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Abstract
Two sires judged to have phenotypically lustrous wool as neonates were mated to ewes that did not exhibit lustre in their fleece as 
adults. Around half their progeny were lustrous as neonates. Wool characteristics of these progeny were measured on an optically 
based fibre diameter analyser (OFDA) when they were weaned and again as yearlings. There was a profound difference in mean 
fibre curvature (P<0.001) such that the lustrous phenotype had less curvature in both sire groups (22.8, 24.5°/mm) compared 
with the non-lustrous (67.5, 56.2°/mm) as lambs, and 29.8, 28.1°/mm compared with 74.1, 55.0°/mm as yearlings. Curvature of 
the sire groups was significantly different in concert with breed mix, Merino in one sire and Romney in the other, but only when 
their fleece was not lustrous. The greasy fleece of the lustrous yearlings was significantly lighter (1.8 vs 3.0 kg, P<0.05) than their 
non-lustrous contemporaries, while there was no significant difference in fibre diameter between the two phenotypes as lambs 
or yearlings. Fibre curvature is inexpensive to measure and well-defined, whereas lustre is a qualitatively assessed trait. These 
findings suggest “low fibre curvature” would be a more appropriate name for the trait than “lustre”. 
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Introduction
Perhaps the first scientifically documented sheep that 

resemble those we discuss here were reported by Short 
(1958) and were called “felting lustre” mutants. A very 
similar phenotype had been observed in America in the 
1930s but was called “Silky”, and breeding experiments 
were reported much later (Warwick et al. 1960). These 
experiments concluded that the phenotype was due to a 
single dominant gene, and both were uncovered in Merino 
sheep. McGuirk and Short (1967) reported breeding 
experiments conducted following the original discovery 
and found that slightly less than a 1:1 ratio of normal to 
lustre phenotype were born. In utero survival of lustre 
embryos may have been impaired. The lustre phenotype 
was more common in those lambs found dead at birth and 
in those which died within four days after birth. Warwick 
et al. (1960) reported similar poor viability of lambs of the 
“Silky” phenotype.

Additional reports have occurred more recently in 
Australia (Li et al. 2009) and New Zealand (Blair 1990; 
Plowman et al. 2019). The appearance of an unusual coat is 
most often noted in Merinos, perhaps because the lustrous 
phenotype is so different to the normal lamb coat. Blair 
(1990) reported a lustre mutant in a Border Leicester X 
Romney where the wool of the wild-type has a lustrous 
appearance, and the animals might stand out less at first 
glance. We have reported the phenotype in Perendale and 
Merino breeds (Plowman et al. 2019) and also observed it 
in Suffolk (DR Scobie, Unpublished data) where they were 
particularly noticeable.

The sheep we have observed certainly have a lustrous 
appearance at birth, but do not, in all cases, maintain that 
lustrous appearance as they age. Lustre is a visual effect 
that is judged subjectively. The following experiment was 
undertaken to test the hypothesis that the lustre gene affects 
fibre crimp, which can be measured cheaply.

Methods
Two sires were obtained that had a lustrous coat at 

birth. One was born on the AgResearch Lincoln research 
farm in 2016 at 175 Boundary Road, Lincoln (-43.628, 
172.471), while the other was born in 2017 at 1624 Branch 
Creek Road, Wanaka (-44.833, 169.052) and obtained by 
AgResearch at approximately 140 days of age. Both these 
sires were a combination of breeds that are common in 
New Zealand. One was a Romney-type (named “Dazzle”, 
born at Lincoln), while the other was a Merino-type 
(named “Razzle”, born at Wanaka). Such is the state of 
composite breeds in New Zealand and on the two farms 
where these lambs were bred that it is not possible to 
describe their breed composition accurately. However, 
there was no contribution from the known lustre breeds 
(English Leicester, Border Leicester or Lincoln) in their 
background. These sires were each mated to 12 ewes that 
were also of unknown composite breeding but were not 
lustre breeds nor did they exhibit lustrous wool.

Mating was timed such that lambs would be born in 
late spring. During the period of lambing, the ewes were 
monitored every six hours. Lambs were tagged at birth and 
identified to dam and sire. Lambs that were phenotypically 
lustrous were fitted with a woollen cover to prevent 
hypothermia (Woolover Limited, Christchurch, New 
Zealand). The entire flock was moved into a shed during an 
episode of rain and strong cold wind.

Lambs were tail docked and vaccinated at around 21 
days of age, in two separate groups based on date of birth. 
All male lambs were castrated so that both sexes could be 
pastured together and experience identical environments. 
The lambs were weaned at an average of 120 days 
of age. Wool samples were collected from all using a 
conventional shearing handpiece at weaning. The lambs 
were subsequently shorn. Fleece weight was not recorded 
because the lambs were a range of ages, and a range of 
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weaning weights that are known to influence fleece weight. 
Shearing as a lamb resets fleece growth and makes the 
measurement of fleece weight at yearling more comparable 
(Rogan et al. 1995). The live weight of the lambs was 
recorded after shearing.

All animals were run together as a single mob from 
weaning until they were shorn as yearlings at 443 days 
of age, whereupon a further wool sample was collected 
from the right mid-side during shearing. Fleece removal 
was conducted by a professional shearer and the weight 
recorded. This weight included the fleece without skirting 
but did not include belly wool. Live weight was recorded 
after shearing.

Lustrous fleeces often “felt”, “matt” or “cott” which 
is largely due to fibre entanglement. This explains the use 
of “felting” in the nomenclature of some mutants (Short 
1958). A few fleeces of lambs and yearlings of the lustrous 
phenotype were so profoundly cotted that the entire fleece 
was taken to the laboratory, where the mid-side was 
identified and removed. It was also necessary to tease these 
samples apart to obtain fibre measurements.

The wool samples were measured at a commercial 
wool-testing laboratory on an optically-based fibre diameter 
analyser (OFDA) (BSC Electronics, 13 Willcock Street, 
Ardross, Western Australia  6153, Australia) for average 
fibre curvature, average fibre diameter and variation of 
fibre diameter. These measurements were undertaken in 
laboratory conditions of 20°C and 65%RH.

Each variable of interest was analysed using analysis 
of variance (ANOVA), consisting of a full factorial 
combination of three factors: sire, progeny type (lustrous or 
wild-type) and sex – i.e., a 2-by-2-by-2 factorial analysis. 
Effects of age, birth rank and rearing rank covariates 
were also examined for each variable, and included in 
the ANOVA if any of these covariates had a statistically 
significant effect on the variable. The age covariate (days) 
was calculated from each progeny’s birth date. All statistical 
analyses were carried out with SAS 9.4 software.

Results
Lambs (n=46) were born during a 42-day period. 

Four neonatal mortalities were diagnosed to have perished 
as a result of dystocia upon autopsy by a professional 
veterinarian. Two orphan lambs, one of each phenotype, 
were artificially reared but not returned to the flock after 
weaning (n=40). With a number of triplet births in this 
small flock, some triplets were supplemented with formula 
(AnLamb, NZAgbiz Ltd, PO Box 844, Hamilton 3240, New 
Zealand) for up to a month after birth and remained with 
their dam. A short while after weaning, one lamb that was 
not of the lustre phenotype died from unidentified causes, 
and the remainder (n=39) were run together until yearling 
shearing. 

Live weight is affected by age, birth rank and rearing 
rank, and these were examined as potential covariates for the 
traits analysed here. In turn, live weight is known to affect 
fleece weight and fibre diameter. Such effects were evident 

in lamb live weight at weaning, but only age and rearing 
rank showed significant relationships to justify inclusion 
in an analysis of covariance. Lambs that were older were 
significantly heavier at weaning (P=0.005) and lambs that 
were reared as multiples were significantly lighter than 
singletons (P=0.023). No significant relationship was 
uncovered for age, birth rank or rearing rank with any of the 
other traits discussed here (Table 1). These traits included 
average fibre curvature, average fibre diameter and fibre- 
diameter variation in fleece samples taken at weaning and 
yearling shearing, and fleece weight and live weight at 
yearling shearing.

Interesting differences in live weight were evident 
between the sire groups as yearlings when there was a 
significant difference between males that were judged to 
be lustrous at birth (P=0.002) and females that were judged 
to be wild-type at birth (P=0.019), and also between the 
sexes of the progeny of Razzle (P=0.010). However, the 
yearlings were generally more than 50 kg and the small 
differences between groups were not sufficient to suggest 
poor health (Table 1).

Lambs that had been identified as having a lustrous 
phenotype at birth had a slightly lower fleece weight when 
they were shorn as yearlings (Fig. 1) from Razzle (P=0.044 
for females and P< 0.001 for castrate males) or Dazzle for 
females (P< 0.001), but not castrate males (P=0.072). There 
was no evidence of a difference in fleece weight between 
the two sire groups.

When the wool samples of weaned lambs were 
measured for fibre curvature, there was a highly significant 
difference between wool phenotypes judged at birth. Those 
judged to have lustrous wool were significantly lower in 
fibre curvature (P< 0.001), regardless of sire group or sex. 
As yearlings, this significant difference prevailed in all 
comparisons, although the magnitude of the significance 
had declined in the male progeny of Dazzle (P=0.044) 
compared to the other three groupings (P< 0.001). Despite 
the Romney in the background of Dazzle and Merino in 
Razzle, the fibre-curvature values of those in the two sire 
groups judged to have a lustrous phenotype at birth were 
not different. However, the greater fibre curvature of the 
Merino genotype was evident in those that were judged to 
have a wild-type fleece phenotype at birth whether female 
(P=0.016) or male (P=0.002) as lambs, and again as female 
(P=0.005) or male (P=0.002) as yearlings. 

Fibre diameter was not significantly different between 
those judged to have lustrous and wild-type fleeces except 
in the female progeny of Dazzle as lambs (P=0.030), but 
this did not persist in yearling fleece samples where there 
were no significant differences at all. Comparing between 
the sire groups did reveal that, in mean fibre diameter of 
lamb wool samples, the progeny of Dazzle had coarser 
fibres than those of Razzle, but only for those lambs (female 
(P=0.003) or male (P=0.002)) that were not judged to have 
lustrous wool. However, when sampled again as yearlings 
the sire groups were found to have significantly different 
mean fibre diameter (lustrous male (P=0.004), wild-type 
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Table 1 Means of live weight, fibre curvature, fibre diameter and fibre diameter variation at weaning and yearling shearing, 
and fleece weight at yearling shearing of the progeny of two lustrous sires. Each progeny was judged to be lustrous or non-
lustrous (wild-type) at birth. Means sharing a common alphabetical letter were not different at 5% significance level within 
each row, followed by the standard error of mean (SEMs) in brackets, with NA indicating only one progeny in the subset.

Characteristic Sampling time
Number of 

samples

Merino-type sire “Razzle”
Lustrous Wild type

Female Male Female Male
Number of sheep Weaning 24 1 8 10 5

Yearling shearing 23 1 8 9 5
Live weight (kg) Weaning 24 30.0a (NA) 29.1a (1.5) 25.0a (1.6) 31.2a (1.9)

Yearling shearing 23 59.6abc (NA) 64.9a (1.9) 54.5b (1.6) 62.4ac (2.8)
Fleece weight (kg) Weaning   0 - - - -

Yearling shearing 23 1.90ab (NA) 1.88ab (0.12) 2.82c (0.13) 2.84cd (0.20)
Mean fibre curvature (°/mm) Weaning 24 23.7a (NA) 22.5a (0.9) 66.7b (0.9) 68.2b (4.0)

Yearling shearing 23 28.4a (NA) 26.9a (1.9) 76.5b (3.9) 72.0bc (7.6)
Mean fibre diameter (µm) Weaning 24 25.9abc (NA) 24.5ab (1.0) 24.3a (0.7) 23.4a (0.7)

Yearling shearing 23 24.3a (NA) 25.5a (0.6) 27.3a (0.9) 26.7a (1.1)
Fibre diameter variation (µm) Weaning 24 7.5ab (NA) 6.5a (0.6) 5.6a (0.3) 5.4a (0.4)

Yearling shearing 23 4.8a (NA) 5.7a (0.4) 5.2a (0.4) 5.5a (0.6)

Romney-type sire “Dazzle”
Lustrous Wild type

Female Male Female Male
Number of sheep Weaning 16 3 1 5 7

Yearling shearing 16 3 1 5 7
Live weight (kg) Weaning 16 27.8a (1.0) 21.5b (NA) 33.0a (1.0) 33.7a (2.0)

Yearling shearing 16 56.4bc (0.6) 45.9b (NA) 61.6ac (1.8) 63.9a (2.3)
Fleece weight (kg) Weaning 0 - - - -

Yearling shearing 16 1.43a (0.12) 2.50bcd (NA) 3.06cd (0.30) 3.33d (0.13)
Mean fibre curvature (°/mm) Weaning 16 22.9a (1.2) 29.1a (NA) 57.6c (2.8) 55.1c (1.7)

Yearling shearing 16 27.7a (1.8) 29.4a (NA) 59.5cd (4.5) 51.8d (2.2)
Mean fibre diameter (µm) Weaning 16 24.6ab (1.0) 29.1bc (NA) 28.2c (0.9) 27.8c (0.7)

Yearling shearing 16 28.6ab (1.1) 34.1bc (NA) 31.1bc (1.0) 32.6c (1.4)
Fibre diameter variation (µm) Weaning 16 6.5a (0.6) 9.1b (NA) 6.5a (0.4) 6.1a (0.4)

Yearling shearing 16 6.5ab (0.3) 8.2b (NA) 6.1ab (0.5) 6.4ab (0.4)

Figure 1 A pair of yearlings born as twins and images of their wool sampled at shearing. The sheep with normal wool is on 
the left and its sibling carrying the mutant gene for lustrous wool, with low curvature is on the right.
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female (P=0.014) and wild-type male (P<0.001)) except for 
females which had been judged lustrous at birth. 

The standard deviation of mean fibre diameter average 
values are summarised in Table 1. With respect to variation 
in diameter among fibres within a sample, there was a 
significant difference for male lambs that were the progeny 
of Dazzle between those having lustrous and non-lustrous 
fleeces at birth (P=0.017), but this was not evident in 
females from that sire and either sex sired by Razzle. This 
difference had disappeared at the time of yearling wool 
samples. The lustrous male progeny were significantly 
different between sire groups in standard deviation of fibre 
diameter in their lamb fleece (P=0.036) and this difference 
persisted as yearlings (P=0.033), but this was not evident in 
other such subsets.

 
Discussion 

Lambs that were identified as phenotypically lustrous 
at birth exhibited much lower fibre curvature when shorn 
as lambs and again as yearlings when they were also found 
to express lower fleece weight. Lambs that were identified 
as lustrous at birth were generally distinguishable by their 
wool type at weaning, but did not necessarily exhibit a 
lustrous fleece as yearlings, though they continued to 
exhibit much lower fibre curvature than did their siblings. 
This has been noted in a small number of other sheep 
that we have observed as adults, including the sires of 
the groups reported here. Immediately after shearing, 
these sheep can exhibit a shiny appearance that might be 
regarded as lustrous, but a disorganised and matted fleece 
with a somewhat chalky appearance can rapidly appear in 
the following few weeks.

McGuirk and Short (1967) reported that fleece weight of 
the Merino lustre phenotype was around half that of those with 
a normal fleece. Blair (1990) reported a similar difference in 
fleece weight between the phenotypes in the Border Leicester 
X Romney for fleece weight at 5 months, 12 months and 18 
months of age. The progeny of Dazzle (the Romney-type sire) 
observed here, exhibited a similar difference in fleece weight 
between phenotypes, but the difference was smaller between 
the different phenotypes among the progeny of Razzle (the 
Merino-type sire used here).

The wool of lambs and yearlings that were 
phenotypically lustrous at birth was not significantly finer 
in diameter than the wool of wild-type animals observed 
here. Blair (1990) found no difference between lustrous 
and non-lustrous wools in fibre diameter. McGuirk and 
Short (1967) reported fibre diameter was very slightly 
greater in the fleeces of ewes of the lustre phenotype but not 
significantly so. The greater detail in the work of McGuirk 
and Short (1967) showed no significant difference in the 
fibres grown from secondary wool follicles, but fibres 
growing from primary follicles were 2 to 4 µm finer in 
skin samples from the wild-type phenotype. The primary 
wool fibres were outnumbered by the secondary follicles 
by between 16 and 19-to-one, such that fibre diameter of 
the whole sample was not significantly different. Despite a 

discernible difference in fibre diameter between the wild-
type progeny of the two sire groups observed here, the wool 
of the lustrous phenotype was quite similar in diameter in 
both sire groups. 

A report from Li et al. (2009) noted that the wool of 
the lustre mutants they observed was fine (15.9, 17.8 and 
19.0 µm), and like those measured here, was low in fibre 
curvature (59 to 68°/mm). However, the three non-lustrous 
sheep they observed were randomly obtained from an 
unrelated neighbouring flock that was pastured under very 
different conditions and not bred specifically to test the 
hypothesis, as we have done here. Li et al. (2009) suggested 
that differences in the protein composition of the lustrous 
phenotype account for the physical properties of the wool 
fibres. Alternatively, we suggest that felting is largely due 
to lower fibre curvature, as shown by Sumner et al. (2013).

The measurement of lustre in wool (Nicol 1991) and 
felting in Romney and Merino X Romney wools (Kenyon 
et al. 1998) and of Merino wools (Greeff & Schlink 2002) 
has been investigated and reported. The lustrous fleeces 
observed here have a strong propensity to form cotts. 
Lustrous wool lacks loose wool bulk (Elliot 1986) and in 
some respects, bulkiness is the opposite of lustre, although 
lustre is generally associated with a shiny appearance. 
However, the testing methods for felting and bulk are 
time consuming and expensive while the determination 
of lustre is qualitative. Measuring fibre curvature is 
inexpensive and can be obtained along with fibre diameter 
and other parameters, and we suggest that discrimination 
of these phenotypes can be made using fibre curvature 
measurements alone.

Although there was a wide range in live weight, there 
was no consistent trend for those with a lustrous phenotype 
to be different in live weight at weaning or as yearlings. Not 
surprisingly, the sire group with a part-Merino genotype 
exhibited finer wool, as lambs and yearlings, than did 
those with a sire influenced by Romney, but the lustrous 
phenotype did not seem to affect fibre diameter. However, 
with respect to curvature, those phenotypically judged as 
lustrous as neonates in the current experiment exhibited 
dramatically lower curvature as lambs and yearlings across 
both sire groups and sexes. We would like to suggest that 
what has been called a lustrous phenotype should perhaps 
more appropriately have been judged a phenotype low in 
curvature and, therefore, crimp. The felting or cotting that 
has sometimes been associated with lustre, in the “felting 
lustre mutant” is likely a consequence of the low curvature. 
Without doubt, the lustrous appearance of the lamb is 
easily judged from photographs in historical reports and 
nomenclature such as “silky” and our own observations 
concur, but as the animals age, their fleece becomes 
deranged and fails to appear lustrous.

As a research tool, the difference in fibre curvature 
is profound, without differences in fibre diameter or fibre 
diameter variability. These animals provide a good model 
for establishing differences in protein composition and 
perhaps to find a gene locus that influences crimp in wool.



116	 Scobie et al. – Wool fibre curvature mutation

Conclusions
In many respects the lustrous phenotype observed 

here resembles those described in other studies where 
they were described as ‘lustre’, ‘felting-lustre’ or the more 
poetic ‘silky’. The phenotype appears lustrous at birth but 
that may not persist, while the low fibre curvature persists 
in yearlings. Fibre curvature is cheap to measure and is a 
well-defined and readily quantified measurement. “Low 
fibre curvature” appears to be an appropriate name for the 
trait segregating in these two sire groups. 
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