of the extremes in fibre type arrays
one finds on the sheep intermediate between these two extreme
types.

The lambs more typical of the Homney breed have a
marked gradient from britch to poll. See Fig. 5 and Grephs
Sy 4, 5, 6 and Y. These graphs show genersl posterior-
anterior gradients due to slight depressing on the briteh
passing to a deep depression on the poll.
To give gome idea of the variations in fibre type array found
over the body it is now necessary toc touch upon the details
concerning the distribution of these arrays. It is simpler to
describe first the distribution on those lambs more characterist-
ic of the Romney breed.

No., 628 « Graph 3, did not have & poll or base of neck
gpecimen stored but the other samples examined were sufficient
to shew that a marked posterior-anterior gradient is present}
This particular animal was the only lamb of those examined
to show & more depressed fibre type array on the back thasn on
the side. All the other animals examined were inclined to be
slightly more depressed on the back then on the side but
the depression was not sufficiently greater to cause a difference
in array. This difference in array between back and side
illustrates the inferior-superior fibre type arrsy gradients.

It may be mentioned here that certain lembs showed a
higher percentage of medullation on the back than on the side.
This is contrary to the results obteined by Elphick (7) when
working on older sheep. Here it may be mentioned that in
some work of Dry's (5) he finds that medulletion is better
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susteined basally on the side than on the beck; Rudall (11)
in his sheering experimentis hes the same experience.

With Noss 641, 745 end 638 (Grephe 4, 5, end 7) No. 628
{Graph 3) illustretes the down limb gradients of the inferior-
supericr gradients mentioned. The hind limb inferior-
superior gradient is usuelly merked but the fore limb
one‘is not so obvious. - The elbow posgition is however usually
more se#arely depressed than the fifth rib end one is able to
detect an elbow~wither inferior-superior gredient. The
elbow is usuelly sbout as intensely depressed as the superior
ileum position.

The curly~tip fibres of this shesp were unusual; their
tips were very fine end long but basally they showed a markéa
ineresse in coarseness, most of the fibres showing some medull-
ation. The averasge arount of medullation over the body
estinnted by @methed .Mmhg‘\cmlyi’ng the Benzol test
was 52 per cent. “The positions tested were all those from
which samples were taken for the fibre type srray gradient work.

Footnote by P. R, dMelMshon on a method of estimating the
medullation revealed in Benzol.

When comparing semples the average percentage of fitre
material effected by medullation may be taken as an index
of the degree of the hairiness revealed by the Benzol test.

The following technique was evolved to obtain such e figure

g

1. The staple is teased out to a standard thickness of 300
fibres to each inch of width by comparison with & standerd
steple obtained by direet counting.

2. The staple is immersed in benzol end with the aid of a
photograph of & lock in benzol spread to the same thickness
and shewing zones where 10sssseeees...907 of the fibres are
medullated, estimations of the percentage fibres affected
are mede at 4" intervals.

4. Teking thése figures as representative, the average
percentage of medullated fibre over the lock is calculated and
expressed as one figure.

The technique is slow and cumbersome but has been shown to be
reasonably accurate for normal samples of wool. In the case of
lambs wool, however, the accuracy is considerably reduced by
rapid changese in hairiness from one level in the staple to
another, and also by the paralliel placing of the fibres which
hinders sccurate teasing. Differences of 74 would be significant

The second of these more characteristic Romneys to be



described is No. 745 Graph 4. In thisg lamb the fibre
type erray on the fifth rib position is more depressed
than that on the withers. The actusl difference in arrsys
is however not so merked here as it is between the back and
side positions of No. 628, Graph 3. HNo. 745 was interesting
in that there was noticeable variation from array to array
in the distance along the series where the precipice came.
The precipice was on the whole earlier in Na.743 than in
most sheep but even so on the anterior regions the precipice
pecurred noticeably earlier than on posterior ones. This
suggests a gradient in the position of the precipice
similar to that drewn for the fibre type arrays. The precent-
age of medullation was high - about 54i.
No. 641 Graph 5, Fig. 5, the next of the more typical
Romney lambs figured has a gradient very similer to that
of Nos 745 (graph 4); the exceptions just mentioned being the
‘outetanding points of difference. This lamb though not
80 hairy as No. 628 or No. 745 wes by no means free of
medullation., Medullation was approximately 28 per cent.
The fourth enimal of the five lambs graphed as most
characteristic of the Romney lambs studied iBVNo. 763, Graph
6. This lamb, with the exception of the briteh, is &
comparatively fine woolled animal. The briteh has coarse
early fibres/; halo~hairs and super-gickle and curly-tip
fibres R which are of the long waving type, but early
in the curly-tip fibres there is & sudden change from the
coarse long waving fibres to the fine shorter ones of the
curly-tip portion of the series. This sudden chenge - the
precipice - was unusuelly early in this animal. The very
fine fibres succeeding such an early precipice were able to
be compared with the fine fibres occurring elsewhere on
this generally fine coated sheep. klsewhere the coat was
fine and of even length. The medullation percentege was

low - about 10 per cent. @graph 6 reveals a steep briteh
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to thurl gradient while the thurl to poll gradient is slight -
Ravine to Plain. The Ravine on the thurl has a very slight
inerease in coarseness in the post-ravine sickle~fibres, making
the Ra#ine on the thurl more closely approaching the more rather
than the less depressed arrays which it is intermediate between.
No. 688 - the last of the five more typical Romney
lambg studied is a comparati?aly fine even coated lamb having a
slight poat;rior«anterior gradient from the side to the poll.
From the briteh to the side, however, the vaeriations were obvious.
The percentage of medullétion was low - approximately 5 per cent.
The five sheep Jjust described ~ Nos. 628, 745, 641, 763
and 638 - Graphs 3, 4, 5, 6 and 7 respectively - are animals
exhibiting fibre type array gradients more or less characteristic
of the New Zealand Romney lamb. These five sheep, however, are
found to separate themselves into three claqses, a coarse and &
finer one with an intermediate one connecting the othef twe .

: studied
This is more spparent when the gradients for all the animaléhare
to be seen. In the coarser class may be placed the first
three described - Nos. 628, 745, 641 - Graphs 3, 4, and.5, and
in the finer class is No. 638 - Graph 7. No. 763 is representative
of the intermediate class. From the sheep figured one might
imasgine that more lambs fell into the coarser class but in reality
the numbers for each class are approximetely equal for the
animals examined - those representative of the fine class not
being figured so often owing to the smaller'amounf of variation
found among the finer coated animals. ‘

The finer c¢lass -~ as represented by No. 638, Graph 7, is

seen to approach the extreme fine type No. 618, Graph 2. Thoge
of the intermediate class - No. 763 Graph 6 for example - do neot
exhibit such & regular distribution of arrays as the finer class but
are far less irreguler than those of the coarser group. The
animals of the coarser class - Nos. 628, 745, and 641 ~ Groups 9, 4
and 5 - approximete the extreme coarse type No. 755, Graph 1.

| Further substantiation.of this grouping into classes is
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to be found by comparing the percentages of medullation found
in the different coats. These will be found to group
themselves in the same way and though not indicative of the
fineness they do suggesl that medullation does not occur to any

extent in the absgence of coarsenesss

w mm..ﬁ Graphs 2 & 7.
Extreme type No.789 No. 763 11¢ Extreme type No.
No. 755 8 mndullation 618

medullation

No. 628 52% No. 618
medullation medullation

No. 745 54% No. 638 5%
medullation medullation

No. 641 2

medullation

From this it will be gathered tﬁﬁt the Romney Lambs
investigated divided themselves into three classes -~ & coarse,
an intermediate, and a fine one. They divide themselves thus
both by their varying percentage of medullaetion and their fibre
type arrays gradients. The occurrence of th ree such
classes together with such widely divergent gradients as those
of No. 618 Graph 2, and No. 755 Greph 1, suggeets.that the
Romney is & very unevenly bred sheep with wide divergence in
the coat characteristicsof two animals belonging to the same
breed.

In marked contrast with the irregular distribution
of arrays found on the lambs more typical of the Romney breed
were the comparatively regular ones found on the extreme types
Nos. 755 and 618 Graphs 1 and 2. '

No. 765 Fig. 3 Greph 1 - the extreme coarse type -
hes similar fibre type arrays -~ Platesu - on all positions
posterior to the withers region. Anterior to the withers
the prenatal check exerts slight influence but not even on
the poll does it become very intense, the finest array being
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a Ravine. The percentage of medullation was high - approximately
80 per cent. This animal, despite its high percentage of
medullation and the large number of Plateau arrays did not have
very stiff coarse halo-hairs. Helo, sub-halo hairs, super-sickle
and curly-tip fibres were long and waving but show a marked
increase in medullation & short distance from the tip. These
long waving fibres resembled the Lincoln type of coarse fibre.
This sheep was interesting in that although it wes difficult
to detect any increasse in the intensity of the prenatsl check,
until after the witheis region wae reached the second variable -
the reduction in inherent eoarseness- causing the precipice
in the curly-tip portion £ the array, came into operation earlier,
.in the arrsys on the anterior regions then in those on the
posterior ones. It would thus be possible to drew & gradient
from britech to neck base showing the precipice taking place earlier
and earlier along the array. The inerease in intensity of the
prenatsl check on the poll tends to mask this tendency of the
precipice to appear earlier on this region. No. 755 is the
least depressed arrayed animal on which I have studied all
positions, but enother sheep Lor which'onl& back, side, britch
and poll specimens were available, had a Plateau array on the
poll as well as on»the other three more posterior positions (4).
No. 618, Graph 2 - the extreme fine type - is very
regular in the distribution of its arrays. Unlike No. 755
where any irregularities of distribution occurred enteriorly,
the irregularities of No., 618 are posteriorly placed. The fibre
type array gradient of No. 618 very closely approaches those
found on the Ryeland and southdown lambs. Graphs 8, 9, 10, 11
Figs. 6 and 7. The percentage of medullation was low - about 5
per cent - but the distribution was unusual - most of it oecurring
on the superior ileum position; the britch had more medullation
than any position other than the superior ileum; it had, however,
only about a guarter of the amount on the superior ileum, HElphick
(7)« ©No. 618 was unusual in that very few of the early fibres

of the fibre type arrsy series were present; halo-hairs were
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non-existent and sickle~fibres very scarce. This lamb was

the progeny of a no-halo-hair ewe mated to & nofhalo-hair ream.

In addition to the fact that very few early fibres were present,
the coat was very fine and even, very'little varistion from

fibre to fibre taking place on any region but the britch where
the early curly-tip fibres showed a slight inorease'in coarseness.
The greater percentage of medullation on the superior ileum

wes due to a large number of fibres being slightly medullated

rather than to a few coarse ones being very hairy.

So farall observations have had to do with the major
variations, due to the action of the two veriables the prenatal
check and the reduction of inherent coarseness causing different
fibre type arrays. Little attention, bar reference to the
change in the position of the precipice in Nos. 745 and 755, has
been given to the gradusl gradients within.the arrays themselves.
Animels such as No. 755 No. 641 and No. 618 have similar
fibre type arrays on a large number of the regions examined
but because the fibre type array is the same it does not
mean there is no variation between say, & Flein erray on the
superior ileum and a Plein aerrsay on the Poll. it is found that
there are marked diffrerences in the extent to which these two
arrays that are technically the same, are depressed. Therefore,
for such sheep as No. 618, No. 641 and No. 755 where most of the
positions have the same fibre type arrays more detailed greaphs
showing the changes within arrays can be drawn; this gradient is
a very gradual one, emphasising the gradual change from one fibre
typ; array to the next. See Greph 12, a detsiled graph of Nos.
641, 755. We find, therefore, that in nearly all sheep there
is a gradient from britch to poll - if not one due to change in
fibre type arrsy there is one due to the changes within the array
the anterior regions being more depressed than the posterior ones.
The most noticeable changes from posterior to anterior regions are
the changes in the position of the precipice and the lessening of
the coarseness of the halo-hairs, supersickle and curly-tip

fibres as one passes anteriorly.
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Suomery:

The first animal discussed was a fine even-coated lamb
No. 618 Graph 2, exhibiting little*variation from briteh to poll. -
This animal not only showed slight varistion from position to
pogition but little variation from fibre to fibwe within the
array. '

On the other hand No. 7565 Graph 1 Fig. 3 was a coarse
coated enimal with little Varigtion in the types of arrays
occurring from briteh to poll but within the arrays ie exhibited
merked veriation from fibre to fibre.

Intermediate between these two types are three classes -
& coarse, a fine and an intermediate one. The coarse class
approaches the extreme coarse type, while the fine one approaches
the extreme fine type; the intermediate class connects the two.
The lambs of these three classes show different degrees of
variation both in thé fibre type arrsys over the body and from
fibré to fibre within the array according to how closely they

approximate either the coarser or finer extreme type.

The fellowing table gives an idea of the proportion of

fibre type arrays'found on the different positions. These are
from a number of samples taken at rendom from different Romney

animels

Logitions:
TABLHE 1;

»

No. sheep Plateau: Saddle: -Ravine: Valley: Plein - & -

SOURURSRSR. < - F9¢1-1: § __escarpment
Britch 100 S0 - 45 15 9 infrequent
Thurl 39 3 6 26 3 infrequent
Superior ileum

30 1 5 18 4 2
Back ) (4) 100 infrequent 4 25 \42 | 18
Side ) T
Withers ) 46 infrequent infre~ pIRE
Fifth Rib ) quent % 23 18
shoulder 44 " n 2 19 ‘20
peint o g
Poll 55 " " infre- 3 30

quent
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On the britch among the sheep examined it was found that
Plateau was far more common than at first suspected. Dry (4)
however, working on animals with ne halos on the back found that i
these animals very rarely have a britch array so little depressed
as & Saddle. Two of the Plateau arrays had few halo- and
sub-halo~hairs but a lerge number of super-sickle-fibres and
coarse chalky tipped curly-tip ones. Chalky is the term used to
describe that white opagque look of medullated fibres. Plain and
Escarpment are the most common arrays on the poll -~ Plain being
more often found than Escarpment.

From the above table it can be seen that the axrrays
occurring most often on the different regions are
Briteh - Seddle then Plateau
Thurl - Ravine
Superior Ileum . - -Ravine
Back and side - Valley then Ravine

Withers and "' _ Sk '
£ifth riv - Valley and plain

Shoulder point « Plain and Valley
Poll - Plain then Escarpment.

From this it can be éeen that there is a general tendency
for the moré anterior positions to have more depressed arrays
than the posterior positions.

From the sumﬁary of the commonest arreys found on the
different positions, a graph (Greph 12) for en imeginary lamb
typical of the enimals studied cen be drawn end it will be seen
that this graph (Greph 13) is very similar to the graphs drawn
for the animals considered more or less characteristic of the
Romney breed - -~ Nos. 628, 74D, 641, 763, 638. Compare
graphs 4, 4, 5, 6, and 7 with Graphs 13.

Ficm the graph it can be seen that in the lambs more
characteristic of the Romney breed there is a marked fibre type
array gredient from briteh to poll. Also it will be remembered
that there is often comnsiderable varistion from fibre to fibre

comprising the arrsy series.
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It was now necessary to ascertain whether some more even
breed of sheep exhibited fibre type arrsy gradients similar
to those of the New Zealand Romneys

A smell number of samples were teken from Southdown

.....

and Ryeland leambs = ni”é5samplea from four sheep of each

. breed and less from others, with the idea of determining the
fibre type array gradiehts for purposes of oompariscg with the
Romney lambse

southdown Lambg:

The Southdown coat when compared with that of the
Romney is very much finer and more uniform - Graphs 8 and 9
Fig. 6.

Among the lambs examined smokiness Rudell (12) Hiphiek (7)
was found to be of common occurrence but medullation was
unusual . The lambs studied were very free from halo-hairs;

a few hed some on the poll region while s slightly greater
number had them on their briteh margins and briskets; on many,
however, there were none at all.

The arrays showed a very even distribution with very
little gradient in the arrsy depression. On only two of those
examined did Velley arrey occur on the Briteh (Graph 8)the
others exhibiting Plain arrays on ﬁhe briteh « Graph 9, In
the two Vaelley arrayed britches it was possible to pigk
out some chelky sickle-ends of sickle~-fibres by means of the
Benzol test \Elphick, (8). These chalky ended ones, however,
did not comprise the greater number of sickle~fibres far more
very fine non-medullated ones occcurring. Some of these very
fine sickle~fibres are shed but I did not find any of those
with medullated ends shed; as well as fine sickle-fibres some
of the fine curly-tip ones are also shed.

The other Southdown britehes examined had Plain errays
Graph 9. Those with Plain arreys on the britch did not have
very meany fibres with medullated sickle-ends. Sicklefibres

were numnerous but were extremely fine and were very easy to
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miss in sorting samples.

On the two animels with Velley array on the briteh
it was found that the more dorsal positions repidiy changed
to Plain arrays. On none of the sheep examined was an array
less depressed then a Plein found antericr to the superior ileum
position.

On one animal en Hscsrpment arrsy was found on the peoll.
This animal had halo~ and sub-halo-hairs - short stout kemp
fibres - and very fine super-sickle-fibres succeeded by checked
curly-tip ones; the halo~ and sub-halo hairs were shed.

The Southdowns examined ere from one flock only and
do not represent the extremes of coarseness or fineness it may be
possible to find in the breed. They can, however, be compared
with those Romneys more characteristic of the breed. The
Southdown gradients are not unlike the gradient of the extreme
fine type of Romney lamb No. 618 Graph 2, but they are generally
far more even in array distribution than those more typical Romney
lambs - Graphs 3, 4, 5, 6 and ’?.A

In many ways the wool of the Ryelend lambes was not unlike
that of the Romney - GraphslO, 11, PFig. 7.

In the Ryeland the sickle-fibres are like those of the
Southdown but are perhaps & little coarser; sickle- fibres with med-
ullsted ends are by no means resiricted to the posterior regions.
The sheep examined had fewer halo-hairs than the Romney and they
were not so long. They were not, however, so free of these
fibres as the Southdown lambs wai'e. Shedding of fine sickle-fibres
but to a lesser extent - takes place as in the Southdown.

In the curly-tip fibre portion of the array the resemblance
to the coat of the Romney is quite marked. A considerable
emount of medullation was present in some cases and in most there
were traces of it. Compared with the curly-tip portion of the
Romney however tlie Ryeland curly-tip fibres presented a more even
series and exhibited less variation in length from fibre to file
within the array; pesek curly-tips (5) were not found. The filres
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‘a8 a whole were somewhat shorter than those of Romney lambs
of the same age.

A Plain erray was not found on the Ryeland britches studied
but Valley was common; Ravine arrays were found on two of the
britehes exsmined but nothing less depressed was seen« The
distribution of the arrays on these Ryeland lambs resembled
the digtribution of the array on the lembs belonging to the
fine class of New Zealand Romneys - Graph 2 and 7 but there
is apparently far less variation in the fibre type arrays
oecurring on different positions on the more aversge Ryelend
lambs than there is in the more characteristic Romney ones;
the Southdown, however, shows less variastion still then the
Ryeland does.

 As in the Southdown examples the Ryeland lambs sempled
are from one flock -~ and are therefore not indicative of possible
extremes of either coarseness or fineness.

Though the numbers of sheep of these breeds exsmined
afe small the observations made indicate that in both these
breeds the distribution of fibre type array is far less
variable than in the Romney end their coat is generslly finer
with less veriation ir fibre length. The coat is shorter then
the Romney especially in the case of the Southdown.
Medullsation is more common in the Romney lamb, but is nét
uncommon in the Ryeland lamb; the Southdown has very little of
it but those examined were inclined to show a considerable amount
of smokiness (12) (7).
Qf the two studied the Ryeland breed is the more closely
allied to the Romney one when judged by wool characters alone.
s OF FINE 59
Both Ryeland and Southdown lambs exhibit a marked

tendency to shed their finer sickle-fibres. Coarse super-gickle-
fibres and halo-hairs were shed in & manner similar to the
shedding of coarse fibres in the Romney breed. The Southdown
eleo sheds a few early fine curly~tip ones. This ghedding of
fine sickle-fibres is in marked contrast to the shedding of
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these fibres as it occurs in the Romney where shedding of all
but baby and infant sickle-~-fibres is to be regarded as an
expression of vigour, Dry (5). Roberts (10) end Darling (1)
in their papers on the Welsh mountain and the Scottish Heusbein
Blagfece breeds respectively mention that shedding of fine filres
dées occur and dissociate it from the shedding of Kemp. In
their work on the Blackheaded PorsiggfgngﬁggfaMBoyd make
reference to & spring shedding of wool fibres as distinet from
kemp fibres. In the Blackheaded FPersian, however, all fibres
of the coat are apperently shed. In the Southdown and Ryeland
it is only the early fibres of the fibre type srray - the sickle-
and early curly-tip ones that shed. In the Welsh Mountain Breed
(10) f£from the ascounts given the shedding is epperently similar
to that of the Romney. In the Romney (5) shedding of kemp fibres
is common. In sddition to this, however, there is "samoky” shedding
due to the demeging of fibres (12). Further dn one animal
examined by Mr. Rudell it is found that there is shedding of the
hiaferotrich fibres. The menner of shedding of these differs
from that of the early kemp fibres. Here the shed fibres do
not have a bulb-like swelling forming a sheath round the brush
nor do they have & amoky swelling ss in fibres where the shedding
is caused by the demaging of the follicles. The brush is smell
and the proximal end of the fibre very thin. The shedding in
the i;gﬁgéln.Blaekfaee of the fine fibres is epperently more
nesrly related to the shedding in the Blackheaded Persisn than to
thet in the Romney breed.

The fine shed fibres of the Southdown and Ryeland are
the early fibres of the array -~ the fibres that might form kemp
in more hairy breeds. They are shed in a manner sgimilar to
that of the kemp of the Romney; each fibre having & bulb-like
sheath about its brush - the bulb swelling being visible to
the nsked eye when sorting on black velvet; these fibres are
not infant or baby sickle-fibres though infant and baby shed
sickle~fibres are found in both the Southdown and Ryeland breeds.
Some of the shed curly-tip fibres of the Southdown had smoky
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swellings but not all, some being shed in ﬁha normal weye.
From this we can say that the shed fibre types of the
sSouthdown end Ryeland lambs are of the same type as those fibres
that constitute the kemp of the Romney - Halo-hairs, and coarse
super-gickle~fibres when present and fine super-sgickle and
sickle-fibres, and as in the Romney occasional curly-tip
ones. The shedding of the curly-tip fibres of the Southdown
is more usual than the shedding of coarse curly-tip ones of the

' Romney whiech usually tekes place to any extent only in Plateau

~ and occasional Saddle and Ravine arrays.

In a personal communication Dry reports that one fine
woolled Romney lamb exhibited shedding of fine sickles in a
menner gimilar to that of the Southdown and Ryeland. This
was accompanied by the shedding of coarse Kemps as well. In
this animal as in the Southdown and Ryeland, shedding is in all
probability primarily due to some faotor other than vigour.

The shedding of histerotrichs, mentioned as occurring in
one Romney, may be hunger shedding; such shedding wes not seen
in the Southdown and Ryelands studied. The method of shedding
in these two breeds is simi;ar to that of the Kemp of the
Romney = a thinning of the fibre succeeded by a brush in a
sheath forming a bulblike swelling. Smoky shedding oecurs in
all three breeds. |

SUMMARY, and

From the foregoing account it is apparent that in the
New Zealand Romney the extent to which the fibre type arrays
are depressed varies over the dorsal and dorso-~latersl regions
of the body giving a general gradient from britch to pell -
that is a posterior-anterior gradient; this gradient is
gradual - no sudden transitions such s Plateau on the britch
to plain on the superior flank poéition teking place.

sSubsidiery Gradient:

Subsidiary to this general posterior-anterior gradient
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but oceurring with it are the gradients down the sides of the

body . These subsidiary gradients are most noticeable down the
limbs. In these gradients we find that the array on the o
inferior position limits the array on the superior position ;"
See Graphs 1, 2; 3, 5 end 7. ’

We therefore find that the finer the'arraya on the

posterior oy inferior positions - the more limiting their effect
upon the arreys on the anterior or superior positions. If the

erray on the posterior or inferior position is little depressed

its limiting power is negligible.

From thisg it can be seen that the briteh array limite
the arrays occcurring on the other positions of the body.

We can now say that the array on any pesition beth
posterior and inferior to ancther position limits the array
on the an%erior~eﬁperiar position te being no less depressed
than the array on the posterior-inferior position. This
statement may be further elsborated to read thus - every
pogition either posterior or inferior to another position in s
straight line has an array no more depressed than thet on the
anterior or superior position; further every position either
anterior or superior to another position in & straight iine
has en array no less depressed than that on the posterior or

" inferior position.

Therefore it cen be seen that if the array of either a
posterior or inferior position is known it is possible to make
a fairly accurate surmise as to the arrey on either sn anterior
or inferior position.

To determine the possible limits of variation over the
body it is of no use examining the anterior positions fLirst as
these, though they are indicative of the greatest depression are
no guide as to how little depressed a posterior position may
be., On the other hand the depression of the briteh position
array limits the arrays on any other position of the dorsal or
dorsc~lateral portion of the body to being no less depressed



than the britch.

Qrderdly Variation:

We thus see that the distribution of the fibre type arrsys
is orderly owing to orderly variation in the depression causing
the arrays. This depression is caused by the action of two
variables -~ the prenatal check and the reducing of inherent
coarseness on an undeiined substratum.

Discussion of the possible methods of operation and the
cause is given in the summary of section B.

Yaristion in fibre length i

As well as the variation in arrsy there is the variation
in fibre length of the fibres comprising the array series.

This also varies from anterior to posterior end of the body in
accordance with the fibre type arrsy variation. Variation

in fibre length being less in the more depressed arrays Plain
and Valley - than in the less depressed ones - Plateau and
Saddle. We therefore find the change in fibre length variation
coinciding with the fibre type array gradient.

Exsmination of the Ryeland and Southdown lambs reveals that
orderly variation in the fibre type arrsy greadients is not a
prerogative of the Romney lamb but also occurs in the more even
breeds of sheep. The variations in these finer more even :
coated breeds is not so extreme .as in the more unevenly bred
Romney »

Shedding:

The differences between the Romney and the finer breeds in
regard to the matter of shedding ere very interesting.
Shedding in the Romney is due - except in the case of infants
and baby-fibres - to vigour; in the Southdown and Ryeland stout
halo hairs and super sickle fibres are shed =~ which may be due
to vigour (5) - but in asddition & number of fine gickle fibres
are shed - whether this is due to vigour or not is still to be
determined, but it is thought it is more likely to be due to

some other unknown factor.
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These fibres are not able to be correlated with the ghedding
histerotrichs, nor is this shedding to be compared with the
shedding of the wool coat of thg»Blaokhaaded Persien (7) or
the Scefftshn Blackface because the shed fibres of the Southdown
and Ryeland ere compareble with the birthcoat kemp fibres of
these animels and not the wool coat.
Medullation :

Medullation was not found to be important in the
Southdown breed. It was of more general occurrence in the
Byeland breed and very common in the Romney. The Romney breed
showed marked individual differences - some showing very
nearly no medullation while others were neearly all hairy
fibres. The greater power to sustain hairiness basally
(5) is an interpretation of the fact that while many lambs are
equally or even more hairy on the back than on the side, the
older enimals are less hairy (7) on the back than on the side.

We have seen that there is & gradual posterior-
anterior gradient over the dorsal and dorso-lateral regions
of the Romney lemb due to gradual change from coarser to finer
arrays as we pass from briteh to poll, with a corresponding
change in the depression caused by the action of the two
variables - the prenatel check and the reduction in inherent
coarseness. This seme gradient, however, does not apply té
the ventral and ventro-lateral region for which amnother
gradient would have to be drawn. No detailed work has been
done on the ventral surface but a few exeminations indicate
that the fibre type errays become coarser as one passes Ifrom the
anterior to the posterior end of the body. Further they
indicate that the fibre type erray on s position on the mid=-
ventral line is inclined to be glightly more depressed than one
on & corresponding position on the mid-dorsal line. This is
not very obvious on sheep more characteristic of the Romney
breed on positions anterior to the shoulder point position.
It ie suspected that the posterior-anterior gradient for the
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ventral surfece is similar but a little less steep than that
- for the dorsal mface. .
We thus find thst the lamb has more depressed arraysv
anteriorly than posteriorly and is more depressed on the mid-
dorsel end mid-ventrel lines than on the latersl or inferior
regions. We can therefore state that the array on eny position
either posterior or inferior to another position in a streight
line limite the arrey on either the anterior or superior
position to being no less depressed than the arrsy on either
the posterior or inferior position. Hence the arrsy on the
briteh limits the arreys on the vret of the body to being no
less depresscd than the britch errsy and we mey therefore determin
the extreme limits of the coarseness of the arrays over the
body by detemmining the britch array.
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INTRODUCTION.

The classification of fibre type arrays is based on
postulated prenatal events. It is therefore desirable to
study the development of the coat before birth.

| The material consisted of a series of dated New

Zealend Romney foetuses irom the lMassey College flock and
a number of undeted ones from various sources.

Macroscopic examination wes carried out with the aid of
& hand Jlens and more detailed knowledge was gained by taking
snippets of skin from definite areas and mounting.

The earliier foetuses were fixed immediaxely they were
taken ifrom the uterus by immersion in a form-alcohol bath -
5 formelin 30¢ slcohol; this form-alcohol bath was changed after
twenty four hours and the foetuses were s%ored in & second
gimilar bath. This was found to be a satisfactory method of
preserving the earlier foetuses -~ the animal remaining in a
suitably stretched condition for teking skin snippets. The
later foetuses ~ from 112 days - were immersed in a TRo4 formelin
bath instead of the form-alcohol one. The foetuses were
~ehanged to a eimilér golution in which they wére stored in the
same way as for the earlier foetuaea.

Skin samples were regularly taken from the following
positions - Fig. § =

Nose: Across the bridge of the nose just anterior to the
eyes.

£oll: On the mid-dorsal line between the ear and horn
positions.

Neck: On the mid-dorsal line helf wey between the ears and

the base of neck specimen.

v al t
On the mid-ventrel line comparable to the base of
neck position.

Base of neck:
On the mid-dorsal line dorsal to the ghoulder points.

Shoulder point:
On the point of the right shoulder bone.



jiithers:
On the mid-dorsal line level with the Lifth rib.
H
Ventro~lateral to the withers, on the right fifth

rib, in a line with the lateral aspect of the shoulder
point and superior %o the elbow.

Elbovis :
On the elbow Jjoint of the right forelimb.

On the mid~dorsal line level with the last rib.
sSide:
Un the right side at the distal end of the last rib.

2rio ; ,
§§§%§%J£ On the mid-dorsal line on the superior angle of the

ileumes
Zhurd.:
: Ventro-lateral to the superior ileum position at

the junction of the femur end pelvic bones (acetabulum).
Britch

Immediately posterior to the stifle joint and midway
across the thighs

Ingdition gkin snippets were taken Trom many other
positions, but not from every foetus. The skin snippets were
gstained with borax carmine, clesred and mounted in Xylol bdalsam.
This steining proved most effective, the follicles staluning a
deeper red than the skin generally.

Examinatlon of skin snippets revesled the fect that
the body neturelly divided itself into regions that developed
et different times. These regions were not ell contiguous and
for the purposes cf descriptions all regions that develop at the
sene time have been grouped together snd termed an "Area . There
are six of these areas gnd they have been nemed Aveas A; B, C, D,
E and ¥, respectively -~ Aresa A including the regions that
develop first - Area F those that develop lest. These Areas
do not include the sensory follicles round the eyes, mouth
ears or nostrils, nor those on the antverior or posterior
coronet regione; these are referrved to by name when mentioned
in the text.

The Areas include the following regions i  See Fig. 9.
Area A The poll region.

Area B The anterior neck region - dorsel and ventral.
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The posterior aspect of the hind limb inferior
%o the knee.

Ares C The dorsal and ventral portions of the posterior
neck region.
The fore limb knee padse.

- The posterior face of the forelimb and the large
ventral region between the forelimhsextiending
daterally teo the anterior coronet region and mid
ventrally a short distance behind the navel.

The small regions either side of the external
genital orgins.

The dorsal surfece of the teil and the posterior
third of the ventral surface. -

The face region.

Underneath the lower jaw.

Area D The withers region extending laterally to anterior
goronet region and mid-dorsally %o & short distance
anterior to the last rib.

ventral
The enterior face of the forelimb.

The lateral regions of the ventral surface as far
posterior as the navel.

The briteh regions
irea E The back end side regions of ths‘dorsal surface.
The dorsal limb regions inferior to the britch.
The ventral surisce posterior to the navel and
extending down the limb.
Area F The ventral anterior twoe thirds of the tail.
The forsal surface posterior to the back and side.
The bridge of the noses
: The development of the coat of the New Zealand
Remney lemb has been found to correspond in the main with that
descerived by Wildmen (14) for certain British breeds. The
idea for crown-~rump measurement has been copied from this
paper end is given for the foetus along with the age.

It will be noticed, however, that considerable
importance is attached to the stage of development termed trio
(8) (9) which Wildman {14) mekes reference to but does not
gtress. Further reference is often made to & niune stage - a
derivative of the trio stage - which has been considered of
importance, equal to that of the trio stage; this stage when
completed might well be misteken for a complete trio stage -
description appears later in the text. See Figs. 13 & 17« This

nine stage I do not find mentioned by Wildman (14) in his
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description of British breeds but along with the trio stege

I find it & very satisfactory stage with which to approximetely
date foetuses. A discussion as to its importance will be
given later.

42 Davs:

The earliest dated foetus taken wes & 42 day one - 6 cms
erown-ruup measuremenit - follicles were present round the eyes,
nostrils and mouth - both upper end lower lips; these are
presunably sensory folliolea.' Undated foetuses with no
follicles were simple to obtain and also foetbuses with follicles
around the eyes aione. In the 42 day foetus the follicles round
the eyes were very prominent. They eppeared as large white
rounded spots. 1No follicles were to be seen elsewhere on the
body as separaie from the head region.

49 Dayg: -~ ¥Fig. 10.

On the 49 dey icetus - 74 o 8 cms. crown-rump measure-
ment a few scatiered iollicles have appeared on the poll and
iéolated ones appear on the anterior portions of the neck.
Poslerior and anterior coronet regions both had follicles. With
the exception of these sensory follicles mentioned as occurring
in the 42 day foetus no other regions of the body as yet had
follicles.

96 daoy foetug: Figs 10 and 1le.

The 56 dey foebtus - 11l cms. crown-ruunp measurement has
isolated follicles over most of the body, but they are much
more difficult to find on the E and F areas than on the other
ones. On the A areas it is now possivle to distinguish
between first follickes of e two sizes -~ X being the term
gppiied to the larger snd older and Y to the later and smaller of
the two. see Figs 10 and 11. The follicles are numerous
on the A area. The B area has & number of follicles but as yet
X and ¥ folliclee are not discernible. Thig area is however
in sdvence of the other areas - the most noticeable indication
being the greater size of the follicles and the greaster numbers.

64 Deyg foetus ~ Fig. 10, 11 and 12.

At 64 days the foetus 14 cms. crown-rump measurement
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has follicles all over the body and varying densities are quite
merked; density (14 here signifying the number of follicles

%o & unit areas On the A area the X end T follicles are
numerous and the larger or X follicles have now two small
follicles one on either gide of them giving the trio arrangement
mentioned previously. Fig./h. These small follicles have

been conveniently termed X snd y so that the trios may be
'writtcn xXx and yYy. The X and Y follicles of the 4 area have
arranged themselves in lines. The trio grouping does not
disturb this arrangement. See Fig. 18+ On the B areas both
X and Y follicles are apparent but no trio grouping has

appeared as yets On the C areas large X follicles end small

Y ones cen be seen; D areas have X follicles with Y ones just
appearing; E and ¥ areas have isolated follicles scattered over
the field. The follicles on the £ areas however were slightly
more pronounced than those on the ¥ one. - Linear arrangement of
follicles was to be seen on the A and B areas bul nowhere else
on the body.

68 %ggg - Figs. 10, 11, 12 end 13.

The 68 day foetus - 15 cms crown rump measurement -
has wll the follicles of the A areas in trio groups xAx and y¥y
ETOUpS. Seée Figes 13« The B, C emd D arees have X and Y
follicles and sppear much the seme as the poll did at 56 days.
Figell. The D aves is further retarded than the other two
while the B ares is slightly in adveuce of the C one. The
follicles on all three areas are arrvenging themselves linesrly.
Only X folllcles are apparent on the ¥ ereas while X and
suggestions of Y ones are to be seen on the £ areas.

72 day foetus ~ Figs. 11, 12, 13 and 14.

The 72 day icetus - L9 to 20 cms crown-rump
measurement shows the trio afrangement disgppearing on the A
srea. 'his is apparently due to the fact that at the 68 day
stage X and T follicles had completed their development and
were about to commence fibre growth. When the 72 stage is
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reached the x end y follicles of the trio have also nearly

completed development end are ebout to commence Libre growih

g0 that at 72 day all follicles of the trio - xix and yly

look mueh the semes It is now impossible to detect which is

an xix trio group and whioh & yYy one. Groupling in threes

is immror gtill eble to be detected - Figs'P. At this stage
odd new small follicles ere eppearing beeide the follicles of the
trio grouping « see Figs 14.  They do not necesserily sppear
¢lose to the middle or oldest folliclees of the trio group but
appear indigoriminately becide either X or x or Y or y« The |
B areas have now reached the trio stege of development; on the

¢ and D aress the X follicles are triced - xix - and on the C
one most of the Y are aleo triced but on the D one the ¥
follicles have not yet begun to trio. The number of follicles
on the E and ¥ sreas has increased; the I arces now evince

& lineer srrengement of follicles while on the I eress there

are still a nuuber of Y ones Jjust eppearing.

' At this stage the follicles round the eyes and nostrils
end on the upper snd lower lips are very prominent and neerly
ready to burst through the skin.

26 ey foetus = Pige Ada 12, A3, 14 ond 153

The next foetus wes o 76 day one - 20 cms orown-rump
measurenents The 4 areas now retain only a suggestion of the
trio arrengement it being impossivle to distinguish between
any of the xix or y¥y follicles of the tric except by their
positions sdditionel new follicles - x'y' are sppearing (Fig.l5)
repidly beside the various members of the trics The B, C end D
areas have completed their trio stege of development - on the D
eres, Y follicles being not quite so completely triced as the
other two -« Figes 13 end 14+ The B aress have the trio stage
disappearing and odd new x' end y' follicles are appearing ss
on the poll at 72 days - Figs %« The C area though not so
edvenced as the B one aleo has suggestions of the new x' and y'
follliclen: The E areas show trio grouping about the X follicles
but not about the Y ones. Figs!D; the J area follicles are now
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linearly erranged. (Fig.(l).

88 Dgy Foetus Fig. 13, 14, 15 and 16.

At 83 days the foetus - 22 to 23 cms. crowne-rump measurement -
has the fibres round the eye through the skin. The A areas
on casual inspection are much the same as at 76 days but
cloger exsmination revealed further development of x' and y'
follicles about the old x{x and yYy trio groups. These new
folliolea are arranging themselves in groups about either the
Xor x the Yor y ;olliclaa of the original trio group in a
manner suggestiive of the original trio grouping which has now
completely disappeared. This is the fore-shadowing of the nine-
grouping = which is due t¢ each of the follicles of
the trio group becoming the central follicle of a group of
three follicles - making each trio the forerunner of a nine
group . At this stege groups of seven and eight can be found.
The x' follicles are still small. See Fig. 16. On the B C
and D sreas the tric arrangement of follicles is no longer
obvious but close inspection revealed the remainsg of such
grouping. The definition of xXx and yYy trios is no longer
apparent. Wew x' and y' follicles are sppesring, B and C areas
showing groups of five and six follicles. An odd group of
geven may be detected on the B areass On the E areas the
suggestion of a trio arrangement still persiste but now x' and y!
follicles ere appearing. The ¥ aress are in the late stage of '
trio development the Xx and yY follicles all approaching the same
slze. s

$0 dav foetug: Pigs. 34, 15, 16 snd 17.

On the 90 day foetus = 29 to 50 cms crown=rump
measurement - the follicles round the nostrils - on the upper and
-dower lips, the horn and posterior coronet regions have all burst
through the skin, while the heirs round the eyes are gquite
longs.

The follicles of the A4 areas are now grouped in nines
each nine originating from an originsl trio group. We thus
get three groups of three one about the X follicle of the trio
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and one about each x follicle of the trio group.

v . .This grouping x'zx* x"Xx' x%x' of three groups of
three makes the nine groﬁp - which.may very eeaesily be mistaken
for an advaunced trio grouping - closer inspection however revegis'l
the nine groﬁping and the origin of the group. Fige 17, In
addition new follicles are beginning to appear beside the nine
stage follicles. Some of the follicles on this area are
ready.to burst through the skin. B C and D areas evince &
further increase in the number of x' and y'.folliclea the B
area having very nesrly reached themgamplete nine grouping
stage. On the E areeas remains of the original trio arrangement
can still be detected but the number of x' and y' follicles are
increasing. On the P areas the suggestion of the trio

. arrangement still persists though it ies rapidly dispppearing.

97 day foetug : Figs. 15, 16 and 17.

At 97 days - 30 cms. crown~rump measurement - the
foetus has guite & number of regions on which the fibres have
burst through the egkin. The hairs are quite long on those
regions where the fibres had pierced on the 90 day foetus. The
fibres on the anterior coronet region are through.

The fibres are through the skin on the A areas and
are just piercing it on the B ones. The C areas show the
completed nine groups though there are still a few groups of
 geven and eight to be completed. No complete nine groups occur
on the D areas but there are a number of groups of eight; o,
the .F areas one can still detect the remains of the trio stage but
- it is difficult. The E areas have a number of groups of five, si
and seven féllicles while the F areas have the now x' follicles
appearing - groups of four and five being quite common.

Owing to the sterility of one ewe no foetus intermediat
between 97 andlll deys was secured.

41l day foetus:

The next foetus was the 11l day one - 32 - 33 cms.
crown-rump measurement. This one had fibres through 6n all
&reas but the £ and F ones. The fibres of the A and B Areas

are now quite long and have commenced to curli while on the C
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&reas the fibres are through the skin. The D Area has the
fivbres just piercing the skin. The E dreas are not through.
The nine grouping is now complete and some of the follicles
are just ready‘to pierce the skin. On the F ereas the nine
grouping is very nearly complete.

82 day foetus:

~ The 122 day foetus - 40 - 43 cms. orbwn~rump measurement

is completely covered with fibres. On the eérly regions -
the A and B areas - it is possible to distinguish the halo-hairs
and sickle~fibres. On the C and D areas suggestions of sickle~
fibres can be detected while on the & and F ones the fibres are
short and straight. This ewe had triplets and the wool
characters of the lambs were somewhét different, two having
a large number of halo-hairs while the third had iery few.

427 day foetug :

The 127 day foetus - 47 - 50 cms. crown: rump measurement
has relatively long fibres present. On the earlier Rreas -~ A
B and C there is quite a marked curl effect - the region about the
shoulder point being the most tightly curled. Preohrl&ftip filres
were easily recognizable from A B and C areas and also some
curly-tip ones were distinguishables. As well as these are some
fine straight short fibres not able to be distinguished a8 yet as
belonging to definite fibre types. On the E and F ereas the
fibres are uncurled and are not able to be sorted into definite
fibre t&pea.

On the earlier regions however it is pnssible to find
representation of all fLibre types, except histerotrichs, on a
127 day foetus.

No dated foétuaes were secured older then this buf some
lambs that died at birth were secured. These were from 50 to
54 oms. erown-rump measurement. The wool was found to be
curled on ell regions the halo-hairs ebanding up rather stiffly.
Tﬁe fitres had grown considerably longer in the time intervening
between the 127 day foetus and birth. Samples taken from various.

regions on these when sorted gave halo-~hairs, super-sickle,
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sickle and curly-tip fibres and & few short fibres which might
have been histerotrichs but in all probability sre late curly-tip
ones.
‘Undated Foetuges:
From the dated meterial in my possession no definite

information could be gathered as to whether the fibres on the
E or F areas pierced the skin first. From the relative times
when the two areas began to grow it was surmised that E areas
pierced slightly in advance of the F ones. Undated material
confirmed this. An undated foetus 33 oms. crown-rump messurement
has the E areas Jjust piercing the skin and the ¥ areas not.
Another two foetuses 33 - 36 cms. crown-rump measurement have
their E dreas through and their F ones with PJust a few scatiered
fibres piercing the skin with in addition a number of white
papilla~like spots which are follicles with the fibres just
ready to piecrce the skin. :

Another foetus 32 cms. crown-runmp measurement showed
the mid-dorsal line of the E area in advance of the side regions
of the same ares. This is also found on the foetuses - the 38 -
56 cms. ones - which have only a few fibres piercing the skin
the number of fibres through on the mid-dorsal line being
greater then elsewhere on the F area.

One whole skin of an undated foetus 21 cms. crown-rump
measurement was steined with borsx carmine and cleared in cedar
oil. On this foetus the trio arrangement could still be
detected on the D area while on the B and C ones the new follicles
coming in were beginning to mask the arrangement . On the B
areas the trio grouping wss obvious but new x'y' follicles were
appearing. The F area was still at the trio stage.

Study of the skin of the dated series suggests that the
spproximate age of this foetus is 83 days. Study of the arrange-
of the follicles revealed a linear arrsngement similsr to that
figured for the masham foetus in Wildman's paper {(14) p. 267.

Examination of the undated foetus illustrates the fact
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fibres burst through the skin in the order that they are laid
down - that is in aecordance with the directional currents, -
halo=hairs appearing first followed by sickle~fibres, curly-
tips and last of all, histerotrichs.

In the account of the development of the coat it will
be noted that after the nine stage - there is no further mention
of development in threes. 0dd follicles are mentioned as
éppoaring beside the nine stege which msy suggest that a
further stage - a twenty seven sltege - is possible. From
postmatal observations, however, this is uhlikely. The pre-~curly
tip fibres are never more than thirty three ouﬁ of one
hundred fibres but on the poll region they usually approximate
this number. We thus find that pre-curly-tips constitute
gbout a third of the coat. The remaining two-thirds are curly-
tips and a few histerotrichs. From this we may sssume that the
pre=curly tips ere from the trio stage follicles and the curly-
tips from the additionel x' follicles constituting the nine
étage. The historotrichs"may be from the few extrs follicles
appearing aiter the nine stage. If a twenty seven stage
appeared one would expect that the histerotrichs would be twice
as numerous as the pre-curly-tips and curly-tips together.

Further if any stage later than a nine stage occurred
the posfomnatal density of the Romney -~ not a very dense woolled
sheep - would necessarily be very high, or the sheep very much
largar_than it is.

It is conceivable, however, that on a dense woolled
sheep such as the merino there may be & complete twenty-seven
-stage of development; in the Romney, however, it is unlikely.

Another point of interest im the time taken between
the leying down_of the follicle and the fibre piereing the skin.
On the poll region the first follicles are laid down at sbout
seven weeks while the first fibres are not through the skin till
after thirteen weeks. Thus the time taken between the
initiation of the follicles and the fibre bursting through the

skin is between 8ix and seven wecks. The time from the
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initiation of the foliicle $ill it has attained its full
length is between two and & helf weeks and three weeks. The
remeining period - two end a helf weeks to three weeks -

is taken up with the formation of the fibre.

Rudall (in s personal communicstion) mentions that it

takes over two weeks for the regeneration of a fibre.

When the lapse of time between follicle initiation
and the fibre piercing the skin is considered, it is not in-
conceivable that there is a delay between the causel event
determining the prenatal check and the resultant expression.

Dry (2) in the Mouse finds that the length of &
Zigzeag fibre can be prophesied within nerrow limits by
examining the length of the distal segments of some fibres.
This indicates that total length is determined at an early
stage of development. In the sheep he finds expression
that suggest they are the delayed result of a causal event.
Such expressions are the percentage of chalky sickles ghed and
the nature of the Halo-hair suceessors. - LIy (unpublishad
paper) .

The nature of the succession of the Lfirst lot of
secondary kemp is evidence of a very much delayed result of
a past causal event. Dry - (Unpublished paper).

! 5@0« : -T-Oble . Sun-\moyfjiﬁq the +°"i¢.‘e de\/¢1°”1 meitk
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TTable 2

AGE OF FOETUS

X follicles -
X and Y X follicles
follicles
xXx and Y X and Y
follicles follicles
Trio stage X and Y
xXx and yYy follicles
follicles
Late trio stage Trio stage
xXx and yYy xXx and yYy
follicles follicles
xXx'x and Late Trio stage
'yYy y follicles xXx and yYy
follicles
Trio gone A Trio gone
X'xx'Ex"x¥xx* and x'xXx'xx' and
yiyy'iy'yy?! w'ytyyt
Sl Al g follicles

Nine stage E'aatx'Ix'x'x
x'xx'x' X x'x'xx¥. . and
| 'and E ylwl l'!’y'y Wi
y'yy y‘!y'y yy' follicles

Fibres through the Fibres
skin piercing the
skin

X follicles

Xand Y
follicles

Xand Y
follicles

xXXx and Y
and yYy
follicles

Trio stage
xXx and yYy
follicles

Trio gone
z=x'Xx¥*x
~and
y'yiy'yy!
follicles

x'xx¥Xx'x'x
and .

Yy y'y'yy!

follicles

Nine stage

X' xx'xIXx*x'xx?
and

Yyt iytytyy?t

-

X follicles

X and Y
follicles

Xand Y
follicles

xXXx and Y
follicles

Tric stage
xXx and yYy
follicles
and odd Y
follicles

Trio disappear-
ing xXx'x and
W'YYW' 3

" follicles

Trio gone
x's=x'Xx'x and
yhyyitylyy!
follicles .

.
¥yty'Yy'yiyy?
follicles.

X follicles

X follicles

X and Y
follicles

X and ¥
follicles

xXx and Y
follicles

Late trio stage
xXx'x and
¥yYy follicles

Trio still
detectable
xx'Xx'x and
y'y
follicles
Trio gone
xx"Ixrxx?
and
Yy Iytytyy?

X follicles

X follicles

X follicles

X and Y
follicles

X and Y follicles

Late trio stage
xXx and yYy
follicles.

Trio disappearing
xXx'x and yYy'y
follicles.

Trio gone
Zxrx
Gy‘

follicles



AGE OF FOETUS

AREA & AHEA B AREA C ARES D ARBA B ABLEA F
111 days Fibres begun Fibres begun Fibres through Fibres pierc- Nine stage x'zxtx¥Ixtxx?
to curl to curl the skin ing the skin x'xx Yt Xx'x xx! and
and ¢ y'w'y'nyy’w'
Yyy'y' Yy'ylyy' follicles
122 days Halo-heirs and sickle fibres
recognisable Fibres begun to Fibres begun to Straight Straight
curl curl . Sickles fibres fibres.
Sickles present present.
l./24 days All Pre-Curly tip and some Pre-curly-tip and a few Straight fibres.
curly-tip fibres recognisable curly-tip fibres recognisable
/
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LLISCUSSION:

Before summerising the sccount of the follicular
development, it is necessary to discuss the trio and nine
groupings which have figured somewhat prominently in the above
account. The present work emphasises the fundamental
importence of the number three, the importence of which in
hair arraﬁgement was Lfirst recognised by de Meijere (9).

The trio stage of development is referred to by Wildman (14)
pe 872 as ocourring on the Down and Scottish Blackface breeds
on oértain specialised regions. In his account he has not,
however, attached the same importance to it that I have done

in this account of the New Zealand Romneye. On the Romney
this trio stege is a definite stage in the prenstal development
of the follicles of the coat. It occurs on all areaa; and

is & means of determining how far developed the area concerned
iss It is considered that it may be a method of detemining
the approximate ages of undated foetus. IExamination of undated
material, of dated twins, and of two dated foetuses of the
seme age, suggests that slthough length eand width msy vary the
stages of development are comparatively constant for the same
age - for exsmple the tric stage appears on the withers at about
76 deys along with non-trioing oun the F areas and the
commencement of trio stages on the E ones. The A areas are
now well on towards the nine stege - see Fige. 13 and 17.

The nine grouping succeeds the trio stage of development -
through th. development of trio follicles asbout each follicle of
the trio. This stage may be useful for deting older foetuses.
It is not quite so marked as the trio stege and when compieted
mey possibly be mistaken for an advanced trio stage, the nine
follicles of the group being ineclined to separate themselves
into three groups of three follicles, cach follicle being
epproximately the ssme size. The trio grouping was found on
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no pert of the body after 80 days though indications that
such & grouping had been present can be found on the F ares as
late as 97 dayse.

From this account of the development of trio and
nine stages it follows that all the first follicles - the X and
Y follicles - are forerunners of eight additional follicles,
giving the following groupings i~ xXx and yYy at the trio stege
end x'xx!/ s wwma ylyyY y'%y!) y'yyY et the nine
sbage.

At the completed nine stage we sce gdditional small
follicles eppearing which as far as can be ascertained at
present do not develop in any reguler way -~ appearing hsphezerdly
beside any of the fellicles of the nine group. From both pre -
and post-natel observations 1 do not think that these follicles
are very numerous and never result in a 27 stege of development.
It is suspected that these follicles are thg follicles of the
histerotrich fibres. The number of histerotrichs in post natal
material apparently vaeries considerably, but is not usually
high. We find therefore that the bulk of the coat is made up o
fibres which grow from the follicles of the nine stage.

If the depression be due %o density it follows that the
original number of X and Y follicles, that is original density,
will be one of the importani factors determining both & fibre's
career and the subsequent fibre type arrey.

The depression is caused by the action of two variables
(6) - the prenatal check and the reducing of inherent coarseness.
This depression - which prenaital cbservatiocns suggest msay be
due to density at the trio and at the nine stages has been
congidered to be a lqoal phenomenon (5). The observations made
on the different Areas further support this view - different
Areas attaining to the same stage of development at different
times.

From present obgervetions it is suspected that
density at the various stasges of development may be correlated
with fibre type array. Further it is thought that the
originel density together with verying skin expansion is of
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peremount importance in determining the fibre type arrays;
it is slso thought that these same two interacting factors
influence the number of precurly-tip fibres.

With thig in mind we turr % a more detailed study of
the follicle development. We have the following marked stage -

(L) The completed first follicle - the X and Y
follicle stage.

(2) The trio steage.

(3) The nine stage.

This arrangement of tihree successive stages emphasises
the fact that the nuuber of first X and Y follicles is perhaps
the chief factor determining the density of the adult animal.
secondly it reveals that the greater the early density the
' greater the trio stege density end the greater the nine stage
density. It is lmown that at seventeen weeks halo-hairs,
gickle.fibres and curly-tip ones cen be seen on the advanced
areas. From post netal work it is known that the proportion
of pre-ocurly-tip fibres per nundred fibres is higher on the
advanced then on the later areas (see Section C), as many es
thirty- three precurly-tip fibres per hundred fibres being
found. JFrom this we must assume that in such ceses all trio
stege follicles produce pre-gurly-tip fibres. On the other
hand on some of the later ercas we can assune that only the X
and Y follicles become pregurly-tip fibres and not necessarily
all of these.

From these we cean meke the general assumption that
there is an original deneity which varies from position to
position.

The original number of follicles is incressed three times
at the trio stage and nineg timés at the nine stage. This
inerease in the number of follicles is Offset’%%ﬁ¥g%iinfh
expansion of the skin. It is assumed that th‘?'ﬁum'@?”df
follicles is gradual for sach stage- but i{ is possible that in
some sheep it may be sudden. From thig it is postulsted that

the prenatal check is due to the increase in the number of
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follicles at the trio stage - the strength of the prenatal

check being due to the number of follicles as opposed to the
extent of the expansion of the skin. Further the second check -
the reducing of inherent coarseness - may be due to the nine
stege of development increasing the density which is again in
part offset by the skin expansion. ’

If the formation of the nine stege takes place from a
sufficiently dense trio stege it may oppose the effects of skin
expansion and the fibre type array will show no increase in coarse-
ness - will be a Plain Arrey. However, if thg density is not
gsufficiently high the skin expansion may be too great to be
combated by a gradual or even a sudden appearance of a number of
nine stage follicles and we will find the fibre type arreys
ranging according to the increase in the number of fellicles in
relationship to thé skin expansion.

We therefore find that the fibre type arrays are due to
the interaction of two variasbles - (1) the prenatal check and
(2) the reducing of inherent coarseness. These two variables
it ie suggested are two expressions of the same kind of bslance
the increesing of the varying original ( X end Y ) densities as
opposed to skin expansion at different times - viz. the trio and
nine stages. Theéo two variables however cennot be separated
but agcording to the extent they interact do we get the varying
fibre type arrays. It now seems as if we may regard the
prenatal check as a trio depression and the reducing of inherent
coarseness as & nine depression. On this theory the arrays may
be described as follows = ‘
The Plateau 3 : -+ would be due to & slight trie
depression succeeded by a late nine depression.
Hence the original density was not sufticient to
combat the skin expension and only when all follicles
were developed did the coarseness appreciably
diminish. This would account for the common
occurrence of precipices in Platesu arrays.
Saddle: In this case the trio depression is slight and the

nine depression is not effective until at least
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follicles et the trio stege - the strength of the prenatal
cheok being due to the number of follicles es opposed o the
extent of the expansion of the skin. Further the second cheeck -
the reducing of inherent coerseness - may be due to the nine
stege of development incressing the density which is agein in
part offset by the skin expansion.

if the formation of the nine stage takes plece from a
sufficiently dense trio stage it may oppose the eifects of akin
expansion snd the fibre type arrey will show no increase in cosrse-
ness - will be & Plain Arrey. However, if the density is not
sufficiently high the skin expunsion may be too great to be
combated by & gradual or even a sudden eppearance of & nunber of
nine etage follicles and we will find the fibre type arrays
renging eeccording %o the incresse in the number of fellicles in
relationsihip to the skin expansion.

We therefore find that the Libre type errays are due to

the intersction of two varisbles « (1) the prenatel check and
(2) the reducing of inherent coarseness. These two veriables
it is suggested are two expressions of the gane kind of balance
the increesing of the varying originel ( % and Y ) densities as
opposed to skin expension at different tinee » viz. the trio and
nine stages. These two varisbles however cennot be seperated
but sccording to the extent they interact do we get the varying
fibre type arrays. It now seems as if we mey regerd the
prenatal check as a trio depreseion and the reducing of inherent
goarseness as o nine depression. On this theory the arrays ney
be described as follows i=

Pla o, B tlskemu £5iiia would ve due to & slight tric

depression succeeded by & late nine depression.
Hence the originsl dmity wes not sufricient to
combat the skin expansion and only when ull;oll&ﬂ.”
were developed did the coerseness apprecisbly
diminish. This would asecount for the common
ocourrence of precipices in Plateau arreys.

seddle: In this case the trio depression is slight end the
nine depression is not effective until at least
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some curly-tips have become coarse. Hence original
density was again insufficient to outweigh skin
expansion but was sufficient to cause a slight
checking at the trio stage which is not repeated till
well along the series.

Raevine: Here the originsl density is sufficient to cause a
strong trio depression but the skin expansion is too
great to allow it to persist long enough to overlsap
with the nine depression - hence the merked rise in
coarseness prior to the nine depression causing the
reducing of inherent coarsencss.

Velley: The trio depression is of longer duretion here but the
nine depression though not usually late is not soon
enough to overlap with the trio one. Very rarely the
nine depression is late. Here the original density
is sufficient to cause a marked check at the trio stage
which extends into the beginning of the nine stage.
Now, however, there is & greater expansion in skin
than the density can cope with and there ig a rise in
coerseness prior to the check caused by the completion
of the nine stage. The extent of the rise will
depend upon the extent of the disparity between skin
expansion and density.

Plain: The trio depression and the nine depression overlsp =
the original density is sufficiently great to counteract
skin gxpansion 80 the trio and nine stage checks overlap

and no rise occurs.

Lsgcarpment:
Here the trio is early end the nine depression is

potent and both overlap depressing all sickle~fibres

- to curly~tip omes, The original density is sufficient
to give an dérly potent trio depression and the nine
stage density overlaps it.
This array suggests that a '"breal” in follicle
formation occurs at some period - pre-curly tips being

one side the "break" end curly-tips the other.
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From this we can say that the fibre type arrays can be
explained as due to the varying interactions of skin expansioh
Qnd the increasing of original density - taking place at
different times - viz. at the trio and nine stages. The
firet stege -~ the trio depression - hes been called the prenatal
check, the second the nine depression - the reduction of
1nheron$:90areenoea (B5) (). Further we may say that these
e Sartakaai + B kdh sl i B Mriatuid. Bhkley
have to be considered when the pre-curly-tip distribution
is discussed. (See Section C). Here the varying skin
expansion up to a definite period - the trio staege - is with
the number of first follicles of all importance. The
varying proportions of pre-curly-tip to eurly-tip fibres may
be due to a greater expansion of skin prior to the trio stage
on those regiong with high counts than on those with low
counts. This will not affect the later density and will
therefore not affect the later portion of the fibre type
array . This early density followed by marked expansion may
account for the prevalence of Ravine arrgys on the superior
ileum and thurl positions.

The follicles that appesr after the nine stage have
not been considered as affecting the fibre type array being
only additional follicles which.may'or mey not comprise ell
the histerotrich fibres.

It is hoped that future more detailed work on density
variation and skin expansion will further test this view.
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SUMUARY .

Summarising the above account it can be said that
the first follicles formed sre the first to pierce the gkin
and that certain areas are always in advance of other areas
in the following order of developmental progress. 4, B, C
D, E then F areas.

The first fibres to come through are the sensory heirs
ry () de Meijere (9) Wildmen (14). The next positions
to pierce the skin are the horn region and posterior coronet
regions. e areas now pierce 1n4the order given sbove -

Ay By C, D, E and then ¥.

Whet fitres these first fellicles produce is dependent
upon the prenatal check - in the New Zeasland Romney on all
except the B and C ereas and portions of the D one - the withers -
they are often halo-hairs - but on the finer woolled breeds they
will usually be sickle-fibres. '

The later fibres keep piercing the skin and what they
become depends upon the time end extent of the reducing of
inherent coarseness.

For the purposes of describing the development of the
Romney lambs' coat it was found convenient to divide the skin
into certain areas - A, B, C, D, E and F - each being formed
by the grouping of all regions that develop at the same tims
and rate.

These areas are determined by the following methods :

(L) 411 regions where X and Y follicles begin growth at
the same time belong to the same area.

(2) ALl regions attaining the trio stage of development at
the same time belong to the same area.

{3) All regions reaching the nine stage of development
at the same time belong to the seme area.

(4) All regions on which follicles pierce the skin at the
same time belong to the same area.

These are the four main steges in the development of

the coat and may be termed
(1
22
3
(4

) The foundation of X and Y follicle stage.
; The trio stage.

The nine stage.
) The skin piercing stage.



53.

These four stages take place on different areas at
different times but never more than three stages can be
recognised on a foetus at one time. Further it is possible
to detect marked differences in the extent to which a stage is
developed - for example two areas mey both be at the trio stage
but one aree may be at an advaﬁ§& stage and the other just
trioed. It is a study of these differences in the stage of
development of the trio group that is most useful in defining
the areas.

From this work we can state: (1) that different areas
develop at different times; (2) there is orderly progression
in development from A to F areas; (3) there are certain marked
stages of development that enable one to judge the approximate
age of the foetus by a study of the different stages of
follicle development occurring over the foetus at the same
time; (4) that each region is & local governor of its own
development; -~ this last fact supporting the view that the
depression is a local phenomenon.

In future work it is hoped to correlate this
information with post natal growth and put to the test the
theory that the fibre type array is due to the original density
and its relationship to skin expansion - the prenatal check
being due to density at the trio stage ;& trio dspressionw/
and the reducing slong the array of the inherent coarseness

to & similer depression &% the nine atage)? g8 nine depression.
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We turn now to consider the proportion of halo-hairs
gickle~fibres and their intermediate fibre types to curly-tip
and post-curly-tip fibres -~ See Graphs 14, 15 and 16.

It was evident at a glance, when meking a study of
the fibre type srrays, that the shoulder point and withers
specimens had more gickle~fibres than the back and side while
the back and side semples had more than the superior ileum and
thurl samples. Counts were made confirming these observations.
It was then spparent that exeluding the poll and britech, the
higher the sickle-fibre count on‘any region of the body the
eariier does the coat begin to grow on that region.

The pull hed & low sickle count; the coalt commences

growth on the poll first; halo and sub-~halo hairs end

super~sickles were plentiful on the poll. As it is possible
to obtain fibres that are intermediste between these fibre
types and sickle-fibres it was considered that they may be
grouped together es & pre-curly-tip group. Further support
for this grouping is that in a few lambs of Dr. Dry's with
& very high number of halo-hairsg, these filres are far more
plentiful than the super-sickles. Then in all Dr. Dry's
lambs in which super-sickles are plentiful the sickles are
relatively scarce. Further Mr. Rudell points out that in one
lamb shed sickles were followed by shed kemp. Another
reason for grouping these fibres together is that the pre-~
curly-tip fibres are the fibres that constitute the Kemp .
Curly-tip fibres are only very occasionally shed in the
Romney . Further these pre~curly-tip fibres all shed the
same way - even in the finer breeds - that is there is a
thinning followed by a brush in a bulb like swelling (5). The
subsequent counts justified this grouping of the pre-curly-tip

fibres together; these counts were made from samples taken from
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the same positions as the Libre type array sauples - see
Figs D» 4 preliminary examination of prenatel material
was made end it was found that the order in which positions
commenced growth was the game for the New Zealand Romhey as
for the British breed described by Wildmen (145.

Lambs of the Southdown and Ryeland breeds were also
sampled and counted.

The precurly-tip fibre amnit for the different
positions neturally feil inte groups. The groups on
exeminetion of foetal materisl were found to represent
regions on which the fellicles burst through the skin at
approximately the same time. Further the groups
arranged themgelves in the order of diminishing counts and
the groups with the highest counts burst through the skin
earlier than those with lower counts.

The grouping in order of diminishing counts was -
see Graphs 14, 15 and 16.

Poll i Qrea
Ventral neck B aresa
Shoulder point C Area
Withers, fifth rib, and britch D @res
Beck and side E @rea

Superier ileum, thurl and superior
flank F drea

The following table gives the counts for nine New
Zealend Romney, two Southdown, and two Ryeland lambs.

The positions or groups of positions are allocated to
the area they belong to as described in Section B of this
paper. See Fig. 9 - Section B - Areas Ay, B, C, D, Eor F.,
being the terms given respectively to the different regions
which commence growth at the same time. Area A is the first
area to burst through the skin -~ Aresa ¥ the last. The
number of regions belonging to an Area varies - see Fig. 9,

Section B.
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mgggﬁaahowing the number of pre-curly-tip fibres

er hundred fibres on Romney, Southdown and Ryeland
ambs e For some animals the complete series of
samples was not available.

- ——

ALEa Countg

accord- south- Rye-
ing %0 ° Romney down  Jland.
Section B.

iperior ileum)

aurl

iperior flank)

Areas

C 25 10 R0 % B2 )9 20 BY 15 29 24 24

) 22 318 ¥ 14 B N B3 171 B iz 27 19 20

) D 22 1% 9 14 13 15 15 16 2l 9 2618 19
)

) B 20 14 T A2 B8 38 X 2R 5 R 1 .35

B A3 8 12 P A4 30 .3 B 7 2514 13

JF. g 20 % 8 3§ 8 38 15 4« ¥ & ¥

T & B - % B % » ¥ W

7 - = o= 8 5 8 Ay - - - -

See Graphs 14, 15 and 16 illustrating the diminishing
counts as one passes from arly to later developing areas.
These graphs emphasise the fact that there is no definite
line of demarkation separating one area from the next making
the asctual definition of areas somewhat arbitrary.
This grouping suggests that areas showing the seme stage of
follicle development may be easily observed in prenatal matefial.
See Section B. ‘
From Graphs 14, 15 and 16 and the above table it can be seen
that the number of precurly-tip fibres present may very
considersbly on different animals but the relationship between
the regions generally conforms to the following order i~ v
A sreas having between 4 and 5 times as many pre-curly-tip fibres
as the F areas; the B and C ones have between 2 and 4 times, the
D between 2 and 3 and the E between 1 and 2 times as many as
the P area.
We can describe the limits of variation thus i~

Poll Ventral Shoulder Withers Side Superior ileum

© Neck Point Briteh and Thurl and
and Bagk Superior Flank
A by oshic s BERNTRE T

- —~ . a . - A o -
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The Grephs {14, 15 and 16) show a similar type of curve
for Romney, Scuthdown and Ryeland lambs -~ each sheep showing
& gradusl diminishing of the count from early to late areas.
We thus find that the Ryeland and Southdown breeds agree with
the Homney in their distribution of pre-curly-tip fibres.

CONCLUSION.

From the faotsvreported it is concluded that the earlier
a fibre begins to grow the greater its chances of being a
halo-hair, the depression determining theparticular fibre type
array, however, resulting in the diversification of the
expression achieved from follicles with gimilar potentialities.
With this in mind we may suggest that there may be an
essential sameness in the follicles that produce halo-~hairs,
sickle and ourly-tip fibres, esch fibre-type being an expression
of the effect of the depression upon the follicles at different
stages of development.

We find that there is a regular distribution of pre-curly-
tip fibres and for this reason alone we may group them together,
We thus have all pre-curly-tip fibres expressions of follicles
with similar po#entialities. When we consider the counts in
oonjun&tion with pre-natal work we find that on no part of the
body can any follicles but trio stage follicles become pre-curly
tip fibres. From this one may assume that the follicles of
the nine stage are so affected by the nine depression that they
become fine tipped curly tips. On some areas all of the trio
follicles may be pre-curly-tips while on later ones very few will
be allowed to become pre-curly-tips. It is on the later
areas however that we find coarse curly-tips which presumably
comprise the remaining fibres from the trio follicles. This
may be the clue to the relation between pre-curly-tip hairinegs
and curly-tip hasiriness, suggesting that both are different
expressions of & similar phenomenon. In support of such a
view we mey mention that in animals with merked pre-curly-tip

hairiness - Plateau arrayed enipels - the curly-tips are often



hairy. Also in the occasionsl high shedding of curly-tips
Dry (unpublished paper) we heve behaviour on the part of the
follicles that is usually confined to those containing pre-curly-
tips. Further, Dry finde that his no~halo~hair animalsg are
never grossly heairy, gross curly~tip hairiness accompanying
gross pre-curly-tip hairiness. It mey also be put forward in
support of this suggestion that the vexry fa@t that the two
depressions coalesce in the Plain end Hscarpment arreys indicates
tham both types of hairiness may be reduced by the same
depression - suggesting similer potentislities in the follicles.
From this it can be gathered that no definite conclusion
can be drawn as to why the high and low counts ere distributed
a8 they are. Prenstel investigation, however, suggests
that only trio stege follicles form pre-curly-tip fibres and
that the original density together with the skin expansion
determines the future career of a fibre. Further it is
sugpected that the same two factors are all important ipn
determining the fibre type arrsy distribution. This suggests
that pre-curly-tip fibre &1stribution and fibre type arrey
distribution.may be closely releted. This is more fully
discussed in the section headed 'discussion' in Section B of this
paper.
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GENIRAL SUMMARY .

1. A new fibre type array - the Escarpment - has been found,
the interpretation of which leads one to suggect that the ‘
founding of follicles may proceed in ' jerks - "breaks' occurring

between one fibre type and the next.

& y

There is a general pcatarior - anterior (britch-poll) oe
in the debressf%n causing the .. . gradient
‘fibre type array .. together with subsidisry inferior-superior
gradients for the dorsal and dorso-lateral portions of the coat

of the Romney, Southdown and Ryeland breeds.

. 8 The ventral surface from more casual examination has a

similar but less marked posterior-anterior .

gradient. in the depression ceusing the fibre type srray.

4. This orderly veriation is due to anterior positions always
- being more depressed than posterior ones. The britch position
arrsy therefore limits the arrays on the other positions of the
body to being no less depressed than the britch position array.

in fibre len '
B Variation,is corref%ted with the fibre type arreys - the

more depressed an array - that is an array severely affected by
both the prenatal cheek and the reducing of inherent coarseness -
the less the variation in its fibre length. Also the more
depressed an array the finer the fibres comérising it and the .
lower "the perceﬂiage of medullation.

6. Shedding of fine fibres is discussed and although the fine
fibres of Southdown and Ryeland are?%he same fibre types as those
of the Romney in which shedding is regarded as &n expression of
vigour, it is thought that this shedding is due to some other
unknown factor.

7 The body of a foetus can be divided into six areas -

A, B, C, D, E and F, each area being made up of regions which
develop at the same time. The areas develop in this order - A,
B, C, D, E then F.

Neither the eyes,ears, nostrils nor lips which have sensory

follicles, nor the posterior and anterior coronet regions lare

innlndeA



in these areas.

8. The first follicles laid down on any region are the first
from which fibres
follicles «  burst through the skin on that region. The time
from the foundation of the follicle to the bursting through the
of the fibre
skin/is between six and seven weeks - a follicle taking between
two and three weeks to attain its full size after which

presumably the fibre commences growth.

9, Development proceeds on the A areas in a series of three -
each first follicle (X or Y) being the forerunner of nine

follicles xX!xx!! XXz zlax'.

10. There are four marked stages in the development of the coat,
each area reaching the game stage of development at a different
time.,

13 The foundstion of follicles (X and Y) stage.
2) The trio stage.

&) The nine stage.

4) The skin piercing stage.

P P

11. It is suggested that the prenatal check is a trio
depression and the reduction of inherent cosrseness a nine

depression.

iz, It is suggested that the intensity of the trio and nine
depressions is due to the number of first X end Y follicles (the
forerunners of the three and nine groups) as opposed to the

gkin expansion up to the trio and nine stages.

1. The number of pre-curly-tip fibres per hundred fibres
from the different ereas decreases as one passes from early to

late developing areas.

14, It is shown that the earlier a follicle commences growth
the greater its chance of being a halo hair$ halo-hairs

Ipierce . the skin first, then sickle fibres and then curly-tips
end last of all histerotrichs.
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15, The greatest number of pre~curly-tip fibres per hundred
fibres was thirty-three; therefore only trio follicles ever
form pre-curly-tip fibres.

16. On the regions where the pre-curly-tip count is low the

hairy-tipped curly-tips are more abundant.

17. The suggestion is put forward that pre-curly-tip and
curly-tip hairiness may both be expressions of an essential

saneness.

18. It is concluded that every region is a local governor

of its own development.

I wish to acknowledge my indebtedness to Df. Iry and to
Mr. K. M. Rudell for their helpful eriticisms. My thanks are
also due to the donors of the Fermers'! Union Scholarship for
the opportunity to carry out this invéstigation.



BEFERENCES :

ii) Darling FoF. OStudies in the Biology of the Fleece of
: . the Scottish Mountsin Blackface breed of

Bheep. 5

Zeit fur Zuchtung. Reihe B. 1932. Band 24.
(2) bry F.W. The Coat of the iouse.

b o Of m’tios. VOlb 16 1926.
(3) Dry, F.W. Use of Covers on Lambs in Biologicel

Work on Wool.
Nattu‘e velo 127 Mar., 28‘311. 1931 po 482;

(&) Dry, F.W. The Pre-Natel Check in the Birth Coat of
: the New Zealand Romney Lamb.
Jr. Text Inltlt. Vol. 24 T. 1610 19330

(6) o»nry, F.W. Hairy Fibres of the Romney Sheep.
él) Halo heirs and their Inheritance.
2) Sickle fibres.
(3) Curly tip fibres.
NeZe Jrg gx‘ie. Vol 46, 19%0

- (6) Duerden J.E. The Blackheaded Persian. 4 Primitively

: and Coated Fat~Rumped Sheep. Bull No. 82.
Boyd  BEvelyn Dept. Agric. Union S. Africa. 1930.
E.

(7) Elphick BsL. Detection end Estimation of Medullated
Fibre in New Zealand Romney Fleeces.

s Texts Instits Vols 23 Te 367 1932.

(8) Hoier, He Dus Haeare der Katze -
; - Arch. f. k. Anat. Vol. 85 1914

(9) de Meijere J.C.H.
Uber lisare der Saugetiere besonders uber
ibhre Anordnung.
Morphol Jahrb. 2l. 1894,

(10) «Roberts, Jede Kemp in the Fleece of the Welsh lMountain.
Fraser Jr. Text. Instit. Vol, 17 T 274 1986.

(11) Rudsll,  K.M. Effect of Shesring on Hairiness in the
: Fleecce of the Romney Lamb.
NeZe Jdr. Agric. Vol. 47, 1933.

(12) Rudsall, K.M. Pulling out Wool Fibres and its Effect
on Heiriness.
N.Zy dn. Agric. Vol. 48. 1934.

- {13) Toldt, K. Beitrage zur Kenntnis der Behaarung der

: S etiere, e i

400l. Jehrbucher XXX111 ;

{14) wildman A«B. Cost and Fibre Developuent gn soue British

‘ ‘ Sheep .

Proec. Zoo. Sec. of Lond. 1932.



PLATE 1 3

Iiscarpment array - note the direct transition from supersickles
to curly tip fibres.

Fibres
« from left to right.
Halo hair shed.
BSuper sickle shed.
Super-sickle persistent.
-€urly-tip persistent.
ELATE 11t
ELE o B

Disgrem of a lamb showing the positions sampled.
FPig. 3: Diasgram of the fibre type array distribution on the Romney
Lamb No. 765 - the example from the coarse woolled class of

" Romney lambs.

Fig, 4

L

Disgram of the fibre~type array distribution on the Romney
Lemb No. 618 - the example from the fine woolled class of
Romney Lambs.

PLATE 111

Ejguhjgs Disgram of the fibre type srrey distribution on the Romney

Laab Wo. 768 - the exemple from the intermediate class of

Romney Lambe.

Eig. 6:
Diegram of the fibre iype arrasy distribution on the Southdown
lemb No. 80, ’

Fig. 7:

Diagram of the fibre type array distribution on the Ryeland
Lemb Noe. 50.

FLATES 1V: : (}I‘a.ghs:a
: - dy By

3

Vs
4, 5, 6
Vg 7' 8' 9
Vi%ti: . 30.33418

These are graphs of the fibre type array distributions on

s



verious Romney, Scuthdown and Ryeland lembg. The graphs are
drawn to show the inereasing intensity of the depression causing
the fibre type arreys as one passes from postericr to anterior
positions and from inferior to superior yositions - the iaferior -
superior gradient being subsidiary to the genersal posteriore
snterior one.
- Greph 1 |
Graph for Romney leamb no. 755

cee Fig. 3.

Greph for Romhey lamb No. 618.
| See Fig. 4.
Greph 3

Graph for Romney Lamb No., 628. :
Note: the side less depressed then the back position.

Greph for Romney Lemb No. 745.
_ Note the Hth rib less depressed then the withers position.
Graph S
Graph for Romney Lamb No. 641.
Graph ©
Greph for Romney Lamb No, 763.
see Fig. B.
Graph 7
Greph for Romney Lamb No., 638,
Greph 8
Graph for Southdown Lamb No. 85.
Graph 9
Graph for Southdown Lamb No. 80.
See Fig. 6.
Graph 10
Graph for Ryeland Lamb No. 63.
Graph 11 |

Graph for Ryeland Lamb No. 50.
See Fig. 7.

Graph 12
This graph is drawn from Table 1 giving the commonest



fibre type arrays on the various positions. This
graph gives the fibre type & ray gradient typical for
the New Zealand Romney lambs studied.

PLATE V111:

Graph 13
Graph showing the minor variations in fibre type array
gradient due to variation in the extent to which the same
fibre type array is depressed. :
The graphs are for Romney Lambs Nos. 755 and 641.
Compare with Graphs 1 and 5 for the same sheep.

PLATE 1X:

Fig, 8
Diagram of a lamb to indicate the positions from which

skin snippets were taken on prenatal material.

Fige. 9
Diagram of the dorsal and ventral por?ions of a pelt of a
lamb to show the Areas A, B, C, D, E, ¥ and the different
regions comprising an Area. The sensory follicles round
the eyes, lips and nose and those of the anterior and

posterior coronet regions do not belong to sny Area.

Ant. Coronet Anterior coronet region.

Ext. Genitals External genitals

Post. Coronet Posterior coronet region.
PLATE 10:
Fig. 10

Diagram to show the first follicles Jjust sppearing.
Fig. 11

Disgram to show the appearance of two types of first
follicle - the X and Y follicles.

Fige
Diagrem showing the commencement of the trio stage, some
of the X follicles being trioed but none of the Y ones.
Note the linear arrangements.

Fig. 13

Diagrem of the trio stage - all X and Y follicles are trioed.

xXx and yYy stage.
(to be opposite Plate 10).



PLATE

..

Fig. 14
Diagram of the completed trio stage with odd new x' follicles
appearing - X and x and Y and y follicles ere all the same

 size.

Disgram showing the trio appearance dissppeering due to the
aﬁdition of new x' follicles. '

Fig. 16

Disgram to show the disappesrance of the trio stege and the
groupings of six, seven and eight follicles.

Fige 17:

Diagrem qf the nine stage - showing the tendency for each of

group of nine to form three groups of three.

PLATE 12 Graphs 14, 15 and 16.

/
J

These graphs are drawn to show the decreage in the number of
Pre-curly-~tip filres per hundred fibres as one passes from
éarly to late Areas. The areas are those described from pre-~
natal observations.

Greph 14:

Showing the decrease in the number of Pre-curly tip fibres as
one passes from early to late Areas on the Romney lambs -

Nos. 638, 641, 763, 755 and 745.

Graph 15:

shows the decrease in the number of Pre-curly-tip fibres as one
passes from early to late Areas on the Southdown Lambs Nos.

85 and 80.

Greph 16 :

shows the decrease in the number of the Pre-curly-tip fibres as
one passes from early te late Areas on the Ryeland lambs Nos.

63 and 50.

-y - o
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REPORT ON DENSITY WORK.

A series of thirteen dated animals were secured, all of

which had the seme male parent - and treated as described in
Section B

Counts were made from the snippets taken from different
regions.

Some of these regions were at the same stage of growth; others
were not. See Section B. description of Areas.

1t was found that when counts for the same region were plotted
ageinst time the greph showed two peaks when density was
highest. These coineided with the trio and nine stages

of developments

This Graph was found for every region studied, the counts,
however, being made from different animals.

The regions studied however reached the same stage of
development at different ages asnd still showed the same two

" peak graph, the peaeks however becoming progressivei;yzg the

regions developed later.





