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l:>J:ax primary~ lateral to a PCX follicle 

PIQ primary, lateral to a FCy .follicle 

SOU unbranched original secondary follicle 

SOB branching original secondary .follicle 

SD secondary follicle derived by branching 

from the neck of a SOB 

Within each type two states of development are 

recognised. 

i incompletely developed (p ors of Carter & 

Hardy 1947) 

f containing a keratinised fibre (For S of 

Carter and Hardy). 

These symbols are used after the letter denoting 

the type of follicle, for example Sf: a mature secondary 

follicle. 

n signifies density per square millimetre 

- signifies mean density per square millimetre n 

d signifies diameter o.f the .fibre in the follicle 

d signifies the mean diameter. 

-For example dP signifies mean diameter of primary fibres 

while dS signifies the mean diameter of secondary fibres. 

6 



• 



8 

large number of curls in the tips. No medulla 

throughout and followed by medullated CT. 

Ordi (CT) Curly tipped fibres non medullated 

in the pre-natal region 

3. Post curly-tips 

Histerotrichs (Hi) Straight or waved short .fibres 

Where it is desired to differentiate on the basis 

of the post-natal medullation the terms "fine" or "medullated" 

(med) are used. (med= chalky) 

Dry (1935) has called the largest, pre-precipice 

curly tips, peak curly-tips (peak - CT). 

Ba.by fibres Short shed fibres which do not grow after birth 

Infant fibres Shed fibres which grow .for a short time after 

birth. 

Ribbon-shaped fibres Fibres flattened in cross section. 

called "in.filled" or "collapsed0 fibres (Elphick 1932) 

"squeezed" .fibres (Sutherland 1939), "partially air-filled" 

.fibres (D.A. Ross 1950) "squashed" fibres (Dry personal 

communication) .. 

Also 
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Fibre types in the different arrays (Based on Stephenson's 1956 graph) 
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Carter 1943). These workers made a very detailed study of 

the skin histology of European breeds of sheep. They 

recognised two different types of follicles, named after 

Toldt's (1910) fibre types, "Leithaare" and Gruppenhaare". 

These corresponded to Wildman and Carter's (1939) primary 

and secondary follicles. Also they referred to the exist

ence of a group which, (since they thought the trio only 

existed as a passing phase), consisted of one Leithaar with 

its associated cluster of Gruppenhaare. In calculating the 

number of Gruppenhaare per Leithaar as an index of group 

size, they were the first to make use of what is now called 

the S/P ratio. In recent years this has become the main 

numerical criterion in studying, the development of the 

follicle group. 

Duerden and Ritchie (1924) studied follicle develop-

ment in Merino foetuses. In relating the development of 

individual follicles, they described only the first to begin 

growth, apparently not realising that these, being primary 

follicles, made up only a small proportion of the total 

population. They also noticed clusters of ten to thirty 

follicles separated by bands of connective tissue. 

Wildman (1932) could find no differences between the 

£oetal follicle development of various British breeds and 

the Merino, as described by Duerden and Ritchiee He also 

described the development of a primary follicle only, 



although he stated that not all follicles possessed sweat 

glands., He made reference to trios but did not stress 

the importance of this occurrence, while he classiried 

follicles on the basis of their order of appearance into 

"primary" and ttsecondary" follicles, comparable to rox and 

ICY. All other follicles fell into his "later" class .. 

13 

Teodoreanu (1934) compared Rambouillet Merinos, Tsigais 

and Rambouillet-Tsigai F1s in such characteristics as fibre 

density, sebaceous and sweat gland density, and size of the 

hair group (1P+ xS)., Hovrnver the value of this approach 

was not recognised by other workers at the time., 

Galpin (1934)(1935) working on the prenatal develop

ment of the Ne~ Zealand Romney lamb emphasised the importance 

of the "trio" and also suggested that a "ninett stage followed 

the trio stage. However later workers, (Duerden 1939,. 

Carter 1943, Ross 1945, Ryder 1956) have not been able to 

find this stage. 

following: 

X 

y 

X 

y 

x' 

She also classified follicles into the 

(.PCX) 

(PCY) 

(PLx) 

(PLy) 

(S associated with roX) 

(S associated with PCY) 
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secondary follicles in terms of this classification. Thus 

they were the first workers to give a detailed description 

of individual secondary ~ollicles in the sheep. Hardy and 

Lyne accepted the eighteen stages of development of the 

follicle population defined by Carter but in the light of 

more recent work they were able to give a more precise 

account of these stages. 

While it does not go into statistics of the follicle 

population or regional variation over the bo~y, Hard;f and 

~yne•s (1956b) paper ia the clearest and most concise account 

available, of the development of the follicles of the Merino 

foetus. 

Hardy and Iqno stressed the importance in the develop

ment of the secondary follicle population of an early formed 

secondary (SO) branching to produce a number of "derived" 

(SD) .follicles. de Meijere (1894) described situations in 

several species in which a number of follicles shared a 

common neck, and he put forward two theories as possible 

reasons for this .. 

• 

i Necks of closely adjoining follicles fusing 

together. 

ii Follicles arising by "budding" .from another 

follicle." 

Tanzer (1926) observed budding in the Karakul and in other 

'' " " breeds (unpublished quoted by Frolich Spottel and Tanzer 
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1929), but he apparently considered that this was an 

anomalous condition, and that most of the bundles, which he 

observed to be quite com.~on, were formed by fusion of the 

necks. H~fer (1914) carried out a detailed study of 

budding in the skin of the cat, and showed this to be a 

normal occurrence in the development of the coat. Other 

workers including Duerden and Ritchie (1924), Duerden (1939) 

Communal and Adrover (1953) Auber and Ryder (1955) noted 

bundles in the sheep, but they considered these to be an 

anomaly resulting from .fusion of follicles. Dry 

(unpublished, quoted by Goot 1940) has suggested that the 

second wave of histerotrichs grow in follicles which bud 

from the follicles of the first wave. 

lu1ne (1957a) reported finding bundles of 2-6 fibres 

associated with a single sweat gland and arrector muscleo 

He postulated that follicles develop by budding from an 

original primary CFO), something which has been found to occur 

in the bandicoot. He called the associated follicles derived 

primaries (~n). Although it is rather difficult to 

decide into which class the follicles should fall, without 

any knm1ledge o:f the actual timing of development of these 

follicles, it seems that since the so called "derived" 

follicles do not possess sweat glands, or arrector pili 







2. Trio period . • 
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This period commences with the ~ 

appearance of the first Plix: follicle in the region. This 

generally occurs on the poll somewhere near 65 days. The 

rest of the body becomes covered with these follicles from 

about 70 days onward, all PL follicles having appeared by 

approximately 80 days. 

Post-trio period . . 
The first secondary 

follicles commence development on the head at approximately 

80 days~ but the post-trio period does not really commence 

until 85-90 days, when secondaries start appearing over the 

rest of the body. In each region there is a gap of 8-10 

days between the initiation of the last PL and the firsts. 

Before 100 days SO only are initiated• these first follicles 

being situated at the secondary margin or the group, but 

after 100 days SD follicles begin to bud from the ental 

side of the neck of SOB follicles. Little is known as to 

the actual proportion of later formed secondaries which 

develop in this way, but it seems that in the Merino the 

proportion is fairly high (Hardy & Izyne 1955a, 1956b). 

Since bundles have been observed in other breeds with a 

lower S/P ratio, some secondaries at least are probably 

formed by budding, and cyne (1957b) has stated that the 

frequency of common follicle openings becomes progressively 
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greater from the Moufflon to the Merino. 
P+ S 

Possibly the rapid increase in -p- found by Carter 

and Hardy (1947) in Merino foetuses from 100 days onuard is 

due to the commencement of budding. This rapid increase 

continues until shortly before birth. Ryder's (1956) data 

from Romney foetuses suggested that S/P ratio increased 

fairly rapidly from 100 to 110 days but was then fairly 

stable. 

While Short (1955a) and Schinckel (1955b) in the 

Merino, and Marsolena (1954) in the Karakul, have found 

potential Sf/Pf ratio to be determined before birth, the 

low ~!: : found in new-born Blackfaee lambs by Fraser 

and Hamada (1952), and Bum's (1954a) data on Suffolks, seems 

to suggest that this might not be the case in British breeds. 

Our knowledge of post-natal changes of the follicle 

population is rather sketchy in breeds other than the Merino, 

and because of the small number of animals observed it is 

not possible, except in the case of the Merino, to formulate 

any pattern of development on which much reliance can be 

placed. 

In the Merino it seems that for a period of about one 

week after birth development is limited to the maturation of 

a few Si to Sf. However after this period of lag in develop-

ment there is a sudden spurt lasting about 21 days during 

which the majority of the secondaries mature. Following this 



wave the rate of follicle maturation slows and continues 

at a low level for a period of up to twelve months. 

Burns (1955) stated that follicle development is limited 

to the first 2-3 months of the lamb's life and suggested 

that Carter & Hardy's earlier finding of maturation of 

follicles up to 12 months was due to failure to recognise 

follicles which were regenerating following shedding. 

However in the face of othdr evidence from Australian 

workers showin~ increase in Sf/ff ratio up to 9 months in - -
Merinos, it seems that we must accept the longer period 

24 

of development as the true picture. Burns's results could 

be due to differences between the British breeds and the 

Merino, to the slightly different method of approach used 

or possibly to the few lambs involved, many of which were 

not thriving at the time of sampling. 

Carter (1943) combined the pre-trio and trio periods 

into the protophase, while the post-trio period he called 

neophase. He pictured the phases as tv10 entirely separate 

periods of development, with primary follicles only being 

produced in protophase and secondary follicles only being 

produced in naophase, the primaries P...aving a complete set of 

accessory structures while the secondaries possessed at the 

most a sebaceous eland. However Burns (1949) found 

follicles at the secondary margin of the group which 

possessed the full complement of accessories, while other 
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lower in Sf/Pf ratio and in fibre density than ewes fed at 

a higher level., These differences showed up in the 200 day 

fleeces which were coarser, longer and less dense in the low 

plane group. Janfilova (1955) carried out a similar study 
If 

comparing lambs from normally fed Soviet Merino, Precoce 

and semi fine woolled Dagestan Mountain ewes, with lambs from 

similar ewes which were fed supplementary concentrate during 

pregnancy. At birth, lambs from the concentrate fed ewes 

showed a significantly greater fibre length and density, the 

dif'ferences be-in5 largest for the finer woolled sheep. 

Hugo (1953) fed Merino e\'1es at two treatment levels 

during pregnancy and lactation. After weaning, some lambs 

were switched from the high to the low plane treatment and 

vice versa .. The only significant differences between the 

groups in the skin and fleece were those attributable to 

the high plane feeding following weaning, and apparently 

follicle development had not been affected. Ryder (1955) 

reported a similar trial in which feeding Cheviot ewes 

supplement during pregnancy and lactation had no effect on 

S/P ratio of the offspring. Ryder (195?a) however stated 

that a later trial, not at the time completely analysed, 

suggested that differences of S/P ratio of Romney lambs. 

had been induced when a lower unsupplemented diet was used. 

Galpin (1948) and Henderson (1953) have shown that 

the better Romney lambs grow in the early period of life, 
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(1934, 1936a) on array gradients, studying seven positions 

on lambs of different! genotypes. In all genotypes the 

most heavily checked sample found was that from the 

shoulder patch. Since this position is almost immediately 

posterior to the shoulder position it seems that Galpin's 

(1934) statement, that positions anterior or inferior to 

another, are always less heavily checked, does not always 

hold. Also Stephenson (1952) reports one case of a lamb 

\7ith "tougher" arrays on the back and side than on the 

britch. 

Stephenson (1952) stated that as the arrays became 

"tougher 0 the precipice became more noticeable in the CT 

fibres. This he ascribed to an increasing difference 

between P and S f'ibres. In studying percentages of the 

different fibre types, Stephenson (1952 9 1956) was unable 

to find the high proportions of pre~CT fibres on the 

briteh reported by Galpin (1934, 1936a), although this 

area did tend to have the highest proportion. He found 

very low percentages of pre-CT on the shoulder patches 

of+/+ lambs however. Stephenson (1952) was also 

unable to find a h:i.gher proportion of histerotrichs in !f

types than in non-~. Sutherland (1939) and Goot (1940) 

had reported that "tougher" arrays had more histerotricha. 

Stephenson (1952) applied a discriminant function 

analysis to his data from the shoulder patch position, to 
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by the check. He believed HTOT to begin development at the 

same time as super-sickles and even perhaps halo-hairs. 

Goot quoted Dry (unpublished) that the second wave of 

histerotrichs grew ill follicles developed by budding from 

the first wmre histerotrich follicles. Dry did not think 

follicles producing other fibre types guve rise to daughter 

follicles. Goot however suggested that small CT follicles 

might produce daughter follicles. 

J.M. Ross (1945, 1954) examined the fibres through 

the skin in a 113 day old!/+ foetus. 

types of f,ibres. 

She found four 

i Large tips with a long unmedullated apical 
region. (HH) 

ii Shorter tips with medulla to the extreme 
end. (SS) 

iii Small curved tips with a little medullation 
at the base. (HTCT) 

iv Small tips with no medulla. (CT) 

As the S fibres had not pierced the skin at this stage, all 

the above must come from P follicles. Ross (1945) stated 

that the appearance of HTCT was often just as early as super

sickles and hence she suggested they should be considered 

as part of the pre-CT series. Ross also noted that 

follicles were very crowded at the 113-119 day stage. 

Fraser and Hamada (1952) compared frequencies of 

the different classes of follicles and fibre types in birth 
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iii In m-/n!', PO grew pre-CT and possibly some 
HTCT, PL grew HTCT and CT, ~bile S gre~ CT 
and Hi. 

From this and other data, Fraser~ & concluded that 

in N-type, CT fibres never grow in PC, although this occurs 

in some non-1! lambs. If this occurs many, if not all are 

ch CT. Data from fibre length supported the above 

assumptions. 

Rud.all (1955) published work carried out in the early 

1930s relating fibre types to papilla morphology. His 

evidence seemed to suggest that the rate of growth of a 

fibre was proportional to the papilla volume/papilla surface 

ratio. Also there seemed to be a relationship between 

medullation and the bulb volume/papilla volume ratio. 

Rudall observed that halos had papillae of large diameter, 

and sickles very short papillae 2/3 the length of those of 

curly-tips to which it was similar in other respects. 

Rudall ascribed this shortening to the action of the pre-

natal check. Rudall also found a relationship bet~een 

eccentricity of the papilla and the fibre. This agrees 

with Teodorea11u and Derlogea•s (1956) statement that the 

cross section of ribbon shaped fibres was similar to that 

of the "roots" that produced them. 

Fraser (1951, 1952a, 1952b 1953) expanded on suggest

ions of Galpin (1934, 1935, 1936b, 1947, 1948), formulating 
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and early secondary fibres occurring in separate modes. 

Fraser (1953) elaborated on these ideas demonstrating how 

they could be fitted into a plan to explain all aspects 

of fleece growth. He suggested that the type o.f fleece 

which a sheep grows was determined by three factors 

i The amount of substrate available 

ii The relative efficiencies of the di.ffertlnt 
types of follicles 

iii Density of follicles and tha resultant 
competition. 

50 

Fraser and Short (1952) calculated the regression of 

size of a central fibre on the sum of sizes of other fibres 

·with in a certain radius. In Ryeland, Lincoln and kerino 

skin samples they found significant regressions for a radius 

of up to 173µ, 283µ and 147µ respectively. They suggested 

that these radii were the effective distances of competition 

in the three breeds. Fraser and Short stated that while a 

certain amount of bias would result from the method of 

analysis, using every fibre in an area as a central, other 

data (Short unpublished) supported their findings., 

Padfield and Bell (1957) obtained similar regression 

coefficients in a study of some idealised Lincoln follicle 

groups which were drawn with primaries of one diameter, 

secondaries at th~ secondary margin of another diameter and 

inner secondaries of a still smaller diameter.. On th,;:; 

strength of these findings Ryder ( 1957b)suge;ested that 

Fraser and Short's (1952) results were due to the structure 

of the follicle group and that h0nce ~i;heir data did not 
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provide any evidence for the competition theory. However it 

can just as easily be argued that the dif':feren.ccs in the size 

o.f the fibres in tl1.e group a.re due to competition, not to any 

inherent property of the group itself. Hence Padfield and 

Bell's results could be considered to be evidence .favo·;1ring 

the competition theory. 

Possibly the main argument which can be levelled against 

Fraser and Short's technique, is that the measurements were 

apparently obtained at the level of the sebaceous glands 

while the fibres are keratinised and f'ixed in diameter at levels 

below this. Tha distribution of f'ollicles is more diffuse 

and does not conform rigidly to a ~roup pattern in these 

lower, prekeratinisation :regions where co4ipetition, if it does 

occur, will be taking place,. Ryder (1957b) also argued 

against the competition theory, on the grounds that since each 

follicle had its own, individual blood supply (Ryder 1955b), 

he did not see how the competition could take place,. This 

argument does not seem valid however, since systems "in 

parallel" (physics terminology') can compete with one another, 

and competition is not the sole property of systemo arranged 

"in aeriesn,. 

In conclusion, the literature ~hows that while much 

theory has been brought forward to relate fibres to follicles, 

our £actual lmo~ledge is limited. While the competition 

theory certainly provides a usef'ul concept as a basis for st-vdy 

it still remains only a theory and many workers in the fielc7 

doubt its validity. 
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V MAT.ri:RIJ\LS Mm F:IETHODS 

A Sampling 

In mid October 1956, skin and wool samples were 

taken from a number of !Yli.c lambs (Dry 1955, 1956) varying 

in age from 8 to 63 days. The sampling procedure was based 

on that described for cattle by Carter and Dowling (1954). 

The use of this method on sheep has subsequently been 

described in detail by Carter and Clarke (1957a). The 

procedure was as follows: -

i 

ii 

iii 

iv 

V 

vi 

vii 

viii 

The wool was removed from a small area on Dry's 
standard back position by cutting with scissors 
aa cloae to the skin as practicable. 

'l'he wool sample was placed in an envelope. 

The area was rubbed uith a 50:50 absolute 
alcohol-ether mixture to remove wool grease. 

A 1 cm. diameter circle was cut in the skin of 
the cleared area by pressing a trephine to the 
back and rotating it clockwise and anticlock
wise once. 

The disc of' skin v,as lifted with f'orceps and 
freed from the subcutaneous tissue with scissors. 

The disc was pressed, subcutaneous surface 
doww:;ards, onto a piece of cardboard, to which 
it adhered. 

Cardboard and sitin sample were placed in a jar 
of 5% formalin in isotonic saline for fixation. 

The wound was treated with antiseptic. 
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made in four directions across the image of the sections 

using a special direct reading scale. The average of these 

four measurements was squared to give the correction factor .. 

Correction .factor ( D1 + D2 + D,2 + D4 ) 
""( '-

4 ) 

This correction factor then is the ratio, area 

section/area of a circle of diameter 1 cm. The raw 

densities were multiplied by this factor to give the 

corrected densities. 

2 

of the 

Because many of the sections were far from oval or 

circular in shape, it seemed that possibly the above method 

might not be very accurate. Consequently the edges of the 

sections, magnified 20•8X were mapped on paper. The circle 

cut in a piece of paper by the trephine was similarly mapped 

and a planimeter was adjusted so that two traverses around 

the edge of this circle gave a reading of' unity. The map 

of each or the skin sections was then placed under a large 

sheet of transparent paper and the edges were traced round 

twice with the planimeter. Then the correction factor 

could be read directly from the planimeter. Dif'ferenees 

were not as great as might have been expected, the average 

error being only 2•8%. All densities were subsequently 

revised, using the correction factor determined with the 

planimeter. 

Sf/Pf ratios were calculated from total uncorrected 

Pf and Sf densities from the ten counts. 
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during the development of the S follicle population, it 

becomes very dif£icult to recognise PC and PL in lambs as 

old a.s these .. Consequently the PL/PC ratio used (1.9) is 

70 

that determined by J.M. Ross (1945, 1954) in N-tyue foetuses. - -

2. Fibre diameter 

The fibre diameter data is presented in the form 

of two series of histograms, each series consisting of the 

frequency distributions of fibre diameter of the different 

fibre or follicle types. The series for fibre types is 

placed immediately above the series for follicle types to 

allow easy comparison of the frequencies. 

All fibres from a number or follicle groups were 

measured, data from 200-250 fibres being taken and plotted 

in the graph for the different follicle classes.. The 

graph of diameter distributions of fibre types is made up 

0£ measurements of a similar number of fibres to that in 

the ~ollicle class graph. The number of diameters of each 

fibre type included in the graph was calculated by 

multiplyinb the number of measurements for the different 

follicle classes by the proportion of each fibre type. 

where na=-the number of diameters ·or fibres of type 

1 plotted in the graph. 

N = the total number or fibre diameters of all 

ribre types, plotted in the graph. (=the number in the 

follicle class graph) 



f1 • the number of fibres of type 1 counted 

in the array analysis. 

F = the total number of fibres of all types 

counted in the array analysis. 
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Data for ribbon shaped fibres were omitted since 

the minor diameter is not a good indication of the size of 

the fibre and also because it is impossible to measure the 

minor diameter accurately. Further, the occurrence of 

ribbon shaped fibres has also been used separately in 

studying the origin of the fibre types. 

}\y' comparing fibre diameter distributions of the 

different fibre types with those of the follicle types it 

should be possible to get some indication as to which fibres 

grow in the different follicles. The reliance which can 

be placed on the method is however limited by the following 

factors that could possibly lead to wrong conclusions being 

drawn. 

i Variation between different regions of a fibre. 

ii Variation between fibres from adjacent pieces of 
skin. 

iii Variation between £ibres of one type in the same 
piece of skin. 

(Studying distributions should eliminate the possibility of 

large errors due to this cause). 

iv Variation between axes of fibres. 

While an attempt was made to measure the minor 

fibre diameter 0£ fibre types, reducing factor iv* the 

method was far from satisfactory. Measuring the diameter 
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4. Summary 

Finally for each sheep an attempt is made to 

summarise the results from all methods into a clear. concise 

description of the most probable origin of the different 

fibre types. 
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follicle in the skin section was judged to have shed its 

f'ibz-e while some secondaries also had apparently shed. 

men although the lamb was seven weeks old at 

76 

the ti.ma of sampling a good proportion of imnature secondaries 

(12~6 0£ total S) \Vere present. This suggests that probably 

the 11 expectedn S/P ratio should be slightly less than the 

true follicle ratio, since some follicles would be judged 

mature in the sections but would not have fibres long enough 

to be included as part of the sample. There is a slight 

possibility tbat many 0£ the follicles classified as 

immature were in actual fact follicles cut belo~ the level of 

keratinisation. Since Sf+ Si/P is 4•2 this would agree 

better with the nexpected" S/P ratio. The possibilii?Y of 

this being the case is however not very great since the 

£ollicles classed as immature do not resemble• to the 

experienced eye the appearance of £ollicles cut beneath the 

level of keratinisation in lower layers of the skin. Also 

since Schinckel (1955a) and Short (1955a) have shown the 

seven weeks old Merino to have over 20% of its follicles as 

yet imm.ature, it seems that 12% of immature secondaries is 

a reasonable proportion for an ~-type Romney. 
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were below one precipice, yet. since the shortest HTCT2 
were longer than the longest CT they appeared to be above 

another "secondary" precipice. Since the ratio RTCT1/ 

pre-CT approaches the 1•9 we would expect for the PL/PC 

ratio much more nearly than does the ratio HTCT1 + HTCT2/ 

pre-CT, it seems likely that the HTCT2 £ibres grow in S 

.follicles. This idea is further supported by the ratios, 

85 

CT+ Hi/6:TCT1+ HTCT2+ pre-OT and HTCT2 + CT+ Hi/HTCT1 + pre-CT. 

Although both ratios are considerably smaller than the 

Sf/Pf ratio, including the HTCT2 with CT and Hi gave a 

figure moro nearly approaching the Sf/Pf ratio. The fact 

that "expectedtt 8/P ratio is lower than Sf/Pf is possibly 

due to a number of secondary follicles not possessing fibres 

long enough to enter into the fibre samples. Since however 

another estimate of Sf/Pf based on a circular counting area 

gave a £igure of 2•6 the difference is probably a sampling 

error. 

The frequencies do not provide any data suggesting 

that pre-CT fibres ~row in follicles other than PC or that 

PL produce anything other than HTCT. It does seem however 

that as well as CT and Hi certain HTCT fibres are produced 

by secondary follicles. 

2. Fibre diameter 

The fibre diameter data was made more dif£icult 



3 83., 

DISTRIBUTION OF FIBRE 

A., I<' 
Hi~ 

st-pr .. l:J 
0 □ 

~ 
ll'ffl'm 

.HH 
l 

~ 

B., FOLLICLE TYPES 
Inners ~ 

Outer S 

□ 
PC 

h1111m• J 

10 80 100 120 

'Minor' Fibre Diameter ( JJ.) .. 



1 



.. 

.. 

.. 



± 

" 



+ 



FIG. 4 SHEEP 97 
20- Hi~ -DISTRIBUTION OF FIBRE DIAMETER CT -

pre-pr. CT 0 
A. FIBRE TYPES HTCT □ 

10 J "'· VJ<'1 11/// ,;I fA SSA' ~ 
177';111 

SSA 
• I 8~~ HH IIIl] tQ 

V -- -~ 
,0 
'M 
~ 

~ 0 
0 

~ 
(1) 

] I N B. FOLLICLE TYPES 
12; 

J.._ 1-....1 I '-I 

Izmer S [:;3 -· outers ..... 
n.□ 

20J I""""-.. 'W /:J PC II 

60 100 120 

'Minor' Fibre Diameter ( p}. 



.. 

" .. 

.. 



93 

4.. Summary 

The relationship between fibres and follicles in 

the birthcoat of this lamb seems to be reasonably clear. 

The relationship however differs markedly from that found 

f'or !!/! lambs by Fraser, Ross and Wright (1954) and is 

apparently as follows: -

.ro fibres are HH, probably some SSA and SSA' 

PL fibres are SSA, SSA', HTCT and pre-pr. CT. 

S fibres are post-pr. CT and Hi. 

It also seems a possibility that some HTCT might be 

growing in ro and that the pre-pr.CT could be growing ins. 
This is unlikely however. 
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post-precipice grow in S follicles.. No great reliance 

could be placed on this however since both 11 expected" S/P 

ratios are considerably lower than the true ratio. This 

is probably due to a high proportion of follicles which 

have not produced fibres long enough to enter into the 

fibre sample .. 

The nearest approach to the 1•9 we would expect 

for PL/PC is given by the ratio of HTCT/HTCT approaching 

95 

super-sickle, plus pre-CT. Thia suggests that some of the 

PC follicles are producing HTCT fibres, but these fibres 

resemble super-sickles more than the other HTCT fibres 

present. 

No really good relationship can be ascertained 

from the fibre type frequencies of this lamb. It is very 

difficult to decide the boundary between the P and S fibres. 

2. Fibre diameter 

Figure 5, the fibre diameter distributions of 

fibre and follicle types for this lamb tells very little 

about the fibre follicle relationship. The fibre diameter 

of the different follicle types is considerably greater than 

that of the fibre types. The explanation is probably that 

the fibre types have been measured above the thickening that 

occurs in the fibre at the birth point., The diameter 

distributions suggest the birth thickening has occurred 
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almost entirely in the P fibres, and the S follicles have 

been little affected. This agrees with the data of Coek:rem 

(1956) who found that the birth thickening was much greater 

for the larger, more heavily medullated fibres. Taking 

the fibre samples at this early stage resulted in a much reduced 

range of fibre diameters and considerably more overlap 

between diameters of fibre types~ Thia overlap prevents 

much inference as to which fibres are produced by the 

different follicles. No decision can be made on the basis 

of the figure as to whether HTCT appr. SS are produced by PC 

or PL or whether the post pr. HTCT are produced by PL ors. 

3. Fibre characteristics 

Little could be gained from a study of the ribbon 

shaped fibres since although a few HH were ribbon shaped only 

one fibre could be found in the skin section with a "squashed" 

appearance. This was a PC fibre. 

4. Summary 

The data will not substantlate any de.finite 

conclusions regarding the origin of the fibre types of sheep 

120. It seems however that the most likely situation is as 

.follows: 

pre-CT fibres are produced in PC follicles. 

ordinary HTCT are produced in PL follicles. 

~T and Hi are produced ins. 
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F Sheep 5 

With this and subsequent sheep. frequencies only 

have been studied as ncrisis thinning" of some fibres has 

occurred, con.fusing the diameter distribution, or because it 

was impossible to differentiate between ro and PL. 

TABLE 2 
Percentages of fibre types and ratios of fibres and follicles

Sheep 5 

Fibre type Sample 1 Sample 2 Total 

till 4•9% 4•2% 4•6% 
SSA 2•0% 1•7% 1•9% 
SSA• 0•3% 0•2% 
Broken pre-pr. 2•3% 1•7% 2•0% 
HTCT 16•3% 12•2% 14•3% f!!ll!!Jt----
CT 42•0% 39•5% 40•8% 
Hi 32•6% 40•2% 36•3% 

No. of fibres 307 286 593 

post-pr/pre-pr. 2•9 3•9 3•4 

HTCT/pre-CT 1•8-2•4 1•5-1•9 1•7-2•2 

Sf/Pf 3•7 ± 0•5 

iiPf 6•0 .± 0•6 

ii(Pf+S.f) 28•1 i 2•6 

The two figures given for HTOT/pre-CT ratio arise 

by including the broken fibres in each group. 

The obvious assumptions from fibre and follicle 

t~ASSEY ;\G!~!CULTUHr.; __ COLLEGE 
LIBRARY PALii!EF{STOf·J N0:-£TH! rtz .. 
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G Sheep 6 

TABLE 8 

Percentages of fibre types and ratios of fibres and follicles
Sheep 6 

Fibre type 

HH 
SSA 
SSA• 
HTCT 
pre-pr. CT 

post-pr.CT 
Hi 

rio. of' fibres 

CT+Hi/pre-CT+HTCT 
pre-pr/post-pr. 

HTCT/pre-CT 
pre-pr.CT+HTCT/pre .. CT 

Sf/Pf 

nP£ 

n(Pf+S.f) 

Sample 1 

3•3% 
1•6% 
0• 5;,6 

14•8% 
1•6% 

4.0 ± 0.3 

18•5 ± 1•4 

Sample 2 

3•6% 
0•8% 
0•8% 

11•9% 
2•0% 

50.2% 
30•8% 

253 

Total 

The p~ecipice in the CT series of' this array was 

not very distinct and consequently the division of' fibres 

into pre-precipice and post-precipice curly tips might not 

be very real., However since the ratio of post-pr.CT+ Hi/ 

pre. CT + HTCT + pre-pr.. CT more nearly approaches the skin S.f/ 

Pf ratio, it seems more probable that the pre-pr.CT fibres 

grow in P follicles with HTCT and pre-CT. 
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rather anomoloua. While knowledge of the follicular origin 

of this fibre would have much interest it is impossible to 

judge its source from :frequency data. While Fraser, Ross 

and Wright assumed these fibres to grow in PC there is no 

factual evidence that in this case the relationship holds. 

it seems: 

Summar~sing the relationship for this sheep 

HH grow in PC. 

HTCT appr. HR and ordinary HTCT grow in PL. 

CT and Hi grow ins. 
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J Sheep 25 

TABLE 11 

Percentages of fibre types and fibre and follicle ratios -
Sheep 25 

Fibre type 

n...q 
SSA 
Broken pre-pr. 
HTCT 

CT 
Hi 

---

No .. o.f .fibres 

CT+Hi/pre-C~HTCT 

HTCT/pre-CT 

Sample 1 

16°0% 

275 

S.f/P:f 3•8 ± 0•4 

nPf' 5•5 ± o-6 

n(Pf+ Sf) 26•? t. 1•7 

Sample 2 Total 

424 

In this lamb, although the precipice was not very 

clear, there is reasonable agreement between the ratio of 

post-precipice/ pre-precipice fibres and the S.f/P.f ratio; 

hence it seems the precipice marks the boundary between P 

and S fibres. The agreement between the HTCT/pre-CT ratio 

and the PL/PC ratio is not good and it seems that the 

suggestion that the .FC fibres produce pre-CT fibres does not 

hold perfectly. From the ratios it seems that some HTCT 

fibres must also be growing in FC follicles. 



T'ne conclusion to be drawn from these frequencies 

is then: -

PC follicles produce pre-CT and some H'l'CT. 

PL follicles produce HTCT. 

S follicles produce CT and Hi. 

K Sheep 39 

TABLE 12 

Percentages of fibre types and fibre and follicle ratios -
Sheep 39 

Fibre type Sample 1 Sample 2 Total 

HH 8•9% ?•8% 8•5% 
HTCT 16•3% 17•8% 16•% ---
CT 38•2% 42•8% 40•1% 
Hi 36•6% 31•7% 34•5% 

No .. of .fibres 246 180 426 

CT+Hi/lffi+HTCT 3•0 2•9 2•9 

HTCT/HH 1•8 2•3 2 .. 0 

Sf/Pf + 3•0 - 0•4 

nP.f 7•0 t. 0•55 

ii(Ff+Sf) 27•6 t. 1•43 

The fibre type array of this lamb was very simple, 
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only four classes of fibres being present. The post-pr./ 

pre-pr. and HTCT/HH fibre ratios agree almost perfectly 

with the 8/P and PL/ro follicle ratios. This suggests 

that in this lamb the origin of each fibre type is specific. 

Two completely different types of HTCT fibrest 

one with a large curl in the tip and the other with only 

fine curling in the tip region occur. A possible reason 

for this is that one type is produced by PLx while the other 

type is produced by PLyfollicles. 

The evidence suggests strongly that the follow-

ing relationship holds: 

BR are produced by FC follicles. 

HTCT are produced by PL follicles. 

CT and Hi are produced by S follicles. 
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L Sheep 60 

TABLE 13 

Percentages of fibre types and fibre and follicle ratios -
Sheep 60 

Fibre type 

HH 
SSA 
HTCT-SSA 
HTCT 

CT 
Hi 

No. of fibres 

post-pr./pre-pr. 

Sample 1 

5.3% 
3•4% 

14•0% 

32•4% 
44•9% 

321 

HTCT+HTCT-SSA/pre-CT 3•3 
HTCT/pre-CT+HTCT-SSA 1•6 

Sf/Pf 

nP.f 

Sample 2 

24•3% 

152 

2.0 

Total 

1.1% 
5.3% 
2•3% 

17•3% 

30•9% 
43•1% 

473 

Differences between the subsamples complicate the 

interpretation o! this data. It seems that two localities, 

close together on the skin~ must be producing rather 

different fibre populations. The post-pr/pre-pr fibre ratio 

of the first subsample agrees well with the S/P follicle 

ratio, but the difference between these ratios is 1•3 in the 

second subsample. Although only a small number of fibres 

were counted in the second subsample, this discrepancy is 
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VII DISCUSSION 

A Methods 

1. Frequency comparison. 

We must consider two features of the method: -

i its basic validity-; 

117 

ii errors due to the techniques involved in assessing 
.frequencies. 

It is possible that fibre type frequencies are related to 

follicle class frequencies by a path other than the follicular 

origin of the follicle. A likely pathway is via the fibre 

and follicle densities, since high S/P ratios tend to be 

associated with high density, while if competition occurs 

density will have an effect on the morphology of the fibres. 

If such a path of relationship between fibre and follicle 

frequencies exists it is possible that while the frequencies 

of the fibre types and follicle classes agree, a fibre type 

which regularly occurred in similar proportions to one 

follicle class might not be produced by that class of 

follicle* Hence the method would not be valid. We have no 

knowledge whether any such paths of relationship exist but 

they probably do not. Therefore, we can draw some quite 

useful assumptions from frequency datay although we must 

remember that the validity of the method is in some doubt. 

The errors due to the techniques of frequency 
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determinations fall into three categories: -

i differences between £ibre ratios and follicle ratios 
due to fibres too short to include in the sample. 

ii errors in estimating follicle ratios. 

iii errors in estimating the fibre ratios. 

Errors due to the first £actor are difficult to assess but 

they will become progressively less as the animal becomes 

older. The proportion of Si follicles present will also give 

some idea of these errors if we consider the proportion in 

conjunction with a graph of secondary follicle maturation. 

Fiducial limits have been placed on the estimates of the 

follicle population means to indicate their accuracy, but the 

errors associated with fibre counts are more difficult to 

assess. Repeat counts, while giving some idea of the 

variation involved, do not provide enou~,h data to derive a 

precise, numerical measure of it. 

Burns (1955) provided a table and a formula for 

estimating "percentage errors" of fibre counts. These 

"errorstt are apparently the equivalent of the standard error 

expressed as a percentage although the probability limits 

are not stated. The equation from which these "percentage 

errors1
' are calculated. is derived from the formula .for the 

variance of a binomial distribution. Consideration of the 

structure of the birthcoat and the differences between the 

repeat counts suggests that the fibres are not spread at 
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ii Variation between fibres from adjacent pieces of 

skin. 

iii Variation between axes of .fibres. 

These errors could be largely eliminated by minor alterations 

to the technique. Variation between regions of the fibre 

would become of little importance i£ fibres were left 

attached to the skin and then removed close to the sebaceous 

gland level when making the first cut with the microtome. 

Variation between fibres .from adjacent pieces of akin would 

not be encountered if all follicles in a piece of skin and 

all fibres removed from that piece of skin, were measured. 

"Errors due to measuring the wrong axis of the .fibre would 

be eliminated if the fibres gere sectioned on a Hardy 

microtome and measured in cross section. 
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B Findings 

The present observations do not progress very far 

tov1ards providing a full understanding of the relationship 

between fibres and follicles but they do have a certain 

amount of value when considering some of the theories on the 

physiology of wool follicles during their development. 

Fraser (1951, 1952a) suggested that the sickle shaped tip 

was formed when fibres growing in PC follicles had their 

growth rate reduced because newly formed PL follicles began 

to compete with the ro follicles for fibre forming substrate. 

Results quoted previously seem to prove that in one lamb 

super-sickle fibres are produced in.many PL follicles, 

while in several other lambs HTCT are produced in PC follicles. 

T"'~ese findings indicate that follicle class per§.! doea not 

determine the morphology of the fibre. Therefore while 

competition from PI.e could cause a reduction in growth rate 

0£ PC fibres. it seems that this~ if at all important, cannot 

be the only factor resulting in the production of the sickle 

tip. 

Dry (1952) has also criticised Fraser's theory on 

the grounds that although trios occurred during the formation 

of the follicle popqlation in many species, only in the case 

of the sheep and the Angora goat have sickle fibres been 

found. Possibly however Fraser and Short's (1952) suggestion 

that competition did not occur when follicles were more than a 
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fibre types can be readily explained in terms of these two 

hypothetical forces. Those fibres which commence growth 

at an early stage uill be relative]$ robust over the early 

stages, the robustness depending on the power of the base. 

At a certain stage these fibres come under the influence 

of the pre-natal check. This "check" causes a reduction 

in the fibre matter output of the follicle, this reduction 

being manifest in two ways. 

i Reduction in length of fibre produced per unit 

of time. 

This results in the characteristic sickle shaped tip of the 

pre-CT group as suggested by Fraser (1952a). 

ii Reduction in the diameter of the fibre. 

This reduction in diameter is controlled by the intensity of 

the check itself and by the power of the base. If the base 

is strong, as in most !-type sheep the fibre will be very 

coarse at. the time of the check and there will proportionately 

be a smaller reduction in diameter. Since the medulla 

diameter is apparently dependent on the fibre diameter (Ross 

1950, Cockrem 1956) the fibres of these sheep with a po~er:ful 

base, will be strongly medullated. If, because of a weak 

base or a strong check, the reduction in diameter is greater 

than the medulla diameter before the check, the fibre will 

become non medullated and hence will be a sickle fibre. 

Those fibres which had a medulla diameter greater than the 

reduction due to the check will be super-sickles or halos. 
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rather anomolous fibres found are those that originate in 

these intermediate types of follicles. 

Except in the cases of sheep 52 and sheep 60 the 

repeatability of the fibre type array estimate seemed 

reasonably good. In other cases differences between sub

samples, when not attributable to normal sampling errors, 

were due to difficulties of differentiating between HH and 

SSA (Ross and Wright 1954 did not attempt aey distinction) 

and between the smaller CT fibres and Hi (in plateau arrays 

the CTs tend to be rather straight). If large differences 

such aa those that occur between the subsamples for sheep 

52 are common, the value of fibre type array analysis would 

be limited. It appears that there is little justification 

for attempting to draw a boundary betvJeen HH and SSA. 

Probably the tip shape differences are largely due to "setting" 

while the fibre is fixed in :position by its neighbours in 

the birthcoat. 
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