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ABSTRACT 

THE SEASONAL PRODUCTION OF MOHAIR 
FROM ANGORA GOATS 

IN CANTERBURY 
by M.A. Winklmaier 

An experiment has been described in which a study was 
made on the fleece characteristics of Angora Goats kept in 

Canterbury. 

Animals that bore twin kids were heavier at tupping 
than animals that had single kids. The latter were heavier 

than animals that remained dry. 

The trial animals showed highly variable fleece 

characteristics between body positions on an animal and 
between animals. Responses to environmental and seasonal 
influences were highly variable. 

The trial goats had an SIP ratio of around 7, varying 
between 5 and 10. 

During spring the mohair fleece showed rudiments of a 
primitive type double coated fleece by growing kemps, fibres 

associated with the outer coat of primitive fleeces. 

The trial goats showed a shedding of the entire 
fleece by late spring. 



The trial goats had high fleece yields of araund 90%. 

The tria] animals showed a marked seasonal rhythm of 

mahair production, with minimum praductian accurring in 

winter and maximum praductian accurring in late spring to. 

early summer. 

activities reduced annual mahair Repraductive 
praductian by abaut 

abaut by a decrease in 
length grawth rate and 

10 - 14%. This reduct ian was braught 

fibre diameter, a decrease in fibre 
an increase in the number af inactive 

fallicles during winter and early spring. 

Fleece characteristics changed thraughaut the year. 
Average fibre diameter was lowest in winter and highest in 

spring. Average fibre length grawth rate was lawest in 
winter and highest in summer. The number af grawing 
fibres/unit area was highest in summer and lawest in winter. 
The degree af medullatian (~ncluding kemps) was highest in 
spring and lawest in winter. 

Relationships between fleece characteristics varied 
cansiderably, however: 

average fibre diameter changes occurred prior 
~o average length growth rate changes. 

average fibre diameter and average fibre 
length carrelated positively. 

average fibre diameter and degree af 
medullation correlated positively. 

-: average fibre length growth rate and fibre 
length variatian shawed an inverse 
relationship. 

the number of grawing fibres/unit area and the 



degree of medullation showed an inverse 
relationship. 

Kemp fibres grew predominantly along the backline and 
downward over the rump. Kemps grew excessively in spring 
and to a lesser degree in autumn. Kemps, though relatively 

few, had a marked influence on average fibre diameter •. 

Angora Goats in Canterbury should be shorn early in 
spring and early in autumn in order to obtain mohair of high 
standard. 

Assessment of the degree of kemp and hairiness of 
animals should be carried out around late spring to early 
summer (December). 

Assessing the average fibre diameter of mohair is 
best done with a projection microscope on a midside sample~ 
which should be collected in late summer. 

The C.S.I.R.O Fibre Fineness Oistribution Analyser, 
in its present form of development, cannot be recommended 

for measuring mohair. 
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INTRODUCTION 

"Muhayyar", arabi c for choi ce or sel ect was the name 
arab traders gave to the cloth woven from the fine, white, 

long and lustrous fibres from goats (BOOE and BROOKS, 1976). 
Today, mohair is the name given to the white and lustrous 

fibres grown by Angora goats. The ori gi n of Angora goats 
probably goes back as far as 2400 BC. YALCIN (1982) and 

BODE and BROOKS (1976) give a detailed account of the 
historical development and world wide distribution of this 

animal. 

Angora goats were introduced into New Zealand from 
about 1867 on by the Auckland, Canterbury and Otago 

Acclimatisation Societies. Most of these goats and their 
progeny eventually became part of the feral goat population 

until the Mohair Producers' 
(Inc.) was founded in 1970. 

Association of New Zealand 
With an increase in world wide 

demand for mohair (VELDSMAN, 1980; VAN OER WESTHUYZEN, 
1982) a renwed interest in the production of mohair was 

kindled in New Zealand. 

Although mohair constitutes only 0.05% of the world 
fibre production it is nevertheless a much sought after 
fibre. OUTRAM (1978), VELOSMAN (1980) and HARMSWORTH and 
DAY (1981) pOint out the qualities which make this fibre 

such a sought after commodity: durability, lustre, 
resilience, whiteness, the ability to take most dyes well 
and perhaps most important of all, its ability to blend well 
with other textile fibres in the manufacture of any desired 
article. 

The mohair fleece, lacks uniformity in fibre 
production. Generally three types of fibres are grown: 
kemps, heterotype (gare) and "true" mohair fibres. Although 

the former two are in the minority their presence in the 
mohair top inflicts severe processing limitations. These 
limitations· occur mainly during dyeing processes and are due 
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to the non-circular cross-sectional area and air filled 
central core (medulla) of these fibres. They are therefore 

regarded as highly undesirable. 

Apart from the presence of kemps and gare fibres 
there are further sources of variation, between fibres and 
along fibres, in fibre diameter and length. These 

variations stem from inherent animal differences which are 
modified by environmental and physiological influences such 
as level of feeding, daylight length, temperature and 

reproduction stresses. 

Climate conditions vary considerably within New 
Zealand and overall the New Zealand climate is not regarded 
as ideal for Angora goats (Uys, 1978). Indeed New Zealand 

Angoras are run under conditions quite different from those 
prevalent in the traditional mohair producing areas of the 
Anatolian Highlands (Turkey), the Karroo Desert (S.Afica) 
and the Edwards Plateau (Texas, USA). Angora goats in New 
Zealand are run intensively in small flocks, kept on lush 
pastures and in areas varying in altitude, temperature and 
in rainfall. Inspite of these supposedly adverse 
conditions, Angora flocks are spread evenly throughout the 
country and the national flock is growing rapidly. Today, 
five years later, the words of UYS (1978): "It is doubtful 
whether the industry will make much progress commercially in 

the foreseeable future." can now be regarded as an error of 
judgement. 

The experimental work described here was planned with 

a view to contributing to the little available knowledge of 

mohair production in general, and specifically to establish 

some basic data on mohair production and seasonal growth 
behaviour in an environment generally thought of as 
unsuitable for mohair production. 
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LITERATURE REVIEW 

11.1 THE ANGORA FLEECE 

The visual appearance of the Angora fleece resembles 
that of coarser type crossbred sheep with a low S/P~ratio 

(DREYER and MARINCOWITZ, 1967). WENTZEL and VOSLOO (1974) 
and MARGOLENA (1974) gave SIP ratios for mature Angora goats 

between 7 and 10. These ratios are comparable with those of 
fine crossbred sheep. 

The range of follicle densities recorded for Angora 

goats varies from 30.0/sq.mm (MARGOLENA~ 1974) and over 
27.9/sq.mm (MUFTUOGLU, OSNACAR and TEKES, 1976) to between 
8.4 and 17.6/sq.mm (CLARKE and SMITH, 1975). These figures 
cover the range of crossbred sheep (RYDER and STEPHENSON, 
1968). 

Regarding the fleece as a whole, the first visual 
impression is the recognition of lustrous fibres, grouped 
into loose tippy staples of varying style (twist) and 
character (waves) (VELDSMAN, 1980 and LANDMAN, 1981). 
o.UERDEN and SPENCER (1927), COLE and RONNING (1974) and 
ANSON (1976) distinguished between the tight lock, the flat 

lock and the fluffy fleece. The tight lock is ringleted 
throughout most of its entire staple. It is the type most 
highly associated with fine fibres. The flat lock is 

usually wavey and forms a bulky fleece. The flat lock is 
usually associated with heavy shearing weight and a coarser 
quality mohair. The fluffy fleece is low in quality and 
grade (IP, 1971 and HIBBERT, 1974). 

The mohair fleece may be described in terms of its 
production parameters: fleece weight, fibre diameter, 

staple/fibre length, degree of medullation and kemp and the 
. scoured yield. 
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Fibre Diameter 

Fibre fineness, as a measure of cross-sectional area 
is the most important aspect of mohair production. It not 

only contributes to fibre dimension, but is most important 
in determining the financial value of the fibre (POHLE, 
KELLER, RAY, LINEBERRY and REAIS, 1972). WENTZEL and VOSLOO 
(1975) demonstrated a highly significant correlation (r = 
0.703) between the bulk average diameter and the primary 
fibre diameter. The correlation between these two 
parameters was not so large in the case of secondary 
follicles. Angora goats show a large variability in fibre 
diameter. Kid mohair can vary between 24 and 29 microns 
(COLE and RONNING, 1974). CARR (1971) and STAPLETON (1978) 

measured finer values for mohair (20 +/- 5.8 to 45.4 +/-

10.2· microns). Similar findings are reported by DREYER and 
MARINCOWITZ (1967), BASSETT and ENGDAHL (1971), KINGHORN 

(1972), ROBIE, SLINGER and VELDSMAN (1972), POHLE et al 
(1972), GEE and ROBIE (1973) and CLARKE and SMITH (1975). 

With increasing age the cross-sectional area of mohair 
fibres increases. This increase is at first rapid (over the 
first three shearings) and then less rapid until old age. 

While fleece weights decline after approximately five years 
of age, body weight and fibre diameter continue to increase 
to approximately eight years of age (JONES et al, 1935; 

DREYER and MARINCOWITZ, 1967; BASSETT and ENGDAHL, 1969 and 
STAPLETON, 1978, 1980). Shortly after birth of the kid the 
mean fibre fineness of the coat decreases for a short period 
as the coarsest fibres are rapidly shed and diminish in 
relative number. JONES et al (1935), VENTER (1959), ENGDAHL 
and BASSETT (1971), STAPELTON, (1978) and GIFFORD, (1981) 

demonstrated a reg; ona 1 difference on the body in average 

fibre diameter. Generally they found that the neck produced 

the coarsest mohair and the finest mohair was found on the 
back. 
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Although MUFTUOGLU (1962) stated that the sex of kids 
does not affect the fineness of fibres it is well 
established that in adult animals there is a difference due 
to sex (KORATKAN and PATIL, 1982). JONES et al (1935) 
showed that the difference in mohair production between does 

and bucks was quite substantial and was attributed to the 
difference in fibre diameter. 

Fibre length 

Staple length is regarded by the trade as. of some 
importance as price premiums are paid for staple lengths of 
about 13-17 cm (STAPLETON, 1978). SHELTON, DAVIS and 
BASSETT (1965) indicated that while mohair with longer 

staples did not receive a premium, there may be a long term 
advantage in selecting for longer staples. They found that 

staple length was only slightly related to fleece weight and 
average fibre diameter but that the relationships were 
greater when mean fibre lengths were considered. STAPLETON 
(1980) demonstrated the variability of fibres within a 
staple. 
1 ength 
staple. 

Mohair samples are very IItippy" and the mean fibre 
within a staple ranges from 60 to 70% of that of the 

However DUERDEN and SPENCER (1927) stated that with 
increasing "purityll of animals the variability of fibre 

length decreases. Fibre length is affected primarily by the 
shearing interval. Tippiness is a reflection of variation 
in fibre growth rates between follicles. This is a 
reflection of seasonality of fibre growth and follicle 
efficiency. ENGDAHL and BASSETT {1971} and STAPLETON (1978) 
indicated that in kids sex has no influence on staple 
length. However JONES et al (1935) showed a superiority of 
male animals over females in staple length growth rates 

under comparable conditions. Similar to the average fibre 
diameter variation on the body, a variation in fibre length 
has been recorded (JONES et al, 1935; VENTER, 1959; 
ENGDAHL and BASSETT, 1971; STAPLETON, 1978 and GIFFORD, 
1981). The longest mohair growth seemed to coincide with 
the coarsest mohair growth on the neck. The shortest length 



- 6 -

growth was recorded on the back. 

Bi rthcoat 

DRY (1975) briefly studied the birthcoat of Angora 
goats and found them to be of Plateau type. Supersickle 
fibres other than supersickle A appear to be very scarce, 
whereas halo hair abundance is evident. DUERDEN and SPENCER 
(1927) noted that the Angora kid is provided with a coat 
made up of spiral tufts, which vary much in size, closeness 

and regularity of formation. Each tuft is made up of long, 
coarse and strongly medullated kemp fibres and short fine 
woolly fibres which may be feebly medullated. MARGOLENA 

(1974) points out that the coat of the pure Angoras contains 
proportionally more medullated mohair at birth than at two 
months. 

MARGOLENA (1974) and STAPLETON (1978) state that 
primary follicles produce kemp, whereas the secondary 
follicles produce mohair. The shedding of the birthcoat 
kemps and the increased initiation and maturation of 

secondary follicles causes the transition from kid fleece to 
adult fleece. After the shedding of birthcoat kemps 
originating in primary central follicles these are liable to 
be followed by further kemps. Birthcoat kemps originating 
in primary lateral follicles can be followed by either 
kemps, medullated fibres or mohair fibres. Secondary 
follicles generally produce mohair fibres, although earlier 
secondary follicles have the tendency to produce coarser 
fibres. 

Medullation 

Of importance to breeders, producers and processors 
is the incidence of medullated fibres in the fleece. These 
fibres increase variability (ENGDAHL and BASSETT, 1971).' 
According to MARGOLENA (1974) the kemp content within the 
fleece is related to the SIP ratio. Thus one could expect 
kemp contents around 3.5% at SIP rat i os of 8 - 9.7 in pure 
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bred animals. However findings by WENTZEL and DREYER (1967) 
showed that follicle groups can have more than three kemp 
growing primary follicles. This would lead to far higher 
kemp levels than anticipated by MARGOLENA (1974). 

Medullated and kemp fibres are not spread evenly over 
the body. ENGDAHL and BASSETT (1971) and STAPLETON (1978) 
showed that the britch contained more kemp than the midside 
and the midside contained more than the neck. These 

findings are corroborated by findings of VENTER (1959) who 
found that the back and rump have more kemp fi bres than the 
other body regions. JONES et al (1935), UYS (1964) and 
HARMSWORTH and DAY (1981) showed that with increasing age 

the amount of kemp within the fleece increases. 

Of greater corrunerci al importance than kemps are the 
heterotype gare fibres. Although CLARKE and SIV1ITH (1975) 
suggest that medullation of gare fibres is related to fibre 
diameter DUERDEN and SPENCER {1927} pointed out that other 
factors are important. Indeed STAPLETON (1978) showed that 
the relationship between fibre diameter and the proportion 
of gare fibres was not significant. STAPLETON (1978) 
suggested that as gare fibres show a persistent growth they 
most probably originate in secondary follicles~ 

Fleece Characteristics Variation 

Variation in production of individual animals 
indicates' variations due to varying genotypes. STAPLETON 
{1978} su~gested that genetic differences playa role in the 
expression of fleece production. Work carried out by 
BASSETT and ENGDAHL (1968) and ENGDAHL and BASSETT (1971) 

indicated a positive correlation between body weight and 
greasy and clean fleece weight and a negative correlation 
between body weight and fibre length and average fibre 
di ameter. SHELTON (1960) showed a non-s i gni fi cant 
correlation between face covering and fleece weight. 
SHELTON and BASSETT (1970) demonstrated a highly positive 
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genetic correlation between fleece weight and fibre diameter 

and a highly negative correlation between staple length and 
fibre diameter.Thus selection for low fleece weight and long 
staple length would lead to finer fibres. 

within 
sheep. 
reflect 

STAPLETON (1978) demonstrated that the variation 
the fleece follows similar trends as found amongst 
The midside patch sample ther~fore appears to 
the mean of fleece characteristics (GIFFORD, 1981). 

ENGDAHL and BASSETT (1971) showed that the variation of 
different body positions was production 'traits 

always significant. 
between 

These authors 
uniformity in some individuals 
improvement through breeding. 

indicated a relative 
and suggest fleece 
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11.2 THE EFFECT OF NUTRITION ON WOOL AND MOHAIR GROWTH 
-------------------------------------------------

FERGUSON (1975) showed that wool production is 
proportional to feed intake for maintenance intakes of 
animals ranging in condition from very poor to very fat. 
COOP (1953) stated that of all the factors influencing wool 
growth, nutrition is the most important. The major 
nutrients required for wool growth were considered by RYDER 
and STEPHENSON (1968) to be energy and protein. With the 
exception of the trace element copper, mineral requirements 
are relatively small and are involved only when deficiencies 
affect appetite and health. 

MARSTON (1948, 1955), COOP (1953), DALY and CARTER 
(1955), ALLDEN (1968)· and ROBARDS (1978) showed large 
variations in wool production of animals grazing poor to 
lush pastures, or when pen fed rations below or above 
maintenance. A positive relationship between wool growth 
and feed intake was first demonstrated by MARSTON (1948) who 
noted this relation to be a linear one. Further support is 
given by FERGUSON et al (1949), FERGUSON (1959), SCHINCKEL 
(1962, 1963), BARRY (1969), CARRICO, COCKREM, HADEN and 
WICKHAM (1970), MORAN (1970) and FERGUSON (1972). UYS 
(1964), BASSETT and ENGDAHL (1968), KEENAN (1974) and HUSTON 
(1982) have found similar results for Angora goats, 
indicating that mohair production increases as feed levels 
increase. 

BIGHAM, SUMNER and DALTON (1977) and BIGHAM, SUMNER 
and ELLIOT (1978) showed a strong positive relationship 
between seasonal feed availability and wool production for 
various sheep breeds grazing in New Zealand. Wool growth 

maximum occurred in summer and minimums occurred in. winter. 
SUMNER (1983) showed that wool grew faster and was coarser 
during summer than during winter.The same author found that 
the feeding level did not affect fibre diameter variation, 
loose wool bulk or yellowness. 
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WHITE et al (1979) pointed out that wool growth 
cannot be satisfactorily predicted from a simple linear 

relationship with feed intake. As a result of seasonal 
changes in nutrition wool growth may take a variable time in 

which to equilibrate with the new level of intake. MARSTON 
(1948) found that wool growth rate altered immediately in 
response to a change in nutrition. 
production may not be achieved for up 

and SCHINCKEL, 1961). 

However stable wool 
to three months {REIS 

Using a mathematical simulation model NAGORCKA (1977) 
calculat~d a time lag between feed intake and wool growth 
response of ca. 25 days. The time lag required to achieve 

equilibrium "is influenced by the magnitude of the change in 
intake of body nitrogen and energy and the direction of the 

change (SCHINCKEL, 1961), the previous nutritional status of 
the animal, previous and current body weights (SHARKEY and 

HEDDING, 1964), the effects of the previous nutritional 
level (DOWNES and SHARRY, 1971) and feed quality factors 
other than digestibility (BARRY, 1973). ALLDEN (1979) 

describes a curvilinear relationship between wool growth 
rate and feed intake and suggests that the relationship is 
asymptotic if the maximum capacity of wool follicles to 
utilise amino acids is exceeded at high intakes. 

For Angora goats STAPLETON (1980) showed that the 
relationship between intake, bodyweight, metabolic rate and 
fibre growth is approximately linear with a 10% increase in 

bodyweight producing approximately a 7% increase in fibre 
growth. ' 

Animals under low levels of nutrition will grow finer 
wool (BOSMAN, 1935; DONEY and SMITH, 1964). NICHOLS 

(1933), GALPIN (1948L DUN (1958), STEWART et al (1971), 
SUMNER and WICKHAM (1969) and DOWNES and SHARRY (1971) have' 

shown that cross-sectional area and fibre length are 
positively correlated to feed intake. HENDERSON (1970) 
stated that during periods of low production {low feed) 
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length growth was well maintained. During periods of 
average production (intermediate level of feed) both cross
sectional area and length responded equally well to any 
stimulus in growth. At high production levels the 

cross-sectional area was more affected. 

Studies with goats are few, but generally show a 
similar trend, however a larger response in mohair growth 
towards nutritional changes was observed (STAPLETON, 1978 

and BASSETT and ENGDAHL, 1968). JONES et al (l935), UYS 
(1964) and BASSETT and ENGDAHL (1968) attributed seasonal 
variation, in the mohair fleece to seasonal changes in 
nutrition. Mohair length growth does not appear to be 
affected as much as fibre diamete'r by nutritional changes 
(MUFTUOGLU, 1962; UYS, 1964; SHELTON and HUSTON, 1966; 

STEWART et al, 1971 and STAPLETON, 1978). 

11.2.1 The Influence Of Dietary Energy And Protein On 
Wool And Mohair Growth 

MARSTON (1948) indicated a linear relationship 
between wool growth and ingested protein, which suggested 
that wool growth could be increased and the maximum 
potent i a 1 of each sheep reached if enough protei n was 
s uppl i ed in the feed rat i on. Early observations by BOWSTEAD 
and LAROSE (1938) and .SLEN and WHITING (1952) which were 
substantiated by FERGUSON (1959) showed that there was no 
more significant increase in wool growth if a feed ration 
with constant energy contained'more than 8% protein. 

FRASER (1959), ALLDEN (1968, 1969), WESTON (1979) and 
HOGAN (1970) considered energy intake to be the major 
nutritional factor involved in wool growth. FERGUSON (1959) 
considered that a crude protein concentration of 8% in the 

diet was adequate for wool growth and that beyond this level 
the deaminiating action of rumen microflora limited the 
amino acid availability of wool growth. In contrast to the 



- 12 -

contention of FERGUSON (1959), the rate of wool growth has 
been shown to increase with an increased supply of 
digestible protein to the duodenum (REIS and SCHINCKEL, 
1961; COLEBROOK et a1, 1968; REIS, 1969; EGAN, 1970; 
LANGLANOS, 1971; WALKER and NORTON, 1971; BLACK, ROBARDS 

and THOMAS, 1973 and WESTON, 1979). 

Most work regarding the effects of dietary energy and 
protein has been aimed at raising wool production by 

administering protein supplements directly to the abomasum. 
However, administering rumen protected proteins is not very 
practical, and has therefore little application for animals 

under grazing situations. The factor of significance to the 

grazing animal is whether or not some pasture plant proteins 
are likely to be better protected than others against 
degradation in the reticulo rumen. The proportion of plant 
protein which escapes fermentation in the rumen is extremely 
variable and depends on the species composition of the 
pasture and the stage of maturity of the constituent plants 
KEMPTON, HILL and LENG, 1978). In rapidly growing grasses 
and legumes, 60% of the protein can go into solution in the 
mouth upon chewing. As the plant matures the degradability 
of plant proteins in the rumen decreases appreciably (HUME 
and PURSER, 1974). The crude protein content of this 

material frequently declines so that in dry standing mature 
pasture the crude protein content may be as low as 3% 
(KEMPTON, 1979). The net effect of these factors would be a 
reduced supply of digestible protein to the duodenum and 

reduced wool growth. 

A further factor influencing the site of digestion is 
the rate of passage of ingested material. When large 

quantities of herbage of high digestibility are consumed 

there may be a flushing effect of partially digested feed 
from the reticulo rumen, thereby. enabling the potential 
value of fodder protein to be realised (FAICHNEY and BLACK, 
1979). 
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11.2.2 The Efficiency Of Wool And Mohair Growth 
----------------------------------------

FERGUSON (1958) has defined the gross efficiency (GE) 
as the amount of wool produced per unit of feed consumed. 
Net efficiency (NE) accounts for the partitioning of 
nutrients to other body functions (FERGUSON, 1962). NE 
equals GE at maintenance level. WESTON (1959), SCHINCKEL 
(1960) and COOP (1967) have noted large differences in 
efficiency amongst different animals and breeds of sheep. 
DALY and CARTER (1955) showed that under low levels of 
nutrition (less than 100 grams protein per day) efficient 
and inefficient animals show little difference in wool 

growth. As feed availability increases the difference 
between the two types of animals increases. 

FERGUSON (1958), SCHINCKEL (1960), WILLIAMS (1960), 
DOLLING and MOORE (1961), DUNLOP, DOLLING and CARPENTER 
(1966) and WILLIAMS and WINSTON (1965) showed that 
efficiency is not constant but dependant on the level of 
feed. FERGUSON, WALLACE and LINDNER (1965) demonstrated 
that efficiency decreased with a rise in feed intake. Thus 
absolute gains in wool growth per increment of feed intake 
decreased with a rise in level of nutrition. ALLDEN (1979) 
demonstrated linear relationships between efficiency of wool 
growth and increaSing intake of dry matter. 

Animals losing body weight showed , improved 
efficiency, whereas animals gaining weight showed a low 
efficiency (WILLIAMS and WINSTON, 1965; FERGUSON et al, 
1949; FERGUSON, 1958 and ALLDEN, 1979). WILLIAMS and 
WINSTON (1965), MORAN (1970), ROBARDS et al (1976) and 
ROBARDS et al (l977) found effi ci ency to be inversely 

related to the level of feed intake. SCHINCKEL (1960) 
demonstrated that the largest changes in efficiency, apart 
from those due to feed availability, appear to be due to 
changes in the partitioning of nutrients between wool growth 
and other growth and reproductive activities. 
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GALLAGHER and SHELTON (1972) showed that young Angora 

goats were 3.2 times more efficient in converting feed to 

fibre than young Rambouillet sheep. The sheep showed a 
superiority over the goats in converting feed to body 

weight. This suggests a different type of nutrient 
partitioning between the two breeds of animals. Similar 

findings were recorded for older animals of the same breeds. 
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11.3 THE EFFECTS OF PREGNANCY AND LACTATION ON 
-----------------------------------------WOOL GROWTH 

The effects -of pregnancy and lactation on wool growth 
interact with othe"r seasonal effects, especi ally with the 

availability and quality of feed. When comparing the 
effects of pregnancy and lactation between animals their 

current wei ght and current feed availabil ity must be 
considered (COOP, 1953). Apart from causing variations in 
the weight of wool produced pregnancy and lactation also 
have a considerable influence on 

shortage of feed at the same time as 
cause tenderness or even a break 

the grade of wool. A 
pregnancy will often 

in the wool (HENDERSON, 

1968). Generally one differentiates between single lamb and 
twin lamb pregnancies and lactations. 

11.3.1 Effects Of Pregnancy On Wool Growth 

foetal 
CURSON and MALAN (1935) showed that only 30% of the 

growth takes place in the first 100 days of 
gestation, the remaining growth occurring during the last 45 
- 50 days. Although COOP (1953) states that early pregnancy 
has little effect on wool growth SLEN and WHITING (1956) and 
CORBETT (1966) have been able to measure effects of early 
pregnancy on wool growth. However REID (1978) states that 

the relative effects of pregnancy and lactation on live 
weight and wool production appear to depend on the relative 

feed stresses which occur concurrently. Similarly SLEN ~nd 
WHITING (1956) demonstrated the interaction of feedlevel and 

type of pregnancy and the effects on wool growth. CORBETT 
and FOURNIVAL (1976) showed that animals produced less wool 

during pregnancy, although they had ample feed. It is 
likely therefore that a decrease in wool production during 

pregnancy can never be overcome. During pregnancy the 
partitioning of nutrients seems to be such that wool growth 
ranks very low (ODOY and ANNISON 1979). RAY and SIDWELL 
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(1964) and McFARLANE (1965) showed that ewes carrying twins 

grew less wool than those carrying single lambs, and even 

less than comparable dry ewes. 

11.3.2 Effects Of Pregnancy On Fleece Characteristics 
----------------------------------------------

The rate of 1 ength growth (WILLIAMS and SUIJDENDORP J 

1968) and fibre diameter (STORY and ROSS, 1960) decreased 

from the 6th week of gestation and remained low during the 
rest of pregnancy and lactation. ROSS (1960), SLEN and 
WHITING (1956), COOP and CLARKE (1955), HODGE (1966) and 

MONTEATH (1971) have found fibre diameter to decrease in the 

latter stages of pregnancy, especially if accompanied with a 
decrease in feed. BOSMAN (1935) and BROWN et al (1966) 
found no effect of pregnancy on fibre diameter, although the 
latter authors mentioned a reduction in fibre length growth 
rate and fibre population per unit area. These decreases in 
fibre production parameters occur despite an increase in 
voluntary feed intake (REID and HINKS, 1962 and .ARNOLD, 

1975). A possible nutrient increase might just be enough to 
supply extra requirements for the growth of the foetus 
(CORBETT, 1979). 

II.3.3 Effect Of Lactation On Wool Growth 

Early findings by BOSMAN (1935) initiated work on the 
effects of lactation on wool growth. A decrease in wool 
growth during lactation is affected by availabilty and 
quality of feed, number of suckling lambs and the duration 

of the lactation period. COOP (1950) and SLEN and WHITING 

(1956) established that nutritional affects during lactation 
were neglgible. CORBETT (1964), DONEY (1964), RAY and 
SIDWELL (1965), BROWN el al (1966L TURNER et al (l968), 
KENNEDY and KENNEDY (1968), ROSE (1974), ARMSTRONG and 
O'ROURKE (1976) CORBETT and FOURNIVAL (1976), MULLANEY et al 



r 1 
\ .1. ) and REID s reese in woo 

productior during 1 ~atio!'l 3 and 14';;; of '- anr;uc: 

production. These workers work with different s of 
she at different loca1ities. DONEY (1954), 

RNER, BROWN and FORD (1968). ITELLI (1 ) and 

c (1 ) s t ewes rearing twin lambs produced 

1 e:;s woo~ t n ewes fec S1 e s. In contrast 

and ) recorded that rearing n lambs h no 

greater effect on wool production. McFARLANE (1965) and 

CORBETT (1966. 1979) showed that as lactation prolonged 

effects on reasing wool growth became 9 ere 

Wooi growth is reta during lactation, in He of 

an increase of feed intake of between 50 and 100% (CORBETT, 

1966; 

1977) • 

BAI and FORBES, 1974 and LANGLANOS a DONALD, 

GIBS and TREACHER (1978) report that the maximum 

feed intake occurs in the second week of lactation, however 

HADJIPI IS and HOlMS (1966), ARNOLD and INSKI '
eqr 7) lLO 

and LANGLANDS (1977) found that the maxi mum f intake 

occurs between week 8 to 10 of 1 a ct at i on. BLACK and REIS 

(1979 L ODDY and ANNISON (1979) and CORBETT (1979) showed 

that du ri ng pregnancy and lactation nut ri ent partioning 

changes to favour foetal growth and milk production. 

However is is not simply a er of ava; 1 ity of 

Circulating nutrients and competi~ion for these but, as 

CORB~TT (1979) pointed out, there may impo ant affects 

due alterations in the endocrine status. 

11.3.4 fects Of Pregnancy And Lactation On Wool Growth 

As pregnancy a lactation inevitab follol': each 

other the effects of these physiological states on wool 

production are often combined. Set out in Table 1. are the 

sum~~rised effects of pregnancy and 1a ation on wo growth 

as various workers. From the t 1e it can be 
concluded that the full cycle of roduction re ces annual 

fleece growth by 10 - 14%. BROWN et al (1966), MULLANEY et 



81 (1969), ROSE (1974), REID (1978) a anDY a. AWJISON 

(1979) have claimed a greater reduction in wool growth 

during pregnancy n during lactation. opposite 

fi ng was reported by STORY and ROSS (1960). RAY and 

SIDWELL (1964), DONEY (1964), KENNEDY and KENNEDY (1968) and 

ARMSTRONG and O'ROURKE (1976). 

Table 1. Effects Of Pregnancy Plus Lactation On 
--------------------------------------
Annual Fleece Growth 

h:rc:cntage ~dlll;tion in comp3J"Uon Vrith non~breed.in& eWe!. Value: om: for cwe~ 'lVi".L .. ~)e 
Lunb -

Mean length Reduction in fkece 
Breed ofl».ctation 

(wed::.;!) Greasy 

Merina 14 IL4 

Merino -. 18.0 

Merino Ie" 17_0 

Merino Ie" 

Merino Ie" 

Merino 20 

Merino 14 11..2 

Meri.'1o 14 9.3 

Menne -Q I L8 

Merino 14 10.3 

Merino 14 9_0 

'Corriedale 1< 11.1 

Porwa.'"ti't 1< 9.7 

Corriedale 6 

Corriedale 12 

Comedale 25 

POI'W:llth 12 

Border Leicester x 20 n 
Merino 20 IUD 

Border Leia:ster x 

Merino 6.8 

Romney Marsh -Q 9.3 

Romney Marsh -" nob 
PmnenJu -" 14.3 

hamenka _0 23,4b 

Scottish Blackface 11 19,6 

Navajo and Targhee 11 9,4 

Navajo and Targ.hee 17 l5.7
b 

C'l...::!cuti.cn length not specirJed or approximate 

nEwes rearing !'Win Lam\:ll!; 

Reference 
Clean 

14.8 Poney (1958) 

Truner (1962) 

11.0 BrownetgL (l9'66) 

} Twner t!1 ol. (1968) 

20.6 Willian-a and SuiJt;kndor; f196S, 

KennedY and Kennedy f1 % ~ i 

Rose (1974J 

14.4 Sandenon et.n. {1976! 

Annruoru: and O"RCHJn;e ! 1976! 

10_' 
, 

13.5 } Mullaney er tJ1 n969, 

10.3 

10.5 

} Corben and Fw:ruvaI (1916) 14_1 

15.2 

ILl Reid (1978) 

- j Seebeck ane Tn1le (l%3) 

Cannon :and Bath (l %9, 

} S{!:vens and Wrlfht (1952 i 

-
} Palian (]957) 

[)oney (1964) 

10.2 1 
14.3b J Ray and Sidwell (l %4:, 

Source: BLACK and REIS (1979) 

STORY and ROSS (1960) demonstrat that pregnancy 

delays the onset of the seasonal minimum wool production. 
,4nimals bearing twins showed a furt r delay in reaching 

minimum production 
Similarly the recovery 

stress is prolonged 

than ani rna 1 s bead ng 

in wool growth 

(CORBETT, 1966; 

single 1 arnbs. 

er reproductive 

Efl' and vIH I T I 
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1956). 

II.3.5 Effects Of Pregnancy And Lactation On Wool ------------------------------------------
Characteristics 

RAY and SIDWELL (1964), MULLANEY et al (1969) and 
CORBETT and FOLIRNIVAL (1976) showed small differences in 
clean scoured yield between animals that were dry, had a 
single lamb and had twin lambs. BROWN et al (1966) and 
SANDERSON et al (1979) showed larger, more significant 
differences. 

BROWN et al (1966) concluded that about one third of 
the wool production decrease during pregnancy and lactation 
was due to a decrease in fibre numbers, the remaining two 
thirds decrease being att r-ibutable to a decrease in fibre 
volume. STORY and ROSS (1960), McFARLANE (1965), BROWN et 
al (1966), TURNER et al (1968) and SANDERSON et al (1976) 
showed that average fibre diameter decreased during 
pregnancy and lactation. COOP and CLARKE (1955), HENDERSON 
(1955, 1968), HODGE (1966) and MONTEATH (1971) demonstrated 
that pregnancy and lactation are additional stresses to 
already low feeding situations prevalent during the period 
of reproduction in New Zealand. HENDERSON (1955) showed 
that the cause of breaks in New Zealand wools is a result of 
low feed during winter and the additional stress of 
reproduct ion. 

SLEN and WHITING (1956), DONEY (1964) and BROWN et al 
(1966) reported a decrease in fibre density per unit area 
occurring during pregnancy and lactation. Rather than 
pregnancy being the cause of this decrease, some of this 
decrease may be due to shedding (STORY and ROSS, 1960) or 
low feed suppl i es (DONEY and SMITH, 1964 and LYNE, 1964). 
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II.3.6 Effects of Pregnancy And lactation On Mohair Growth 

PRETORIUS (1973) reported that the peak of breeding 

activity for Angora goats in the southern hemisphere occurs 

between April and July. STAPLETON (1978) concluded that 
pregnancy coincides with the growth of the winter fleece and 

that part of the growth of the summer fleece is influenced 
by lactation. Though there will be some overlap, this 

division of reproductive functions and the growth of winter 
and summer fleeces confound the effects of reproduction and 
season on fleece growth. 

JONES et al (1935) showed that pregnancy reduced 
winter fleece weights by 7.4% while lactation reduced summer 

fleece weights by 13.6%. ARITURK et al (1979. cited by 
YALCIN, 1982) showed barren does to have higher greasy and 

clean scoured fleece weights than animals under reproductive 
stress. LUSH and JONES (1924) attributed the 10 - 20% 

heavier fleeces of Angora wethers compared with reproductive 
does to the breeding activities of the doe. JONES et al 
(1935) showed that pregnancy affected fleece weight more in 
younger animals. Both JONES et al (1935) and ARITURK et al 

(1979, cited by YALCIN, 1982) showed small differences in 
average fibre diameter and staple length between 

non-reproductive and reproductive goats. 
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11.4 THE EF OF PHOTOPERIOD AND TEMPERATURE 
ON WOOL AND MOHAIR GROHTH 

II.4.1 Influence Of Temperature ------------------------

Seasonal differences in wool production have been 
noticed by early workers including HEYNE (1924). BURNS 

(1931) and DUERDEN and MARE (1931). These were thought to 
be solely a reflection of seasonal feed availability. 

FRASER (1931) demonstrated that wool growth of Merino sheep 
(kept in S.Australia) varied although feed availability 
remained constant. FERGUSON et al (1949) recognised that 
the level of nutrition could not be the sole factor 

influencing the rate of wool growth. HOPKINS and RICHARDS 
(1979) supported this theory and acknowledged that s 
wi 11 express a retarded wool growth if hyperthermi a is 
severe. This will largely be the result of a depressed feed 
intake (CARTWRIGHT and THWAITES. 1976). 

Local effects of temperature have been observed 
RGUSON et al. 1949) and LYNE. JOLLY and HOLLIS (1970) 

raised wool production by increasing temperatures. The 
latter authors stimulated wool growth by increasing 
subdermal temperatures from 37 Deg.C. to 42 Deg.C. 
Temperature increases thereafter resulted in growth rate 
depressions and finally in a cessation of growth. FERGUSON 
et al (1949) attributed a rise in wool growth to the 
dilation of cutaneous blood vessels which enabled more 
nutrient supply to the follicles. 

Work carried out by BOWSTEAD and LAROSE (1938). 
LAROSE and TWEEDIE (1938), SACKVILLE and BOWSTEAD (1938). 

COOP (1953), HUTCHINSON and WODZICKA-TOMASZEWSKA (1961) and 
ELSHERBINY et al (1978) showed that temperature wasn1t the 
sole cause of wool growth increase. COOP (1953) verified a 
high correlation between temperature and wool growth, but 



acknowledged influence of other factors. He sagreed 

with the vasodilatiof) theory of FERGUSON et al (1949) and 

postulat that a rise in temperature influenced the output 
of thyroxine which in itself causes a stimulation of wool 
growth (FERGUSON et al, 1960). COOP (1953) postulated a 

large time lag between temperature and thyroxine output. 

Thus a low wool production in winter may be influenced by 
high summer temperatures rather than low winter 

temperatures. 

HOPKINS and RICHARDS (1979) showed that any increase 
in wool production due to cold exposure (after shearing) is 

not directly i uenced by temperature. Increased loss in 

body heat causes the animals to eat more. However, 
HUTCHINSON (1965), BENNETT, HUTCHINSON and 

WODZICKA-TOMASZEWSKA (1962a and 1962b). DOWNES and 
HUTCHINSON (1969) and SHORT and CHAPMAN (1961, cited by 

HUTCHINSON and WODZICKA- TOt~SZEWSKA. 1962b) showed that 

col d temperature depressed the rate of wool growth. Thi s 
depression was associated with a reduction in skin 

temperature and blood flow (DONEY and GRIFFITHS, 1967) and 
an incre~sed rate of glucocorticoide secretion in response 
to severe col d (WALLACE ~ 1979). 

11.4.2 Influence Of Photoperiod 

Based on the general opinion that light stimulates 
t anterior pituitary gland, which in turn stimulates the 

thyroid gland which controls wool growth HART (1953. 1961) 
studied the affects of photoperiod on wool growth. Keeping 

sheep under constant daylength to darkness ratios increas 

wool production after approximately five months. However 

these animals still expressed the same seasonal 
rhythm as shown by animals kept under natural 

growth 
1 i ght 

conditions. The growth rhythm showed maximum wool growth in 
November and December when daylight hours were longest and a 
growth minimum in June when daylight hours were shortest. 
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WILLIAMS (1964) showed that the photoperiodic influence on 
wool growth only became apparent when feed intake was 
constant throughout the year. 

HART (1961) evoked the theory of a latent period of 
sensitization indicating that there must be a time lag 
between photoperiodic influence and wool growth response. 
Similar conclusions were drawn by BENNETT et al (1962a). 
RYDER and STEPHENSON (1968) regarded this phenomena as a 
"biological clock" and described the period of sensitization 
(HART, 1961) as a resetting of the "internal" clock and 
concluded that an inherent rhythm existed. This was 
substantiated by the work of COOP and HART (1953) and 
WODZICKA (1960) who could not abolish the photoperiodic 
growth rhythm of ewes kept under constant daylight to 
darkness ratios. However, although it took two years, the 
photoperiodic growth rhythm could be reversed (MORRIS, 
1961) • 

HART (1955) eliminated the effects of photoperiod by 
hooding animals and showed that after two years wool growth 
had leveled out to a steady rate of production. 

Whereas MORRIS (1961) achieved a total reversal of 
the seasonal wool growth rhythm BENNETT et al (1962a) were 
only partialy successful. Shedding activities of wool and 
hair from the lower parts of the legs of the trial sheep 
were shown to occur at a different time of the year. The 
same authors noted a bimod a.l wool growth rhythm and 
concluded that the bimoda 1 rhythm represents an induced 
photoperiodic rhythm superimposed on a persistent rhythm 
which originated before the experiment. BENNETT et al 
(1962a) also discovered a phase shift in the growth rhythm 
of covered (warmer) and uncovered (cooler) patches and 
concluded that temperature shifted the phase of rhythm 
rather than causing an additive effect. 



- (4 -

The difference between the results of MORRIS (1961) 

and BENNETT et al (1962) may stem from different ambient 

temperatures surrounding the sheep and differences in 

artificial light intensity HUTCHINSON (1965). 

ELSHERBINYet al (1978) demonstrated that r~erino 

sheep showed little response to photoperiodic influences 

compared with English breeds or a local Egyptian breed. 

No information is available on the effects of 

photoperiod on mohair growth, apart from fibre shedding 

aspects. Experiments such as those carried out by FERGUSON. 

CARTER and HARDY (1949), COOP and HART (1953). HUTCHINSON 

(1965) and DONEY (1966); to examine wool growth rhythms in 

sheep fed constant diets have not been carried out on Angora 

goats. Such experiments could confirm and quantify the 

exsistence of such a growth rhythm amongst Angora goats. 

11.4.3 The Influence Of Temrerature And Photoperiod 

breeds 

--------------------------------------------
On Fibre Shedding 

Although hardly noticeble in highly evolved sheep 
the occurrance of shedding and moulting is a 

predominant feature in wild or primitive sheep (RYDER, 1981) 

and in Angora goats (DUERDEN and SPENCER. 1927; DREYER and 

MARINCOWITZ. 1967; MARGOLENA, 1974 and STAPLETON. 1978; 

1980). RYDER and STEPHENSON (1968) have given a 

comprehensive account of the phsiological basis of shedding. 

YEATES (1955; 1957). NAGARCENKAR (1963. 

RYDER and STEPHENSON, 1968) and ROUGEOT (1957, 

by RYDER and STEPHENSON, 1968). SYMINTON (1959). 

cited by 

1961, cited 

SLEE (1959, 

1963, 1965) and SLEE and CARTER (1962) showed an association 

between moulting and follicle activities and changes in the 

number of daylight hours. RYDER and LINCOLN (1976) showed 

that follicle activity coincides with increasing day length. 

whereas rest periods coincide with decreasing daylengths. 
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RYDER (1966) observed that shedding of fleeces, i.e the 
growth of new fibres, occurs around the longest day of the 
year, which is explained as a cumulative hormonal effect 
resulting from increasing day lengths, following the spring 
equinox, when follicles start to become active. SLEE (1963) 
could show that shedding in wiltshire Horn lambs occurred 
around a certain date rather than a given age. 

Whereas ROUGEOT (1957, cited by RYDER and STEPHENSON, 
1968) found no association between temperature and shedding 
cycles SLEE (1955, 1965), BENNETT et al (1962b) and 
ENTWISTLE (1975) have shown ambient temperatures as well as 
light to have an effect on shedding. WATSON (1963) 
suggested that the moult of the Scottish mountain hare is 
triggered off by light influences, whereas the rate of the 
moult is governed by temperature. 



11.5 THE ORIGIN, GROWTH BEHAVIOR AND INCIDENCE OF 
-----------------------------------------------------
KEMPS AND MEDULLATED FIBRES AND THE CONSEQUNCE OF 
-------------------------------------------------
THEIR PRESENCE IN THE SHE AND ANGORA GO/H FLEECE 

DUERDEN (1926) and ROBERTS (1926a and 1926b) carried 

out early scientific studies of kemp and hairy (medullated) 

fibres. Kemp fibres are generally the coarsest fibres in 

the fleece. They are relatively short in length (2.5 - 4 

cm) and have a chalky, opaque appearance and BLISS (1926) 
showed that the medulla in kemp is the product of 
distinctive cells in the follicle bulb. 

Kemps grow within a short 12 weeks period 
reoccurring annually or bi-annually (ROUGEOT, 1957; cited 

by RYDER and STEPHENSON, 1968). Unlike kemps, medullated 
fibres have a persistant growth. 

RYDER and STEPHENSON (1968) described latticed 

medulla, occuring mainly in kemps but also in heterotype 
fibres of carpet-type fleeced sheep, unbroken, interrupt 
and fragmental non-latticed medulla. The type of medulla 

can vary along the fibre. 

Medullated fibres are especially detrimental to the 

value of mohair as these fibres are not readily detectable 

and removeable during processing (VELDSMAN, 1980). 

11.5.1 The Origin Of Kemps And Medullated Fibres 

CREW (1921), DUERDEN and RITCHIE (1924), 

(1926), DUERDEN (1927) and RYDER (1966. 1968, 

ROBERTS 
1981) 

demonstrated the difference between the fine undercoat and 
coarse outercoat of primitive sheep and goats. The same 

authors suggest that kemps in the fleece of improved sheep 
a re a rem; na nt of the outer coat. RYDER and STEPHENSON 

(1968) conclude that the presence of kemp and medullated 
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fibres is of genetic origin. BRYANT (1936) demonstrated 
that kemp is inherited intermediately depending upon a 
multifactorial basis. RONNINGEN and GYERDREM (1970) 
demonstrated that medullation is influenced by non-additive 
genetic factors. 

DRY (1933) found that hairy fibres present at birth 
are halo hairs, hairy sickles and hairy-tip-curly-tip 
fibres. He termed these fibres birthcoat kemps. FRASER, 
ROSS and WRIGHT (1954) and FRASER and HAMADA (1952) have 
established that within Romney sheep primary central 
follicles can grow fibres of the pre-curly-tip group; 
depending on genotype which may be halo hairs, super sickle 
A, super sickle B or sickle fibres. Primary lateral 
follicles can grow hairy-tip-curly-tip or curly-tip fibres, 
dependi ng on genotype (BURNS, 1966). Early and 1 ate 
secondary follicles grow curly-tip or histerotrich fibres. 
It can be concluded that as only primary central and primary 
lateral follicles produce birthcoat kemps succeeding kemps 
will only be found in these follicles (BURNS, 1953; FRASER 
et al, 1954 and DRY, 1975). The SIP ratio of an animal, 
therefore, will give a quantative estimation of the maximum 
possible amount of kemp. BURNS (1967) points out that 
non-kempy animals have a higher SIP ratio than kempy 
animals, between and within breeds. 

Assuming that kemps are grown in the primary central 
follicles only, Angora goats with an SIP ratio of around 9 
will grow approximately 3.5% kemp. MARGOLENA (1974) also 
indicated that pure Angora goats should not exceed this 
level of kemp production. However, as primary lateral 
follicles grow medullated fibres, the percent of medullation 

can be up to 10% or even higher, particularly when 27% of 
the follicle groups may have more than three primary 
follicles (DREYER and MARINCOWITZ, 1967). Follicle groups 
of up to seven primary follicles have been observed (WENTZEL 
and VOSLOO, 1974). 
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11.5.2 Fibres Following Birthcoat Kemps --------------------------------

The type of fibre that will follow a birth coat kemp 
is dependent on the "robustness" of the birthcoat kemp (DRY, 
1975). Acting Hpon the "robustness" of the birthcoat kemps 
are the forces of the pre-natal check. These forces in 
interaction with the "robustness ll of birthcoat fibres will 
determine the extent of kempiness and medullation (GOOT, 
1945; DRY, 1975). The stronger the check the more hairy 
fibres will lose their medulla and develop into 
non-medullated fibres. 

If the birthcoat is the last expression in the "Law 
of Manifestat ion ll under the impact of varying degrees of the 
pre-natal check (GOOT, 1945) the presence of kemp and 
medullated fibres in their varying degrees can be 
understood. The pre-natal check influences the further 
development of the birth coat by suppressing the formation 
of medulla in fibres phylogenetically belonging to the outer 
coat. At the same time fibres phylogenetically part of the 
inner coat are enchanced in growth, causing the double 
coated nature of the primitive type fleece to disappear 
(GOOT, 1945 and DRY, 1975). Different breeds of sheep are 
at different levels of this evolutionary development. 
Differences are not only found between breeds but between 
animals of the same breed and even between different body 
positions of the same animal (BRYANT, 1936). 

11.5.3 The Growth Behaviour Of Kemps And Medullated Fibres 

Kemps differ from medullated fibres in that they do 
not have a persistent growth (DRY, 1940,1955,1975 and 
GOOT, 1945). DRY and ROSS (1944) showed that birthcoat 
kemps shed approximately 7-10 weeks after birth. Animals 
with a plateau type array will most probably have a high 
abundance of kemps following birthcoat kemps (DRY and ROSS, 
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1944). In non-plateau arrays halo hairs will be succeeded 
by further generations of kemps, the extend of this second 
generation of kemps being dependent on the degree of 
shedding of sickle fibres and hairy-tip-curly-tip fibres. 
However DRY (1975) and GUIRGIS, KAllAL and lAGHlOUl (1979) 
pointed out that kemp succession does not always rigidly 
follow this pattern. 

BURNS (1953) and FRASER (1954) maintained that 
shedding is mainly and perhaps entirely restricted to fibres 
grown by primary follicles. However, for sheep ROBERTS 
(1926a and 1926b), DARLING (1932), BURNS (1949) and RYDER 
(1981) and for Angora goats STAPLETON (1978) and MARGOlENA 
(1974) have observed secondary follicle shedding. 

BURNS (1953) and CARTER and TIBBITS (1959) noted that 
kemp fibres grow almost exclusively in central primary 
follicles. The former author and SlEE and CARTER (1962) 
have suggested that the lateral primary follicles produce 
the majority of medullated fibres. MARGOlENA (1966) and 
DREYER and MARINCOWITl (1967) have observed similar 
circumstances in Angora goats. 

DRY (1975) maintained that shedding is an expression 
of growth vigour and that the shedding period is definite 
and restricted. These findings are applicable to Angora 
goats (STAPLETON, 1978). FRASER and SHORT (1952), PEART and 
RYDER (1954) and BURNS {1955} showed some effect of 
nutrition on shedding; even though there is some 
nutri.tional influence nutrition alone does not cause fibre 
shedding except under total nutrient deprivation (BURNS, 
1953 and RYDER, 1956a, 1956b). BURNS (1953), RYDER (1957) 
and WILDMAN (1958) for sheep and DUERDEN and SPENCER (1927) 
and STAPLETON (1978) for Angora goats have discussed the 
influence of photoperiod on shedding. WILDMAN (1958) and 

STAPLETON (1978) observed a bi-annual shedding. RYDER 
(1966) noted an annual shedding in Angora X Saanen goats. 
This descrepancy is probably due to varying photoperiodic 



influences at different localities. 

Whereas DUERDEN and RITCHIE (1924) stated that kemp 
fibres in Merino shee~ are evenly distributed throughout the 

fleece BRYANT (1936) for Scottish Blackface sheep and 

STAPLETON (1978) for Angora goats showed a body regional 
variation. The regions of excessive hairiness are similar 
between Angora goats and sheep: along the mid-dorsal line, 

along the rump and downward over the rump. GOaT (1945), 

GALPIN (1948) and LABBAN (1957) pOinted out that hairiness 

is most evident in the britch region. 

BURNS (1966) and GUIRGIS et a1 (1979) showed that 

bi rthcoat arrays were di fferent on di fferent body pos it ions. 

GALPIN (1935) showed gradients over the body; anterior body 
positions tending to show less kemp and medullation than 
posterior body positions. Similar findings were recorded 
for Angora goats by JONES et al (1935). UTKf..NLAR and Ii~ERYUZ 

(1959). VENTER (1959), ENGDAHL and BASSETT (1971) and 

STAPLETON (1978). 

11.5.4 The Seasonal Incidence Of kemps And Medullated 
Fibres 

BURNS (1954), ROUGEOT (1957, 1959, cited by RYDER and 

STEPHENSON, 1968) and FRASER and SHORT (1960) showed that 
the growth of kemps is initiated by photoperiod. The extent 
of medullation can well be a reflection of feed 

availability. BURNS (1953) pointed out that medullation is 
a sign of growth vigour. STAPLETON (1978) showed for Angora 

goats that medullation and kemp growth occurs mainly in 
spring and autumn. These are periods of abundant feed 

supply_ HENDERSON (1968) noted an increase in medullation 
after sheari ng. 
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As the degree of medullation in kemps and hairy 
fibres can vary along the fibre, seasonal influences can be 
suspected. The width of medulla is dependent on the papilla 
width at the "critical level" (AUBER, 1950). He and BURNS 
(1955) mentioned that the follicle changes its dimensions 
throughout the year. BURNS (1954) described heterotype 
fibres which are hairy (medullated) in summer and not so 
during winter. Similar observations in mohair were made by 
UYS (1964) and STAPLETON (1978). 

11.5.5 The Consequences Of kemps And Medullated Fibres In ---------------------------------------------------The Fleece 

SCHINCKEL (1958) demonstrated that the presence of 
medullated and kemp fibres in the fleece will cause a wide 
variation of fibre diameter. GUIRGIS et al (1979) showed 
that about one third of the standard deviation of the fibre 
diameter distribution within the fleece is due to kemps and 
medullated fibres. The same authors ascribed a large 
variation in fibre length to the presence of kemps, 
medullated fibres and true wool fibres. 

The seasonal incidence of kemps and medullated fibres 
will cause different fibre compositions for fleeces shorn at 
different times of the year. POHLE et al (1972), ROBIE et 
al (1972) and GEE and ROBIE (1973) showed differences in 
fleece characteristics between spring and fall; summer and 
winter shorn mohair fleeces. 

The retention of shed kemps combined with alternating 
wet and dry weather conditions will lead to cotted fleeces, 
both in sheep (HENDERSON, 1968) and in Angora goats 
(STAPLETON, 1978). 
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The presence of kemp and medullated 

severe processing 1i~itations, except 

manufacturing industry where medullation is 

(HENDERSON, 1968). VELDSMAN (1980) and 

point out the restrictions that kemps 

fibres impose on processing mohair. 

fibres i 1 i ct 

in the ca rpet 

a desi trait 

DE WET (1982) 
and medull ed 
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11.6 SEASONAL GROWTH OF MOHAIR -------------------------
Seasonal Growth Of Mohair 

A study of the Angora fleece at a set time reflects a 
very narrow picture of mohair production. Due to the 
various seasonal influences fibre diameter, fibre length 
growth rate, incidence of medullated and kemp fibres and 
fibre density are not constant. Angora goats express a 
general seasonal fibre production rhythm such as has been 
well documented for wool growth in sheep (RYDER and 
STEPHENSON, 1968). The trade differentiates between summer 
and winter clips in South Africa (ROBIE et al, 1972; GEE 
and ROBIE, 1973) and between spring and fall clips in the 
United States (POHLE ·et al, 1972). The grade of each clip 
is determined by both the particular environmental 
conditions over the period of fleece growth and the 
underlying or innate differences which exist between summer 
and winter fleeces. 

Seasonal Effect On Fibre Diameter 

MARGOLENA (1974) showed a higher incidence of 
shedding during winter than in summer. This indicates a 
relative increase in non-productive follicles in winter. 
STAPLETON (1978) indicated a similar trend. He further 
showed that considerable seasonal changes occur in follicle 
activity, resulting in a substantial increase in fibre 
output in early spring when fibre diameter, length growth 
per unit time and the proportion of kemp reach a peak. A 
decline in output during autumn and winter when fibre 
diameter, length and the proportion of kemp decline and the 
number of dormant secondary follicles increases was also 
observed. 



DREYER and MARINCOWITZ (1967), MARGOLENA (1974) a 

STAPLETON (1978) pointed out seasonal differences in fibre 
diameter. Differences were quite small and seem to be 
related more to the age of animals. GEE and ROBIE (1973) 
showed that in kids the winter fleece (W) had a greater 
average diameter than the summer fleece (S). In young goats 
the W S ratio was 31.2 microns: 34.6 microns. In adult 

goats the W S ratio was 36.1 microns: 36.7 microns. 
The same authors point out that the variation of fibre 

diameter in winter clips is larger than in summer clips. 
This suggested a higher level of sensitivity to 

e nvi ronment a 1 factors duri ng wi nter. BASSETT and ENGDAHL 
(1968, 1969) conc1uded that fibre diameter is a trait more 
closely associated with age than seasonal influences. 
Additional stress of reproduction did not seem to affect 

fibre diameter (JONES et a1, 1935). STAPLETON (1978) found 
significant differences in fibre diameter along the fibre 

indicating a seasonal influence. 

Seasonal Effect On Fibre Length Growth 

Length growth rates are affected more by seasonal 
; nfl uences. Ouri ng wi nter, growth rates slow down 
considerably (STAPLETON, 1978). Thereafter in spring, 

shedding occurs. This indicates a termination of fibre 
growth followed by new growth. STAPLETON (1978) and RYDER 

(1978) s ed that low grade Angora and Angora crossbred 
goats shed their fleeces. Pure Angoras only tend to lose 
some of their fibres, depending on severity of environmental 
and nutritional factors (MARGOLENA. 1974 and STAPLETON. 
1978). DUERDEN and SPENCER (1927) claimed that only under 
extreme adverse conditions will pure Angora goats shed their 

fleece. This is emphasized by GALLAGHER and SHELTON (1972) 

who stated that in Angora goats fleece growth is of high 
priority and that on a maintenance diet the fleece will 
continue to grow at a significant rate and place the animal 

in a negative nitrogen balance. STAPLETON (1978) 
demonstrated an increase in fibre growth from mid to late 
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spring onwards and from mid summer on growth rates slowly 
decreased. 

Seasonal Effect On Kemp And Medullation 

DUERDEN and SPENCER (1927), DREYER and MARINCOWITZ 
(1967), RYDER (1978) and STAPLETON (1978, 1980) showed a 
relationship between season and the incidence of kemps and 
medullated fibres. Whilst DREYER and MARINCOWITZ (1967) 
stated that the lowest percentage of kemp fibres was found 
during spring, the trends found by STAPLETON (1978) suggest 
an active period of kemp growth in early spring and a 
possible further peak of activity in late summer. RYDER 
(1966) showed that in the southern hemisphere, kemps in 
goats grew in summer and shed progressively as winter 
approached, with a regrowth in the following spring. Thus 
the fleece can contain few kemps very early in spring and 
within a short period a large amount of kemps can become 
present. STAPLETON (1978) showed that the proportion of 
continuously medullated fibres decreased in late winter but 
increased in mid summer, due to the drop in the level of 
kemp. This summer peak of medullated fibres is in agreement 
with findings by DREYER and MARINCOWITZ (1967) and MARGOLENA 
(1974). RYDER (1966) however found a decline in medullation 
during mid summer. The same author stated that the kemp 
growth cycle of Angora X Saanen crosses is a simple one, 
with no secondary peak of growth in autumn. STAPLETON 
(1978) observed a secondary peak of medullation and kemp 
growth in autumn. However he could not statistically 
substantiate this observation. 

Seasonal Effects On Mohair Yields 

Mohair yield is affected by season. Winter clips in 
South Africa have higher yields than summer clips (UYS, 
1964). This was attributed to superior nutritional 
conditions during winter. These observations are supported 
by ROBIE et al (1972) and GEE and ROBIE (1973). POHLE et al 
(1972) showed lower yields for winter clips than summer 



clips in Texas. Similar trends were reported in Turkey 

(IMERYUZ et a1 1969, cited by STAPLETON, 1978). Stapleton 
(1978) showed a higher yield for summer grown mohair than 
winter grawn mohair. Yields averaged around 91% in 
Australia (CARR, 1971; ANSON, 1976; STAPLETON, 1978), 84% 

in South Africa (GEE and ROBIE, 1972) and 81% in Texas 
(POHLE et al~ 1972). BASSETT and ENGDAHL (1971) found 

higher than expected yield losses due to excessive vegetable 
matter. 



MATERIALS AND METHODS 
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MATERIALS AND METHODS 

III.l EXPERIMENTAL GOATS 

111.1.1 Type Of Goats 

Angora 

Class; 

experimental goats were 23, mixed aged le 
Goats, which had been designated as Grade A goats by 

ers of the Mohai r Producers I Associ at i on of Nev·; 
Zealand (Inc.). Criteria for grading animals incorporates 
Classifiers' assessments of breed type characteristics, 
conformation fleece quality and the growers I records of 
fleece weights. The 23 goats showed large variation in 
size, fleece type and general conformation. They were 

i dent ifi ed by coloured and numbered eartags. (Refer to 
Append; xL) 

Prior and during the trial the experimental animals 
were run as part of a commercial mohair producing and 

breeding enterprise. The goats were from the flocks of 
Messers i".Faulkner and J.Gunn. The property of Mr.Faulkner 
is situated at Sringfield (Kohwai Bush) in the foothills of 
the Southern Alps and comprises flat land. rolling downs and 
hilly country. The property of Mr.Gunn is situated 

Darfield (Homebush Road) in the Canterbury Plains and is 
entirely flat. The two properties are about 20 kms apart, 

and climate data from the closest meterological stations is 
presented in Table 2. 



Table 2. Climate Data From Da ield 
----------------------------------------------

! APR. 

IMAY 

jJUN. 

1 JUL. 
\AUG. 

lSEP. 
I OCT. 

lNOV. 
IDEC. 
!JAN. 
IFEB. 
IMAR. 

I APR. 

Stations (April 1981 - Ap 1982 

M" " ,Ihr, • N. 

20.0 7.8 

13.7 3.4 

10.7 3.2 

10.9 2.5 

9.7 1.5 

15.7 2.9 
18.4 7 

lELa STA • 
• 195 M. 

13.9 

8.6 

7.0 

6.7 

IN 

36 

105 

72 

5.6 1 

9.3 22 

12.1 91 

19.5 7.8 13.7 56 

22.9 11.7 17.3 

24.9 10.5 17.7 29 

25.7 10.6 18.2 17 
23.1 9.6 16.4 11 

16.2 4.5 10.4 66 

DP.YS 

9 

7 

17 

15 

16 

5 

9 

10 

8 

8 

7 

14 

I 

57 

76 

52 

78 

33 

90 

99 

74 

67 

32 

25 

71 

.TORLESS 

6 

8 

11 

7 

* 
6 

8 

11 

9 

6 

7 

12 

Source: Compiled by author f-r{)ffi~meterological tables in 

Supplement to the New Zea1and Gazette June 1982 

For convenience and optimal pasture use, it is 
standard practice for Messers Faulkner and Gunn to run some 
of their goats together. At the commencement the trial. 

on 22 April 1981, all ~urebred goats were being run on the 

- property of Mr.Faulkner. The selected experimental goats 

were distinctively identified and set stocked together th 
other non-experimental goats. On 16 September 1981 1 the 

trial goats were separated into a single ock and then set 
stocked on the property Mr.Gunn. They were managed in the 
same way as all other goats on this property. Set out in 
Fig.l is the adopted management plan. Whilst on the 



property of Mr.Faulkner the experimental goats grazed all 
day and were supplemente,d with hay daily and occasionally 

with "sheep nuts ll
• Climate conditions were favourable, with 

good pasture growth. This same eding scheme was continued 

on the property of Mr.Gunn until 2 December 1981. 
Thereafter, due to dry weather conditions, pasture quality 
declined and the animals were supplemented with wheat and 
hay twice daily until the end of the trial. 

Figure 1. Management Plan of Angora Goats During Trial 
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I 
I Shearing (21.10.81) 

1 

1 

I 
1 

pregnancy lac. 

Shearing (7.4.82) 

I 

I++++++--------------~~~~~~~~~~~~~I I I I t I fit' I '+++++1 

Itumn winter spring summer au-I 

---1---1---1---1---1---1---1---1---1---1---1---1---1--
1234567 

M J J J A S 0 

8 9 10 11 12 13 
N 0 J F M A 

SAMPLING DATE / MONTH 

The does were run with the buck for 6 weeks from the 

11 May 1981. One buck was used to mate approximately 30 
does. 

S aring was on 21, October six to eight weeks later 

than usu to allow study of effects of shedding. The 

animals were shorn again at the end of the trial on 7 April 

1982. 



ma:s were dip once on the 16 Dec 
aution against lice- The goats were 

four weeks. When necessary of 

s were pared. 
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111.2 SAMPLING METHODS 

l1I.2.1 Weighing Of Goats -----------------

A small "walk-through" set of scales was used to 
gh all goats every 14 days, commencing on the 22 April 

1981 (Refer to Appendix 2). Weights were recorded up to the 
nearest 0.5 kilogramm. Corrections were applied for 

conceptus weight and fleece growth increment during the 
t ri al. 

111.2.2 Sampling Of Mohair ------------------

Sampling of mohair was carried out every 28 days, for 
13 successive sampling dates. Sampling commenced on the 22 

April 1981 and ended on the 7 April 1982 (Refer to Appendix 
2) • 

Figure 2. Sampling Positions Used During Trial 

------------------------------------
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Mohair was sampled from five body positions (Refer to 
Fig.2); right midside, neck, back, rump and belly. The 
midside was defined according to TURNER (1956), 
appproximately one hand span ventrally off the backbone, 
with the rear margin of the 10 x 10 cm midside patch area 
over the last rib. A wire grid of 10 x 10 cm was used for 
the primary determination of the midside patch size. The 
fibres within the grid and all subsequent samples were 
removed with an "Ostern small animal clipper Mod. A5-00 
using a Nr.80 size 30 cutter head (Refer to Plate 1 and 3). 
After the first sampling using the grid the midside patch 
was recognised by the different fibre lengths between those 
grown on the midside patch (28 days growth) and surrounding 
fibres (Refer to Plate 2). On 6 September 1981 a strong 
shedding was observed, which necessitated delineating the 
midside patches by tattoo marking the corners. Tattoo 
marking also enabled ready location of the sampling site 
after the animals had been shorn. At shearing a "wall" of 
mohair was also left around the patch site to distinguish it 
(Refer to Plate 5) 

Samples taken from the neck, back, rump and belly 
were from the same site each sampling date, although no 
emphasis was placed on boundary accuracy as samples were 
only to yield qualitative data. 

The use of the qye-banding technique to measure fibre 
growth rates, (CHAPMAN and WHEELER, 1963; WILLIAMS and 
CHAPMAN, 1966; WHEELER, HEDGES and MULCAHY, 1977 and 
HAWKER, pers. com. 1978) was adopted. The qye, a solution 
of 1 ml DURAFUR BLACK diluted with 100 ml of destilled 
water and 6 ml of a 30% Hydrogen Peroxide solution was 
applied with a pipette, creating an approximately 10 cm line 
on the skin of the left midside area. The qye was allowed 
to dry for approximately 2 minutes. This was repeated 
during the first four sampling dates on the same site, so as 
to dye the same staples each time. Thereafter the technique 
was modified by retaining a staple of the left midside in a 
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snippet of 0.5 cm rubber hose. The snippet was pushed down 

the staple as close as possible to the skin; the dye was 

then inserted into the hose snippet. 

11I.2.3 Sampling Of Skin Sections 

At the beginning of the trial a left mid-side skin 

section from each goat was taken. During the trial further 

skin samples were taken from various body positions and at 

various sampling dates depending on whether obvious changes 

in fleece growth behaviour were visible. Skin sampling was 

kept to a minimum because of the high value of the animals 

(Refer to Appendix 3.). 

The area was closely clipped before skin samples were 

excised using a biopsy punch of one centimeter diameter 

(CARTER, 1939; DREYER and MARINCOWITZ, 1967). The "plug" 

of skin was removed from the underlying tissue by means of 

sharp scissors. 
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111.3. JUSTIFICATION OF THE MIDSIDE SAMPLING SITE ------------------------------------------I N ANGORA GOATS 

The midside patch sampling site is the standard site 
for sampling wool to determine the average characteristics 
of the fleece (SPENCER, HARDY AND BRANDON, 1928; POHLE and 
SCHOTT, 1943; POHLE, WOLF and TERRIL, 1943; POLE,HAZEL and 
KELLER,1945; TURNER et al, 1953; LOCKART,1954; DALY and 
CARTER, 1956; BEATTIE and CHAPMAN, 1956; TURNER, 1956; 
BIGHAM, 1974). Other work however, shows that there is a 
high correlation between the characteristics of the upper 
shoulder and those of the overall fleece (YOUNG and CHAPMAN, 
1958) • 

In the mohair fleece, due to the large variation in 
fleece characteristics, fibre shedding and kemp growth some 
doubt as to the validity of the midside patch has been 
expressed (GIFFORD, 1981; MCGREGOR, pers. com. 1982). 

Resu 1 ts from work ca rri ed out by JONES et a 1 (1935) , 
VENTER (1959), ENGDAHL and BASSETT (1971) and STAPLETON 
(1978), indicated that the lower neck has the coarsest and 
longest mohair and that the finer and shorter mohair can be 
found on the back and rump. Clean yield appeared to be 
similar on the neck, midside and britch (ENGDAHL and BASSET, 
1971), whereas STAPLETON (1978) showed a yield decline from 
anterior to posterior body positions. The percentage 
medullation was significantly higher in the britch and belly 
positions than on the midside and back positions (ENGDAHL 
and BASSETT, 1971). UTKANLAR and IMERYUZ (1959) noted no 
Significant difference in the percentage of medullation and 
kempy mohair fibres between the shoulder, ribs and thigh 
region. GIFFORD (1981) gave recommendations for sampling on 
Angora goats and favoured the midside patch sampling 
position over a compound sample of three subsamples from 
different body positions because: 

1) The weight of research work shows that the 
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midside patch yields inte iate values for fleece 

characteri st i cs. 

2) A single sample reduces sampling error. 
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lI1.4 LABORATORY TECHNI ES 

111.4.1 Study Groups fic. ma~s 

To facil Hate a evaluation all tria' 

grouped into four study 

Study Group 1. - all goats that bore r 

kids 

Study Group 2. - all goats that bore single 

kids 

Study Group 3. all goats that re~ai 

Study Group 4. - all goats that were not 

mated (young goats) 

Det ailed data uation was carried out on four 

specific animals. These 
study groups 1, 2 and 4. 

2 animals was ommitted. 

goats were chosen to 

Study group 3, comprising of 

resent 

only 

Animal Y7 repesents dy group I, 

animal Y5 represents dy group 2, animal G49 res ent s 

study group 4. Animal R7, from study group 1 was included 

to show the large variability amongst the trial animals. 

111.4.2 Mohair Samples 

All Mohair 

e nvi ronment room 

16%, (VON BERGEN, 

samples were 

at 20 deg.C 

1963). All 

stored in a controlled 

and 65% RH, i.e a regain of 

consequent weighings were 

carried out under these conditions. 
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111.4.2.1 Fractionation Of Mohair Samples 

All midside patch samples were weighed to four 

decimal places on a METTLER ACI00 balance. This degree of 

accuracy was sought because of the extremely low weight of 

some samples. These were fractionated in a Soxhlet reflux 

system using petroleum ether (SHELL X4) as a solvent, 
according to the method described by DALY and CARTER (1954). 

The samples from the first sampling date were subjected to a 

full fractionation to establish grease content, suint 

content, solvent extractable dirt and residuals and water 

extractable dirt and residuals. For subsequent 

fractionatio~s suint content was calculated by subtraction. 

Rather than cellulose thimbles, reusable aluminium thimbles 

were used, which had solid walls and a base made of 114 

micron gauze. The quantity of foreign material in the 

samples was estimated by the change in weight of filter 

pads, type EKWIP 0-0, when the petroleum ether and water 

washings were filtered prior to evaporation. 

After soxhlet extraction, the samples were washed 

four times in lukewarm water. For samples from the first 

sampling date the washings were kept to determine the suint 
content. Samples were dried for ten hours, whilst still in 

the aluminium thimbles, using a "GOLDAIR" Hodel CELCIUS 
02-TL household heater set at 20 O-eg.C. The samples were 

then conditioned prior to reweighing. 

111.4.2.2 Fibre Diameter Measurement On The Projection 
--------------------------------------------
Microscope 

Fibre diameter measurements on the projection 

microscope (PM) were undertaken on the mid-side patch 

samples of sampling dates 1, 5, 8 and 11 for all 23 trial 

goats. Measurements of the mid-side patch samples of all 

sampling dates were carried out for animals Y7, Y5, G49 and 

R7. PM measurements were also carried out on the neck, 
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back, rump and belly samples of these animals taken on 
sampling dates 4, 7, 10 and 13. The measurements were 
carried out using a REICHART projection microscope and a 
magnification of SOOX. 

The projection microscope method is generally 
accepted as the most accurate technique for determining 
fibre diameters (ANDERSON and PALMER, 19S1a; 19S1b; 
PALMER, 19S1; ANDERSON and BENSON, 19S3; KRITZINGER, 
LINHART and VAN DER WESTHUYZEN, 1964). The preparation of 
fibres and slides and the adopted measuring procedure was in 
accordance with the recommendations set out in I.W.T.O - 8 -
60(E) (1961). One hundred fibres of each sample were 
measured. 

111.4.2.3 Fibre Diameter Measurements With The Fibre Fineness 
---------------------------------------------------Distribution Analyser 

Mohair samples were measured on the C.S.I.R.O Fibre 
Fineness Distribution Analyser (FFDA), located at the 
Whatawhata Hill Country Research Station. With a leather 
punch mohair snippets of approximately 1.S - 2.0 mm length 
were cut and then washed in petroleum ether before 
measuring. Measurements of approximately SOD fibres were 
carried out according to the routine procedures described by 
LYNCH and MICHIE (1976). The FFDA machine used was 
programmed with the low range of measurement of 0 - 60 
microns (A high range programme, 0 - 160 microns is 
available according to the Instruction Manual but no 
personnel in New Zealand could reprogramm the FFDA to this 
range). Results were printed out on a tele-type machine and 
recorded. Histogramms of all sampling sites for animals Y7, 
YS, G49 and R7 on sampling dates 4, 7, 10 and 13 were 
recorded. 
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111.4.2.4 Fibre length asurements 

Fibre length measurements were undertaken on midside 
patch samples taken on sampling dates 1, 2, 4, 5, 7, 8, 10, 

11 and 13 for all animals. For animals Y7, Y5, G49 and R7 
measurements were taken for all samples. Fibre 

lengths were determined by a projection method based on 
CHAPMAN (1960) and modified to suit the particular 

circumstances of this experiment. A random sample of 
approximately 50+ fibres was taken from the midside sample. 

The sample was covered with a cardboard with six randomly 
spaced holes. Mohair was extracted from the sample through 

the holes. This IIcomposite sample ll
, after mixing, was 

continously halved until approximately the required number 

of fibres were held. These fibres were evenly distributed 
on a 5cm x 7cm slide and held in place by a second slide of 
similar size. The prepared slide was placed in a 
photographic enlarger (HANSA enlarger; lens size: 1:3.5 

f=75mm) and the image of the fibres projected on to a sheet 
of paper. Measurement with a stage micrometer showed that 
spherical abberation was negliable. Adjusted to its full 
height the enlarger projected the fibres 6.7 times their 

actual length. The images of the fibres were traced and 
then measured with a conventional curvimeter (map-reader) 
(Refer to Appendix 4). Lines shorter than 15mm were not 
measured. was assumed that such small fibres (actual 

length aprox. 2mm) were a result of second cuts, BUTLER 
(1978). The measured results were then divided by 6.7 to 

give the actual fibre length in mm. 

111.4.2.5 Measurement Of Medullation 

Medullation was recorded by projection microscope on 

the mi i patch samples from all sampling dates on goats 
Y7, Y5, 9 and R and on the neck, back, rump and beily 
samples harvested on sampling dates 4, 7, 10, 13. 
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The percentage medullation was ca cule,:; c as 

number fibres containi medulla 1'e1 ive"CD a 1! -fibres 

observed. The met of measuri me d Li 1 ~ t ion c allow 

a relationship between and 1e a, degree or 

to es 1 i s 5 were no: 

medullated fibres. THEURER (1978). A range 

different types of medullation were oDse, 

apparently 

(R f 

PI ates 8, a 
./ . 10) ~ C" • 

..:>1 lar serv io~s were reCJrae~ 

HARDY (1927) and HIRST and KING (1926) and pear to result 

from medulla affecting the passage light in di rent 

ways under the microscope. 

1II.4.3 Skin Samples 

I1I.4.3.1 Preparation Of Skin Samples 

After storage in 10% neutral forma1in the skin 

sections were dehydrated in 50% alcohol~ 70% alcohol and 

dioxan solutions. Sections were further cleared in a 

Toluene/Terpineol solution prior to i mpregnat i ng and 

blocking in Watermann's Wax. The blocks were cut on a 

rotary mi crotome (SPENCER "820 11 Microtome) to obtai n 8 

micron thick, horizontal sections. These sections were 

mounted on slides and stained with a tri-colour method 

developed by the Wool Science Department, Lincoln College, 

Canterbury from a combination modification of the Allochrome 

Procedure and Edward Gurr's Fuchsin Fast Green FCF 

~€Chniques, AITKEN (pers. com. 1982). 

111.4.3.2 Measurement Of FolliCle Ratios 

Usi ng a modifi ed projection microscope (WATSON) and a 

magnification of 140X the images of the prepared sk in 

sections were projected on a sheet of paper. After 

establishing the "error of measurement II, . the number of 

follicles in 9 groups were counted and differe i ally 
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recorded as primary and secondary follicles. The SIP ratio 

was established by simple division (Refer to Appendix 5). 

111.4.4 Statistical Analysis 

Owing to the extremely large variation in mohair 

characteristics within and between animals, coupled with the 

small number of animals per treatment group. the use of 

statistical analysis was not always practical. Statistical 

analysis often showed non-significant differences. whereas 

biological trends were evident. 

The analyses of variance were performed using the 

GENSTAT V MARK 4.03 statistical package prepared by the 

LAWES AGRICULTURAL TRUST - ROTHAMSTEAD EXPERIMENTAL STATION. 

The relationships between various characteristics were 

examined by establishing correlation and regression analysis 

using the MINITAB Statistcal Package prepared by the 

Statistics Department of the Pennsylvania State University, 
RYAN, JOINER and RYAN (1981). Differences between means 

were tested using a twosample-t-test, RYAN et al (1981). 

Differences between regression coefficients were tested 

according to SNEDECOR and COCHRAN (1967). 



RESULTS 



SULTS 

IV.1 BODYWEIGHT OF TRIAL GOATS 

The livewe;ghts of the trial goats taken every 28 
days have been tabulated (Refer to Appendix 7.) and the 
means of each study group plotted in Figure 3. These 

liveweights have been corrected to true bodywe;ghts by 

deducting weight increments for the growing foetus ( SCOTT, 

LAMONT, SMEATON and HADSON, 1980) and fleece ( r to 

Appendix 7. and 8.). The 28 day growth of the midside 
patch. expressed as a percentage of the total midside patch 
growth throughout the trial was related directly to t 

fleeceweight to calculate monthly growth increments. A 
correlation between greasy fleeceweight and greasy 
patchweight of r = 0.632 ** was established. The seasonal 
differences between liveweight and bodyweight for the means 
of each study group ;s shown in Figure 3. 

Set out in Table 3. are the differences in mean 
bodyweight between the four study groups. 
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Table 3. Seasonal Differences In Mean Bodyweight 
---------------------------------------
Of Study Group$ 1,2,3 and 4. (In Kg) 

SAMPLING DATES 

IST.GROUPS I 1 I 2 3 141 5 I 6 7 I 

ISG1/SG2 

ISG1/SG3 

I SG1/SG4 

ISG2/SG3 

ISG2/SG4 

ISG3/SG4 

1 5.23 5.60 4.74 4.55 2.40 1.64 2.281 
1 8.00 8.20 10.73 10.95 6.67 4.49 5.681 

121.02 20.29 19.40 19.55 15.18 12.59 13.481 

1 2.77 3.14 5.99 6.40 4.07 2.85 3.401 

115.79 15.23 14.66 15.00 12.78 10.95 11.201 
113.02 12.09 8.67 8.60 8.71 8.10 7.801 

SAMPLING DATES 

IST.GROUPS I 8 9 I 10 I 11 I 12 I 13 I 
------------------------------------------------------
ISG1/SG2 1-0.45 0.95 0.59 1.27 1.47 0.61 

ISGl/SG3 1 0.73 -0.94 -0.21 1.56 1.81 0.49 

ISG1/SG4 I 7.02 7.78 7.65 8.00 8.79 7.43 

ISG2/SG3 1 1.18 -1.89 -0.08 0.29 0.34 0.12 

lSG2/SG4 1 7.47 6.83 6.97 6.73 7.32 6.82 

ISG3/SG4 1 6.29 8.72 7.77 6.44 6.98 6.94 

------------------------------------------------------

There is an obvious trend of bodyweight differences 

declining towards the end of the trial. Noteworthy are the 

mean bodyweight differences between the study groups 1, 2 

and 3 at sampling date 2 (Tupping time). Animals which 

produced twins were on average 5.60 Kg heavier than those 

which produced single kids and 8.20 Kg heavier than animals 

from study group 3. 

The overall average bodyweight of goats from study 

group 1 was 34.39 Kg. Animals from study group 2 averaged 

32.17 Kg. The two dry animals averaged 29.82 Kg and the 
young goats averaged 21.5 Kg. 



'~ht And Fl eece 
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~,:la;-~cte stlCS 

~sing secSGlla a in bodywei as an 
i eator availabili it was possible estimate 

C~ fleese ion cha eristics. 
Set out in Table 4~ are the corre;ation end sion data 

production between the and fl eece 
cha rccteri st i cs 

bodywei ghts 
goats Y7, Y5, and R7. 

Table 4. Correl ion And Regression Data Between Bodyweight 
--------------------------------------------------And Fleece Characteristics Goats Y7. '. --------------------------------------Y5. G49 And R7 

----------------------------~--------------------------------

Average Average 
I Clean Mohair Pro.l Fi bre ngth 1 Fi bre Di ameter I 

I Gt. No·1 rib I r b I r b 

Y7 0.774** 27.20 0.851** -1. 7 0.622* -8.83 
Y5 0.064NS 31. 70 0.676* .6 0.683** 52 

G49 0.890** 10.80 0.496NS -2.8 0.649* -1.90 
R7 0.187NS 36.00 0.825** -0.8 -0.155NS 1.49 

-------------------------------------------------------------
!Gt.No Number of Fibres % Medullation I 
I UnitJArE;:a I 
I r b r b J 
-------------------------------------------------------------

Y7 0.735** 183132 -0.391NS 2.72 

Y5 o .121NS 30575 0.277NS 1. 56 

G49 0.601* 71590 0.615* 2.25 

R7 0.107NS 12561 -0.354NS 1.31 

-------------------------------------------------------------
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Depicted in Figures 4a-d. are the seasonal trends of 

bodyweights, clean scoured mohair production, average fibre 
length, average fibre diameter, number of fibres per unit 

area and % medullation for goats Y7, Y5, G49 and R7. Though 
not in unison, the production characteristics basically 
follow the same seasonal trends as the bodyweights. The 
following results are derived from Figures 4a-d 

The lowest bodyweights of animals Y7 and R7 
were recorded on sampling date 6, 28 days later than the 
lowest weight recorded for animals Y5 and G49 which had one 
and no kids respectively. 

From sampling date 9 onwards a higher level of 
bodyweight was achieved and maintained until sampling date 
11. Animal G49 showed an increasing trend in bodyweight 
until the end of the trial. On sampling date 12 an 
unusually high body weight was recorded for all animals. 

Set out in Table 5. are the time differences 
in days between the lowest bodyweight recording and lowest 
fleece characteristic recording and vice versa. A /1+/1 

denotes before, a /I_II denotes after the lowest/highest date 
of bodyweight recording. 
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FIGURE 4c. SEASONAL TRENDS IN BODYWEIGHT, CLEAN MOHAIR PRODUCTION 
AVERAGE FIBRE LENGTH, AVERAGE FIBRE DIAMETER. NUMBER 59 -
OF FIBRES/UNIT AREA AND PERCENT MEDULLATION FOR ANIMAL G49 
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Table 5. Number Of Days Before (+) And After (-) Fleece 
----------------------------------------------
Characteristics Reach Seasonal Minimum And 
------------------------------------------
Maximum Values Relative To Lowest and Highest 
---------------------------------------------Bodyweight . 

I Mi ni mum Recordi ngs I 
I---------------------~-----------------------------I 
I 
I Goat 

I Numger 

Y7 
'(5 

G49 
R7 

IClean IFibre IFibre INumber 
IMohair ILength IDiameterlof 

I Produc. I I I Fi bres 

1. a -56 a -28 

I -56 -84 a -56 

I a 0 -28 -56 

I a +28 a -56 

Maximum Recordings 

I Percent I 
IMedulla·1 

I I 

0 

-28 

-28 
0 

-----------------------------------------------------
Y7 -56 -28 0 -84 +28 

Y5 -28 -84 -28 a a 
G49 -28 -28 -28 a +56 

R7 +28 a +28 +84 +28 

On the whole the lowest and highest fleece production 
values follow or coincide with the highest seasonal 
bodyweights. Medullation peaks occur prior to body weight 

maxima. 
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IV.2 SEASONAL MOHAIR PRODUCTION 

Set out in Appendix 10 are the recorded fleeceweights 
of all goats from the shearings of 21.10.81 and 7.4.82. 

There is a large between animal variation. 

Tabulated in Appendix 11 and 12 are the greasy and 
clean scoured weights of mohair harvested from the midside 
patch of all goats. Plotted in Figures Sa and 5b are the 

mean midside greasy and clean scoured patch weights for the 
four study groups. Greasy and clean scoured sample weights 

. follow each other in close unison. Set out in Table 6 are 
statistics describing this relationship_ 

Table 6. Correlation And Regression Data Between Greasy And 
Clean Scoured Mohair From The Midside 

Stat i st; cs 
I St. Group r b 

-------------------------------
I St. Group 1 0.999** 0.049 

I St. Group 2 0.977** 0.113 

I St.Group 3 0.981** 0.343 

I St.Group 4 0.999** -0.094 

For all animals a correlation of r = 0.632** was 
established between greasy midside patch production and 
fleece weight and between clean scoured midside patch 

production and fleece weight a correlation of r = 0.648** 
was calculated. 

Animals which were not under reproductive stress 

attained minimum mohair production at the beginning of 
winter (Sampling date 6) and maximum mohair production in 
summer (Sampling date 10 for dry animals and Sampling date 9 
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for young goats). Animals under reproductive stress reached 
a production minimum in spring (Sampling date 6 for study 
group 1 and Sampling date 7 for study group 2). Production 

maximum was in summer, study group 1 reached a maximum 28 

days later than study group 2 on sampling date 10. 

Table 7 summarises results gained from Analysis of 
Variance (AoV) on the data of clean scoured mohair 

production. Study group 1 responded differently from the 
other groups. It showed the largest influence due to animal 

variation as well as the the smallest influence due to 
seasonal vari ation. It was the only group to which a cubic 

polynomial could be distinctively fitted. 

Table 7. Summary Of AoV Data On Clean Scoured Mohair 
-------------------------------------------
Production From The Midside (All Figures in %) 
----------------------------------------------

I Vari at. I Vari at. I Unaccount. I Li n. I Qua. I Cub. I Devi at. I 
IStudyldue to idue to Ifor ICurvelCurvelCurvel 1 

IGroup!AnimalslSeason IResiduals 1 I I I I 
------------------------------------------------------------

1 128.22** 48.87** 22.90** 7.56 0.02 28.08 11.57 

2 I 3.56** 75.65** 20.79** 15.63 21. 79 19.98 3.46 

3 I 9.26** 79.92** 10.82** 21. 78 25.82 20.51 2.24 

4 I 4.59** 74.89** 20.52** 11.22 25.18 19.61 4.55 

Tabulated in Appendix 13 and plotted in Figure 6 is 
the seasonal production of clean scoured mohair from the 

midside patch, expressed as a percentage of the total 
production of the patch throughout the trial. Complementing 
Figure 6 is Table 8 which shows the percentage mohair 
produced within each season and during pregnancy and 
1 actat ion. 
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Table 8. Clean Scoured Mohair Production (Midside Patch) -----------------------------------------------For Each Season 
---------------(Expressed as % of Total Production) 
------------------------------------

----------------------------------------------------------
Season/Sampling Date 

I St. Group I Wi n. I Spr. I Sum. I Aut. II Preg. I Lact. I 
I I 2-5 I 6-8 I 9-11 I 12-1 II 2-6 I 7-8 I 
----------------------------------------------------------

St.Gr. 1 25.05 9.05 36.17 31.50 27.42 6.65 
St. Gr. 2 23.48 9.36 36.56 30.00 25.00 7.83 
St. Gr. 3 17.28 23.86 36.62 20.95 22.48 18.66 
St.Gr. 4 21.11 22.76 33.04 19.66 25.97 17.90 

Minimum production of clean scoured mohair from the midside 
is in spring for animals under reproductive stress. The 
minimum for animals which remained dry was in winter; for 
the young animals it was in late autumn. All animals 
reached a production maximum in summer. 

Rather than a summer: winter ratio, normally used 
to express the amplitude of seasonal rhythm of wool 
production, the amplitude of seasonal mohair production is 
best discribed for: 

Study Group 1 
Study Group 2 
Study Group 3 
Study Group 4 

Maximum 
Maximum 
Maximum 
Maximum 

Minimum Ratio 6.74 
Minimum Ratio 9.20 
Minimum Ratio 6.39 
Minimum Ratio 2.84 

Differences in clean scoured mohair production 
between study groups are quite small, and confused by the 
small number of animals in each group. However differences 
in production during lactation are quite evident, with 10 -
12 % less mohair grown during lactation. 
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IV.2.1 Seasonal Production Of Grease And Obtained Yields 

As depicted in figure 5. 

follows the seasonal mohair 

the production of 

(midside) production 

grease 

quite 

closely for mature animals. for animals under reproductive 
stress minimum grease production coincides with minimum 

mohair production. for dry goats, minimum grease production 
preceeds minimum mohair production by 28 days. Grease 
production increases as mohair production increases, but 

there ;s no close unison between the two parameters in 

attaining a production maximum. 

In the case of young goats, production increases 

until mohair production has reached a minimum, thereafter it 
declines to reach a minimum 56 days later, prior to 

increasing to a maximum 28 days after maximum mohair 
product ion. The rel evant data fO,r grease product i on have 

been tabulated in Appendix 14. 

The yield of each midside patch (the weight of clean 
scoured patch expressed as a percentage of greasy patch 

weight) is tabulated in Appendix 15. The yield means of 
each study group for each sampling date have been plotted in 
Figure 7. A seasonal trend in yield is evident, with the 
lowest yields recorded in winter; the minimum yield for 
study group 1 being 28 days later than the minimum yield for 
the other study groups, which all coincide on sampling date 

5. The maximum yields for all mature goats coincide on 
sampling date 12, whereas the maximum yield of the young 
goats is on sampling date 2. The largest variation in 
amplitude is for animals of study group 1, followed by 

animals of study groups 2, 3, and 4 respectively- The 

overall average of yields for each study group is expressed 
in Table 9. 
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Table 9. Yields of Winter and Summer Fleeces of Trial 
G~;t~---(Aii-Figu;es-in-i)------------------

I St. Group 

I 

St. Group 1 
St. Group 2 
St.Group 3 
St. Group 4 

Season/Sampling Dates 
I Winter I Summer I Difference I 
I 1-7 I 8-13 I I 

86.16 89.13 2.97 
86.14 89.61 3.47 
92.44 92.17 0.27 
94.87 92.16 2.71 

Yield differences between the winter and summer 
fleece are minimal. Animals under reproductive stress have 
a higher yielding summer fleece, whereas non reproductive 
animls have a higher yielding winter fleece. 
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IV.3 EECE CHARACTERISTICS 

.IV.3.1 Fibre Diameter Measurements Of Midside Patch Samples 
----------------------------------------------------

The results for all fibre diameter measurements of 
the midside patch measured on the projection microscope are 
set out in .Appendix 16. Calculated data of the 

corresponding 
variation (CV) 

Appendices 17 

cross-sectional areas and coefficient of 
values of fibre diameter are exposed in 

and 18. Plotted in Figure 8 and 9 are the 
average fi bre di ameter recordi ngs, cross-sect i ona 1 area 
calculations and CV values for animals Y7, Y5, G49 and R7. 

For animals Y7, Y5 and R7 there is a steady decline 
in average fibre diameter (and cross sectional area) until 
sampling date 6. Thereafter average fibre diameter 
increases sharply_ For animal G49 the finest fibre diameter 
was recorded on sampling date 4. A slight increase was 
observed until sampling date 6; thereafter a sharp rise in 
average fibre diameter occurred. Similarly there was a 
marked increase ; n CV values for all four ani rna 1 s from 
sampling date 6 onwards. The ;ncreses in average fibre 
diameter of animal R7 is very marked, this animal reaching 
its maximum average fibre diameter by sampling date 8. 
Thereafter there is an equally marked decrease in average 
fibre diameter. After the initial sharp rise in average 
fibre diameter for animals Y7, Y5 and G49, this rise 

continues, though not so markedly until a maximum is reached 
by sampling date 9 (animal Y5) and sampling date 10 (animals 
G49 and Y5). 

An Analysis of Variance was carried out on the data 
of fibre diameter measurements attained for all goats. The 
results are depicted in table 10. 
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1able • Analysis of Variance of Averag~ ~itre Di2~2ter 
of dy Grou 1, 2;. 3 

v atior!l 
,. I 

at 1 on \ count 

\Stu \due to Idue to 
p jl\ni ma 1 s ! Seas on lResi als 

~(")c,. .69% .81% .l. .:JUk 

2 11.06% 45.49% 42.45% 

23.70% 41.3 35.00% 
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'i r:_ ~7 I .... - , -
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32~49 

Set out in Fi gu res 10a-d are hi ore 

diameter distributions for animals Y7. Y5, G49 and R7. They 

are based on midside patch samples harvested on sampli 
dates 4, 7, 10 13 and illustrate t sign1 cance CV 

value record; 

reas most bres are distributed around an avera 
with atively little variation, a fi bres are 

distinctively coarser than this average. These coarse 

fibres are most predominant in spring a least predominant 
in wi nter. 

IV.3.2 bre Diameter Measurements Midsi ,Neck, 
Back, Rump And Belly Samples 

Tabul ;n Appendix 19 and are avera 

diameter 
goats Y7, 

measurements and the 
, G49 a R7 for 

corresponding CV 

dsi neCK, 

bre 

ues of 

rumn 

and ly samples harvested on sampli dates 4, 7 10 a 

13.These values have been plotted in Fi gure 11a-d. The 

average fibre diameter and corresponding values these 

ve been recalcul omitting fibres whi s amp 1 es 

conta; medul1at ion. These results are ented in 

Appendix 21 a 22 and are plotted in Figures 12a-d. 
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results can be summarised as follows: 

- For animal Y7 

From a relativly low average fibre diameter on 
sampling date 4 for all body positions, the average fibre 
diameter rises sharply to reach a maximum at sampling date 
7, except for the midside pOSition which reaches a maximum 

at sampling date 10. This rise is most vivid un the rump 
position and least expressed on the midside position. 
Whereas an increase in average, fibre diameter ;s obvious 

from sampling dates 7 to 10 for the midside all other 
positions show a decline. This decline continues for all 
body positions from sampling date 10 to sampling date 13. 

The CV values for each sampling follow the same trend 
as the average fibre diameter, with the exception of a 

decrease in CV value from sampling,date 7 to 10 for the 
midside and a rise in CV value from sampling date 10 to 13 
for the be 11y sample. 

Recalculating the average fibre diameter and CV 
values ami ing medullated fibres decreases these results as 
well as the amplitude of change between sampling dates. 
This does not alter the trend in average fibre diameter 
changes, except for the back and belly samples. Rather than 
observing an increase in average fibre diameter between 

sampling dates 4 and 7 a decrease is observed, followed by 
an increase between sampling dates 7 and 10, except for the 

neck sample. 

CV values increase from sampling date 4 to sampling 
date 7, except for the midside sample; where a decrease 

followed by an increase from sampling date 7 to 10 is 
observed. Otherwise the CV values decline from sampling 
date 7 to sampling date 10. Except for the belly sample, 
the CV values decrease from sampling date 10 to 13. For the 
belly sample an increase is observed. 



- For animal Y5 

A se in average bre diamete, r: Samp!l 

dates 4 and 7 can be observed. a 

Gec~ease between sampling dates 7 a 

mi i de a bel positions which show a continued increase. 

;',D.:rt from the back sample there is a rther oecrease 

es 10 and 13. 

CV values all increase from s date 4 

s ling date 7. Thereafter a decrease occurs between 

sampli dates 7 and 10, which continues until 5 ling date 

13. The largest changes in average bre diameter and 

corresponding CV values between sampling dates occurs on 

neck and rump, the lowest on the midside. 

Recalculated average fibre diameter reco ings and CV 

values (omitti medullated fibres) show a decrease in 
average fibre diameter between sampling dates 4 and 7 

followed by an increase between sampling dates 7 and 10 for 

all positions. Except for the back the average fibre 

diameter decreases between sampling dates 10 and 13. 

CV values rise between sampling dates 4 and 7, then 

decline between sampling dates 7 and 10 on all body 

positions. CV values drop between sampling dates 10 and 13, 

except for the neck sample, which shows a small increase. 

Omitting medullated fibres in the calculation 

generally reduces average fibre diameter, CV values and 

ampl Hude of seasonal vari ion. 

- For animal G 

For the belly and midside s~mple there is a decrease_ 

in average fibre diameter between sampling dates 4 and 7 

followed by an increase between sampling dates 7 and 10. 

The other body positions show an increase between samp1ing 
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dates 4 and 7 which continues on to sampling date 10. 
Average fibre diameter decreases on all body positions 
between sampling dates 10 and 13. 

The.CV values for all body positions increase between 
sampling date 4 and 7. Thereafter they drop between 
sampling dates 7 and 10. Except for the belly sample all 
samples show a decrease in CV value between sampling dates 
10 and 13. 

Lower values of average fibre diameter and CV are 
obtained when omitting medullated fibres in the calculation. 
The trend of increasing fibre diameter remains for the 
midside, neck and back between sampling dates 4, 7 and 10. 
The belly sample shows the same trend as prior to the 
recalculation; the rump sample shows a slight decrease 
between sampling dates 4 and 7 prior to an increase between 
sampling dates 7 and 10. Average fibre diameter decreases 
on all body positions between sampling dates 10 and 13. 

Except for the belly samples, there is a decrease in 
CV value between sampling date 4 and 7. Changes between 
sampling date 7 and 10 are very small, except for the belly. 
Whereas the neck and back show a slight downward trend the 
other body positions show a slight upward trend between 
sampling dates 7 and 10. All body positions showed a 
decrease in CV value between sampling dates 10 and 13. 

- For animal R 7 

An increase in average fibre diameter and CV values 
can be observed for the neck and back samples between 
sampling dates 4 and 7. Thereafter a decline in average 
fibre diameter between sampling dates 7 and 10 for the neck 
and an increase for the back sample can be observed. CV 
values decline for both the neck and back samples between 
sampling dates 7 and 10. Average fibre diameter rises 
between sampling dates 10 and 13 for the neck and belly 
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samples. The other samples behave inversely. The CV values 
of the midside, back and belly samples drop between sampling 

dates 10 and 13, whereas for the other positions it rises. 
Further trends are lacking because midside, rump and belly 

samples from sampling date 7 and the midside sample from 
sampling date 4 were so small to preclude analysis. 

Omitting medullated fibres, the average fibre 

diameter for the neck and back positions drops between 
sampling dates 4 and 7, thereafter rises again from sampling 
date 7 to sampling date 13 for the neck. For the back a 

further decrease until sampling date 10 is observed prior to 
a rise in average fibre diameter. Whereas the rump and 
belly samples show a rise in average fibre diameter between 
sampling dates 10 and 13 the midside sample shows a 

decrease. 

The CV values of the 

between sampling dates 4 

neck and back samples rise 
and 7. For the back this rise 

continues until sampling date 10. For the neck a drop in CV 
value is observed between sampling date 7 and 10. Except 
for the neck and back, which showed a slight decrease, the 
CV values of the other positions increases slightly between 
sampling dates 10 and 13. Again, the amplitude of variation 
is greatly decreased by omitting medullated fibres in the 

calculation. 

Collective Results For Animals Y7, Y5, G49 and R7 are as 
follows: 

The differences between average fibre diameter 

calculated with and without kemp and medullated fibres 

obtained on sampling dates 4, 7, 10 and 13 have been summed 
and are expressed in table 11 for each animal and body 

position. The overall sum of differences has been 
calcUlated. 
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The largest variation in average fibre diameter 
occurred on the rump for animals Y7 and Y5 and on the back 
for animal G49. The lowest variation occurred on the 
midside for animals Y7 and Y5 and on the neck for animal 
G49. 

Table 11. Sum Of Differences Between Average Fibre Diameter 
-------------------------------------------------And CV Values Calculated With And Without Kemp 
----------------------------------------------And Medullated Fibres 

MIOSIOE NECK BACK 

IGt No. IMicronlCV Value IMicronlCV Value IMicronlCV Value I 

------------------------------------------------------------
Y 7 04.33 27.03 24.25 36.25 18.64 76.62 
Y 5 06.74 36.48 21.89 96.15 18.71 112.04 
G 49 11.19 79.05 10.85 58.91 25.72 128.18 
R 7 **.** ** ** 18.31 82.26 26.93 167.01 . 

RUMP BELLY I Total Sum I 
IGt No. IMicronlCV Value \MicronlCV Value I Of Differ. I 

Y 7 
Y 5 
G 49 
R 7 

36.77 68.08 
39.65 141.23 
15.36 99.14 
** ** ** ** . . 

17.93 191.04 
21.78 92.49 
03.61 64.72 
** ** ** ** . . 

109.92 
108.77 
66.55 
**.** 

An analysis of variance was conducted on the 
measurements of the average fibre diameter presented in 
Appendix 21. The result of this analysis is presented in 
Table 12. Differences in fibre diameter due to differences 
between animals account for 18.09~ of the total variation. 
A strong significant seasonal influence was measured. 
Differences due to position and season/position interaction 
were not significant. 



Table 12. Analysis Of Variance Table For Average Fibre Diameter 
-----------------------------------------------------
Measured On An1mals Y7, Y5, G49 And R7 For The Mid-

side, Neck, Back, Rump And Belly On Sampling Dates 
--------------------------------------------------
4,7,10 and 13. 

Source of 

Variation OF S5 S5% M5 VR 

------------------------------------------------------------
Animals 3 732.08 18.09 124.03 08.944** 

Season 3 699.62 34.02 233.21 16.81 

Position 4 114.50 05.57 28.62 02.064NS 

Sea./Pos. 

Interact. 12 267.48 13.01 22.29 01.607NS 

Residual 53 734.96 35.74 13.87 

IV.3.3 Fibre length i1easurements Of Midside Patch Samples 
--------------------------------------------------

Fibre length measurements were carried out for all 

sampling dates for animals Y7, Y5, G49 and R7. Fibre length 

measurements were carri ed out for all tri al goats for 

sampling dates 1, 2, 4, 5, 7, 8, 10,11 and 13. The results 

of all fibre length measurements are tabulated in Appendix 

23. Present in Appendix 24 are the calculated CV values 

corresponding to the data of Appendix 23. The data for 
animals Y7, Y5, G49 and R7 have been plotted in Figure 13. 

Plotted in the same graph are the CV values of fibre length 

variation for the same animals. 

Fibre length growth follows a seasonal growth pattern 

similar to other fleece characteristics. For animals G49 

and R7 the minimum fibre length growth occurred on sampling 

date 5. For animals Y7 and Y5 minimum fibre length growth 

occurred on sampling date 8. MaximJm fibre length growth 

occurred on sampling date 9 for animal R7, on sampling date 
10 for animals Y7 and G49 and on samp ing date 12 for animal 
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Minimum length growth rates represEnted 39, 59. 68 and 

38% of the maximum 1 ength grolllth rate (measure of ampl itude) 

for animals Y7, Y5. G49 and R7 respect; y. 

The graphs depicting the CV value of bre 1 ength 
grOffth shows for all animals an exact inverse relationship 

to the graph showing the seasonal trends of average fibre 

length grolt/th rate ( Figure 13 ). 

IV.3.4 Fibre Number/Unit Area Calculations 

The results of the fibre number/unit area 

calculations are expressed in Appendix 25 and have been 
plotted in Figure 14. 

The least number of bres/unit area were grown on 
sampling e 7 for animals Y7, Y5 and G49 a on sampling 

date 8 for animal R7. The most fibres were present on 

sampling date 12 for animal Y7, sampling date 9 for animals 
Y5 a G49 and on sampling date 11 for ani ma 1 R7. 

IV.3.5 Measurement Of Medullation 

Set out in Appendix 6 and 26 are the results of 
medullation measurements. Measurements were carried out for 

all goats on the midside patch harvested on sampling dates 

i, 5, 8 and 11 and for all sampling dates of goats Y7, Y5. 

G49 and R7. Medullation was further recorded for the neck, 

back, rump and belly positions of animals Y7, Y5~ G49 and R7 

for sampling dates 4, 7, 10 a 13. 

An analysis of variance was conducted on the data 

collected for all goats on sampling dates 1. 5, 8 and 11, 

the result of which have been summaris in Table 13. Large 

variations due to seasonal effects and animal fferences 

are obvious. Unaccounted for residual values are high. 
results indicate that the best fit is a cubic function, 
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indicating a seasonal trend with alternating minimum and 
maximum troughs and peaks. Study group 3, was excluded from 
the analysis because of low animal numbers. In regard to 
medullation the animals of study group 3 were markedly 

different from the animals of study group 4 and so could not 
be combined. 

Table 13. Analysis Of Vaiance On Degree Of Medullation For 
------------------------------------------------
Study Groups 1,2, and 4. 

IVariation!VariationIUnaccounted! 
lStudy!due to Idue to Ifor ILinearlQuadr.ICubic 
IGrouplAnimals %ISeason % IResiduals %1 % I % I % 
------------------------------------------------------------

1 17.54 25.63 56.83 I 02.881 04.351 18.401 
'2 09.44 69.26 21.30 I 04.911 06.141 58. 20 1 

4 18.82 20.73 60.45 I 02.711 04.881 13.13] 

------------------------------------------------------------

The medullation recordings from the midside patch of 
goats Y7, Y5, G49 and R7 have been plotted in Figure 15. 
From sampling date 6 there is a sharp rise in percentage 
medullation, the amplitude being greatest on goat R7 and 
least on goat G49. A peak in medullation is reached by 
sampling date 8 for animals Y7, Y5 and R7 and by sampling 
date 11 for animal G49. 

For all four animals medullation over sampling dates 
3, 4, 5 and 6 is lower than for all other sampling dates. 

The degree of medullation for the midside, neck, 
back, rump and belly for animals Y7, Y5, G49 and R7 is 

represented in figures 16a-d. Although there are the few 
exceptions, the lowest medullation recording is generally in 
winter (Sampling date 4) and the highest is in spring 

(Sampling date 7). Most medullation is apparent on the 
rump, the least on the midside. 
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The largest seasonal fluctuations occurred on the 
rump, the least on the midside. Animals Y7 and Y5 (mature 

animals) ~howed appreciably more medullation and a larger 
fluctuation than animal G49. On account of missing data 
(samples to small to analyse/measure) animal R7 could not be 
ranked. 

IV.3.6 Comparative Results Of Fleece Characteristics 
---------------------------------------------

Set out in Table 14. are the sampling dates of 
minimum and maximum production of various fleece 
characteristics. The seasonal trends of these 
parameters have been plotted in Figures 
following results were obtained observed: 

production 
17 The 

- Although biological trends are evident there 
is a clear inconsistancy 
production between fleece 
animals. 

in reaching maximum and minimum 
characteristics and between 

- Minimum values are reached between sampling 
dates 4 and 8. 

- Maximum values are obtained between sampling 
dates 8 and13. 
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Table 14. Sampling Dates On Which Minimum And Maximum -------------------------------------------Fleece Characteristics Were Attained 

------------------------------------------------------------
IClean IAverage 
I Scoured IFibre 
IMohair IOi ameter 
IProduct. I 
I I 

IGoat No.IMin IMax IMin IMax 

Y 7 
Y 5 
G 49 
R 7 

6 

7 

5 

6 

11 6 9 

10 6 10 

10 4 10 

12 6 8 

IAverage INumber oflPercent 
IFibre IFibres IMedulla-
ILength I per Unit I tion 

I IArea I 
I I I 
IMin IMax IMin IMax IMin IMax 

8 

8 

5 

5 

10 7 

12 7 
10 7 

9 8 

12 6 8 

968 

9 6 11 

13 6 8 

------------------------------------------------------------

For animal Y7 : 

- Minimum production of clean scoured mohair 
and average fibre diameter coincide on sampling date 6 
together with a low value of medullation. This date 
precedes the date of lowest fibre number/unit area 
production and fibre length production respectively. 

- Maximum production of clean scoured mohair 
follows maximum medullation, average fibre diameter and 
fibre length respectively and precedes the maximum 
production of growing fibres/unit area. 

- Minimum average fibre length production 
coincides with maximum medullation. 

For animal Y5 : 

- Minimum production of clean scoured mohair 
and minimum number of growing fibres/unit area coincide on 
sampling date 7. This date precedes the date of minimum 
average fibre length production and follows the date of 
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minimum average fibre diameter and medullation. 

- Maximum production of clean scoured mohair 

coincides with maximum average fibre diameter production on 
sampling date 10. This date precedes the date of maximum 

fibre length production and follows the date of maximum 

medullation and maximum number of growing fibres/unit area. 

Minimum average fibre length production 

coincides with maximum medullation. 

For animal G49 : 

- Minimum production of clean scoured mohair 

and average fibre length coincide on sampling date 5. This 

date precedes the minimum mimimum medullation and the 

minimum number of growing fibres/unit area respectively. It 

follows the date of minimum average fibre diameter 
production. 

- Maximum production of clean scoured mohair 
coincides with the maximum production of average fibre 
diameter and average fibre length on sampling date 10. This 

date precedes the date of maximum medullation and follows 
the date of maximum number of growing fibres/unit area. 

For animal R7 : 

- Minimum production of clean scoured mohair 
coincides with the minimum production of average fibre 

diameter and medullation on sampling date 6. This date 
follows the date of minimum medullation and precedes the 

date of minimum number of growing fibres/unit area. It 

follows the date of minimum fibre length production. 

- Maximum production of clean scoured mohair 

precedes maximum production of number of growing fibres/unit 

area and follows the maximum production of average fibre 
diameter, medullation and average fibre length production 
respectively. 
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Minimum production of growing fibres/unit 

area coincides with maximum medullation and maximum average 

fibre di ameter. 

Comparative results between animals are summarised as 
follows: 

- Minimum production values of clean scoured 
mohair and average fibre diameter for animal G49 

(non-reproductive) are attained earlier than for the other 

ani ma 1 s. 

_ Minimum production values of average fibre 

length, number of growing fibres/unit area and medullation 

of animal G49 are reached within the range of dates when 

reproductive animals reached minimum values. 

- Maximum production values of animals Y7, Y5, 
G49 and R7 are attained simultaneously except for maximum 

medullation, which was reached appreciably later by animal 
G49. 

- Animals Y7 and R7 (twin bearing) reached 

maximum clean scoured mohair production later than animals 
Y5 and G49 (single kid and no kid respectively). 

Animals Y7 and R7 attained minimum clean 
scoured mohair production together on sampling date 6 , 28 

days later than animal G49 and 28 days earlier than animal 
Y 5. 

- The reproductive animals attained minimum 

average fibre diameter production on the same sampling date. 

- Animals Y7 and R7 reached maximum average 

fibre diameter production earlier than animals Y5 and G49. 

All animals, except R7, reached minimum 

production of fibres/unit area together; R7 reached it1s 

minimum 28 days later. 
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- Animals Y7 and R7 reached maximum production 
of fibres/unit area appreciably later than animals Y5 and 
G49. The former two animals had twin kids, the latter two 
had one kid and no kid respectively. 

- All animals showed a minimum in medullation 
for sampling date 6. 

- All animals, except G49 showed a maximum in 
medullation on sampling date 8; G49 reached this date 
appreciably later. 

Set out in Table 15. are the correlation and 
regression data for the various fleece characteristics. The 
figures show a large variation in correlation values between 
animals. 



Table 15. Correlation And Regression Data For Fleece 
-------------------------------------------
Characteristic$ Of Animals Y7, Y5, G49 AND R7 

r[~~~~~~:~~:~~:-------A~IMA~-y7-~----I----A~IMA~-y5-~----I 
----------------------------------------------------------
jM/S Patchweight/ 
j Ave. Fibre Dia. 

Ave. Fibre Leng. 
No.of Fibres/uA. 
% Medullation ~ 

Ave.Fibre Dia./ 

Ave. Fi bre Leng. 
No.of Fjbr~s/uA. 
% MedullatlOn 

Ave.Fibre Leng./ 
No.of Fibres/uA. 
% Medull at ion 

No.of Fibres/uA./ 

% Medullation 

CV.Fib.Dia·L 
Ave.Flb.uia 

CV. Fib.Len./ 

0.589* -8.19 
0.852** -1.69 
0.916** 39045 

-0.397NS 2.73 

0.740** -3.12 
0.531* 29.80 
0.354NS 32.60 

0.656** 9140 
-0.613* 19.70 

-0.309NS 115654 

0.302NS -30.24 

0.682* -4.52 
0.676* -1. 67 
0.878** 34718 
0.277NS 1. 56 

0.846** -8.32 
O.437NS -43025 
0.586* 32.70 

0.450NS 16963 
-0.196NS 16.70 

0.274NS 77019 

0.581** -63.49 

. Ave.Fib.Len -0.600* 23.41 -0.618* 20.13 
x****~*********** ************************************** 

lFleece I ANIMA~ G49 I ANlMALIR7 I 
Characteristic rib r b ----------------------------------------------------------
M/S Patchweight/ 
Ave.Fibre Dia. 0.649* -01. 90 -0.101NS 01. 36 
Ave.Fibre Leng. 0.501NS -02.90 0.825** -0.87 

I 
No.of Fibres/uA. 0.541NS 28578 0.715** 32365 
% Medul1 ion 0.400NS 02.25 -0.354NS 1.31 

Ave.Fibre Diam./ 

Ave.Fibre Leng. 0.474NS 12.10 0.5"34* 5.58 
No.of Fibres/uA. -0.277NS 211005 -8:~j~~~ 151238 
% Medul atl0n 0.633* 26.80 26.70 

Ave.Fibre Leng./ 

No.of Fibres/uA. -0.116NS 201594 O.337NS 30756 
% Medullation 0.257NS 16.60 0.157NS 13.60 

No.of Fibres/uA./ 

% Medullation -0.153NS 169576 -0.625** 103105 

CV.Fib.Oia· 6 Ave.Fib. ;a I O.338NS -05.18 0.636** 05.15 

CV.Fib.Len. ! 
I Ave.Fib. I -0.108NS 17823 -0.558* 18.49 
----------------------------------------------------------
The table shows: 

- Correlations between the midside patch 
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weight and fleece characteristics vary. 
correlations were calculated between midside 

The strongest 
patch weight 
fibre length and number of growing fibres/unit area, average 

and average fibre diameter respectively-

- Correlations between midside patch weight 
and degree of medullation were non-significant. 

There is a strong positive correlation 
between fi6re diameter and fibre length, except for animal 
G49. 

- Average fibre diameter and number of 
fibres/unit area showed a strong positive correlation for 
animals Y7 and Y5, yet a negative correlation for animals 
G49 and R7. 

- Correlations between average fibre diameter 
and degree of medullation are positive though not always 
s i g n if i cant. 

- Correlations between average fibre length 
and number of fibres/unit area and degree of medullation are 
not significant except in the case of animal Y7 which showed 
a significant relation between these fleece characteristics. 

- Though not always si gnifi cant, there 
appeared to be· an inverse relationship between number of 
fibres/unit area and medullation. 

- The relationship between average fibre 
diameter and CV of fibre diameter was positive though not 
always significant. 

- The relationship between average fibre 
length and CV of fibre length was negative though not always 

s i gni fi cant. 
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IV.4 SEASONAL VARIABILITY WITHIN THE FLEECE 

Shown in Figures 18a-d are the seasonal trends in 
fibre diameter and fibre length production along with the 
associated trends in CV of fibre length values for animals 
Y7, Y5, G49 and R7. Tabulated in Table 16 are the sampling 
dates when the minimum and maximum values of these fleece 
characteristics were reached. Observed results are as 
follows : 

- Minimum CV of fibre length values were 
achieved early in the trial for animals Y7 and R7. Animals 
Y5 and G49 attained these values towards the end of the 
t ri a 1. 

- A close, though not exact, relationship 
between minimum CV of fibre length value and maximum fibre 
length growth rate exists. 

- A direct relationship between maximum CV of 
fibre length value and minimum fibre length growth rate is 
obvi ous. 

- A relationship between maximum CV of fibre 
diameter value and maximum fibre diameter is seen. 

- A relationship between minimum CV of fibre 
diameter value and minimum fibre diameter ;s seen. 



42 

40 

38 c::: 
I.i.J 
I-
I.i.J 
2:: 
et ...... 
0 V'! 

Z 
I.i.J 0 c::: 0::: 
III U ...... ...... 
I.L. :E: 

I.i.J 
t!J 
et c::: 
I.i.J 
> 
et 

z 
0 ...... 
I-
et ...... 
c::: 
et 
> 
I.L. 
0 

I-
Z 
I.i.J 
...... 
U ...... 
I.L. 
I.L. 
I.i.J 
0 
u 

10 

22 

20 

I.i.J 
18 

0:: 
co I 16 -I.L. 

I.i.J 
- 14 

<.!l ::t: 
< I- 12 
0:: t!J 
I.i.J Z 
> L.!.J 10 < ...J 

Z 
8 

0 .... 70 I-
< 
;; ~60 
<-> ::t: 50 
I.L. I-
0 ~ 40 
I- I.i.J 
Z ...J 30 
I.i.J .... I.i.J 
U 0::: 20 .... III 
I.L. 
I.L. u... 10 UJ 
0 I.L. 
U 0 

FIGURE 18a. SEASONAL TRENDS IN AVERAGE FIBRE DIAMETER, COEFFICIENT 

1 2 

OF VARIATION OF FIBRE DIAMETER, AVERAGE FIBRE LENGTH AND - 110 -
COEFFICIENT OF VARIATION OF FIBRE LENGTH FOR ANIMAL Y7. 

3 4 5 6 7 8 9 10 11 12 13 
SAMPLING 



42 

40 

38 
cr:: 
w 
I-
w 
::E: 
e::( 
>-< 
0 VJ 32 z: 
w 0 
0:: cr:: 30 
c:::l u 
>-< 
I..J... ::E: 28 
w 
c.!J 26 e::( 
cr:: 
w 24 >-
e::( 

22 

20 

100 

>-< ___ 90 
l-
e::( ~ 
>-< ......., 80 cr:: 
e::( cr:: 
>- w 70 I-
I..J... W 
0 ::E: 60 e::( 

...... 
0 60 

>-< w 
U 0:: 40 c:::l 
I..J... 
I..J... I..J... 30 w 
0 I..J... 
U o 20 

10 

22 

20 

18 

::E: 16 
I-< ::E: 
I..J... 

-- 14 w 
c.!J 
e::( 12 
0:: 
w 
>- 10 
e::( ....J 

8 

!- 70 
e::( 
...... 
~60 cr:: 

e::( 
>- .,.. 50 

i= 
~ 40 

!- w 
z: ....J 30 w 

u 20 
I..J... ....... 
I..J... I..J... 10 w 
0 I..J... 
U 0 

FIGURE 18b. SEASONAL TRENDS IN AVERAGE FIBRE DIAMETER~ COEFFICIENT 

1 2 

OF VARIATION OF FIBRE DIAMETER~ AVERAGE FIBRE LENGTH AND - III -
COEFFICIENT OF VARIATION OF-FIBRE LENGTH~fQRANIM8L_Y5. 

3 4 5 6 7 8 9 10 11 

SA PLI N G 



42 

40 

38 
0:: 
I.l.I 36 I-
I.l.I 
:E 34 c::( 
....... 
0 Vl 32 z: 
I.l.I 0 
0:: c::: 30 co u ....... ....... 
LI.. :E 28 
I.l.I 
(!I 26 c::( 
0:: 
I.l.I 24 > 
c::( 

22 

20 

z 100 
0 ....... _ 90 
I-
c::( ~ ....... --- 80 0:: 
c::( c::: 
> I.l.I 70 l-
Ll.. I.l.I 
0 :E 60 c:( 
I- ...... 
Z 0 50 I.l.I 
....... I.l.I 
U ~ 40 ....... 
LI.. ....... 
LI.. LI.. 30 I.l.I 
0 1..1.. 
U 0 20 

10 

22 

20 

I.l.I 
_ 18 

0:: 
co :E 16 ..... :E 
LI.. 

LI.I --- 14 
(,!J ::t: 
e( I- 12 
0:: (!I 
LI.I Z 
> I.l.I 10 
e( ....J 

Z 
8 

0 .... 70 l-
e( .... ~60 0:: 
e( 
> ::t: 50 
1.1.. I-
0 ~ 40 
I- I.l.I 
Z ....J 30 LI.I .... I.l.I 
(.) 0:: 20 .... co 

:1.1.. ....... 
'1.1.. LI.. 10 't.IJ 
'0 LI.. 1(.) 0 

FIGURE l8c. SEASONAL TRENDS IN AVERAGE FIBRE DIAMETER, COEFFICIENT 

\, 

1 2 

OF VARIATION OF FIBRE DIAMETER, AVERAGE FIBRE LENGTH AND - 112 -
COEFFICIENT OF VARIATION OF FIBRE LENGTH FOR ANIMAL G49. 

3 4 5 6 7 8 9 10 11 12 13 
SAMPLING 



42 

40 

38 
0:: 
I.J.J 35 f-
I.J.J 
:E 34 c:t -Cl V'l 32 z: 
I.J.J 0 
0:: 0:: 30 co w - ...... 
LI.. :::E: 28 
I.J.J 
c.!l 25 c:t 
0:: 
I.J.J 24 > 
c:t 

22 

20 

z 100 
0 - ....... 90 f-
ct ~ ...... - 80 0:: 
c:t 0:: 
> I..I.J 70 l-
Ll.. I..I.J 
0 :::E: 50 « 
f- ...... 
Z Cl 50 u.J 
...... I.J.J 
U ~ 40 ...... 
LI.. ....... 
LI.. l.I.. 30 
I.J.J 
0 LI.. 
U o 20 

10 

22 

20 

I.i.J ....... 18 
ex: 
co :£ 15 ..... :£ 
LI.. 

I.i.J - 14 
~ :I: « f- 12 a:: <.!) 
I.i.J Z 
> I.J.J 10 « ....J 

z 8 
0 .... 70 I-« 
~ ~50 
« 
> :I: 5 0 
u- f-
0 ~ 40 
I- u.J 
Z ....J 30 LIJ .... u.J 
U 0:: 20 .... co 
~ -U. LI.. 10 iLl 
t) LI.. 
~ 0 

FIGURE l8d. SEASONAL TRENDS IN AVERAGE FIBRE DIAMETER,COEFFICIENT 

1 2 

OF VARIATION OF FIBRE DIAMETER, AVERAGE FIBRE LENGTH AND - 113 -
COEFFICIENT OF VARIATION OF FIBRE LENGTH FOR ANIMAL R7. 

A66 . 7 

.. . . 

3 4 5 5 7 8 9 10 11 12 13 
SAMPLING 



- 114 -

Table 16. Sampling Dates Of Attaining Maximum And Minimum 
Average Fibre Diameter, Average Fibre Length 
---------------------------------------------And Corresponding CV Values 

I Sampling Dates Of Reaching Min./Max. Values I 
I ------------------------------------------- I 
ICV Value ofl Average ICV Value ofl Average I 
1Fibre Leng. lFibre Leng. lFibre Diam. IFibre Diam. I 

IGt.No. I Min I Max 1 Min 1 Max 1 Min I Max I Min I Max I 

---------------------------------------------------------
Y 7 I 3(10) 8 8 10(3) 6 8 6 9 

Y 5 112 8 8 12 13(6) 9 6 10 

G 49 110 5 5 10 6(5) 8 4 10 

R 7 I 2(9) 5 5 9(2) 2 10 6 8 

Figures in brackets denote the sampling date with the 
next highest or lowest value. 
Differences between these dates are very small, 
namely less than 1.6% CV and less than 1 micron. 

1 

I 
I 
i 
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IV.5 MEASUREMENT OF AVERAGE FIBRE DIAMETER WITH THE C.S.I.R.O --------------------------------------------------------FIBRE FINENESS DISTRIBUTION ANALYSER ( FFDA ) 

Set out in Appendix 27 are the results of the FFDA 
measurements and CV of fibre diameter values obtained for 
the midside patch of all trial animals for sampling dates 1. 
5. 8 and 11. The average value for each study group has 
been calculated and is presented in Table 17 along with the 
respective projection microscope (PM) measurements. The 
differences between PM and FFDA measurements are highest for 
sampling date 8 (spring) and lowest for sampling date 5 
(winter). Differences in; CV of fibre diameter values 
calculated from PM and FFDA measurements do not quite follow 
the same trend. They equally show the largest difference on 
sampling date 8, but the smallest difference occurs on 
sampling date 1. 
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Table 17. Differences Between Average Fibre Diameter 
----~-------------------------------------Measurements And CV Of Fibre Diameter 
--------------------------------------
Conducted With The Projection Microscope 
(PM)-A~d-Th;-C~I~R~s~6-Fib~;-Fi~~~~~~---

Distribution Analyser (FFDA) 

I Average I 06.53 03.01 
-------------------------------------------------------
I St.Gr. samplina Dqte 8 I sampling Dqte 11 I 

PM FFDA I Diffr. PM FFDA I Diffr. 
-------------------------------------------------------
I St.Gr.1 133.04 26.21 06.83 35.62 26.21 06.83 I 

St.Gr.2 133.39 25.40 07.89 35.18 31.38 03.80 I 
St.Gr.3 139.73 28.96 10.77 35.32 29.57 05.74 
St.Gr.4 136.93 24.62 12.31 34.32 30.16 04.15 

T-A~~~ag;-i--------------69~47-----------------05:ii--i 

******************************************************* 
T---------------------CV-VALUE-(%)--------------------i 
1-~~~~~~--i--~~~Plip~~~5rt8~}~~~I--~~~Pli~~~~51t8~~~~~1 
-------------------------------------------------------St.Gr.1 '33.23 33.14 -00.18 37.57 27.80 09.77 

St.Gr.2 j29.31 35.75 -06.44 35.33 27.11 08.22 
St.Gr.3 144.32 42.12 02.20 12.25 36.29 -24.04 
St.Gr.4 ,41.45 36.30 05.14 37.14 39.76 -02.62 

-------------------------------------------------------
IAverage 03.49 11.16 
-I ----------I--s~~Pl-i~;--6~t~-8----\--S~~Pli~~--5~te-ii---I 
--~~:~~: _____ ~~ ____ ~~~~_l_~~!!~: ___ ~~ __ l_~~~~_l_~~!!~:_ 
I St.Gr.l 61.09 42.00 19.09 40.17 37.49 02.68 

,
. St.Gr.2 66.98 45.95 20.94 28.03 33.83 -05.80 

St.Gr.3 48.20 49.51 -01.31 17.49 45.88 -28.39 1 
St.Gr.4 51.11 58.15 -07.04 30.74 37.84 -07.10 

i-A~~~~---i---------------i2~69----------------i6:99--i 

-------------------------------------------------------

Depicted in Figures 19a-d are the results of fibre 

diameter measurements obtained with a PM and with the FFDA 

from the midside patch sample of animals Y7, , G49 and R7 
for all sampling dates (Data in Appendix 28). Corresponding 

CV of fibre ameter va1ues are also shown (Data in Appendix 
29) • 
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Results are 

- All but three measurements a1 with -:he 

FFDA are lower than measureme S obtai nee 

The graphs ( I=" • , 1 res 19a-d) depict; and 

FFDA measu s follow the same basic pattern, " for 

this case ... g;--aDhs ;1Jn i n v E rs e 1 ~;l I.. 
. ~ v-a m rna j ,/. In 

b en s 1; dates 6 and 11. 

- The difference en the results of the 

two measuri ng techni ques becomes i ncreas i ngly sma 11 e r f rorrr 

sampl i ng date 1 unt i 1 sampling date 6 (sampling t:: for ..; 

a nirna 1 R7) n a mi ni mum .(;~ 

1 Terence is rved. 
Thereafter FFDA measurements become increasingiy lower and 

differences between PM and FFDA measu rements orne and 

remain 1 arge unt i 1 sampling date 11 (sampling date Q for J 

ani ma 1 R7). The largest difference is obse rved sampling 

date 9 for animals Y7 and YS. 

- The CV of fibre diameter values for two 

measuring techniques appear to follow the same basic trend. 
This is best illustrated by the graphs of animals Y7 and YS. 

- Before approximately sampling date 6 and 
approximately after sampling date 11 CV of fibre diameter 

values derived from FFDA measurements are higher than CV of 

fibre diameter values derived from PM measurements. In the 
time between these dates the reverse situation is prevalent. 
This is best shown in the graphs of Figure 19a and 19b. 
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IV.6 SIP RATIOS AND HISTOLOGICAL OBSERVATIONS 

Follicle counts of animals Y7, Y5, G49 and R7 are 
presented in Appendix 5. An overall average SIP ratio of 
7.0 was established. 

Histological observations showed a large variation in 
follicle group size. In horizontal skin sections primary 
follicles are characterised by reasonably large openings 
near the skin surface sometimes containing a large 
medullated fibre. A well developed, bilobed sebaceous 
gland, a coiled suderiferous gland as well as a bifurcated 
arrector muscle are the usual accessories of the primary 
follicle (Refer to Plates 11 and 12 ). 

Secondary follicles containing the fibres with the 
greatest diameter are situated furthest from the primary 
group. The secondary follicles with the smallest fibres are 
located nearest to the primary follicle site. Only a few 
secondary follicles have a bilobed sebaceous gland as an 
accessory structure ( Refer to Plates 11 and 12 ). 

Not all follicle groups consist of three primary 
follicles. Groups with 1 - 7 primary follicles have been 
observed. Plate 11 shows a follicle group with 5 primary 
foll icl es. 

Not all primary follicles are on one side of the 
follicle group. Also a~sory glands are not always on the 
ectal margin of the follicle group. This is shown in Plate 
11. 

Follicle groups are always well defined by a border 
of collagenous material ( Refer to Plates 11, 12 and 13 ). 
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Primary follicles grow distinctively larger fibres 
than secondary follicles. These fibres mostly have a 

non-circular, often dummbell shaped cross-sectional area. 
Fibres grawn in primary follicles are usually medullated, 
though this does not always occur. Plate 12 shows a 
non-medullated fibre in a central primary follicle. The 

central lateral follicles contain medullated fibres. 

Some secondary follicles produce two or three fibres 
which share a common opening ( See Plate 13 ). 

Shown in Plate 14 are follicles that have begun to 
enter theanagen phase (rest period). 
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SUlTS AND OBSERVATIONS 

119 t T ri a 1 : 

- ;. ki ng perce nt age 142% was obtained 

wi a le:male ratio of born kids of 1:2. No kids of 
tal ani l7Ia 1 s d i 

Fleece samples from 1 animals 

harvested du ng autumn and winter months contained a 
v ing ree of residual skin ( Refer to Plate 6 ). 

- The use of the dye banding technique proved 

unsuccessful because of the variation in fibre growth rates 

thin a s 1e a the difficulty in arresting the dye long 

enough to react with the fibre and stain it. Both these 

factors caused distorted dye bands. An attempt to arrest 

the dye with a snippet of 0.5 cm rubber tu through which 

the staple was inserted proved unsuccessful. This technique 

caused fibres to be qyed at different distances from the 

skin, due to the difference in hose cross-sectional are and 

the skin area from which fibres had to be recruited to fill 
the tube. 

During laboratory work 

- During the fractionation process a loss of a 

minute number offibres~ barely visible to the eye, was 

observed. 

- In some instances after solvent extraction a 

small amount of non-solvent or water soluble material was 

. observed as a film lining the glass flask. 

- Residual skin material, notably in samples 

taken during the autumn and winter could not be extracted 

from the samples as they adhered to the fibres. Ca'rding the 

mohair and the use of proteases (5%, 10% and 50% solutions 

of Trypsin or,d Papain) did not prove successful.. The skin 
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debris, though part of the clean scoured mohair sample, 
would have hardly affected the yield as it was extremely 
light. However, they interfered gravely with measurements 
attempted to be taken with the W.R.O.N.Z medullometer. 

- Drying mohair on a C.S.I.R.O. Direct 
Reading Regain Tester Dryer type 22 at 105 Oeg.C. for 0.5 
hrs. or at 60 Oeg C. for 2 hrs was not successful. Fibres 
changed colour and adhered to the walls of their aluminium 
thimbles and themselves as if they were burnt. 



DISCUSSION 
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DISCUSSION 

V.1 BODYWEIGHT OF TRIAL GOATS 

FERGUSON (1956) and ALLDEN (1969) noted linear 
relationships between the intake of digestible energy and 
wool production on the one hand and intake and weight gain 
on the other for sheep of similar initial weight. Numerous 
studies have shown a strong correlation ( r = 0.77**, 
ALLDEN, 1979) between wool growth rate, metabolic body 
weight and body weight change drawing attention to the 
possibility of using bodyweight data to approximate seasonal 
variations in wool production by grazing sheep in different 
environments. WHITE, NAGORCKA and BIRRELL (1979) 
demonstrated the inter relationships of wool growth rates, 
metabolic bodyweights, bodyweight changes and digestible 
organic matter intake (DOMI). However poor correlations 
between wool growth and DOMI were recorded. NAGORCKA (1977) 
attributed this to a time lag between wool growth response 
and intake, the effect of liveweight changes on wool growth 
(FERGUSON, 1962) and feed quality factors other than 
digestibility. 

Since Angora goats and sheep are both fibre producing 
ruminants, it is unlikely that major differences exist 
between the two species, although the fibre production 
mechanisms could differ. It therefore appears quite valid 
to apply fundamental findings of wool science to aspects of 
mohair growth, since little work concerning mohair growth 
has been undertaken. 



The overall average weight of the mature trial goats 
(32.12. kg) corresponds with weights of Angora goats 

described by other workers in different parts of the world: 
33.85 kg JONES et a1 (1935), 31.37 kg SHELTON (1960), 26.65 

kg BASSETT and ENGDAHL (1968)' and 29.50 kg WI NKLM/:.IER 
(1980) • 

The large bodyweight differences between goats at the 
beginning of the trial are probably due to pre-trial 
differencs between the two or-iginal flocks. 

The influence of adequate bodyweight at mating 
(Sampling date 2) on the ovulation rate of Angora does is 

well documented (van HERDEN, 1964; van REENSBURG, 1970; 
KINGHORN, 1972; SHELTON and STEWART, 1973; SHELTON and 

GROFF, 1974; STAPLETON, 1978; HUSTON, 1981). The 

observation that animals from study group 1 were appreciably 

heavier (5.06 kg) than animals from study group 2, the 
latter being 3.14 kg heavier than dry goats, agrees with the 
findings of the above workers. Whereas attaining sufficient 
bodywe;ght to ensure reasonable reproductive rates is a 
problem in most countries rearing Angora goats this does not 
appear to be a major difficulty in Canterbury. Consequently 
high kidding percentages and high twinning rates are 
anticipated. The 142% kidding percent~ge of the trial flock 
;s far above figures quoted by other workers: 66% KINGHORN 
(1972), 50-60% SYELTON and GROFF (1974), and 50% HUSTON 
(1981) 

Although pregnant animals seemed to be putting on 
weight through the winter (Refer to Fig. 3), their actual 
bodyweights were declining until parturition. This was 

affected by the low availability of feed and accelerated 
requirements in the latter stages of pregnancy (KINGHORN. 
1972 and STAPLETON, 1980). 
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Even though the lactating does were under severe 
stress the feed situation was such as to allow a recovery in 

bodyweight. Bodyweight recovery time was shortened and came 
to an end· during the Canterbury drought of 1981/82, which 

occurred from around December 1981 until November 1982. 

The animals of study group 4 showed a marked weight 

gain compared to weights recorded prior to winter, as they 
were still at a stage of active body growth. 

V.1.1 Relationship Between Bodyweight And Fleece 
Characteristics 

In est?blishing the data presentd in Table 5. the 
following aspects were considered: 

Sampling date 12 was not considered to be the 
date of maximum bodyweight, as the weights recorded were 
appreciably higher than the previous and following sampling 

dates. No special feeding had been carried out at this 
time. An error in recording is a possibility. 

Bodyweights reached at sampling date 9 were 

considered more likely to be maxima weights as these 
differed markedly from weights recorded at sampling date 8. 
Bodyweights after sampling date 9 fluctuated to a relative 
minor degree (within accuracy of the weighing equipment). 

As recording dates were multiples of 28, an 
actual deviation of 29 days between bodyweight and fleece 
characteristics would be recorded as a deviation of 56 days. 

The data of Table 5 and Figures 4a-d demonstrate that 
maximum or minimum mohair characteristics occur, on the 
whole, after maximum or minimum bodyweights were attained. 
This agrees with the findings of SHARKEY and HEDDING (1964) 

and NAGORCKA (1977). Rather than establishing a time 
independant relationship between wool growth and bodyweight 
(feed intake) NAGORCKA (1977) established a mathematical 
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to accJunt for time dependancy. He 
Ie; u, ca. 25 days between feed intake 

a ra A de j of,' 5 due to emme rgence time 
S 1971) ~~ i' leaves a delay of 18 days. 
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greasy fleece weights set out in Appendix 10. 

have to be interpreted with caution. These results are 

confounded because some animals had lost parts of their 
fleeces due to shedding activities prior to shearing. 

As depicted in Figures Sa and 5b the absolute 
production of greasy mohair follows a sine curve, as does 
the absolute and relative production of clean scoured 
mohair. This agrees with seasonal wool production (BURNS, 
1931; GALPIN, 1948; COOP, 1953; COOP and HART, 1953; 

HART, 1955; COCKREM and RAE, 1961; HUTCHINSON and 
WOOZICKA-TOMASZEWSKA. 1961; BENNETT, HUTCHINSON and 
WOOZICKA-TOMASZEWSKA, 1962). JONES. et al (1935), BASSETT 
and ENGDAHL (1968) and STAPLETON (1979) have established 

similar seasonal growth curves for mohair. 

Production maxima occur with an abundance of feed and 
production minima when feed availability ;s short. A 

- modifying influence of photoperiod and temperature on 

. seasona1 wool growth has been demonstrated for sheep (COOP 
and HART J 1953; HART. 1953, 1955, 1960, 1963; RUOALL, 
1955; MORRIS, 1961; HUTCHINSON, 1961; BENNETT, HUTCHINSON 

and WOOZICKA - TOMASZEWSKA, 1962; LYNE, JOLLY and HOLLIS, 
1970; CARTWRIGHT and THWAIT£S, 1976; HOPKINS and RICHARDS, 
1979 a NAGORCKA. 1979) 
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The amplitude of seasonal variation of wool growth is 
often expressed as a summer:winter ratio. In the case of 
the trial goats a better appreciation of the amplitude of 
seasonal mohair production can be obtained from a 
maximum:minimum ratio. These are 6.74, 9.20, 6.39, and 2.84 
for study groups 1, 2, 3, and 4 respectively. 

The fluctuation of mohair production appears to be 
characterised by a gradual decline from mid-summer until. 
~id/late winter (Refer to Figs. 5a, 5b). The decline in 
autumn was accelerated during the 1981/82 drought. Animals 
under reproductive stress expressed a longer decline. It 
would have been expected for study group 2 to reach its 
minimum before study group 1, as COOP (1953), STORY and ROSS 
(1960), MACFARLANE (1965), SLEN and WHITING (1956) and 
CORBETT(1968} have demonstrated that ewes bearing twins show 
a later winter production depression than those rearing 
single lambs. That this was not observed in this trial is 
likely to be due to the low number of animals and large 
animal variation within each group. 

Figures 5a and 5b indicate a slight relative rise in 
mohair production during the autumn months for the mature 
goats. The young goats showed a greater absolute rise. 
This is probably a reflection of a slight lIautumn flush ll in 
pasture growth. 

The spring production is characterised by a marked 
rise in growth rate. STAPLETON (1978), has described a 
similar rise during spring for Angora goats in Australia. 

The maximum:minimum mohair production ratios indicate 
a large and rapid change of production. This change cannot 
be fully accounted for by the changes in fibre dimensions 
alone. Thus it becomes obvious that a loss of fibres and a 
subsequent regrowth of fibres contributes to the seasonal 
production pattern (Refer to Fig.14 and Appendix 25) 



- 131 -

On a purely mathematical basis the changes in 
number could be calculated (Refer to Appendix 25). 

fibre 
These 

changes follow a similar trend as midside patch production 
per se (Refer to Figs. 4a-d). DUERDEN and SPENCER (1927) 

and STAPLETON (1978) demonstrated that shedding occurs in 
Angora goats. MARGOLENA (1974) indicated that the 
percentage of inactive follicles in younger Texan Angora 
does in late winter was in the order of 10-25% increasing up 
to 70% in 9 year old animals. 

goats. 
Overall grease production is 

This may be due to the 
very low in 

slender build 

Angora 
of the 

sebaceous gland, its relative small size and the absence of 
this gland with smaller follicles (DREYER and MARINCOWITZ, 

1967) • 

It appears that amongst mature goats grease 
product.ion follows the same trend as the seasonal production 
of mohair (Refer to Figs. 5a and 5b). Less grease in the 
fleece during the winter months will provide the fibres with 
less protection towards environmental influences. VELDSMAN 
(1980) pointed out the Significance of weathered mohair 
fibres during processing. 

For young goats grease production increases through 
the autumn and winter, to reach a maximum when mohair 
production is at its lowest. Thereafter it drops during 
spring and rises sharply as mohair production rises (Refer 

to Fig. 5b). Similar observations have been made for sheep 
at Lincoln College, only the amplitude of variation was 
lower (WILKINSON,pers.com.). 

Although grease production increases in summer, the 
higher yields achieved by mature animals can be attributed 
to the relativly greater increase in fibre production. 
Young animals grow higher yielding fleeces in winter than in 
summer, as there is no similar relative increase in fibre 
production to compensate the higher grease production {Refer 
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to Table 9). 

Study groups 1 and 2 produced only about 10% of their 
annual mohair production during spring; during this time 
animals from study groups 3 and 4 were producing about 23% 
of their annual production, (Refer to Fig.6). This 
difference is presumably due to stress of lactation. Study 
group 1 produced slightly less than study group 2. All 
animals produced most mohair during the summer, being about 
the same percentage for all animals. During summer 
reproductive animals were free from stress, the effect of 
the good feeding during spring was still apparent and 
photoperiodic and temperature conditions were favourable. 
During autumn animals that were under reproductive stress 
produced about 30% of their annual production the dry 
animals only around 20% (Refer to Fig 6). 

Differences in relative mohair production, during the 
months of pregnancy, between pregnant and dry animals could 
not be shown. Once again it is likely that this result is 
distorted because of the low number of animals and high 
between animal variability. 

During lactation differences became obvious. During 
this time (Sampling date 7 and 8) non-reproductive animals 
produced about 18% of their annual production, whereas 
lactating animals only produced about 7% (Refer to Fig.6). 
These figures are in general agreement with the 10 - 14% 
decrease of annual wool production of reproductive ewes 
compared with dry ewes (CORBETT, 1979). 



- 133 -

V.3 FLEECE CHARACTERISTICS 

V.3.1 FIBRE DIAMETER 

Fibre diameter, as a measure of cross-sectional area, 
is the most important characteristic of mohair, since mohair 
is valued largely by this trait (POHLE, KELLER, RAY, 
LINEBERRY and REALS, 1972). Fibre diameter variation is 
found along the fibre and between fibres within the fleece. 
Fibre diameter variation along the fibre is largely a 
reflection of seasonal variation in feed, in photoperiod and 
the effects of pregnancy and lactation (STORY and ROSS, 
1960). Fibre diameter variation over the body is 
genetically pre-determined, largely through varying follicle 
densities and varying SIP ratios at different body 
positions (GALPIN, 1936; BURNS, 1955; DRY, 1955; 
SCHI NCKEL, 1955; STEPHENSON, 1956 and CLAXTON, 1963). 

JONES et al (1935), BASSETT and ENGDAHL (1968), 
IMERYUZ, MliFTUOGLU, SINCER and OZNACAR (1969), DREYER and 
MARINCOWITZ (1967) and STAPLETON (1978) demonstrated that 
with increasing age the average fibre diameter of mohair 
increases; rapidly over the first three shearings and then 
more slowly untll old age. It was not practical to divide 
the trial animals into age groups. This would have created 
numerous small groups of 1 - 3 animals. Thus the results of 
the first three study groups are from "mixed-aged" animals. 
Underlying the seasonal trend in fibre diameter variation is 
an age trend of fibres becoming coarser the older an animal 
becomes. 

Although fibre diameter is measured it is the average 
cross-sectional area which should be regarded as the 
contributer to fibre production (Refer to Figs. 8 and 9). 
Due to the squared relationship between average fibre 
diameter and average cross-sectional area small changes in 
average fibre diameter have a marked influence on average 
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eros s-s ect; ona 1 area. If many fibres are eilpticai 

cross-section (as for mohair they indeed are) fibre diameter 

measu rements can be grossly biased and a fibre 

diameter calcul ions can be incorrect. 

The avera fibre diameter decreased from mid-summer 

untl i mid-winter. (Refer to Figs. 17a-d). Animals Y7 and R7 
r ec a nimum average fibre di er 22 d sater than 

animals Y5 and G49. This is a ref1ection decreasing 

nutritional availability. shortening daylight hours the 

stress of latter-stage pregnancy. Although JONES et al 

(1935) state that additional stress of reproductive animals 
does not seem to affect mohair fibre diameter~ the fibre 

di ameter of animals Y7 and 

respectively between sampling 

pregnancy L whilst the average 
~ 

R7 dropped by 2 ana 4.6% 

date 5 and 6 (latter period of 

bre diameter of mals Y5 

and G49 increased by .13 and 3.5% respectively. STAPLETON 
(1978) described a similar decline in average fibre diameter 

from late spring until late autumn. 

Changes in average fibre diameter not only occur due 
to changes along the fibre but~ more significantly, because 
of changes of the actively growing fibre population. 

Especially in mohair production such changes are of 
significant importance. 

Active changes in the composition of type and number 
of actively growing bres occur predominantly in early 

~pring and during autumn and early winter" and can be 
described as follows: 

In autumn and early winter fibres commence thinning. 

The smaller follicles cease production, so ending 
production of finest fibres. The subsequent increase in CV 

val ue that appears to occur in autum"n (Refer to Fi g. lSa-d) 

is probably due to some coarser fibres (medullated and kemp) 
appearing in the fleece. The loss of fine bres outweighs 
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, V ~edullation during the autumn, which can 

be c:sso:::iat presence cccrser fi i ndu ci a 
1a r va at i on in 

Whereas .... EION I 1 
\ ..l. could not statistical 

c rm h' 
111 S nding the autumn kemp and R 

(1966) dismisses the possibility of a secondary peak in 

Saanen X Angora crosses. it could be ,.that under 

Canterbury con tions there is a photoperiodic influence 
which induces this peak. COOP and HART~ 1953 and HART, 1955 

showed that in New Zealand the wool growth 

;s under photoperiodic control. 

Romney sheep 

Animals Y7~ Y5. G49 and R7 showed a marked increase 
in average fibre diameter from sampling date 6 onwards. 

This increase is accompanied by an increase in CV value 
(Refer to Figures lSa-d; most dramatically exposed by 

a ni rna 1 R7). 

Again, this increase t rather than only an increase in 

diameter along the fibre is, to a major extent, due to 

changes in the fibre composition of the fleece. RYDER 

(1966), DREYER and MARINCOWITZ (l967), MARGOLENA (1974) and 

SfAPLETON (l978) demonstrated the growth of ',kemp fibres 

duri ng spri ng. 

The increased avera,ge fi diameter in spring is 

brought about by the growth of kemp and strongly medullated 

fibres, which are appreciably coarser than true mohair. 

This causes a wider variation .in fibre diameter between 

fibres bringing about an increase in CV value. 
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Altho~gh kemp and medullated fibres could not be 
distinguished separately while measuring fibre snippets 

under the projection microscope, the amount of medullat\on 
increased (Refer to Figure 4a-d.) from spring (Sampling date 
6.) to reach a peak in mid-summer. This result supported by 
the strength of evidence relating to seasonal growth 
patterns of kemp fibres in sheep and goats (BURNS, 1953; 
FRASER et al, 1954; DREYER and MARINCOWITZ, 1967; 
MARGOLENA, 1974; DRY, 1975 and STAPLETON, 1978) shows that 
the main contributer to average fibre diameter increase, CV 
value increase and medulla increase from spring to summer is 
t he kemp fi bre. 

V.3.1.1 Fibre Fineness Distribution Within One Sampling 
---------------------------------~-------------Posit ion 

Histogramms of fibre fineness distribution, shown for 
animals Y7, Y5, G49 and R7 (Refer to Figures lOa-d.) 

illustrate the previously mentioned changes within the 
fleece. It becomes evident that the increase in CV value in 

spring results from the appearance of relatively few but 
distinctively coarser fibres, which have a definite 
influence on the average fibre diameter. RYDER (1981) has 
established similar histogramms of "primitive" type sheep 
showing differences between the fine woolly undercoat and 
the coarse, kempy outercoat. 

It appears, therefore, that the trial goats showed 
rudiments of a "primitive" type double coated fleece. This 
is suggested by various factors: 

The trial goats all shed their fleeces between 
mid and end of spring. This shedding, which showed a 
dorsal-ventral gradient in time, occurred because follicles 
had ceased growth during the winter and new fibres together 

with kemps and medullated fibres had commenced growth in 
spring and pushed the old fibres out(Refer to Plate 7). 
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Observations, CV calculations and fibre 
fi neness di stri but ion histogramms indicate a "double coate~ 
type fleece with the majority of fibres being fine to medium 
fine. This type of undercoat appears from evidence 
presented by RYDER (1981) to be more highly evolved than the 
lI ultra fine" down undercoat of primitive type or wild sheep 
and goats. It appears that the double coated nature of the 
mohair fleece varies throughout the year and it looks more 
like a primitive type fleece in spring than at other times 
of the year. 

Histological observations (Refer To Plates 11. 
and 12.) show a large difference between the average 
diameter of primary follicles and secondary follicles, 
suggesting the eKistance of two distinctive classes of 
fibre diameter distribution. 
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V.3.Z ~l~er ~ia~eter Varia: on Over The Fleece 

B SET!' 

----------------------------------------

C et 

71), 

(1935 

STAPLe 
(1959), ENGDAHL and 

(1978) and GIFFORD (1981) 

demonstrated c va ation in fibre ameter over the mohair 

fleece. 

The a mals and low number of sampling dates 

( imals Y7. 9 and R7 sampl an sampling dates 4, 7, 

10, 13) for which fibre diameter measurements of different 

body positions are available do not allow for strong 

conclusions to be drawn. The high variability amongst 

a mals also contributes to confound results. Measurements 

are also too few to demonstate significant trends. Whereas 

for average values certain trends could be illustrated, this 

does not imply that animals follow exactly the same 

trend. 

As on the midside patch, fibre ameter changes on 

other body positions are largely due to changes in the 

population of growing fibres i.e the presence or absence of 

kemp and medullated fibres. There is a strong relationship 

between the degree of medul~ation and average fibre diameter 
found on various body positions ( r = 0.790** ). 

In general the coarsest average fibre diameter was 

measured on the rump followed by the neck,bel1y, back a 

midside. However this trend was not always· consistent, 

varying between animals and between seasons (Refer to 

Appendix 18). STAPLETON (1978) and ENGDAHL and BASSETT 

(1971) stated that neck mohair was significantly coarser 

than all other mohair. For the goats of this trial, 

however, this only applied for the group averages taken in 
autumn. 
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Seasonal variation of average fibre diameter of neck, 
back, rump and belly mohair, as illustated in Figures 11a.d, 
seems to follow the same seasonal trends as indicated by the 
midside growth patterns. All body positions produced the 
finest average fibre diameters during winter. The coarsest 
average fibre diameters were grown during spring/summer. 
The spreao over several months in production of coarser 
average fibre diameters is greater than expected and may 
possibly be due to variation between animals, varying 
degrees of shed kemps on various body positions and, for 

animal R7, distorted average fibre diameter calculations due 
to missing data (Refer to Figs. lla-d). 

-
The neck and rump positions, which had the coarsest 

average fibre diameter in spring, attained this peak in 
average fibre diameter earlier than the other body 
positions, owing to the presence of a large number of kemp 
and medullated fibres (Refer to Appendix 24). Samples taken 
in autumn from all body positions were the second coarsest 
of those samples measured. 

The results presented in Figures 11a-d illustrate the 
variability of average fibre diamete~ response between 
different body positions to seasonal changes. The only 
definite trend for all four animlas is the positive average 
fibre diameter increase between sampling dates 4 and 7. 

The largest changes on the body occur between samples 
taken in winter and spring followed by changes between 
spring and summer, summer and autumn and autumn and winter 
respectively. These changes coincide with the growth 
pattern of the midside patch sample. The rump mohair 
appears to have the coarsest average fibre diameter. If a 
contributory factor was the high incidence of medullation 
(Refer to Appendix 24) fhen we would expect to find the 
largest changes in average fibre diameter throughout the 
season at this position. Indeed this proved to be so (refer 
to Appendix 19). 
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position is nt, (Refer to Appendix 19), 

T~is v~-·a~ion only accounts about 5.57% of the total 

i uence of seasonal effects on 
at; on is relatively 1 a rge, and 

accounts for 34. Va ion due to ani rna 1 differences 

and ~ season/position era ion a-p 
I~ 18.09% and 13.01% 

er Table 12). It is evident, that the 

iargest influences on variation originate from between 

ani rna 1 and seasonal di rences and that within animal 

differences are rel ively small. 

V.3.3 Effect 11ated And Kemp Fibres On Tbe 
-----------------------------------------~-Average Fibre Diameter 

The rcent of medullated fibres (Refer to 
Appendix 26) recorded for each body position is relatively 

low, except for sampling date 7, when a marked rise in 
medullation occurs, much of which is likely to be kemp 

(STAPLETON, 1978). However, as can be observed by placing 

Figures 12a-d over l1a-d the effect of medullated and kemp 

fibres on the average fibre diameter and CV value is quite 
large. A ear illustration that the spring peak of average 

fibre di r is largely due to the presence of medullated 

and kemp fibres is presented. It is also evident that in 

some instances the finest mohair is not produced during 

winter, but rather during spring, although the average fibre 

diameter at this time may be at its peak. 

In futher studies on the effects of fibre type on 
average fibre diameter, calculations made, were medullated 

and k fibres were ommitted, showed the var; ion to be 

markedly reduced (Compare results of Appendi x 20 with 

A p n d i x 22; a 1 sore fer toT a b 1 ell) • 



It is evident that the average fibre diameter and 

fibre' fineness distribution is greatly influenced by the 

precence of relatively few kemps and medullated fibres, 
which are distinctively coarser than true mohair. Not only 
do the former affect differences between various body 

positions but also contribute largely to between season 
differences. 

The effects of kemps and medullated fibres are 

undesirable as they induce a higher average fibre diameter 

and a larger variation of fibre fineness in the fleece. 
This downgrades its processing value immensely and severely 
limits its processing capabilities as kemps and medullated 

fibres interfere gravely with technical processing 
(VELDSMAN, 1980). 

The large affect of kemps and medullated fibres on 
the average fibre diameter shows that there is a large 
difference between average fibre diameter as assess 
subjectively by a classer on an animal or sale lot and the 
average fibre diameter of a mohair top made from the same 
moha i r. 

When assessing stud animals, emphasis must be placed 

on the average fibre diameter of Utrue U mohair, since it is 
this fibre towards which production and breeding efforts 
should be directed. Merely respecting the overall average 
fibre diameter gives little knowledge on the quality of 

mohair fibres being produced. 

V.3.4 Fibre length Growth Rate Measurements Of The 
--------------------------------------------
Midside Patch Samples 

SHELTON et a1 (1965) indicated that staple length is 

only of secondary importance as a component of f1eece 
weight. However staple length is of some importance as the 
value of the fibre is' partly determined by it. Optimum 
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Fi bre 1 engths were measured rather 

from 60-70% 

n the more 

simple staple length to obtain an awareness of the actual 
fibre length growth rates. As can be seen from res 4a-d 

fibre length growth rates follow the general trend of 

seasonal mohair production, with the iowest growth rates in 

winter and the highest in summer. 

Throughout the trial a desired average growth rate of 

20-25mm per month (VELDSMAN~ 1980) was not achieved. 

BASSETT and ENGDAHL (1968) mentioned that goats of their 

t a1 di d not reach same objective. 

The CV values for fibre length variation show an 

exact inverse relationship to fibre length growth rate. 

Thus when average fibre length growth rates are at a minimum 

CV values are at a maximum and vice versa. 

During riods of sufficient feed, and the absence of 

phYSiological and environmental stresses the majority of 

follicles can produce fibres close to their production 

optimum (FRASER and SHORT, 1960). This situation results in 

_ long fibre lengths and low CV values. However, during 

periods of short fe supply paired with environmental and 

phYSiological stress the fibre producing capabilities of 

each follicle will vary~ the smaller ones ceaSing 

production. others will slow down in growth rate and others 
will show little effects. According to FRASER and SHORT 

(1960) this situation is brought about by the interaction of 
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feed availability, environmental and physiological stresses 
and the efficiency of follicle competition for restricted 
nutrients. This probably explains the inverse relationship 
between minimum fibre length production and high CV values, 
so apparent in this study (Refer to Figs. 18a-d). 

Animals G49 and R7 showed an earlier minimum length 
growth rate than Y7 and YS, which coincided with a peak in 
CV value in each case. However other, lower peaks in CV 
value were observed, which were apparently not related to 
fibre length growth rates (Refer to Figs. 18a-d). 

V.3.S Calculation Of Fibre Numbers Per Unit Area ------------------------------------------

The fibre numbers per unit area were calculated on a 
mathematical basis. A major component of the formula 
(Refer to Appendix 2S) was the specific weight of mohair. 
As this was unknown the average specific weight of wool was 
substituted for it. This does not allow for the effect of 
kemp and medullated fibres, which vary throughout the year 
in number and have a different specific weight than solid 
keratin fibres. While this undoubtedly affects the absolute 
number of fibres, the calculations express the relative 
changes in the number of harvested fibres. It is evident 
that the number of fibres/unit area varies, which indicates 
changes in the active follicle population, in other words 
shedding. The largest changes occurred on animals R7 and Y7 
(both had twins) followed by animals YS and G49 (one kid and 
no kid respectively). 

It is known that the number of fibres/unit area 
changes (MARGOLENA, 1974 and STAPLETON, 1978). This is the 
result of shedding and regrowth, which in turn greatly 
influences fibre production and expression of fleece 
chracteristics. The mechanics of this biological procedure 
are bri efly out 1; ned : 
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Shedding has observed a :.:; '" i r--,0. 

goats (DUERDEN and SP 1927; r1t,RGOL ' Q7!! • .:.. ,...., f '""t , 

STAPLETON ~ 1978). This phenomena has cant 
considerably to the seasonal vari ion of mohair pion 

of t al goats. To understand the mechanics of 
in the Angora goat it is necessary to differentiate 
primary a secondary follicle shedding. 

The interaction of feed level and reprodu ional 
stress will cause a reduction ;n secondary follicle activity 

throughout the autumn and winter. This induces the smal1 
secondary follicles to cease production (MARGOlENA, 1974), 

and a loss in fine fibres occurs. Other secondar.y folncles 
will grow finer fibres than 'before. At the same time 

primary follicles recommence kemp growth after shedding in 
early summer (STAPLETON. 1978). 

Before fibres shed fibre growth has to cease. This 
cessation of growth occurs during the latter stages of 

pregnancy. During spring, nutritional and photoperiodic 

conditions in Canterbury are favourable towards initiating a 
vigorous growth of "new" fibres. This causes the lIo1d ll 

fibres to be "pushed out ll by the growth of new fibres. DRY 
(1975) described shedding as an expression of growth vigour. 

Between sampling dates 6 and 7 all animals lost their 
fleeces~ fibre losses occurred over time from dorsal to 
ventral body positions (Refer to Plate 7). The new growth 

--of fleece contained a high level of kemp which follows 
observatios made by STAPLETON (1978). Whereas the 

dimensions of the kemp fibres are dependent on fol1icle size 

. and available nutrition their innitiation cessation of 
growth is most probably initiated by photoperiodic 
conditions (RYDER and STEPHENSON, 1968). ROUGEOT (1957, 

1959; cited by RYDER and ~TEPHENSON, 1968) demonstrated 

this phenomena for sheep. 
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Since the presence of kemp and medullated fibres ;s 
highly undesirable in the mohair fleece and fleece shedding 

poses managerial problems, shearing has to be adjusted 
accordingly. 

In Canterbury the autumn/winter fleece should be 
shorn as early in spring as climate conditions permit. This 
allows: 

- fleeces to be shorn before the growth of 
k emps. 

- fleeces to be shorn before they shed. 
- matted and cotted fleeces to be avoided. 

Kemp fibres only grow for a short period of about 12 

weeks and are 'then shed. Thus in spring kemp growth will 
coincide with a new and short fleece. This will enable 
kemps to drop out relatively easily. 

The second shearing in autumn, should be eariy~ 

bearing in mind the desired average staple length of 120 -
170 mm. This will have the same advantages as an early 
spring shearing. Furthermore it will ensure adequate fleece 
cover; ng du r; ng the wi nter. 

V.3.6 Measurement Of Medullation 

RYDER and STEPHENSON (1968) and STAPLETON (1978) 
showed a variety of different forms of medullation. The 
observations made on the trial goats revealed two basic 

kinds of medullation: predominantly a non-latticed unbroken 
medulla and some non-latticed fragmental medulla (WILDMAN, 
1954) • 



I /" 
'_t':., 

The non-latticed unbroken medulla appeared to be in 
varioys forms, giving, the impression of mounting media 

having filled the fibre (Refer to Plates 8, 9, 10). However 
the various forms resulted fr,om different cross-sectional 

shapes of the fibres. The cross-sectional shapes ranged 
from circular, varying degrees of eliptical shapes, dumbell 

shaped, to totally irregularly shaped cross-sections. This 

affected the light passage of the microscope to give the 
impression of various forms of medulla. (ROSS, pers. com.) 

The technique of establishing the degree of 

medullation from fibre snippets under the microscope had 
certain disadvantages: 

- heterotype (gare) fibres could not 

be specifically identified. 

- kemp fibres could not be readily dissociated 

from gare fibres. 

Therefore kemps and medullated fibres had to be 

classed as one group of fibres. Fibres with fragmental 
medulla were classed as medullated. 

An attempt to measure the degree of medullation with 
the WRONZ medullometer (LAPPAGE and BEDFORD 1980 unpl.) had 

to be abandoned, because of a high level of residual skin 

within the samples. The skin flakes were recorded as 

medullation because of the light reflection of these 
particles. The residual skin could not be removed from the 

samples effectively, either mechanically or chemically. 

Heterotype fibres (gare) were observed to be present 

(benzene test) and undoubtedly these contribute to the 
seasonal expression of medullation. Thus the measured 

degree of medullation with the prOjection microscope is a 

Sum of kemp fibres and the degree to which heterotype fibres 
express medullation. 
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The potential of an animal to grow kemps and 
medullated fibres is genetically founded (BRYANT, 1936; 
RONNIGEN and GYERDREM, 1970) and is modified by the pre 
natal check/ IIrobustness" interaction of the birthcoat kemps 
(GOOT, 1945; DRY, 1975). 

The extend to which kemp growth and medullation in 

gare fibres express themselves ;s a resultant of an 

interaction between feed availability, follicle efficiency 
and photoperiodic stimuli (RYDER and STEPHENSON, 1968). 

The relatively high level of meduliation during 

autumn can be regarded as resulting from a stimulated growth 
of kemps and a stimulation of medulla growth in gare fibres. 

This relatively high level of medullation decreases 
through the winter. In spring a large increase in 
medullation occurs, mainly due to the growth of kemps. 
After kemp fibres are lost by mid/late summer the relative 
level of medullation is maintained by the number of growing 
gare fibres and the amount of medullation they express 
( Ref e r to Fig. 15 ) • 

The differences in expressing medullation between 
animals Y7, Y5, G49 and R7 could be due to varying genetic 
backgrounds (Refer to Fig. 15). Animal G49 has a longer 

record of selection against kemp than the other three 
animals, hence the probable reason for the lower degree of 

medullation, although UTKANLAR and IMERYUZ (1959), JONES et 
al (1935) and STAPLETON (1978) have found kempiness to 

increase with age. 
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V.3.6.1 Medullation Measurements Of The Neck, Back, -------------------------------------------Rump And Belly 

The relatively few measurements carried out do not 
allow conclusive results to be drawn. Most medullation 
seemed to occur on the rump, the least on the midside. 

In ranking the body positions in decreasing order of 
the amount of medullation measured, animals Y7 and Y5 had 
the same order of: Rump, Belly, Neck, Back and Midside, 
whereas animal G49 showed the following ranking: Rump, 
Neck, Back, Belly and Mids1de. 

GOOT (1945), GALPIN (1948) and LABBAN (1949) showed 
that sheep showed hairiness predominantly in the britch 
region. STAPLETON (1978) discribes the areas of kempiness 
in the Angora goat as along the mid-dorsal line, along the 
rump and downward over the rump. 

GALPIN (1948), BURNS (1966) and RYDER and STEPHENSON 
(1968) pointed out that for sheep anterior body positions 

-
have less kemp than posterior positions. VENTER (1959), 
ENGDAHL and BASSETT (1971) and STAPLETON (1978) showed a 
similar trend amongst Angora goats, expressing that the 
britch had the most kemp and medullation. Differences 
between other body positions could not be shown as 
significant. 

The seasonal variation of kempiness and medullation 
of all bodY positions appears to follow the same seasonal 
trends as for the midside. Areas which show the highest 
amount of medullation also express the highest seasonal 
amplitude of variation. 
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These findings have a major implication when ... 
assessing the degree of kemp and medullation in an animal 
for stud purposes. 

To assess the potential of an animal to produce kemp 
and medullated fibres it is imperative that this assessment 
is carried out at the peak of kemp growth and medullation 
production. To justly compare all breeding stock within New 
Zealand this assessment should be carried out in December on 
all elligible stock. 

A rough estimation of the degree of medullation and 
kemp growth can be obtained by visually assessing the amount 
of kemp present along the backline, downward over the nJmp 
and in the britch region. For a more accurate estimation of 
the amount of medullation a visual assessment should be 
complemented by a "benzene test" or a projection microscope 
measurement of a britch sample. 

V.3.7 Relationship Between Fleece Characteristics 

Due to the low number of animals, low number of 
recordings of fleece characteristics and high variability of 
animals it is not possible to draw strong conclusions on 
inter-relationships between fleece characteristics. 

Average fibre diameter appears to be most responsive 
to seasonal changes. This is brought about by a change of 
fibre population (growth of kemps), a thinning of fibres and 
a loss of very fine fibres. Average fibre diameter changes 
appear to precede fibre length changes, i.e minimum and 
maximum values are attained earlier. This finding is in 
agreement with findings of STORY and ROSS (1960) for sheep 
and of STAPLETON (1978) for Angora goats. 
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Whereas average fibre diameter is closely related to 

nutritional intake, fibre length growth rate is influenced 
more by photoperiod (SCHINCKEL, 1963; BLACK and REIS, 1979; 
WILSON and SHORT, 1979). 

FRASER (1965) suggested that if the mitotic cell 
volume within the follicle bulb increased when nutritional 
supply was increased, the mean fibre diameter would also be 
increased; while if an increase in cell turnover rate 
occurred length growth rate would be increased. It was 
considered possible that once limits to mitotic cell volume 
had been attained, fibre production would be expressed as 
length growth. The results of work carried out on the 
affects of nutritional level on mohair production (MUFTUOGLU 
1962; HUSTON et a1, 1971; SHELTON and HABY, 1971; 

MALECHEK and LEINWEBER, 1972) suggested that while increased 
production of wool appears to be expressed in terms of both 
length growth rate and increased fibre diameter, increases 
in mohair production appear to be expressed mainly in terms 
of increased fibre diameter. These findings for the Angora 
goat fit the suggestion of FRASER (1965) that fibre diameter 
changes due to nutritional aspects may be more easily 
accommodated in stronger wooled sheep with lower follicle 
denSities, since Angora goats have similar low follicle 
densities and SIP ratios. 

Except for animal G49, average fibre diameter 

increases Simultaneously with an increase in medullation. 
This is due to an increase in kemp growth. For animal G49 
the slight increase in average fibre diameter between 
sampling dates 4 and· 6 corresponds with a slight increase in 

medullation (Refer to Fig 17c). From sampling date 6 on a 

marked increase in medullation was observed, due to an 
increase in medullated fibres (good feed availability and 
lack of reproductive stress) prior to the growth of kemps. 

The unison in increase (Sampling date 6) and decrease 
(Sampling date 8) of medullation between all animals 
indicates that the growth of kemp is time dependant (Refer 
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to F i l7a , S-;APLETON (1978) came to the same , . 
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.,... 
I ile non-rep ctive animal G49 attained minimum 

clean ir pr-eduction avera fibre diameter ea ier 

t the reproductive animalS. CORBETT (1979). STORY and 

ROSS (1960) and SANDERSON et a1 (1979) demonstrated the 

effects of pregnancy and lactation on wool growth in sheep. 

They found that pregnancy and lactation postponed the date 

of minimum wool production and that total annual ~production 

was reduced. In the light of these findings the behaviour 

of animal G49 was expected. However minimum length and 

minimum number of fibres/unit area production lay within the 

range of dates achieved by reproductive animals. More 

animals per study group are required to fully resolve this 

anomaly. 

The correlation and regression data set out in Table 

15 have a limited indicative value only as they are based on 

13 recordings and reflect the relationships of fleece 

characteristics of only 4 individual animals. Due to the 

large between animal variation there is little unity ich 

could indicate or substantiate trends. 

As expected, the relationship between the midside 

{;4ean scoured patchwei ght and average fibre di ameter, 
average fibre length and number of growing fibres/unit area 

is positive. Thus an increase in patchweight is controlled 

- by an increase in all these fleece characteristics. Results 

gained by STAPLETON (1978) substantiate these findings. 

The expression of medullation is not greatly affecte9 

by nutrition. The relationship between midside clean 
scouredpatchweight (largely a reflection of nutrition) and 

medullation (largely a reflection of photoperiodic 
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influences) 
relationship 

is non-significant. As expect the 

between medullation and average fibre diameter 

is positive. When medullation increases so does average 

fibre di ameter. HARDY (1927), DUERDEN and SPENCER (1927) 

and CLARKE and SMITH (1975) have found similar results. As 

kemp growth occurs at a time when fibre numbers/unit area 
are low an inverse relationship between degree of 

medullation and number of fibres/unit area would be 

expected. The data presented in Figs. 17a-d indicate such 
a trend. 

There appears to be no correlation between average 

fibre length and percentage medullation except for animal Y7 
which showed a strong negative correlation (Refer to Table 

15). The presence of medullation is high when the average 
fibre length is low. The low correlation between fibre 

length growth rate and degree of medullation for animals Y5, 
G49 and R7 may be real or merely a refl ect i on of 

irregularities in the seasonal trends in fleece 

characteristics of these individual animals. Using more 
preci se measuri ng techniques and more animals a more 
defi nite relationship could probably have been established. 

A positive correlation between fibre length growth 
rate and fibre diameter is shown by three of the four 

animals (Refer to Table 15 and Figs. 17a-d). This finding 
is in contrast to comments by SHELTON and BASSETT (1970) who 

stated a negative relationship between staple length and 

fibre diameter. The present finding is more in line with 
observations carried out on sheep where the longer wool 

breeds produce the coarser fibres (FRASER and SHORT, 1960). 
The reason for the poor correlation of animal G49 is that it 

showed a deviation from the seasonal average fibre diameter 
and average length growth rate increase in spring which 

affected fibre length growth more severly. Although the 

graphs in Figs. 17a-d show definite biological trends the 
low number of ani ma 1 s per treatment group imposed severe 
limitations on statistical calculations. Statistical 
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results, therefore, are not always in agreement with the 
apparent biological trends. 



V.4 COMPp,J::r 

PROJ f'!:I CSCOPE { 
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v time cons ng, me:h fer measuring average 
fibre 
( T 
\ J. 

di ameter 
56(E). 

woc1 

facil itate 
a cthe: 

measu 

.t;:. 
, I samples 

nume rOllS 

samp1es (1500) the C.S.I.R.O. Fibre Fineness Distribution 
Ana lyser was used. Some sa:nDles ',,;'ere measured both 
techniques, the results being expressed in Appendix 27 and 
28. 

As demonstrated in Table 17 the 

cons; derab ly. The reasons are 

results vary 

- The PM measurements rely for accuracy on 

fibres being of circular cross-sectional area. A biased 
measurement is obtained when measuring samples with a high 
level of fibres of eliptical cross-section area. Such 

fibres tend to be embedded on their flat (longer) side. 

Thus this diameter is larger than the average fibre diameter 
for each fibre. For mohair samples, with a high degree of 

fibres with non-circular cross-sectional area (Refer to 
Plates 11 and 12) measurements will be biased towards a 
coarser readi ng. 

- Measurements carried out on mohair samples 
with the FFDA were biased towards a finer reading because: 

1.) The FFDA, 

although designed to discriminate between fibres and foreign 
particles, undoubtedly measured foreign particles (residual 

skin, loose cells and dust) of less than 10 micron. It also

recorded "electronic noise" as fine fibres. Similar 
experi ences are recorded by LUNNEY and IRVINE (1982). is 
"electronic noise" was incorporated into the computer 
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analysis of average fibre diameter and CV value and thus
these calculations were distorted. 

2.) The FFDA used, 
the only machine in New Zealand, was programmed to measure 
within a range of 0 - 60 microns. This range could not be 

altered (BIGHAM pers.com.). Thus, fibres measuring more 
than 60 microns were recorded as 60 microns. This created a 
false basis for calculating average fibre diameters and CV 
values. 

3.} The machine was 
operated as specified by LYNCH and MICHIE (1976). A number 
of requirements detailed by LUNNEY and IRVINE (1982) were 
not met, as these were not known at the time the FFDA was 
used. It is doubtful if the FFDA, even after having being 
reset according to -LUNNEY and IRVINE (1982) would measure 
mohair samples satisfactorily. 

4.} The flow of 
carrying medium (in which the fibres were placed for 
measurement) causes most of the fibres to align so as to 
offer the least resistance to flow. This causes 
non-circular fibres to be measured in a non-randomised 
fashion so that fibres will be measured along their widest 
diameter (EDMUNDS, pers.com.) 

The difference between the PM measurements and FFDA 
measurements are largest when the degree of kemp and 
medullated fibres is highest. Thus it is mainly these 
fibres which lead to distorted results. A similar behaviour 
is observed for the CV value calculations between PM and 
FFDA measurements. During times of low kemp level the 
differences between the two measuring techniques becomes 
less (Refer to Figs. 19a-d). 
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The continously low measurements of the FFDA are 
explained by the fact that spurious fine fibres are recorded 
("electronic noise ll

) and that fibres above 60 microns are 
not recorded. 

In conlusion it can be stated that the FFDA (in its 
present form of development) is not suitable for measuring 

mohair (or coarse wools from double coated animals) because 
the fibre variation exceeds the limits of the machine and 
because of the previously mentioned limitations within the 
machine. While measurements are a useful aid to selection 

they do not replace visual appraisal of the fleece. In view 
of the inability of the FFDA to satisfactorily record kemps 
and very coarse fibres, a major fault of New Zealand mohair, 
its use in selection decisions cannot be supported with 
confi dence. This reservation is increased when one 

considers not only the complex equipment problems, but also 
the seasonal and site variations in kemp and medullation. 
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LICL~ s 

i e estab1is ratio of around 7 is her lower 
tha ted y and MARINCOWITZ (1967)~ MARGOLENA 
(1974 a ST N (1978). This is probably due to the 

e of ins; af Zealand A ras. As 
s ratios are about equi ent to those of coarser 

crossbred and carpet type sheep mohair fleece 

character; i cs and fl eece architecture can be expected to 
be similar than the eeces of these sheep. 

The observation that the number of primary foll i cles 
per follicle group can vary is in accordance with 

observations recorded by WENTZEL and DREYER (1967) for 
Angora goats and THEURER -(1978) for Tukidale sheep. More 

than ree kemp growing primary follicles per group would 
lead to more than 3.5% expected kemp in pure Angora goats 

(MARGOLENA, 1974). 

Some observations made on some skin sections differ 
from what one would expect from similar sheep skin sections. 
The fact that not all primary follicles are situated on the 
ectal margin of the folTiclegroup (Refe~ to Plate 11) does 
not comply with observations on sheep skin sections (RYDER 
and STEPHENSON, 1968). As follicle groups of Angora goats 

are surrounded by a broad border of collagenous material 
they are clearly distinguishable. 

The observation that more than one fibre emerges from 
a secondary follicle is not expected in sk in sections with 

such a low SIP rat io (Refer to Plate 13) • DREYER and 

MARINCOWITZ (1967) made the same observations on Angora goat 
skin sections. 
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Size differences between fibres grown in primary and 
secondary follicles are unusually high. Of marked interest 
is also the varied cross-sectional area of fibres grown in 
primary follicles. 

Shown in Plate 12 is an example of a follicle group, 
in which the primary central follicle does not show a 
medullated fibre, whereas the primary lateral follicles do. 
This finding throws some doubt on the theory that primary 
follicles central grow kemp fibres only (MARGOLENA, 1974). 

In general, the skin sections showed a large degree 
of variation between each animal, confirming the large 
between animal variation. Observations made from fibre 
measurements are underlined by histological findings, 
especially the large variation in fibre diameter, the 

existence of a range of fi ner fi bres and a range of coarser 
fibres (Refer to Plates 11, 12 and 13). 

Further histological studies, especially over time, 
of the Angora fleece are undoubtedly necessary. This very 
precise method will further knowledge on the mechanics and 
peculiarities of mohair production from Angora goats. 



SUMMARY AND CONCLUSIONS 



SIGNS 

s!, run as rt of a 
comme a1 ock, were ",n 

.... J) 

Samples were t~ken f~2m t mlGSl 

every twenty 

n 

ght days. 

and 
be 1 5 ticns. clean scoured mohair 

production. mohair yi ds, average fibre diar.eter. fibre 

fineness di but ion. average fibre length h rates. 

degree of 
between the 

l1ation and fleece chara eristic differences 

sampled body positions were established. 

Seasonal growth tre s of fleece characteristics were 

investigated. SjP ratios were established from dside skin 

sectionso The trial goats were weighed every two weeks. 

It could be shown that at tupping time animals which 

later bore twins were on average 5.60 kg heavier than those 
which bore single kids. The latter animals were on 

2.60 kg heavier than animals which remained dry. 

the liveweight of animals increased during pregnancy 
actual bodyweight decreased. 

average 

Whereas 

their 

Greasy and clean scoured mohair production correlated 

highly r = 0.99** ) and t annual production followed a 

sine curve. Production dropped from mid summer until mid 

winter to early spring, then increased to reach a maximum ;n 

1 ate sp ri n9 and early summer. Ani rna 1 sunder reproductive 

-stress showed a greater decrease in production and reached a 
lower absolute production minimum than non-reproductive 

a ni rna 1 s. The former ani ma 1 s so took longer to recover 

production and reach maximum production values -in summer. 

The tri animals showed a large variation in seasonal 

mohair production. This is demonstrated by average 

maximum:minimum production ratios of 6.74 s 9.20. 6.39 and 

2.84 of animals that bore twin kids, single kids, remained 
dry and those that were not mated (young goats) 
respect; 'Ie 1y. Pregnancy hardly had any effect on mohai r 
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growth considerably. 
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However, lactation depressed mohair 

Grease and suint production was quite low around 10%. 
The yields of the trial goats compared well with yields of 
Angora goats reported elsewhere. Animals under reproductive 
stress showed higher yielding summer fleeces, whereas non 
reproductive animals showed higher yielding winter fleeces. 

Average fi br·e di ameter, the most important mohair 
characteristic, changes throughout the year. Two forms of 
changes occur: changes along the fibre, which are a 
reflection of nutritional changes and changes within the 
growing fibre population, largely a reflection of changing 
photoperiodic influences. The largest influence on average 
fibre diameter stems from the latter cause. 

The average 

gradually decreased 
around mid-winter. 

fibre diameter of all trial goats 

from mid-summer to reach a minimum 

Animals under reproductive stress showed 
a larger relative and absolute fibre diameter decrease. 
Average fibre diameter increased rapidly in spring. 

This increase was largely affected by the rapid 
growth of kemps and strongly medullated fibres. Although 
only few in number these fibres have a large influence on 
the average fibre diameter. The average fibre diameter can 
be consi derably coarser than the average of I1true" mohai r 
fibres. The observed peak in average fibre diameter in 
spring resulted from the growth of kemp fibres; in most. 
cases the average diameter of I1true l1 mohair fibres was at a 
minimum during this time. The average fibre diameter of a 

shorn fleece will normally b~ coarser, than that of a mohair 
top obtained from that fleece· after combing. Kemp and 
medullated fibres also impair the processing qualities of 

mohair as they adversely affect the dyeing of mohair. 



It s IGe u1timat~ a m of , 
~ne dlf cer 

to eliminate or amount O~1""_ .... ;;;)-" and strongly 

medullated fiDres in ra f eece. t vances 

towards this Blm Cd be through sel i ve breed; ng 

P 1 Cl es tI nt , , 
\ ~ so lead towards 

producing fleeces wi less ke~p ed fibres. 

ts is best car 

spring as climate conditions allow. 

spri ng 

out as ea r 1y in 

eeces shorn ear1y in 

are harvested before e growth of kemps 

and strongly medullated fibres. 

are harvested before the fleece commences 
s heddi ng. 

-: are harvested before the fleece commences 

to cott. 

will show a smaller range of fibre finess 
distribution. 

-: will allow kemps to grow at the beginning 

of the new fleece and so make it easier 

for these to drop out. 

The second shearing, bearing in mind a desired fibre 

1 ength of 130 150 mm, shaul d be shorn early ; n autumn. 

--This will avoid the autumn growth of kemps to occur when the 
animals are in full fleece. The Kemps will grow with the 

new fleece and, being at the beginning. will easily drop 

. out. Animals will have regrown enough mohair to be 

adequately covered for the winter. 

The range of fibre fineness dist bution varies 

throughout the year. The largest range was observed in late 
spring and ea y summer; the lowest range was noted in 

wi nter. 
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Differences in average fibre diameter between various 
body positions exist. Although there were large between 
animal variations the trends indicate that the coarsest 

average fibre diameter is produced on the rump and the 
finest average diameter on the midside. This indicates that 
most kemps and medullated fibres grow on the rump and the 
least on the midside. Medullation recordings substantiated 
this indication. 

It can be recommended to skirt the fleece in such a 
manner to· keep mohair from the backline (neck - back - rump) 
seperate as these areas tend to contain the most 
medul1 at ion. 

The fibre length growth rate follows a seasonal 

growth pattern similar to that of other fleece 

characteristics. The lowest length growth rate recordings 
were obtained in winter, the high~st were obtained in 
summer. Average fibre length growth rate never exceeded 25 

mm per month. The variation in fibre length growth rate 
between fibres was largest when fibre length growth rates 
were lowest, and when the latter was at a maximum the 
variation in growth rate was at its lowest. 

Medu 11 at i on 

mi croscope. This 
between kemps and 
were classed as 

was measured 

method did not 
medullated fibres. 

one. Medullated 

using a projection 

permit to distinguish 
These two fibre types 
fibres showed varying 

cross-sectional areas, mostly elliptical to bow shaped. 
This feature was a source of bias for average fibre diameter 

and medullation recordings. 

The degree of measured medullation increased markedly 
in early spring and declined again rapidly by late spring. 
A smaller usecondary" peak of medullation was observed in 
autumn. 
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sessing the degree kemp hairiness of animals 

should be car eo out in early summer ( December). e 

full potent i a i for an ani mal to grow kemps and medull ated 

fibres can then be realised. For assessing the average 

fibre diameter IItrue" mohair midside pat samples of the 

animals are best taken in mid-summer and measured under the 

projection microscope. This sampling time will ensure 

mohair samples that are relatively kemp 

approxi mate 1y the "coa rsest II mohair grown. 

to observe these dates~ as at other times 

free and 

It is 

animals 

represent 

import ant 

will show 

lower levels of kemp or a finer average fibre diameter. 

The presence of a relatively large number of kemps 

and medullated fibres resulting from a relatively low SIP 
ratio of around 7, indicates, for at least part of the year, 

the existance of a rudimentary double coated fleece. 

The relationship between fleece characteristics can 

be summarised as follows: 

Non-reproductive animals reach minimum values 

of clean mohair production) average fibre diameter and 

average fibre length before reproductive animals. Similarly 

the former animais reach maximum production values prior to 

the latter animals. 

Average fibre diameter changes occur prior to 

average fibre length growth rate changes. 

Positive phenotypic correlations exist between 

the midside patchweight and average fibre diameter, average 
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fi bre 1 ength and average fi bre number per unit area. Of 
these three production parameters the average number of 

fibres/unit area has the largest influence on changes in 
mohair production. Ave'rage cross-sectional area and average 

fibre length growth rate follow respectively-

A strong positive correlation between average 
fibre diameter and average fibre length growth rate has been 

established. Selecting long stapled animals for breeding 
will lead to heavier and coarser fleeces. Shorter mohair 
will be finer and result in lighter fleeces. The selection 
criteria (heavier fleeces or finer mohair) will, in the end, 

be influenced by economic returns. Due to the strong 
corre 1 at.i on between average fi bre di ameter and average fi bre 
l~ngth the realisation of increasing fleece weight and 
maintaining a relatively low average fibre diameter is not 
possible within a short period of time. 

A strong positive correlation between between 

average fibre diameter and degree of medullation has been 
established. 

An inverse relationship between average length 
growth rate and vari at i on in 1 ength growth rate was 
observed. This relationship exists definetly for all 
animals. Thus under optimum feeding situations all 
follicles will show optimum fibre production. If the level 

of feeding is low then different follicles will show 
different growth rates. 

An inverse relationship between the number of 
growing fibres per unit area and the degree of medullation 
was observed. This is due to the situation that kemps and 

medullated fibres grow shortly after winter when most 

follicles are dormant. 
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The C.S.I.R.O Fibre Fineness Dis lyser 

(FFDA) has been found to be ina ate ~r: se~su 9 the. 

average neness and fibre fineness distribution 
The FFDA in its present stage of development 70110W1 
, . 
I 1 'tat ions \I.fhi ch gravely affect the meaSiJreme s of ~ohair: 

The FFDA at the Hill Country Research 

s ion at What a (the only machine in New and) is 
programmed to operate within a range of 0 60 microns. 

This ra is too small for measu ng mohair and 
-consequently coarse fibres are not measured. 

:- The FFDA records "electronic noise" as fine 

fibres of 10 microns and· less. These recordings form the 

basis for a false statistical analysis. 

Due to the effect of ommit i ng "coa rse endl! fi bres and 

measuring non-existant fine fibres, results gained by the 
FFDA are constantly too low. The FFDA 'cannot be recommended 
for measuring mohair. 

Objective measurement of fibres and fibre production 

compliments the breeders eye appraise1 of animal 
conformation. It is a valuable aid in identifying superior 

breeding stock. This is especially applicable in the case 
of the New .Zealand mohair industry, where it is imperative 

that the best . animals, from 
population, are identified and used 

the country to rapidly improve 

mohair production. 

an extremely vari able 
extensively throughout 

the present standard of 
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AP IX 1. KIDDING DETAILS 

-IG6AT----1-6ATE-PUT--\-N6~Of--\-SEX--1-6ATE-6F--I-sTUDY--I-NOTEs-T 
NO. TO RAM KIDS BIRTH GROUP I ! 

1~-~9---i-±f:~:~1-----~------~~~---~~:8~:~l---f------~:~::~j 
IY/W 16 I 11.5.B1 2 f/m 01.10.81 1 
W i 11.5.81 2 f/m 30.09.81 1 
W 11.5.81 2 f/m 04.10.81 1 
R 11.5.81 2 m/m 30.09.81 1 Selec. 
R 11.5.81 3 m/mfm 27.10.81 1 

8 ll.~.81 2 mlf 01.10.81 1 
11.~.81 2 mZm 28.10.81 1 

G 11.5.81 1 f 02.10.81 2 
G 11.5.81 1 m 06.11.81 2 
I'G 11.5.81 1 m 12.10.81 2 
G 11.5.81 1 m 19.10.81 2 
G 11.5.81 1 f 30.09.81 2 
Y 11.5.81 1 m 02.09.81 2 Selec. 
Y 6 1t.S.B1 1 f 30.09.81 ~ Y/W 271 1 .5.81 1 m 30.09.81 
G 11 1 .5.81 
W 9 11.5.81 3 
~ ~ ~ . 
G 28 4 
G 49 4 Sel ec I 

Selec : These animals were selected for detailed study 

19 does were put to thebuck;27 kids were born of which 9 
were females and 18 were males.Kidding precentage = 142% 
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APPENDIX 2. SAMPLING DATES 
--------------

--------------------------------------------------
I SAMPLING I CALENDER I SEASON I WORK PERFORMRED I 
I DATE I DATE I I I 
--------------------------------------------------

0 08.04.81 autumn preparat i on I 
1 06.05.81 autumn sampl./weighing I 
2 03.06.81 wi nter sampl~/we;gh;ng I 
3 01.07.81 wi nter sampl./weighing I 
4 29.07.81 wi nter sampl./weighing I 
5 26.08.81 wi nter sampl./weighing I 
6 23.09.81 spri ng sampl./weighing 1 

7 21.10.81 spring salTIpl./weighing I 
8 18.11.81 spri ng sampl./weighing I 
9 16.12.81 summer sampl./weighing I 

10 13.01.82 summer sampl./weighing I 
11 10.02.82 SUlTImer sampl./weighing I 
12 10.03.82 autumn sampl./weighing I 
13 07.04.82 autumn sampl./weighing J 

--------------------------------------------------



SKIN SAMPLES TAKEN 
-------------------------------------- , 

----------------, , "j""' r--
l ~ J.-,,! C 

----------------
I Q 

Q 
Ii 

6 o 
o 
q 

~ 
o 

G 15 a 
G 17 0 
G 28 0 
G 42 0 
.~ g3 8 
Y 6 0 
Y IW 271 0 

G 11 0 
W 9 0 

G 2 0 

~ ~8 8 
G 49 0 

pas 
m/s 
m/s 
m/s 
m/s 
m/s 
ml,s 
ml,S 
m/s 
m/s 

m/s 
m/s 
m/s 
m/s 
m/s 
m!s 
m/s 
m/s 

m/s 
m/s 

m/s 
m/s 
m!s 
m/s 

TS 

----------------------------------
I DA-:-E \ . ! POS ! I DATE I pas I pas I 

6 m/s 

4 
6 

7 

m/s 
m/s 

6 s 

4 m/s 
6 m/s 

4 m/s 
4 m/s 
4 m/s 
4 m/s 

6 m/s 
7 -m/s 

7 m/s ru 

--------------------------------------------------------I m/s = midside ba; back ru = rump 



APPENDIX 4. SAMPLE OF 64 MOHAIR FIBRES PROJECTED ON TO A SHEET OF PAPER - 207 -
AND THEN TRACED. 

'\ 
) 

(THIS REPRODUCTION IS 25% OF THE SIZE OF THE ORIGINAL PROJECTIONS' 
USED FOR MEASURING AVERAGE FIBRE LENGTH.) 

/ ( 

, 

- ,:' ,.; ,;,~;' 

, .• L 
"",," , , \' ~ . , 

c 
L 

( 
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P I 5. SIP RATIO COUNTS OF ANIMALS Y7, Y5, G49 AND 

COUNT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

AVERAGE 

ON MIDSIDE SKIN SECTIONS HARVESTED ON 

SAPLI NG DATE 0 

Y7 

SIP 

6.66 

7.00 

7.33 

5.66 

9.66 

9.00 

9.00 

6.33 

5.00 

7.17 

ANIMAL NUMBER 
Y5 G49 

S I PI SIP 

5.66 

7.66 

5.00 

5.33 

7.33 

6.33 

6.00 

7.00 

5.66 

6.21 

5.25 

8.00 
6.66 

9.00 

7.33 

7.66 

6.00 
7.33 

7.66 

7.21 

R7 
SIP 

5.00 

7.0G 

6.33 

6.33 

6.00 

7.66 

8.66 

7.00 

11.00 

7.39 
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APPENDIX 6. MEDULLATION OF THE MIDSIDE PATCH SAMPLES 
----------------------------------------
OF THE TRIAL GOATS (IN %) 

I
SAMP3LING DATES I 

GOAT NO.: 1 2 I 4 5 6 7 
------------------------------------------------------------------
G 29 7' 1 
Y7 a 2 3 1 1 
Y /W 16 43 1 
W 6 1 
W 15 7 6 
~ ~OO .IJ 6 a 1 7 
a 15 3 5 a 43 4 a 

G 16 
G 17 
G 28 
G 42 
G 43 

~ ~ 
Y /W 271 

8 

~ 
o 
2 

6 
4 

2 1 1 

a 
b 
a 
a 
b 
a 

a 7 

1 40 

a 6 

--------------------~--------------------------------- ------------

~-~1-----1---~-------------------------------~-------------------1 

------------------------------------------------------------------G2 9 1 
G 9 4 1 

~ ~~ ~ 8 1 1 ~ 1 

GOAT NO. I 8 I 9 ISAMrbINr DAIP I 12 I 13 I ----------------------------------------------------------
G 29 
Y 7 
~/~ 16 
W 15 
~ ~OO a 15 a 43 

G 16 
~H 
G 42 
G 43 

~ ~ 
Y /W 271 

a 
15 2 Ig 
10 
6~ 4 
7 

59 

9 

2 

12 

4 

2 

i 
6 

ig 
3 

3 

~ 
1 
1 

~ 
2 

2 a 

3 6 

5 3 

G-il------I--iI-----------------------3--------------------, 
W 9 6 3 

----------------------------------------------------------G 2 2 12 

~ ~~ 1~ 4 5 ~ 2 5 

4 
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APPENDIX 7. LIVEWEIGHT I ( IGHED IN KG.) 
----------------------------------------~-

S I 
GOAT NO. I 1 I 2 5 6 7 

~-~9-----i-~i:~8---~~:88-----:~8-------------:88---~§:~~---~f:~g-
YjW 16 I 34.00 35.00 .00 .00 38.00 30.00 
ti Y5 ~~:d8 ~±:88 :~8 :88 ~G:88 ~~:d8 
R 7 40.00 40.50 .00 .00 54.00 34.00 
R 500 45.00 44.50 .00 .00 52.00 40.50 

8 !j ~~:g8 ~1:88 :88 :88 4b:88 ~4:~8 

------------------------------------------------------------------
~ ~1 I ~~:88 ~~:88 ~~:88 ~~:88 ~~.oo ~~.OO 31.00 I .50 .50 26.00 
------------------------------------------------------------------AVERAGE I 30.00 30.00 25.50 25.50 25.75 27.25 28.50 I ------------------------------------------------------------------
~ ~ 1~.00 19·88 17.00 17.00 19.00 20.00 21.50 

1 .50 16. 15.00 15.00 16.00 17.00 19.50 . 
G 38 15.50 17.00 ** ** 17.00 15.00 19.00 18.50 
G 49 18.50 19.00 18:00 18.00 17.00 20.00 21.50 
------------------------------------------------------------------AVERAGE I 16.87 17.75 16.66 16.75 16.75 19.00 20.50 I ------------------------------------------------------------------

. SAMPLI~G DAlES 
GOAT NO. 1 8 1 9 1 10 I 1 I 12 I 13 I 
----------------------------------------------------------
~ ~9 ~8~a8 ~~:88 ~~:a8 ~~:88 ~~:88 ~~:~8 
W
Y/W 16 29'.008 33.00 33.00 34.00 34.00 31.50 

6 2731.00 32.50 31.00 32.50 29.00 
W 15 26.50 32.50-----33.00 32.00 34.50 30.50 
R 7 32.00 36.00 35.00 .36;00 38.50 35.00 
§ f~O . j~:88 ~~J8 ~B:~8 . ~~:88 . If:~8 ~~J8 
o 43 33.0035.50 34.50 33.00 35.50' 32.00 
--------------------------------------------------~-------AVERAGE I 32.11 35.94 35.11 35.11 36.38 33.27 I 
----------------------------------------------------------

-~.t9 ~~:~8 ~9:~8 ~~:d8 ~~:88 ~~:·~8 ~~:88 
G 28 38.50 41.50 41.00 40.00 41.00 38.50 
G 42 28.00 30.00 28.50 27.00 28.00 26.00 
G 43 34.00 35.50 37.00 36.00 39.00 34.50 

~ ~ ~6:88 ~1:58 ~~:88 ~r:88 ~~:88 ~~:88 
- Y/W 271 31.00 34.00 33.50 33.00 31.50 30.50 

----------------------------------------------------------AVERAGE I 32.25 35.06 34.57 33.87 34.99 32.68 I 
----------------------------------------------------------
~ ~1 I ~~:~8 ~~:~g ~~:~8 ~8:8g ~~:8g ~~:~g I 
----------------------------------------------------------AVERAGE I 31.50 37.25 35.J5 34.00 35.00 31.25 I 
----------------------------------------------------------

. ~ i8 ~~~~~ ~~~~~ ~~~~~ ~~~~~ ~i~~~ ~!~~~ . 
G 49 29.00 31.00 30.50 30.00 31.00 29.00 
AVERAGE--i-25~66---28~37---27:87---27:25---27:87---25:87-j 
----------------------------------------------------------
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APPENDIX 8. BODVWEIGHT OF TRIAL GOATS (WEIGHED IN KG) 
-----------------------------------------( CORRECTED FOR FLEECE GROWTH AND FOETUS ) 

------------------------------------------

I 

SAM3PLINIG D
4
ATES

1 GOAT NO. I 1 2 5 6 7 ------------------------------------------------------------------G 29 41.27 41.53 39.32 38.65 33.50 28.38 33.29 

~/~ 16 ~~:~i ~~:1~ ~~:~~ ~g:'~ ;i:~~ ;~:~~ ~~:~~ 
W 15 31.92 30.85 28.32 29.32 23.82 22.82 28.81 
~ ~OO ~4:~g 4~:g~ ~~:1g ~~:~~ ~d:~' 4g·~~ ~~:~~ 
8 !~ ~~:~1 / j~:gs j,:~~ ~~:~g ~~:a~ ~i:a~ ~6:§8 
------------------------------------------------------------------AVERAGE : 37.78 37.40 35.73 35.88 31.60 31.01 33.28 I 
------------------------------------------------------------------G 16 31.36 30.75 28.22 27.22 25.72 25.72 29.20 
~G ~~2 ~~:~Q ~~:~~ ~§:~n §1:~1 §~:~g ~~:~~ ~g:~~ 4 30.37 29.74 28.30 27.07 23.81 24.57 23.55 
G 43 35.80 35.60 33.94 32.83 31.33 29.24 32.64 
~ ~ ~t:~§ ~~:1~ ~i:r~ ~8:6~ ~~:~j ~~:~~ ~8:~~ 
V/W 271 36.85 35.68 35.05 35.50 32.99 31.49 33.49 
------------------------------------------------------------------
AVERAGE I 32.55 32.74 32.01 31.33 29.20 29.37 31.00 I 
------------------------------------------------------------------
~ §1 j ~~:~~ ~~:t~ ~6:~~ ~6:~j ~~:Ir ~g:8d ~~:~~ I 
------------------------------------------------------------------AVERAGE I 29.78 29.60 25.00 24.93 25.13 26.52 27.60, I 
------------------------------------------------------------------G 2 17.90 18.77 16.65 16.56 19.44 19.31 20.60 I 
G 9 15.38 15.74 14.64' 14.55 14.49 16.41 18.77 
~ ~~ 1~:~6 l~:~~ r~:~r 19:9j I~:~1 1~:~S ~i:~§ I 
----------~------------------------------------------- ------------AVERAGE I 16.76 17.51 16.33 16.33 16.42 18.42 19.80 I 

SAMPL ING DATES 
GOAT NO. I 8 I 9 I 10 I 11 I 12 I 13 I 
~-~§-------~~~~i---~~~~i---~~~~~---~~~~~---~j~~J---~~~~i-
~/~ 16 ~~:~g ~~:~~ ~~:~~ ~r:~§ ~~:~g ~~:3~ 
W 15 26.46 32.35 32.72 31.58 33.95 29.86 
R 7 31.96 35.80 34.54 35.25 37.48 33.74 

gR ~~O I' ~!:a~ ag:~g ~~:~~ ~~:~~ 18:i3 ~~:~~ 
43 32.99 35.37 34.16 32.46 34.79 31.16 

----------------------------------------------------------
AVERAGE I 31.82 35.74 34.67 34.46 35.54 32.28 I 
----------------------------------------------------------G 16 32.81 35.68 33.88 33.06 34.31 31.63 
G 17 35.4537.32 36.65 37.47 35.80 34.17 
G 28 38.40 41.24 40.53 39.32 40.13 37.49 

, ~ 1§ §~:a~ ~~:8~ ~~Jg ~g:b§ §~J~ ~3:r~ 
V 5 28.91 31.25 31.57 31.40 34.24 31.10 
V 6 29.94 34.33 32.70 30 •. 57

6 
~2 •• 351 31.24 

V/W 271 30.95 33.82 33.14 32 4 :;0 8 29.68 
----------------------------------------------------------
AVERAGE I 32.2734.79 34.08 33.19 34.07 31.67 I 
~-~i-----I-~~:~~---~~:~~---~I:~~---~~:~~---~~:~~---~~:~~-I 
----------------------------------------------------------
AVERAGE I 31.09 36.68 34.88 32.90 33.73 29.85 I ----------------------------------------------------------G 2 25.25 27.49 27.74 27.11 26.05 25.32 
G 9 22.31 26.60 24.41 24.27 25.79 23.19 
~ ~~ ~~:~3 ~6:~~ ~~:~5 ~~:~~ ~5:b1 ~,:§~ 
AVERAGE 124.80 27.96 27.11 26.46 26.75 24.85 I 
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IX 9. FLE GROWTH INCREMENT·PER MONTH OF TRIAL GOATS 

(EXPRE 

GOA.' 1 2! SA~PL I~G DtTES I 5 6 7 
------------------------------------------------------------------
G 29 00.23 00.24 00.21 00.17 00.15 00.12 00.09 

{10 ~.~8:r~ 8'SD:t? ~~:6~ 8~:62 88:8? 8?o81 8~o8s 
W UO.lb a .12 00.09 Ou.08 OO.O~ 00.07 00.08 
W 00.08 00.07 00.03 0.006 0.004 0.006 00.01 

~ ~go 88:~~ 88:~~ 88:1~ 88:~l 88:8a 85~82 88:8~ 
8 I~ 00 10 00.19 00.15 00.13 00.12 00.08 00.07 4j 00:16 00.16 00.14 00.09 00.04 00.02 0.001 , 
AVERAGE----------------------------------------------------------j 
------------------------------------------------------------------
G 16 00.15 00.10 00.03 0.005 ** ** 0.001 00.02 I 

~ i~ ~~~l~ ~~~t~ ~~~~! ~~~~~ ~~~~~ ~~~~~ ~~~~~ 
G 43 00.20 00.20 00.16 00.11 00.09 00.06 00.04 
Y 5 00.14 00.13 00.15 00.10 Og.07 00.04 00'83 
Y 6 88 •• 112 08.12 00.11 00.07 0 .05, 00.03 00. 1 
YjW 271 5 a .17 00.13 00.05 00.01' 0.003 0.005 
AVERAGE--T-------------------------------------------------------i 
------------------------------------------------------------------
G 11 I 00.28 00.24 00.13 00.11 00.09 00.11 00.18 I 
W 9 00.15 00.13 00.06 00.03 00.02' 00.11 00.15 
Aij~~AG~--T------------------~------------------------------------1 

I-I;-----I-~~~~i---~~~Il---~~~~~---~~~~!---~~~~i---~~~~,---~~~It-; 
AVERAGE--j-------------------------------------------------------1 

SAMPL I NG DATES 
GOAT NO. 18 I 9 I 10 I 11 I 12 I 13 I ----------------------------------------------------------
G 29 00.07 >00.20 00.25 00.25 00.19 00.15 
GY 7 00.06 00.20 00.21 00.22 00.22 00.18 

~j~516 88:b1 88: ~~-88~~~ ~ 88:U " 88: l~88:8~ 
R 7 00.04 00.16 00.26 00.28, 00.28 00.24 

~ ~g088:2~. 88:H 88:~~ 88:~~ 88:~~ 88:B 
a 43 00.01 ~OO.12 00.21 00.20 00.17 00.13 
----------------------------------------------------------
AVERAGE I I ----------------------------------------------------------
G 16 00.19 00.13 00.32 00.30 00.25 00.18 
G 17 00.05 00.13 00.17 00.18 00.17 00.13 

~ a~ 88:18 88:~~ 88:~! 88:I§ 88:I~ 88:1~ 
G 43 88 •• 19 88.27 00.26 00.25 00.21 00.20 Y 5 08 .17 00.18 00.17 00.16- 00.14 

~j~ 271 88~8g 88:I! 88:1~ 88:1~ 88:1~ 88:1~ 
AVERAGE--I~----------------------------------------------1 

~-~i-----l-~~~~~---~~~~~---~~~~l---~~~~~---~~~~~---~~~I~-J - , 
AVERAGE--j-----------------------------------------------I 
~ -~------1-88~~~---88:~~---88:~~---88:il-.--88:b~---88:i~-
~ i~ I 88:1~ 88:~~ 88:~~ 88:1§ 88:1~ 88:1~ 
AVERAGE--r-----------------------------------------------j 
-----------------------------~----------------------------
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APPENDIX 10. GREASY FLEECE WEIGHTS (RECORDED IN KG) 

I SHEARING DATE 
GOAT NO. 21.10.1981 I 07.04.1982 TOTAL 
-------------------------------------------------------
G
y 

29 2.10 g.70 2.80 
7 1.45 .90 2.40 

Y/W 16 1.10 0.70 1.80 

~ Y5 6:18 * b:9g ?.'lQ 
R 7 1.50 1.20 ~ 7o 
R 500 1.20 0.50 1.70 

8 !~ l:i8 6:gg r:§8 
AVERAGE 1.29 0.83 2.14 
-------------------------------------------------------
~ 19 ~:~g * i:~8 ~:~8 
G 28 1.35 1. 20 2.60 
G 42 1.25 * 0.60 1.90 
G 43 1.75 1.00 2.75 
Yy 5 1.30 0.70 2.00 

6 1.90 0.60 2.50 
Y/W 271 1.00 * 0.80 1.80 
-------------------------------------------------------
AVERAGE 1.30 0.88 2.20 I 
-------------------------------------------------------
~ ~1 t:1d 1:08 r:~8 I 
AVERAGE 1.80 1.10 2.25 

~ ~ b:78 1:~8 r:~8 
G 38 0.90 1.40 2.30 
G 49 0.75 1.30 2.10 
-------------------------------------------------------
AVERAGE 1.14 1.25 2 .• 40 

-l-;--Th~~~-~~i~~l~-~h~~~d-~-la;g~-fl~;~e-l~~~-bj-this--I 
shearing date, due to fleece sheddlng 

-------------------------------------------------------
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APP~ND~X 11 Y MOHAIR PRODUCTION FROM THE MIDSIDE PATCH 
~ -----------------------------------------------

OF :: I . (IN GR/28 DAYS/IOO SQ.CM) 

!:_r',F,T Nn i IN1G DETES ] 5 7 . 1, ... Url, ClV.! 1 2 . 6 
------------------------------------------------------------------
G 29 IIZ,4086 2.5287 2.1172 1.6195 1.2838 0.9816 
Y 7 j3.5076 3.5402 3.2081 1.0706 8.4905 0.504~ 
,Y.!W 16 13.19'0 2.7669 1.810e 0.2972 .0530 0.257 
W 6 12.9570 2.1700 1.6623 1.5376 1.2837 1.504 
W 15 12.7004 2.1234 0.9497 0.1693 0.2109 0.3749 
R 7 11.7948 1.7565 1.1101 8.3928 0.0717 0.1538 
R ?QO jl.~~64 ~.5577 1.6000 .2953 0.0786 0.2399 o l~ i!._~~4 L.1649 1.8656 1.4648 0.9755 0.8605 
o 43 12.5632 2.4461 2.1460 0.7111 0.3317 0.0383 I 
------------------------------------------------------------------AVERAGE 12.6031 2.3393 1.8299 1.2910 0.8398 0.5310 0.5454 1 
------------------------------------------------------------------
G16 1~.5865 1.7698 0.5412 0.1136 0.0277 0.0340 0.5018\ 
G
G .~187 ~.7989 2.3688 1.3269 0.7295 0.3772 0.3430 8.357§ 

L.0439 * **** * **** 1.8179 1.1853 0.7391 .574~ 
G 2 1.8421 1:8779 1:9891 0.5265 0.0923 0.0570 0.3159 
G 43 2.4316 2.4337 1.9493 1.4192 1.2170 0.8325 0.5919 
~ ~ 1~:~g8§ ~:§j~~ ~:dl~~ 1:~9£~ i:a~~~. 8:g~~B 8:~g~~ 
YjW 271 3.4063 3.1693 2.6039 1.1215 0.3074 '0.0827 0.1314 
------------------------------------------------------------------AVERAGE 12.6206 2.4566 2.0031 1.1949 0.8236 0.4576 0.4226 1 
------------------------------------------------------------------G 11 \4.5710 3.9497 2.2192 1.8254 1.6780 1.8866 2.9326 I 
W 9 2.6477 2.2971 1.1986 0.5531 0.5190 1.4367 2.6452 
AVERAGE--T3:6693--3:1234--1:683~--1:1892--1:6985--i:6616--2:7889-T 
------------------------------------------------------------------G 2 2.4650 3.2190 2.9396 2.3291 3.0414 3.1219 4.2079 I 
~ ~8 ~:~i~B ·~:~~er ~:~q~8 ~:~e~9 ~:~~~§ ~:~a~~ a:~~9a . 
G 49 2.6144 2.8568 2.2073 2.0121 1.7013 1.9540 2.8490 i 
------------------------------------------------------------------AVERAGE 13.0213 3.4994 2.7167 2.3453 2.2813 2.3709 3.9112 I 

SAMPLI NG DATES 
GOAT NO. 1 8 9 I 10 I 11 I 12 1 13 I 
----------------------------------------------------------G 29 0.8387 2.0475 2.7501 2.7001 2.0108 1.6298 
Y 7 1.2420 2.6789 3.6982 3.9111 3.7151 3.2697 

~j~/6 t~~~! t~~~at-~~~B t~~~tt~~~~ ~:~~~~ 
R 7 0.4401 . 1.8029 2.2890 2.4475 2.3175 2.0646 

~ I~O ~~~~~~ ~~'~~i ~~~~~~ ~~~~~l ~~~~B!' !~~II~ 
AVERAGE 11.2097 2.4826 3.3477 3.4832 3.1214 2.4978 I 

'----------------------------------------------------------G 16 3.2613 4.8610 5.2808 4.9570 3.9298 2.9764 
G 17 1.1980 2.8141 3.7952 4.0870 3.61162.8423 

~ ~~ l:~g~~ ~:~~8~ ~:~~~~ ~:~~~8 ~:a1~~ 1:,9~~ 
. ~ ~3 r:g~7e ~:g3g~ ~:~~~~ ~:~g~~ ~:g~~g ~:i~§~ 
~ja 271 !:b~8~ ~:~~~~ ~:~ag8 ~:~~~~ ~:~~~e ~:~igr 
----------------------------------------------------------AVERAGE 11.8137 3.2339 3.6029 3.4563 2.9363 2.4674 I 
----------------------------------------------------------
G 11 14.8399 6.0197 6.2445 4.7963 3.2084 2.4528 1 
W 9 3.7571 4.1360 4.2577 2.9543 2.1764 1.8828 
----------------------------------------------------------. AVERAGE 14.2984 5.0778 5.2511 3.8753 2.6924 2.2323 I 
----------------------------------------------------------G 2 6.2789 6.5510 7.3072 4.2039 3.1789 2.8700 
G 9 5.5912 5.9838 5.5952 4.1015 2.8926 2.8728 

~ ~~ ~:48~B ~:~6~8 ~:~~B~ a:~555 1:~~j9 ~:1~1~ 
----------------------------------------------------------
AVERAGE·15~ 7447 6.3049 6.2479 4.3450 3.2409 2.9013 1 
---------------------------~------------------------------
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APPENDIX 12. CLEAN SCOURED MOHAIR PRODUCTION FROM THE MIDSIDE 
. PATCH-OF-THE-TRIAC-GOATS(IN-GRt28-0AYSti05-SQ:cM) 
-------------------------------------------------

GOAT NO. I 1 I 2 I SAjPLI~G D~TESI 5 I 6 7 

~]9:~:---~~~~~-T~~irT~I~rn~~r[mr[mrn~~n 
W 6

5 
2.7815 2.0436 1.5615 1.3280 1.4001 1.1858 1.3743 

W 1 2.3939 1.9620 0.8559 0.1898 0.1260 0.1719 0.2898 
R~ 7~gO 1.6409 i·~131 1.0134 0.5772 Ooi604 8. 0385 00 •. 11°7°90 

1.7378 • 765 1.4972 1.1270 O. 158 ;0476 4 
2.0904 • 230 1.7627 1.4690 1. 215 0.8706 0.7628 o 43 2.4183 2.3196 2.0297 1.3143 0.6312 0.2703 0.0198 

------------------------------------------------------------------AVERAGE 12.3776 2.1617 1.6898 1.1455 0.7307 0.4672 0.4703 I 
------------------------------------------------------------------
G 16 2 3788 1.6347 0.4632 0.0780 0.0126 0.0263 0.3928 
G 17 2:5275 2.1506 1.2188 0.6163 0.3113 0.2510 0.3160 
~ a~ 1:1£~~ i:~6r~ r:842~ 5:~~1~ 5:5~~~ 8:8~~~ 8:~~~, 
G 43 2 2775 2 3192 . 1 8645 1.3051 1.0541 0.7307 0.4938 
Y 5 2:2012 ~:~~9~ ~:~~~O 1:~i1~ f:g6~~ 8:9~~9 8:~8~~ ~/~ 271 ~:j~~~ 2.7375 2.1992 0.8988 0.2282 0.0486 0.0924 
------------------------------------------------------------------
AVERAGE 12.3298 2.2524 1.8101 1.0422 0.6424 0.3917 0.3538 I 
G -11---- --14 ~15i5- -3~6052--2:0390- -i:6294--1: 36 50--1:7106 --2:7177-[ 
W 9 . 2.3573 2.0676 1.0666 0.49'44 0.4334 1.2084 2.4392 ! 
AVERAGE--i3:2544--2:8364--i:5528--1~0621--0:7439--1~4595--2:5784~j 
-----------------------------------------------------------------G 2 2.2981 3.0635 2.8181 2.1191 2.7910 2.9754 4.0002 
~ 18 ~:t~~~ ~:149~ ~:~I~~ ~:~~~3 ~:6r6~ t:~~~S i:£l~~ 
G 49 2.4835 2.7132 2.1059 1.8514 1.5353 1.8449 2.7108 
------------------------------------------------------------------
~~~~~~~ __ l~:~~~~ __ ~:~~~~ __ ~:~~~~ __ ~:~~~~ __ ~:~~~~ __ ~:~~~~ __ ~::~~~_l 

SAMPLING DATES 
GOAT NO. I 8 9 I 10 I 11 1 12 I 13 I ----------------------------------------------------------G 29 0.7616 2.0097 2.4278 2.4213 1.8918 1.5220 
Y 7 0.9895 2.3427 3.4398 3.6092 3.5906 3.0393 

~/~516 ~:!~~~ ~:fj~~ ~:~~~~ ~:~~~~ ~:;~l~ i:~~~§ 
R 7 0.3541 1.2441 1.9712 2.0995 2.1089 1.8190 
~ r~O £:~1~8 f:~~~8 ~:1is1 ~:9~~~ ~:~~sr I:~~7~ 
o 43 0.1502 1.8600 3.0321 2.9738 2.5196 1.9903 
----------------------------------------------------------AVERAGE 11.0300 2.3235 3.0237 3.1516 2.9553 2.3126 I 
----------------------------------------------------------G 16 2.9841 2.1043 4.8949 4.6020 3.7835 2.8057 
G 17 1.0151 2.6284 3.5308 3.7422 3.4285 2.6253 
~ a§ 1:§4~~ 2:~~~~ ~:5~~1 ~:S~b~ ~:f3~3 ij~§! 
G 4~ 2.2074 3.0770 2.9595 2.8745 2.4368 2.2543 
Y 5 1.3006 2.5639 2.7298 2.6047 2.4351 2.1884 
~/~ 271 ,b:§ggg ~:~fll ~:~~~g ~:~1Y~ ~:a~Sa ~:~~4~ 
AVERAGE 11.5812 2.5323 3.2561 3.1512 2.7830 2.2937 I 

. G-li------14~3766--5~6289--5~6236--4~34ii--3:o55i--2~4729--, 
W 9 3.4232 3.8899 3.8294 2.6747 2.0611 1.7461 
----------------------------------------------------------AVERAGE 13.8999 4.7594 4.7262 3.5079 2.5556 2.0792 I 
----------------------------------------------------------G 2 5.7633 6.0526 5.8013 3.9005 3.1027 2.7521 
G 9 5.2632 5.5047 5.2638 3.8366 2.2680 2.7334 
G 38 . 6.1518 6.8623 5.9515 4.1717 3.1250 2.4028 
G 49 4.0527 5.0568 5.2998 4.2389 3.5181 3.1508 
----------------------------------------------------------
AVERAGE 15.3077 5.8691 5.5791 4.0369 3.0034 2.7596 1 
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APPENDIX 13. SCOURED MIDSIDE PATCHWEI rv 
C" 

PERCENTAGE OF ANNUAL PRODUCTI 

SAMPLING DATES 
GOAT NO. 1 2! 3 I 4 I 5 6 7 
------------------------------------------------------------------
G 29 09.81 10.35 08.80 07.36 06.45 05.11 03.86 
t/~ 16 C~:~~ cg:~g 8s:,; 8~:18 8~:99 8b:ri 8b:l9 
W' 6 09.15 06.72 04.40 04.60 03.90 04.52 08.01 
W 15 I 09.83 08.05 03.51 00.77 00.51 00.70 0:.19 1 
R 7 11.005 19 .. 89 86 .. 81 °083 •• 88 01 .75 on.25 Iii' c:r I R 500 09 57 0 58 8 24 20 07.28 04.79 04:26 I o 15 I· 08.99 08.70 07.58 06.32 05.68 03.74 03.28 I o 43 I 11.18 10.72 09.38 06.07 02.91 01.71 00.09 I 
AVERAGE--T-l0:66---o§:ls---o7:1s---os:66---o3:66---o2:40-----:20-1 
------------------------------------------------------------------G.16 09.09 06.24 01.77 00.29 00.04 00.10 01.50 
G \17 10.37 08.82 05.00 02.52 01.27 01.03 01.29 
~ 1~89:a8 b~:a, 8~:~~ 8~:~~ 8a:B~ 8~:H~ 8~:~B 
Y 5 09.19 08.51 09.40 06.18 04.39 02.55 01.94 
Y 6 10.39 10.20 09.21 05.93 04.27 02.49 oOA •. 08~ 
Y/W 271 10.38 11.87 09.53 03.89 00.98 '. 00.21 u 4 t 

------------------------------------------------------------------
AVERAGE I 09.43 09.35 07.41 04.19 02.52 01.53 01.45 I 
~-~i-----i-8~:~~---8~:~~---8j:~~---8¥:9~---8~:~g---8~:~~---8~:~~-i 
-----------------------~------------------------------------------AVERAGE 107.83 07.8704.27 02.78 02636 05.20 07.49 1 

G-2--------04:84---06:45---05:94---04:46---65:88---06:27---08:43-' 
G 9 07.53 08.71 06.41 05.18 04.23 04.79 08.77 
G 38 06.59 05.66 04.39 03.86 03.20 03.85 05.65 
G 49 06.12 06.68 05.10 04.56 03.77 04.54 06.68 
------------------------------------------------------------------
AVERAGE I 06.27 06.87 05.46 04.51 04.27 04.86 07.38 I 

I 
SAMPLINIG DATE I 

GOAT NO.. I 8 9 I 10 11 12! 13 I 
-----------------------------------------------------------
, ,9 8~:~~ ~8:~~ l~:~~ l~:'~ ~~:~~ 8~:~~ 
Y/W 16 04.21 10.49 13.77 15.05 14.71 12.33 
W 6, 08.01 11.28 12.40 12.24. 10.30 03.29 
W 15 04.83 12.90 15.49 16;10· 15.40

1 
10
2 

•• 
2
64
5 R 7 02.38 08.38 13.28 14.14 14.21 

R 500 07.55 09.29 15.13 15.00· 14.13 10.12 

8 !~ B6J~8~:~~ U:Bi BJ~ HJi' 8~:~8 
----------------------------------------------------------
AVERAGE I 04.4509.75 13.07 13.35 12.37 09.13! 
----------------------------------------------------------
-~-i~ 
G 28 
G 42 
G 43 

. ~ ~ 

~!:t~ ~B:93 1~:I~ l~:~~ ia~89 18:~~ 
05.60 08.55 11.28 11.32 :0.30 07.84 
06.74 14.67 15.25 12.84 10.95 08.42 
08.53 11.90 11.44 11.11 09.42 08.71 

85.43 10.71 11.40 10.88 10.17 09.14 
5.30 09.45 11.03 10.82 10.48 09.38 

Y/W 271 03.88 09.17 12.76 12.71 10.57 09.25 
----------------------------------------------------------AVERAGE I 06.38 10.40 13.29 12.87 11.30 09.27 I 
----------------------------------------------------------
~ ~1 . I l~:~~ i~:~X i~:~~ ~8:1~ 8~:~H 8~:~9 I 
----------------------------------------------------------

. AVERAGE 111.17 13.46 13.35 09.81 07.21 05.91 I 
, ----------------------------------------------------------
e ~ if:~~ !~:~~ i~:~~ 8H:~~ 8~:~~ 8~:B9, 
G 38 08.46 10.55 11.06 08.84 07.34 06.57 
G 49 09.99 12.46 13.06 10.45 08.67 07.76 
----------------------------------------------------------AVERAGE I 10.52 12.60 11.96 08.84 06.87 06.52 I 
---------~~~-~--------------------------------------------
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APPENDIX 14. SEASONAL GREASE PRODUCTION OF TRIAL GOATS 
-----------------------------------------(IN MGR/28 DAYS/100 SQ CM) 

I 
SAM3PLINIG D4ATES, 

GOAT NO. I 1 , 2 5 6 7 
------------------------------------------------------------------G 29 52.7 68.2 66.8 73.6 73.3 47.6 114.2 

~/~ 16 ~~t~ i~~:~ f~~j l~~:g ~tf ~t~ 1it~ 
W 15 136.2 69.8 53.8 29.8 23.1 15.0 21.0 

~ ~OO 1~7~:~ 16~:~ 1~:b 3y:' ~~:~ i~:~ ~~:~ 
8 15 0.6 54.0 62.1 50.7 55.6 3

0
5 •. 6 32.6 

43 5.9 68.9 76.5 73.4 38.9 22 10.4 
AVERAGE--i-i67:3----89:7---I66:7----78:6----49:2---~25:2----3i:g-j 
------------------------------------------------------------------G 16 97.7 82.1 46.5 21.4 22.6 13.6 34.2 
~ ~~ 19?:1 §~.~ §§.~ g~:~ ~~:i ~~:~ ~~:~ 
G 42 21.5 51:9 36:7 28.4 15.6 10.0 28.9 
G 43 60.0 58.1 67.5 77.5 88.3 54.2 59.8' 
~ g 18~:~ 168:7 f~§:~ l~l:g ~j:~ ~s:~ ~~:~ 
Y/W 271 153.5 185.4 273.6 120.0 54.2 29.3 24.7 
------------------------------------------------------------------

'AVERAGE I 82.2 93.9 123.9 76.4 52.8 31.2 30.7 I 
------------------------------------------------------------------
G 11 I 174.5 150.1 132.1 127.3 183.6 103.8 106.8 1 
W 9 121.7 142.2 65.5 34.7 40.8 101.7 125.0 
------------------------------------------------------------------AVERAGE I 148.1 146.1 98.8 28.1 112.2 102.7 115.9 I 
------------------------------------------------------------------G 2 69.3 63.5 90.5 80.5 96.3 76.3 90.2 
G 9 79.1 99.1 96.5 ~~:§ i~~:f ~~.~ ~B:~ 
~ ~~ gr:~ ~~:~ li:i 72.3 63.7 146 : 6 45.7 
------------------------------------------------------------------
AVERAGE I 63.8 76.8 80.9 83.7 98.9 81.4 66.1 I 
----------------------------------------------------~-------------

GOAT NO. I 8 
SAMPL ING DATES 

9 I 10 I 11, I 12 I 13 I 
G 29 46.2 167.5 172.0 126.7 79.2 80.8 
Y 7 94.1 112.7 99.9 103.0 105.9 126.2 
Y/W 16 75.1 150.5 132.5 114.4 224.2 215.1 

~ ~5 i ~j:~ l~~:~ ~~g:~ ~g~:~ l~~:~ ~~~:~ 
R 500 93.6 148.8 146.4 144.8 192.7 166.6 
o 15 117.4 148.5 91.1 110.6 84.9 85.5 o 43 22.8 160.0 164.1 109.8 68.3 65.4 I 
----------------------------------------------------------
AVERAGE I 71.5 151.0 139.9 132.1 114.7 138.4 I 
G 16 81.9 116.2 191.5 461.5 118.2 97.8 
G 17 115.1 71.1 154.5 161.3 192.3 137.0 
G 28 50.8 64.7 120.4 72.3 70.8 69.1 
~ a~ 14g:B l~1:~ i~~:~ 19~:a ~~:~ ~1:~ 
Y 5 96.7 99.0 96.5 102.2 102.8 96.5 
Y 6 104.2 136.4 164.9 170.7 129.2 138.8 
Y/W 271 66.2 115.5 116.0 149.6 110.2 118.6 
----------------------------------------------------------

'AVERAGE I 91.7 108.1 138.1 164.1 110.8 102.7 I 
----------------------------------------------------------
~ ~1 I f11:e 184:b ~84:6 f~~:~ i~i:~ 1§6:~ I 
----------------------------------------------------------
AVERAGE I 175.4 249.7 204.0 194.3 124.5 109.9 I 
----------------------------------------------------------G 2 179.5 173.8 271.6 163.5 89.4 94.7 
G 9 135.3 128.5 172.4 138.5 116.2 97.8 
~ ~H ~l~:~ ~l~:9 f9~:a 12f:~ 1~~:~ l~~:' 
AVERAGE I 162.7 166.5 221.0 146.4 102.3 104.9 I 
----------------------------------------------------------
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DEND!X 15. AV AGE YIELD OF CONDITIONED, CLEAN SCOURED 
MOHAIR OF THE TRIAL GOATS (EXPRESSED IN %) 
------------------------------------------

GO,try NO. I 1 2 I SAljPLI~G O~TES I 5 I 6 7 
------------------------------------------------------------------
G ?Q Ii §i·1 9 g4~ •• 57~ 95.11 9g~2.:0~09 91.17 ~!.22 90.40 I y 7~ ~~.~~ ~ 88.52 86.46 .70 85.73 
Y/W 16 b!.!:lU 'L.lL 90.24 73.95 3.77 74.16 
W 6 94.05 94.84 93.93 91.33 91.05 92.37 91.35 

~
~ Z15 88.64 93.19 90.;2 77.69 74.42 81.50 77.30 

~b.42 ~2.62 g~ .. ~8 86.Q2 66.29 53.69 65.01 
. JOO I ~J.3i ~9.12 _~ J7 88.,8 73.07 60.55 76.37.,' o 15 i 92.56 9A?~ 94.48 92.49 90.20 89.24 88.64 
o 43 i 94.34 95:64 94.58 92.53 88.76 81.48 51.69 
AVERAGE--T-9i~37---93:74---92:46---sj~S3---si:Y6---77~61---jj:ai-i 
------------------------------------------------------------------G'16 I 92.01 93.16 85.58 68.66 45.48, 77.35 78.27 
GI7 190.30 9l.57 91.85 84.48 82.52 73.17 88.36 
G 28 94.30 * .** 95.65 92.15 93.01 88.21 87.06 
G 42 ,94.86 94.58 92.64 88.79 74.10 84.73 83.79 
~Y ~63 ~~:§~ ~~:;~ ~~:af ~~:gi gH:~l~ B~:~~ R~:a~ 

92.30 94.47 93.62 92.17 89.14 85.15 80.09 
YjW 271 91.11 87.12 84.45 80.14 74.23 58.76 70.31 
AVERAGE--j-92:Ya---92:6S---§o:aO---S4:73---7§:iy---so:7z---a2:46-j 
~-~i-----I-~~:~~---~g:~~--~~i:~~---~~:~~---~~:~~---~~:~~---~~:~I-i 
------------------------------------------------------------------AVERAGE I 87.42 91.44 92.36 89.32 82.42 87.38 92.44 i 
------------------------------~-----------------------------------
~ ~ §~:~~ ~~:f~ §~:~g §2:~~ ~§:~~ §j:,~ §g:Sg 
G 38 94.39 95.50 96.37 90.87 90.56 90.13 93.93 
G 49 94.99 95.79 95.40 92.01 90.24 94.41 95.14 
AVERAGE--T-93:i5---95:s5---95:49---§i:42---§O~53---§3:3§---94:a7-j 
------------------------------------------------------------------

AVERAGE I 83.54 84.28 89.93 90.25 92 .. 19 92.68 I 
~"------------------------------------------------'-----------

~ 19 ~!:1~ . 43·~9 93. 9~.6~ 9 .0 92.8~ 91.5 
. , 

94.~6 96.~7 94. 3 ···92. 6 
G28 87.09 68.45 92.74 93.03 96.01 93.63 
G 42 84.80 86.54 90.91 89.63 90.43 94.65 

. ~ ~3 ~~:~~ §lo02 80.0~ 92.70 96.g7 94.27 
0.40 91.2 90.37 94. 1- 90.82 

Y 6 86.45 90.00 90.55 88.84 94.78 92.3§ 
Y jW 271 86.24 93.21 91. 72 89.82 94.36 92.1 
----------------------------------------------------------
AVERAGE I 86.52 82.06 90.36 9L08 94.64 93.06 I ----------------------------------------------------------
~ §1 

~ 6 
G 38 

I 90.42 93.50 90.04 90.50 95.06 93.50 
91.11 94.04 89.94 90.53 94.70 92.73 

~i~~~ I~~~~ i~~~~ ~~~~~ ~~~I~ li~~1 
G 49 92.10 95.26 93.78 93.00 97.09 95.11 

I 

AVERAGE--r92:42---93:is---S9:§i---§2:§i---92:ij---§s:i6-T 
----------------------------------------------------------
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APPENDIX 16 AVERAGE FIBRE DIAMETER OF TRIAL GOATS 
--------------------------------------
(IN MI CRONS) 

GOAT NO. I 1 2 I SA~PLI~G °tTESI 5 6 7 
------------------------------------------------------------------
G 29 

~/i 16 
W 15 

~ ~OO o 15 
o 43 

G 16 

~ ~~ 
G 43 

~ ~ 
Y /W 271 

33.59 

~3:~~ 
0.32 

34.08 

~~:~~ 
6.89 

32.12 

33.32 
~j:,3 
35.16 
34.98 
~§:b~ 
39.87 

34.66 

32.46 

33.40 

32.94 30.31 

25.18 23.32 

36.00 33.68 

29.84 
~a:~~ 
30.46 
30.73 

~9:~~ 
33.57 
27.60 

26.74 
~8:62 
23.68 
29.22 
~j:Bs 
32.32 

28.62 33.40 

20.29 42.37 

29.86 36.26 

---------~--------------------------------------------------------

G 2 
G 9 
G 38 
G 49 

27.09 
28.94 
29.15 
42.72 31.10 27.10 26.06 

29.49 
23-.90 
29.25 
26.42 27.34 34.06 

---------------------------SAMPLING-OATES-------------------------
GOAT NO.' 8 9 10 I 11 I 12 I 13 I 

G 29 34.44 33.37 
Y 7 ~~.16 36.13 34.38 

~~:i~ 
34.98 33.42 

~/~ 16 J~ 
W 15 33.46 35.07 

~ ~OO ~g:~~ 34.37 34.76 ~~j~ 29.75 29.48 

o 15 31.02 42.90 
o 43 69.30 32.82 

I-I~-------II~~I-------------------IIII~-----------------I 
G 43 32.61 32.92 
~ ~ ~~:~~ 39.00 39.24 ~~:~~ 35.86 33.65 
Y/W 271 30.56 38.04 
----------------------------------------------------------

30.54 33.00 

3§.17 
~2:r~ 
34.47 

37.08 

~t~~ 38.35 38.58 



IX 1]. T EA OF FISR MIDSIDE 

1 

-------------------------------------------P ;~l~~ ~ 
--------------------

Sl\MPLING 
2 131 6 7 

------------------------------------------------------------------
u 00886 00699 
v 009?Q 00943 00852 00721 QQ9,Q9 00643 00876 \ , ,.. 
V, B" 10 ~ ; .l. 0 -< UU-rbj 

u~r?< 00728 ~ , J Lt-
v: 00912 00741 
p nO~41 00827 00497 00427 88~11 00323 01409 u '(\ E " 00 ,7,; 
!; r n'ni"i3 00885 u VluO 
[I L 00810 00598 

G 16 I 00871 00562 
G 17 I 00766 00581 
G 78 00896 00709 
Y 42 ! 00970 00440 
G 43 00961 00672 
f g 81~gs 00929 01017 00890 88g~~ - 00700 01032 
Y jW 271 01248 OP820 ' 
------------------------------------------------------------------

G 2 00576 00683 
G 9 00657 00448 
G 38 00667 00671 
G 49 01433 00759 00576 00533 00548 00587 00911 
------------------------------------------------------------------

I 
SAMPLINIG DATES, 

GOAT NO. I 8 9 10 11 12 1 13 I 

~~:9::-----~~lfi---~~~;~---~~;;~---~~~il---~~;~~---~~~;;-1 
W 15 00879 00965 
~ ~OO 88~a7 00927 00948. 8£6~~ 00695 00682 

8 15 00755 01445 ; 
43 03771 00845 . 

, , ----------------------------------------------------------
G-16-----T-01329--~----------------62243------------------

~ ~~ 88,~a 8Mg~ 
G 42 00771 00968 
G 43 00835 00851 
~ ~ 88~~~ 01194 01209 8bg~~ 01009 00889 
Y jW 271 00733 01136 
-----------------------~------------------------~---------

01027 
88g!! 

01155 01168 00933 00732 00855 
----------------------------------------------------------



- 221 -

APPENDIX 18. COEFFICIENT OF VARIATIONF OF FIBRE DIAMETER 
-------------------------------------------
OF THE TRIAL GOATS (IN %) 

SAMPLING OATES 
GOAT NO. I 1 I 2 I 3 I 4 I 5 6 7 ------------------------------------------------------------------

G 29 14.46 
Y 7 li:87 09.86 
Y/W 16 
W 6 71.35 
W ~5 i~:gi 08.81 ~ 00 5.1 o 15 42.77 o 43 38.38 

~t~~ 
23.35 

~~J~ 23.40 

10.03 

18.81 27.61 

17.01 22.14 

17.68 21.91 

25.29 
~~:~6 
41.39 
6~.86 
a8:~g 
24.56 
20.76 

?j:g1 
25.76 
27.69 
18.74 
H:j~ 

132.13 

17.36 37.18 

17.45 32.63 

17.35 45.61 

------------------------------------------------------------------
~. §1 I ,S:~g Mj~ I 
------------------------------------------------------------------
------------------------------------------------------------------, I 

30.82 I 
~ ~ j9:f~ ~8:I~ 
G 38 35.81 97.36 
G 49 66.44 32.80 22.45 59.90 20.02 18.97 
------------------------------------------------------------------

1 
SAMPLI NI G DATES I 

GOAT NO. I 8 9 10 11. 12 I 13 I 

G 29 23.2~ 23.40 
Y 7 60.0 39.43 22.54 28.53 19.91 17.46 
Y/W 16 ~O:~j ai:~1 ~ ~5 6t67 46.15 
R 7 57.42 29.60 59.67 39.76 24.66 41.78 
R 500 o 15 ~~:~~ ~~:~g 
0.43 65.43 46.60 

----------------------------------------------------------G 1G 56.73 62.06 
G 17 87.85 28.10 
~ ~~ 96:~~ £~:8~ 
G 43 61.78 20.37 
Y 5 46.48 59.60 29.49 40.24 33.78 17.39 
Y 6 80 • 93 40 • 39 
Y /W 271 63.70 15.98 

G 2 
G 9 
~ a~ 

28.28 
43.03 
~~:§~ 29.26 

32.24 
38.36 

47.48 1':~~ 41.43 46.38 



-
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APPENDIX 19. AVERAGE FIBRE DLll,METER. I INS S 
-------------~--------------- -------------MEDULLATED FIBRES OF FIVE BODY rTl OF 
--------------------------------------------
THE TRIAL GOATS (MEASURED IN ) 

I SAMPLE I BODY POSITIONS 
GOAT NO. ! DATE I M.SIDE I NECK I BACK i RUMP I BELLY 

-------------------------------------------------------------
y 7 4 30.31 32.94 32.28 31. 33.04 
y 7 7 33.40 53.61 41.16 56.01 43.02 

YJ 10 34.38 34.56 33.34 37.90 38.78 , 
'y 7 13 33.42 30.84 33.00 31.00 32. 

-------------------------------------------------------------
AVERAGE I I 32.87 37.98 34. 39.21 36.85 I 
-------------------------------------------------------------
Y 5 
Y 5 

Y 5 

Y 5 

AVERAGE I 

4 

7 

10 
13 

, 

33.68 

36.26 

39.24 
33.64 

35.70 

35.37 

44.50 

38.60 

33.84 

38.07 

35.96 36.14 

36.63 45.44 

36.06 39.76 

37.22 34.56 

36.46 38.97 

36.06 

39.20 

43.02 

34.02 

38.07 ! 
-------------------------------------------------------------
G 49 4 I 26.06 '25.88 26.96 26.68 30.84 

G 49 7 I 34.06 34.94 35.38 35.14 30.24 

G 49 10 I 38.58 38.48 38.04 37.72 37.12 

G 49 13 I 33.00 34.77 32.24 31.08 31.53 

-------------------------------------------------------------
AVERAGE 1 j 32.92 33.51 33.28 32.65 32.42 I 
-------------------------------------------------------------

K7 4 I ** ** 31. 71 27.l3 28.72 31.58 . 
R 7 7 I **.** 33.42 29.22 **.** ** 

R 7 10 I 34.16 29.26 37.66 36.24 31.06 

R 7 13 I 29.48 35.00 30.94 32.72 34.88 

AVERAGE J. I 32.16 32.34 31.23 32.56 32.50 I 
------------------------------------------------------------~ 
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APPENDIX 20. COEFFICIENT OF lAT! OF FIBRE 0 

INCLUDING KEMPS AND MEDULLATED FIBRES 

FIVE BODY POS ONS OF THE TRIAL GOATS (IN %) 

I SAMPLE I BODY POSIT! ONS 
GOAT NO. I DATE I M.SIDE 1 NECK I BACK ! RUMP I BELLY 

--------------------------------------------------------------
Y 7 4 24.61 25.44 20.69 37.25 22.81 

, 

Y 7 7 37.18 51.04 73.66 62;02 114.79 

Y 7 10 22.54 40.91 41. 73 50.17 40.35 
Y 7 13 17.46 19.56 33.72 28.23 102.71 

--------------------------------------------------------------
Y 5 4 21.91 27.56 45.41 51.19 48.49 

Y 5 -7 45.61 67.43 70.34 70.90 61.89 
Y 5 10 29.49 54.16 43.76 62.65 53.86 
Y 5 13 21.34 22.43 33.70 43.71 28.27 

--------------------------------------------------------------

---~-------------------------------------------------- --------
G 49 : 1 4 I 59.90 19.42 47.53 26.56 24.49 

G 49 I 7 I 30.82 61.35 74.18 70~04 45.24 
G 49 I 10 J 47.78 40.41 49.74 51. 58 39.56 

G 49 I 13 I 46.38 31.35 38.45 38.32 53.30 

--------------------------------------------------------------

--------------------------------------------------------------
R 7 4 **.** 48.06 56.36 68.-31 28.98 

R 7 7 ** ** 75.59 88.52 ** ** **.** I . . 
R 7 10 59.67 37.00 82.75 49.67 51.83 I 
R 7 13 41.78 53.24 49.64 56.33 27.94 ~~ 

--------------------------------------------------------------
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APPENDIX 21. AVERAGE FIBRE DIAMETER EXCLUDING 

FIBRES OF FIVE BODY POSITIONS OF THE TRIAL GOATS 

( IN MICRONS ) 

SAMPLE I 
GOAT NO. DATE I M.SIDE 1 NECK I BACK I RUMP I BELLY 

--------------------------------------------------------------
Y\7 4 29.60 31. 74 31. 92 29.92 31.68 
Y 7 7 30.38 33.68 27.40 30.78 29.24 
Y 7 10 33.78 31.44 29.89 29.39 36.56 

, 

Y 7 13 33.42 30.84 32.00 30.06 32.11 

--------------------------------------------------------------
y 5 4 33.52 34.46 30.96 30.74 32.92 
v 5 7 32.88 ·30.44 28.70 25.47 31.86 , 

Y 5 10 36.32 33.16 32.94 30.54 33.26 
Y 5 13 33.36 32.36 34.06 29.50 32.48 

--------------------------------------------------------------

--------------------------------------------------------------
G 49 4 ~I 24.63 25.80 25.60 26.16 30.84 

G 49 7 I -31 ;;-34 ··~"-29 .18 28.20 25.94 29.20 

G 49 10 1 34.90 35.52 33.46 34.10 35.30 

G 49 13 I 30.90 32.72 19.64 29:04 30.88 

--------------------------------------------------------------
._----------------.-------------------------------:""--------------

R 7 4 ** ** 28.72 24.38 27.16 31.34 . 
R 7 7 ** ** 25.68 21.46 **.** ** ** . . 

- R 7 10 28.D4 27.66 25.64 26.'92 26.52 

R 7 13 24.73 29.02 26.54 27.68 32.96 



FFIer OF VA.RIATION FIBRE DIAMETER EXCLUDING 

AND ULLATED FIBRES FROM FIVE BODY POSITIONS 

OF TRIAL GOATS (IN %) 

SAMPLE 1 

GOAT NO. DATE I M. SIDE I NECK 1 BACK ! RUMP I BELLY 

--------------------------------------------------------------
Y :7 4 24.61 16.07 20.18 18.60 17.66 
Y 7 7 15.11 41.55 29.84 40.96 29.60 

Y 7 10 19.58 23.52 22.13 29.39 20.92 
Y 7 13 17.46 19.56 21.03 20:04 21.47 

--------------------------------------------------------------
Y 5 4 21.34 19.18 19.42 18.76 25.00 

Y 5 7 20.20 27.64 25.48 25.02 31.95 

Y 5 10 22.23 24.06 18.91 24.30 25.54 
Y 5 13 18.10 24.55 17.36 18.94 17.53 

--------------------------------------------------------------

--------------------------------------------------------------
G 49 4 41.64 19.10 20.16 24.24 24.49 
G 49 7 20,,43 22.85 21.53 21.57 25.53 

--
G 49 10 22.18 22.88 20.39 22.65 30.32 
G 49 13 16.52 19.79 19.'64 18.90 19.43 

--------------------------------------------------------------
R 7 4 ** ** 25.70 18.87 18.65 28.93 . 
R 7 7 **.** 36.95 38.00 ** ** . ** 

. R 7 10 26.40 26.25 28.47 24.53 26.95 

R 7 13 24.73 19.05 25.92 22.56 27.03 

--------------------------------------------------------------

-------------------------------------------------------------- ~ 
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APPENDIX 23. AVERAGE FIBRE OF rAt.. S 
(MEA5UREO-EVERY-ZS-OAYS-IN--- -----

Sft.MPUNG DATES 
GOAT NO. I 1 I 2 1 3 I 4 1 5 6 7! 
------------------------------------------------------------------
G 29 I 18.41 17.98 12.83 13.86 12.13 I 

~/~ 16 'I ~B:g~ ~~:8~ 22.38 i~:~~ b~:~9 .38 2~:~~ I 
w' 6 16~70 15.45 14.43 14.54 17.14 I 
W 15 18.45 18.24 08.58 07.67 11.28 
~ 700 15.24 ts·?SO 11.86 Y§.24 8~:~_2 09. 06.97 j 
a ~5 ~g:~~ ~~:8~ I~:~~ 14.2a ii:;; ! 
o 43 18.14 18.62 14.88 10.90 **.** 1 
AVERAGE--T-------------------------------------------------------j 
------------------------------------------------------------------
G,16 18.04 17.69 **.** 10.00 08.68 
~ \~~ 1~:11 l~'l~ i2:3~ f4:@Z l~:I~ 
G 42 15.26 15:87 **.** 08.72 10.08 
G 43 16.63 12.36 15.08 13.84 11.94 
J ~ ~B:~a IJ:~~ 17.56 ia:b~ i~:~~ - 14.00 i~:~~ 
Y/W 271 23.21 21.08 13.47 10.87 08.95 I 
------------------------------------------------------------------
AVERAGE I ' I 
~-~i-----I-f~:~~---~~:~~-----------i~:~~---f~:~~-----------f~:~~-! 
AVERAGE--j------------------;;.------------------------------------'j 
G 2 
G 9 
~ ~~ 

19.11 
21.83 
t~J~ 

20.16 
22.00 
18.79 
16.97 16.74 

15.47 15.47 
16.61~ 20.94 
10.61 16.04 
15.58 13.33 17.98 

20.02 
19.71 
18.83 
18.47 

AVERAGE--j-------------------------------------------------------j 

. GOAT NO. I 8 I 9 
SAMPLINy DATES I 10 11 I 12 I 13 I ----------------------------------------------------------G 29 13.63 18.68 14.93 15.29 

Y 7 09.05 21.44 23.23 21.59 17.16 18.04 
~/~16 2~:gg ~bJb H:H B:gg 
W 15 13.62 18.80 21.29 19.05 
R 7 12.34 18.31 15.37 15.19 18.25 14.19 
R 500 :12.12 16.26 17.88 17.31 
8 !~ !~:82 ~8:s~ it1S p.34 7.58 
----------------------------------------------------------
AVERAGE I I 
-~~--------------------------------------------------------G 16 12.41 22.86 25.01 17.55 
G 17 09.08 22.26 19.81 20.85 
~ ~~ b7:~§ i~:~j ~8:aS i~:~~ 
G 43 15.36 20.11 18.27 20.50 

- Y 5 11.66 11.45 16.88 18.81 19.80 18.38 
Y 6 10.48 21.04 20.69 19 26 
Y/W 271 07.58 25.11 21.34 20:43 
----------------------------------------------------------
AVERAGE I 
~-~i----~I-i~:~~-----------~~:~~---~~:~~-----------!~:~~-I --
AVERAGE--j-----------------------------------------------T 

l-i;-----I-'~~ii---::~::---~iI;I---fl~II---::~::---I!~!I--
AVERAGE--T---~-------------------------------------------j 
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P X COEFFIe ~NT I ION OF FIBRE LENGTHS 
------- ------------ -------------------
OF TRlA BDATS (IN % 

G To! 1 2 6 7 
------------------------------------------------------------------
G I 28.79 15.40 36.94 40.11 26.95 , 
v 

1 
Zl'~Q p.1 § 14.83 ~4J~ ~~:~~ 22.11 1~:~~ , 

y ~:J.lj 18.7 
W \ 17.16 14.82 16.70 28.06 11. 37 
W 

! 
23.94 14.91 24.82 46.02 25.97 

p ?4.9Q ~~:39 22. ~8·~7 ~~.Ql 21. 32 ~~.~~ I-~ j9· 4/ K 

I 
_ . 0 :J .J":) . 

0 1 .47 13.83 29.45 32.88 20.37 
0 26.00 18.74 23.52 41.13 **.** 

G-i6-----T-23:3i---i7:8j--------------;;---59~34-----------30~99--

~'~~ ~~:~~ l~·§r ;~ ~~:~~ ~q:~~ 
G 42 24.15 22:68 ** 38.68 25.59 
G 43 37.61 23.30 19.89 32.67 24.28 
Y 5 1 24.11 19.35 26.76 22.64 30 7{ 15.35 220.43 
Y 6 14.92 15.85 25.28 35:5_'. 23 81 
V/W 271 32.08 15.41 28.65 40.35 22.68 

------------------------------------------------------------------
S §1 \ i~:~~ i~:~~ ~9:d~ ~~:~~ f§:~~ I 

;-I;-----I-iI~i~---I!~~I---::~::---II~I~---I!Ilf---::~::---~i~fi--
------------------------------------------------------------------

SAMPL I~G DATES 
GOAT NO. I 8 I 9 I 10 I 1 I 12 I 13 I ----------------------------------------------------------
G 29 43.65 17.50 34.90 22.36 
Y 7 63.56 16.37 16.18 13.51 18.64 24.39 
~/~ 16 1c:~~ f~J~ F .13 13.17 

4.04 16.85 
W 15 35.25 22.33 25.11 21.10 
~ ~OO j8:~~ 18.40 ~~:~~ ~a:1~ , 15.09 f~:~~ I o 15 30.15 21.20 24.94 25.11 I o 43 52.89 16.00 36.27 21.44 J 
----------------------------------------------------------

l-f~-------lf~ii-----------I!~i~---~if~!-----------iiIii-l 
G 43 34.54 22.77 35.19 14.68 
Y 5 46.73 31.21 19.54 27.19 11.31 16.97 
Y 6 44.24 14.06 24.95 19.21 
Y/W 271 62.54 12.34 29.33 08.81 
----------------------------------------------------------

----------------------------------------------------------
1~.74 ~ .76 
§ :~S \ 09:~ 1~.9~ 

14.33 11.7 

26.06 
~~:~g 
~t10 14.11 

18.78 . 
~r:g6 
22.10 

----------------------------------------------------------
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PENDIX 25. CALCULATION OF FIBRE NUMBERS PER UNIT AREA 

FORt~ULAR 

T = 751.8 x A 

Pi x (d!2)SQ x 1 

T = Total number of fibres 
A = Weight of mohair harvested from midside patch (100 sq.cm) in gramm 
Pi = 3.14 

d = Average fibre diameter in mm 

SQ = Squared 
1 = Average fibre length in mm 

.-
The constant 751.8 is the reciprocal value of the specific weight of 
a keratine fibre expressed as gr/sq.mm based on 1.33 gr/sq.cm 
(REUMUTH and DOEHNER,1964) 

ANIMAL NUMBER 
S JlMPL. DATE Y 7 .- I Y 5 1 G 49 I R 7 

---------------------------~;--~--------------------

I ' I 137526 96210 93554 l72492 I 
2 -I 116388 78415 -93294 158328 r 
3 I 112018· 129081 94995 164067 I 
4 I 108810 123373 88423 167596 I 
5 I 70740 81884 71255 158043 1 

6 I 37853 9409 46959 132143 I 
7 I 36682 7655 25011 121177 L 
8 I 84713 6182 94634 204818 I 
9 I 114397 55092 111793 208038 I 

10 I 119992 101666 100596 173120 I 
11 I 144828 134870 102283 174784 I 
12 I 163791 124373 91603 186807 I 
13 I -144478 141278 100774 157869 I 

--------------------~----------------------------

-
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AP?E~DIX . FI ~ FI Y POSITIONS or THE 

TRI :- R SM'IPLING DATES 

(I %) 

I 
• I .SIDE I I BACK 1 RUMP I BELLY 1 

y 7 /I 1 3 2 5 3 ..,. 

v 7 7 7 36 26 49 45 I 

v 7 10 2 4 9 14 11 I 

Y 7 13 0 0 2 12. 3 

-------------------------------------------------------------

-------------------------------------------------------------
y 5 4 1 r 13 11 5 0 

Y 5 7 6 21 15 33 18 

Y 5 10 4 9 5 15 25 

Y 5 13 3 6 10 13 5 

-------------------------------------------------------------
G 49 4 I 1 1 4 2 0 

G 49 7 I 4 8 9 11 4 

G 49 10 I 5 6 6 9 6 
; 

G 49 13 I 5 7 3' 3 8 

-------------------------------------------------------------
, 

R 7 4 * 5 8 12 1 

R 7 7 * 12 10 ** * 
R 7 10 12 4 17 16 10 

R 7 13 6 13 9 12 2 
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APPENDIX 27. MEASUREMENTS OF AVERAGE FIBRE DIAMETER OF THE MID-
SIDE OF ANIMALS Y7,Y5.G49 AND R7 AS MEASURED BY 
-----------------------------------------------
THE FIBRE FINENESS DISTRIBUTION ANALYSER,AND THE 
------------------------------------------------CORRESPONDING COEFFICIENT OF VARIATION OF FIBRE 
DIAMETER VALUES (DIAMETERS IN MICRON;CV VALUES IN %) . 

FIBRE DIAMETER MEASUREMENTS : 
SAMP~ING DAT~S 

GOAT NO.' 1 2 I 3 I 4 I 5 I 6 I 7 
------------------------------------------------------------------Y 7 29.54 30.16 28.76 25.60 27.97 28.39 32.56 
~549 ~~:~i ~~:~~ ~~:~&. ~8:§a ~j:£~ ~g:2~ ~a:gg 
R 7 27.70 27.09 23.43 22.33 21.79 28.51 21.97 
------------------------------------------------------------------
GOAT NO.' 8 I· 9 r~MPTING1~ATfS 12 I 13 I 
----------------------------------------------------------Y 7 27.21 24.59 ·27.44 30.65 30.11 29.71 
~ ~9 ~a:I~ ~~:l~ ~~:6~ ~5:~g ~~:~i ~,:i~ 
R 7 **.** 27.34 25.31 25.97 23.46 26.49 

CV VALUES : 
SAMP~ING DAT~S 

.GOAT NO. I 1 I 2 3 I 4 I 5 6 7 ------------------------------------------------------------------Y 7 I 31.89 27.49 35.47 32.53 24.81 20.61 32.56· 
~ ~9 I ~6:~~ §f:I~ ~~:~~ §~:9i ~~:~I ~~:~S §I:~~ 
R 7 33.41 34.32 22.88 20.01 20.65 44.63 40.28 I 

------------------------------------------------------------------
GOAT NO. I 8 I 9 I 

SAMP
T 

ING DATTS 
10 11 12 I 13 I ----------------------------------------------------------Y 7 48.39 54.08 46.05 28.66 26.99 30.31 

~ ~9 ~t:~i ~Q.~~ s~Jg ~1:9~ ~~J9 ~§:B§ . 
R 7 ** ** 38.86 4 .35 30.79 37.64 32.62 . 
----------------------------------------------------------
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IX 28. - FIBRE DIAMETER MEASUREMENTS WITH THE PROJECTION 
--------------------------------------------------------

(' DE ,?~) FIBRE FI E DISTRIBUTION ANALYSER 

)(IN MICRON 

.0 1. III SAM.OATE 5. II SA-M.DATE 8. II SAM DATE ll.\ 
G T . I FDA I i PM I FFDA I PM I FFDA PM I FFDA 
G-------T~6:~~--27~66---29~84--26:37---33~:.4164--29:72---33~37--26:37-
Y jj4.L_ 29.::>4 29.2027.97 .; 27.21 33.2530.65 
Xj~ 16 1~~·4~ ~~.~4 24.2~ ~6.~5 3~ •• 3! 24.80 ~6.80 29.72 
~ c"v.3:c t.J ./3 30.40 t.7.:J2 3" 4v 27.21 .j8.44 32.63 
W l5 1~4'98 ~6.~5 3q.7~ 24.l4 3~.46 26.07 35.07 26.41 
R j ~2. 4 0.,0 2~.2~ 21./9 66.68 58.24 31.31 25.97 

~ i~O II~~:~~ ~~:~£ ~~:~9 ~~:~~ ~~:g~ ~9:ei i~:~~ ~~:~~ 
0:3 32.12 27.05 27.60 25.21 6J.30 ::>9.01 32.82 29.08 
AVE:----T34:2o--28:2S---2S:29--26:16---40:SS--Z6:21---35:62--28~85-T 

nr--I, ~nrtnr-m~rlmr-!nrj[ir-!mrinp 
Y 5 36.79 28.67 29.92 29.02 33.60 -24.73 36.01 33.66 
Y 6 143.09 27.01 33.06 29.73 32.41 23.70 33.12 32.82 
VjW 271 39.87 34.12 32.32 30.92 30.56 25.35 38.04 32.78 
~g€:----T35:5~--~~:6~---~~:~3--26:~i---33:3~--2S:~6---35:i8--3i:3~-T 
--------------------------------------------------------------------
G 11 142618 31.23 31.7~ 26.30 4363.001 325 •• 55 39.09 30.64 I 
W 9 29.33 24.67 29.25 25.41 45 2 37 31.56 28.51 
--------------------------------------------------------------------
AVE. 135.75 27.59 30.03 25.85 39.73 28.96 35.32 29.57 I 
G 2 27.09 23.45 29.49 22.34 37.08 24.28 36.17 29.97 
G 9 28.94 26.20 23.90 24.19 41.31 27.02 34.28 32.56 
G 38 29.15 20.00 29.25 24.02 36.30 22.75 32.14 27.26 
G 49 42.72 23.31 26.42 23.14 33.06 24.43 34.47 30.88 
AgE:----j2~:i2--23:24---27:26--23:39---36:93--24:62---34:32--36:16-T 
--------------------------------------------------------------------
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IX 29. COEFFICIENT OF VARIATION OF FI D1 
-------------------------------------------------
DERI FROM MEASUREMENTS CARR! 
----------------------------------------------PROJECTION MICROSCOPE (PM) AND FIBRE NENESS 
-------------------------------------------------
DISTRIBUTION ANALY (FFDA) (IN%) 

--------------------------------------------------------------------
AVE. 133.23 33.4137.57 27.80 61.09 42.00 40.17 37. \ 
------------------------------------------------~-------------------G 16 19.68 33.39 23.65 2S.04 56.73 40.86 62.06 37.51 I 
G 17 03.10 33.84 17.83 23.66 87.85 Sl.81 28.10 39 94 I 
G 28 320.83 35°.5

9
5 25.76 31.15 67.48 40.19 04.06 38:39 

G 4 23 35 27 3 27.69 27.05 70.91 47.04 13.04 28.08 
G 43 20.41 33.13 18.74 28.89 61.78 46.63 20.37 26.38 
Y S 33.62 35.73 19.48 28.87 46.48 44.24 40.24 31.66 
Y 6 17.91 SO.92 17.37 28.23 80.93 46.71 40.39 35.}S 
Y/W 271 10.03 36.12 132.13 24.04 63.70 SO.13 15.98 32.7S 
--------------------------------------------------------------------
AVE. 129.31 35.75 35.33 27.11 66.98 45.95 28.03 33.83 1 

~-~i----I~B:~~--~~:~~---~9:~~--~~:~i---~~:~~--~B:~9---~~:B~--~~:9~-1 
AVE:----i44~32--42:i2---i2:25--36~29---4g~20--49~5i---i7:49--45:gg-j . 
--------------------------------------------------------------------G 2 30.44 41.34 10.72 51.70 28.28 61.66 32.24 44.19 
G 9 33.14 34.83 20.49 32.49 43.03 54.47 38.36 29.79 
~ ~~ g~:~! jB:~g ~6:~~ ~~:f~ ~~:~~ gi:~~ j~:~~ ~!:1~ 
-------------------------------------------------------------------
AVE. \41.45 36.30._37.14 .. 39.76 51.11 58.15 30.74 37.84 1 
.-------------------------------------------------------------------
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Pl ate 1. A tria l anima l resting on a table whi l e a rump sample 
of moha ir is being ta ken . 



Plate 2. Midside patch with 28 day s of mohair growth. 



Plate 3. Shearing of the midside patch using a small animal 
clipper. 



Plate 4. A freshly shorn midside patch. 



Plate 5. A f r es hly s horn t r ial an i ma l s howin g t he "wa ll " of 
mohai r l e f t t o dist ingu ish th e s ampl i ng s i te. 



Plate 6. Mohair staples contaminated with residual skin.These skin 
residuals made it impossible to use the WRONZ medullometer 
to measure the degree of medullation. 



Plate 7. A trial animal showing shedding in a dorsal-ventral manner . 
This shedding had begun about a week prior to being 
photographed. 



• 

Pla te 8 . A medulla ted fibre cross ed by a mohair f i bre .The two fibres 
are "squashed" between two gla ss slides . Shown is the eff ect 
of "flatt en i ng" th e cross-sect ional area giv i ng t he impres
sion of l ess me du lla t io n bei ng present .Furth er no te the 
varia tion in fibre di ameter be tween the med ul lated and non 
medull ated fi bres. 

Magn if icat io n: 160X 



Plate 9. Medul l ated fibre showing an apparent change in medullation 
due to a varying cross-sectional area along the fibre. 

Magnification: 160X 



I~ 

Plate 10. A medullated fibre showing very little apparent med ullation. 
This is due to th e very flat nature of the cros s- sec t ional 
area. See also the cross-sectional area of medul la ted fibres 
shown in plate 11. 

Magnification: 160X 



Plate 11. Follicle group with five primary follicles (accompanied 
by sebaQDus glands) .Note the difference in fibre diameter 
between fibres in three primary follicles and fibres in 
the secondary follicles.The fibres of three primary follicles 
are medullated (red stain) and distinctively non-circular 
in cross-sectional area. 

Magnification: 130X 



Plate 12. Follicle group s howing a pri mary central follicle 
containing a non-medullated fibre. 

Magnification: 130X 



Plate 13. Follicles growing multiple fibres within a common 
follicle shaft. 

Magnifi ca t ion: 208X 



Plate 14. Follicles entering the telogen or "rest" period of 
production.Note the receding edges of the follicles. 

Magnification: 208X 
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