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SUMMARY

The available genetic information for development of cashmere and mohair
breeding programs is collated and areas where more data are required are
discussed.
Breeding objectives have been developed for the goats growing each
of these fibres but the availablilty and reliability of parameters necessary
for construction of selection indexes are variable.
There is considerable
genetic variation between animals for cashmere production.
However, unfavour
able genetic relationships indicate that selection for high down weight will be
followed by increased diameter, and reductions in liveweight and fecundity and
control of these will result in reduced improvement in down production.
A
strong genetic correlation indicates that indirect selection is possible and
can lead to large savings in measurement costs through the use of 2 stage
selection indexes.
There is also significant genetic variation in mohair
production among Angora goats but indexes will have to be designed to control
fibre diameter and proportions of medullation and kemp.
INTRODUCTION
Cashmere and Mohair are the two main commercial goat fibres.
Cashmere is
the down fibre (undercoat) produced by secondary follicles of the goat Capra
hircus, in particular the modern domesticated goat C. hircus Laniger. There is
no specific breed of cashmere goat and many types grow this fibre.
In con
trast, Mohair is grown by the Angora goat (C. hircus Aegagrus) and is the full
fleece grown by both primary and secondary follicles. An inter-mediate type of
fibre called "Cashgora" is produced by crosses between cashmere bearing goats
and Angoras.
Down fibre from the fleeces of young progeny of this cross can
often be sold as cashmere but the fibre from adults is processed separately.
This review will concentrate on the genetic information available for design of
breeding plans for Cashmere and Mohair fibre.
CASHMERE
In practice the term "Cashmere" is used to describe fibre that has a mean
diameter of less than 18.5 um because most processors will not buy coarser
fibres as cashmere.
Thus cashmere can have a textile marketing definition
which is not necessarily a biological one.
In this review the textile defin
ition will be followed because it assists in setting appropriate breeding
objectives.
In fact, processors have stated that their preference is for down
averaging less than 16 um but at times their pricing policies have encouraged
the production of coarser fibre.
There is generally a seasonal pattern of down production with growth
commencing around the summer solstice and ceasing near the winter solstice,
after which it is shed. However there is considerable variation in down growth
patterns and some animals have been observed to grow down during what is
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normally considered to be the non-growing season.
Cashmere is traditionally produced in China, Mongolia, Iran and the USSR
with the total amount of fibre estimated to be approximately 4500 tonnes
(Mill ar, 1986).
In recent years, cashmere production has commenced in Austra
lia and New Zealand based on animals derived from feral goats but at this
stage, annual exports are less than 100 tonnes.
In the traditional producing
countries, down is combed from the fleece by hand after shedding is complete.
The combed fibre still contains guard hair (approximately 50%) which is removed
at processing.
In Australia and New Zealand, labour costs preclude hand
combing so the goats are shorn just before shedding.
The total shorn fleece
consists of 15% to 50% down.
Millar (1986) reviewed the literature available on cashmere production
and breeding to 1985.
most reports dealt with production levels, fibre and
skin characteristics of different goat types.
The only available data on
genetic aspects of cashmere production are from 4 studies in Australia and New
Zealand. These involve a specifically designed experiment (Pattie and Restall,
1985, 1989; Restall and Pattie, 1989; Restall et al, 1985), analyses of data
from commercial breeding herds (Couchman and Wilkinson, 1988; Gifford ejt al
1990) and a reference sire breeding program supported by central performance
and progeny testing (L. Baker and B. Southey, pers. comm.).
Breeding objectives
Factors that affect income from cashmere goats that could be considered
in a breeding objective include qualitative characters, such as developmental
abnormalities (which have a low frequency and are not a problem), colour and a
range of quantitative body, fleece and reproductive characteristics.
White down from goats with white guard hair is preferred by processors
and attracts a price premium over grey and brown down.
White down from col
oured goats usually receives the price for grey down.
The inheritance of down
colour has not been determined but it is likely to be different to that of
guard hair because white down can be grown by goats with coloured hair. In
view of the price premium for white fibre and the lack of consistent reported
differences in production between white and coloured animals, breeding objec
tives usually aim to produce white animals and this character is treated
independently to other measured characteristics.
Quantitative characters have been included in breeding objectives pub
lished by Pattie and Restall (1985) and Ponzoni and Gifford (1989). The former
authors restricted their attention to characters influencing income for which
genetic parameters were available.
These were lifetime down production, down
diameter and liveweight.
With the prices applicable at the time, a breeding
objective to maximise financial returns would result in increased fibre dia
meter and reduced liveweight.
Such an objective would not be sustainable in
the long term and would have to be changed before diameter increased to a level
where the down could not be sold as cashmere. Consequently, Pattie and Restall
(1985, 1987) recommended that breeding objectives should be set to restrict
changes in diameter and liveweight to zero.
As they included only 3 charac
ters in their objective, the specification that 2 should be restricted makes it
independent of economic values for ranking animals.
Ponzoni and Gifford (1989) presented a more elaborate breeding objective
in which traits were separated for young animals and breeding does, all var
iable costs associated with production, harvesting and marketing were included
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and total feed intake for the herd was kept constant.
They used discounting
techniques and expressed the economic value of a change of one unit in each
character as its effect on total income (at present value) for a typical 1000
doe herd over a 15 year period.
The characters included in the breeding
objectives were down weight, down diameter, liveweight and feed intake of both
young and breeding does, and the number of kids weaned per doe mated.
This
presents a more complete specification of a breeding objective but unfortunate
ly the necessary genetic and phenotypic parameters for the additional charac
ters are not available and must be assumed if indexes are to be derived.
Nevertheless, such a breeding objective is valuable in identifying the charac
ters for which parameters are needed.
In future, it is possible that pricing schedules may include penalties for
low yield, because of processing costs, and wide diameter distribution because
of the reduction in dehairing efficiency and product quality caused by exces
sive numbers of coarse fibres.
At present there is insufficient information
available to derive satisfactory economic values and include these characters
in a breeding objective.
Selection criteria and parameters
Selection criteria are those traits on which selection is based to achieve
the breeding objective defined, but may not necessarily be component traits in
the objective.
The choice of selection criteria requires estimates of heritabilities and phenotypic and genetic correlations to estimate breeding values.
When applying these, attention must also be given to non-genetic' factors which
may reduce the accuracy of selection.
Non-genetic factors such as age, sex and birth type affect some aspects
of down production.
Of particular importance is the fact that diameter in
creases approximately 1.5 um between the first year and second year fleeces and
continues to increase at a slower rate thereafter (Restall and Pattie, 1989;
Gifford and Ponzoni, 1990).
This is now well recognised by breeders but many
have the misconception that there is a non-genetic difference in down diameter
of 1 to 2 um between males and females.
In fact there are no such differences
in any of the studies reviewed.
Tables 1 and 2 present genetic and phenotypic parameters for liveweight
and fleece characters from several studies.
They have not been averaged
because there are major differences among the herds in the type of fleece
grown and the suitability of the data sets.
The herd used by Pattie and
Restall (1987, 1989) produced fine cashmere (yearling diameter 14.2 um), no
parents were selected and matings were at random. The other herds grew coarser
cashmere (yearling diameter 15.4 to 17.0 um), sires were selected and in the
herds used by Couchman and Wilkinson (1988), various Angora crosses and correc
tive matings for diameter were used.
The only other estimate found in the
literature was for combed fibre (down plus guard hair) of Changthang goats
which had a heritability of 0.26 (Darokhan and Tomar, 1983).
The heritabilities for liveweight and fleece characters were moderate to
high and showed reasonable agreement (table 1).
As a group, those reported
for the experiment of Pattie and Restall (1989) averaged higher than the others
which may reflect the effects of sire selection in the commercial herds. These
heritabilities indicate the scope for selection changes because phenotypic
coefficients of variation tend to be high for all characters except diameter.
The repeatabilities are also moderate to high indicating that measurements of
the first fleece are reasonably good indicators of group lifetime performance.
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Table 1

Estimates of repeatability and heritability for characteristics of
cashmere growing goats.

Source

Livewight
Fleece weight
Down yield
Down weight
Down diameter
Down length
Sires
Progeny
Records
Age of progeny

Aust.1

Aust.2

Aust.3

N.Z.

R

h2

h2

h2

1)2

.48
.68
.64
.59
.60
.63

.29
,29
,90
,61
,47
,70

.26
.42
.23
.36
.70
n

n
.45
.30
.38
.68
n

.22
.25
.52
.45
.83
n

45
1169
2233
1 - 4

29
1320-1421
1593-1687
1 - 4

16
375
1

33
462-654
1

Aust.l : Pattie and Restall (1987, 1989). No selection., random mating
Aust.2 : Gifford et al (1990a). Sires selected
Aust.3 : Couchman and Wilkinson (1988). Sires selected, corrective mating
N.Z.
: R.L. Baker and B. Southey (pers. comm .). Sires selected
n
: not measured.

Correlations among liveweight and the various fleece characters (table 2)
show several unfavourable genetic relationships.
There are consistent, though
small, negative genetic correlations between liveweight and down character
istics, a strong positive correlation between down weight and diameter in 3 of
the 4 studies and two cases of negative genetic correlations between total
fleece weight and yield.
The differences in the last case may reflect dif
ferent fleece types as selection in the two Australian commercial herds
favoured animals with short guard hair while the other herds consisted of mixed
short and long haired types.
Further studies will be needed to confirm this
suggestion.
The strong genetic correlation between down weight and length
indicates that indirect selection for down weight is possible which will help
to reduce measurement costs.
The experiment described by Restall and Pattie (1989) has also provided
genetic parameters for follicle populations and reproduction in addition to
responses in a number of selection lines.
Pattie and Restall (1989) reported
relatively low heritabi1ities of 0.16, 0.17 and 0.29 for primary and secondary
follicle densities and secondary/primary ratio.
Repeatabilities were also low
(0.35, 0.35 and 0.50).
These results indicate that the genetic variation in
down weight may be due mainly to variation in fibre length and diameter
although skin sampling and measurement errors may have inflated environmental
variance. There were low to moderate genetic correlations between the follicle
parameters and down weight and diameter but phenotypic correlations were
negligible.
From these it can be shown that the inclusion of skin follicle
parameters in selection indexes does not improve the accuracy of estimating
breeding value for down weight or diameter.
Saithanoo et al_ (1990) reported the heritabilities of kidding and multiple
births to be 0.21 and 0.51 in Restall and Pattie's experiment.
Further ana
lyses have shown important genetic relationships between the incidence of
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kidding and multiple births, liveweight and fleece characteristics (table 3).
Table 2

Estimates of genetic and phenotypic correlations among liveweight,
fleece and down characteristics of cashmere bearing goats.
Genetic correlations
Au s t .1 Aust.2 Aust.3 N.Z.

Source
Liveweight
fleece w t .
down yield
down w t .
down diam.
down length
Fleece wt.
down yield
down w t .
down diam.
down length
Down yield
down w t .
down diam.
down length
Down wt.
down diam
down length
Down diam.
down length

.17
-.24
-.18
-.06
-.31

.17
-.39
-.13
-.16
n

-.13
.34
.14
.05

n : not measured.

Table 3

Phenotypic correlations
Aust.1 Aust.2 Aust.3 N.Z.

n
n
n
n
n

.09
-.20
-.17
-.14
n

.21
-.07
.07
.12
-.05

.36
-.12
.12
.23
n

.39
.83
.12
n

.37
.83
.48
n

-.21
.43
.23
n

-.11
.41
.18
.24

.14
.67
.36
n

.30
.80
.45
n

.05
.66
.24
n

.84
.57
.78

.85
0
n

.80
.63
n

.74
.33
n

.90
.36
.57

.79
.25
n

.77
.45
n

.70
.32
n

.62
.88

.04
n

.77
n

.51
n

.46
.65

.39
n

.56
n

.42
n

.52

n

n

n

.35

n

n

n

n
n
n
n
n

.11
- .15
- .04
.04
n

Sources : as for table 1

Correlations between sire EBV 1s for reproduction measurements
liveweight and fleece characters together with numbers and incidence

Measurement

Liveweight
Down weight
Diameter
Down length
Sires
Progeny
Incidence (%)

Kiddi ng
1st. joining 2nd. joining

Mult iple Births
1st. joining 2nd joining

.38

.58

.39

.52

.10
-.10
.11

.04
.14
-.08

-.39
-.34
-.40

-.23
-.21
-.29

46
562
87

35
392
90

44
485
35

33
346
33

There were consistent positive genetic relationships between liveweight
and the two components of reproduction indicating that selection for high
liveweight should help to increase reproductive rate provided any increases in
nutrition and management needs were met.
The relationships between down
characters and kidding incidence were essentially zero but they were consistent
and negative with the incidence of multiple births.
Thus selection for high
down weight could be expected to reduce fecundity.
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The results of the first 3 years of a selection experiment in which lines
were selected for high or low down weight and diameter^ have been reported by
Restall and Pattie (1990).
Significant selection differentials for divergence
between pairs of lines were achieved and the realised heritabilities for down
weight and diameter were 0.56 and 0.58 while the realised genetic correlation
between them was 0.54.
These were very close to estimates calculated for the
base population and given in tables 1 and 2.
In addition, the correlated
responses in down length were practically the same as those expected on the
basis of the earilier estimates and the selection applied, confirming the high
genetic correlations.
Breeding plans
It is clear that there is considerable genetic variation among cashmere
goats for the main down production characteristics, liveweight and the in
cidence of multiple births.
Parameters are now available to allow the estima
tion of breeding values by using multi-trait index methods and information from
relatives.
However, selection for high down weight weight will be followed by
increased diameter and reduced liveweight and fecundity. Restricted selection
indexes and have been designed to prevent these undesirable changes but they
typically halve the potential rate of increase in down production.
Diffic
ulties in measuring down yield can be partly overcome by indirect selection for
down length but sequential selection procedures are needed to reduce the
expense of measuring diameter.
Pattie and Restall (1985, 1987) have presented
independent culling levels and two-stage selection indexes designed to achieve
this.
In this difficult breeding situation, significant improvements in
production of fine cashmere will require the application of modern genetic and
reproductive techniques.
Large populations will be needed to generate strong selection intensities
using open nucleus breeding systems. Measurement costs will then be restricted
to a small portion of the population and modern reproductive technology could
be used to distribute widely, genes of the limited number of sires that produce
offspring with desired combinations of traits.
Reference sire systems will
allow comparison of sires between herds contributing to nucleus breeding
programmes and will allow linkages among different systems.

MOHAIR
Angora goat industries are particularly well developed in South Africa
and the United States (Texas) and genetic improvement programmes in both these
countries are largely based on visual evaluation and empirical procedures
(Shelton, 1984; Erasmus, 1987).
The development of scientifically based
genetic improvement programmes involves a number of logical steps and this
review will concentrate on breeding objectives, selection criteria and develop
ment of breeding plans.
Breeding objectives
The main sources of income in an Angora commercial flock are derived from
the sale of mohair, surplus offspring and cull does.
Income from mohair is
largely determined by the weight of clean fibre and its average diameter, with
finer fibre having greater value (Van der Westhuysen, 1982).
Other fleece
quality traits which can influence value include: medullated fibres, staple
length, lustre, colour, style and character.
In general, there are not suffic-
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ient economic data available to allow these fleece quality traits to be
included in a breeding objective (Gifford, 1988; Erasmus, 1987; Shelton, 1984).
A breeding objective has been developed for Angora goats in New Zealand's
national animal recording service.
The relative economic values ($NZ) based
on prices being paid at the that time (1985), were: 31.0 (no. of kids born);
0.18 (weaning wt); 0.15 (yearling body wt); 22.0 (yearling fleece wt); -2.25
(fibre diameter).
There are now enough economic data in New Zealand to permit
inclusion of total medullated fibres with a relative economic value of -*$1.0
(Baker, unpublished).
Different breeding objectives will be necessary for
particular production and marketing systems in other countries as the N.Z.
objective may not be generally appropriate.
For example, the levels of medul
lated fibres in Australian and New Zealand Angora goats -are higher than those
in South Africa or Texas which will influence the relative economic importance.
Historically, breeding objectives have been defined in terms of outputs
(e.g. fleece weight or growth rate) with little consideration of inputs (e.g.
feed intake and production costs).
Recent attention has been focused on more
comprehensive breeding objectives accounting for both income and expense (e.g.
James, 1982; Ponzoni, 1988) but this has not yet been attempted with Angora
goats. With our current state of economic knowledge, the/most important traits
in an Angora breeding objective would include measures of reproduction (e.g.
kids born or kids weaned per doe mated), growth (e.g. weaning and/or yearling
weight, fleece weight (greasy or clean), fibre diameter, percentage of medul
lated fibres, and all known costs of production (including feed costs).
Selection criteria and parameters
H e r i t a b i 1ities have been estimated from Angora populations in Turkey,
Texas, New Zealand and Australia and these are summarised in Table 4 for some
of the more important characters.
The differences in heritability estimates
reflects both sampling variation (i.e. small numbers of sire progeny groups) or
possibly real differences in genetic variation among Angora populations.
In
general, the heritabilities are of moderate size indicating that response to
simple mass selection would be effective.
Table 4.

Paternal half-sib heritability estimates of two growth traits and
some yearling fleece traits for Angora goats

Trait
Weaning wt
Body wt (12 mths)
Greasy fl. wt
Clean fl. wt
Yield
Fibre diameter
Staple length
Kemp score
No. sires
No. progeny
1
2
3
4

Turkey^

Texas 2

Texas-!

Texas'4

NZ5

Aust.6

.17
.24
,13
.12
.43
.19
.12
n

.25
.57
.50
n
n
.17
.25
.17

n
.50
.40
.20
.48
.12
.79
.43

n
.33
.14
n
.10
.24
.26
.19

.10
.24
.36
n
n
.51
n
n

.13
.13
.45
.38
.02
.14
.13
.36

83
1114

83
1117

23
510

22
312

30
2329

30
572

Yalcin (1982)
Shelton (pers. comm.). Data from 1920-40.
Shelton and Bassett (1970)
Shelton and Snowder (1983)

Average
.17
.34
.33
.23
.26
.23
.31
.29

5 Nicoll et al. (1989)
6 Gi fford et al . (1990b)
n : Not measured

173

Heritabilities for medullation and kemp have been published by Nicoll eit
al. (1989) and Gifford e t a l . (1990).
To account for the skewed distribution
of both percent medullation and kemp, Nicoll et al. (1989) applied an arcsine
transformation and obtained paternal half-sib heritability estimates of 0.16
and 0.02 respectively based on 17 sires and 720 offspring shorn as yearlings.
Gifford et al. (1990) analysed the total percent meduliated and kemp fibres and
the heritability was zero in yearling fleeces but was 0.39 +^0.21 in adult doe
fleeces.
Despite low heritabilities for these characters they are expected to
respond to selection as the coefficients of variations are higher (30-60%) than
those for body weights and fleece weights (10-20%).
Table 5.

Phenotypic correlation estimates among some Angora yearling traits

Trait

Body weight
Greasy fl. wt
Fibre diameter
Medullation
Kemp (kemp score)
Staple length
Greasy fl. wt
Fibre diameter
Medullation
Kemp (kemp score)
Staple length
Fibre diameter
Medullation
Kemp (kemp score)
Staple length
Medullation
Kemp (kemp score)
Staple length
Kemp (kemp score)
Staple length
1
2
3
4
5

South^
Africa

Texas^ Texas^ Texas^

.19
.26
n
n
.05

.50
.48
-.01
.01
.03

.10
.13
n
(.15)
.04

.14
n
n
.34

.59
-.02
-.13
-.24

n
n
.20

.24
-.02
-.03

Turkey^

NZ7

Aust.8

.42
.33
n
(.30)
n

.39
.30
.04
-.01
-.16

.54
.37
.10
.11
n

.47
.34
.09
.21
n

.39
.23
-.04
(.18)
.21

.23
n
(-.15)
.18

.45
n
n
.20

.55
.12
-.01
.12

.55
-.12
-.04
n

.64
.24
.06
n

.37
.14
(-.18)
.40

n
(-.07)
.11

n
n
.18

.18
.07
.18

.32
-.02
n

.37
.17
n

.37
(.00)
.28

.07
n

.28
n

(.05)
.01

n

n

n
n

.72
.10

n
n

n
n

.33
-.07

n

.15

(.17)

n

.05

Yalcin et al. (1979)
Erasmus (1987)
Shelton and Bassett (1970)
Shelton and Snowder (1983)
Lupton et al. (1990)

NZ6

6
7
8
n

(-.04)

Nicoll et al. (1989)
Bigham and Baker (1990)
Gifford et al . (1990b)
: Not measured.

In addition to heritability estimates of the characters identified as
potential selection criteria, it is necessary to consider the phenotypic and
genetic correlations among the traits included in both the breeding objective
and the list of selection criteria.
In some cases, correlations are not known
(e.g. growth or fleece characters with feed intake or reproduction), while in
other cases, correlations exist but are imprecisely estimated.
This is
particularly true for genetic correlations.
Some of the more important pheno
typic and genetic correlations are summarised in Tables 5 and 6 respectively.
Phenotypic correlations from populations in different countries were
generally consistent.
There is a moderate positive phenotypic correlation
between yearling body weight and fleece weight and between fleece weight and
fibre diameter.
Staple length, medullation and kemp have low correlations with
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body weight, fleece weight or fibre diameter.
Although visually assessed kemp
score has been routinely
recorded in a number of studies, it is not closely
associated with objectively recorded percent kemp or medullation (Lupton et
a l « j 1990).
Table 6 clearly highlights the need for more reliable genetic
correlations as estimates differ widely and are often of different sign.
Table 6.

Estimates of genetic correlations among Angora yearling traits

Body weight
Greasy fl. wt
Fibre diameter
Medullation
Kemp (kemp score)
Staple length
Greasy fl. wt
Fibre diameter
Medullation
Kemp (kemp score)
Staple length
Fibre diameter
Medullation
Kemp (kemp score)
Staple length
Medullation
Kemp (kemp score)
Staple length
Kemp (kemp score)
Staple length
1 Yalcin (1982)
2 Shelton and Bassett (1970)
3 Shelton and Snowder (1983)

Turkey^

Texas^

Texas-!

.17
.14
n
n
.24

-.27
.00
n
(->50)
-.32

NC
NC
n
(++)
NC

-.24
.19
.35
1.19
n

.19
.57
n
(.09)
.87

NZ4

Aust

-.28
n
n
.39

>1.0
n
(<-1.0)
-.33

+
n
(NC)
++

.98
1.34
.49
n

-.29
n
(-.85)
.28

n
n
.68

n
(-.69)
-.86

n
(NC)
NC

.54
.04
n

n
(-.36)
.61

n
n

n
n

n
n

.84
n

n

(.16)

NC

n

n
n

(-.id

4 Nicoll et al. (1989)
5 Gifford and Ponzoni (1990) pers. comm.
NC : Not clear;
n : not measured.

Estimating breeding values
Traits measured as selection criteria such as liveweight and fleece
characters should be corrected for known environmental effects such as age,
contemporary group (i.e. mob or year born), type of birth and/or rearing and
age of dam (e.g. Yalcin, 1982; Nicoll et al., 1989) before estimating breeding
values.
Given the current deficient state of knowledge of genetic parameters
for Angora goats, the most conservative approach is to calculate breeding
values for each character based on the direct genetic path only (utilising
heritability estimates) and to ignore indirect paths from correlated traits
which would require estimates of genetic correlations.
Where feasible, it
could be useful to include information on the character being evaluated from
relatives, particularly sire, dam, half-sibs and full sibs as is presently done
in the New Zealand national recording service, ANIMALPLAN (Johnson et al . ,
1989).
Other approaches discussed by Wickham and Parratt (1988) and Nicoll
(1987) use conservative estimates (guesses) of genetic correlations to derive
selection indexes for overall merit, or use empirically derived indexes
(Shelton, 1984).
Because many of the fleece quality traits such as fibre diameter and
percent medullation and kemp can be expensive to measure, the use of indepen-
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dent culling levels or two stage selection would be an advantage. However the
imprecise estimates for genetic correlations counsels against their use.

REFERENCES
BIGHAM, M.L. and BAKER, R.L.
1990. Proc. Univ. Sydney Vet. Sci. Conf. on
Goat Health and Production (in press).
COUCHMAN, R.C. and WILKINSON, J.L. 1988. Proc. Aust. Assoc. Anim. Breed. Genet.
7: 517-520.
DAROKHAN, M.D. and TOMAR, N.S. 1983. Ind. Vet. J. 60: 650-653.
ERASMUS, G.J.
1987. Proc. 4th Int. Conf. on Goats (Brazil). 1: 643-656.
GIFFORD, D.R.
1988. Proc. Aust. Assoc. Anim. Breed. Genet. 7: 116-125.
GIFFORD, D.R., PONZONI, R.W., ELLIS, N.J.S., LEVINGE, F.C.R. AND MILNE, M.L.
1990a. Proc. Aust. Assoc. Anim. Breed. Genet. 8: 461-465.
GIFFORD, D.R., PONZONI, R.W., LAMPE, R.J. and BURR, J. 1990b. Small Rum. Res.
(in press).
JAMES, J.W.
1982. In 'Future Developments in the Genetic Improvement of
Animals', Eds. J.S.F. Barker, K. Hammond and A.E. McClintock, Academic
Press, Sydney, p.107.
JOHNSON, D.L., RAE, A.L. and CLARKE, J.N.
1989. Proc. NZ Soc. Anim. Prod.
49: 197-202.
LUPTON, C.J., SHELTON, M. and BIGHAM, M.L.
1990.
Proc. 8th Int. Wool Textile
Conf. (in press).
MILLAR, P. 1986. Anim. Breed. Abstr. 54: 181-199.
NICOLL, G.B.
1987. Proc. NZ Vet. Assn. Sheep and Beef Cattle Soc. 17: 38.
NICOLL, G.B., BIGHAM, M.L. and ALDERTON, M.J. 1989. Proc. NZ Soc. Anim.
Prod. 49: 183-189.
PATTIE, W.A. and RESTALL, B.J. 1985. Proc. Aust. Assoc. Anim. Breed. Genet. 4:
269-272.
PATTIE, W.A. and RESTALL, B.J. 1987. Proc. 2nd Inti. Cashmere Conf., Lincoln,
New Zealand, pp. 51-67.
PATTIE, W.A. and RESTALL, B.J. 1989. Livest. Prod. Sci. 21: 251-261.
PONZONI, R.W. 1988. Proc. Aust. Assoc. Anim. Breed. Genet. 7: 55-66.
PONZONI, R.W. and GIFFORD, D.R. 1989. Proc. 3rd. Inti. Cashmere Conf.,
Adelaide, Aust. pp. 16.
RESTALL, B.J., PATTIE, W.A. and WINTER, J.D. 1985. Proc. Aust. Assoc. Anim.
Breed. Genet. 4: 265-268.
RESTALL, B.J. and PATTIE, W.A. 1989. Livest. Prod. Sci. 21: 157-172.
RESTALL, B.J. and PATTIE, W.A.
1990. Proc. Aust. Assoc. Anim. Breed. Genet.
8: 475-478.
SAITHANOO, S., PATTIE, W.A. and RESTALL, B.J. 1990. Proc. Aust. Assoc. Anim.
Breed. Genet. 8: 471-474.
SHELTON, M. 1984. Proc. 2nd Wld. Cong. Sheep and Cattle Bdg. Eds. J.H.
Hofmeyr and E.H.H. Meyer, Pretoria, South Africa, pp. 353-366.
SHELTON, M. and BASSETT, J.W.
1970. Texas Agric. Expt. Sta. Res. Rpt,
PR-2750, pp. 38-41.
SHELTON, M. and SNOWDER, G.
1983. Texas Agric. Expt. Sta. Res. Rpt.
CPR-4171, pp. 165-173.
VAN DER WESTHUYSEN, J.M.
1982. Proc. 3rd Int. Conf. on Goat Prodn. and
Disease. Arizona, USA, pp. 264-267.
WICKHAM, G.A. and PARRATT, A.C.
1988. Proc. Aust. Assoc. Anim. Breed. Genet.
7: 199-208.
YALCIN, B.C.
1982. Proc. 3rd Int. Conf. on Goat Prodn. and Disease, Arizona,
USA, pp. 269-278.

176

