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Meat and fibre production
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Abstract

A study was designed with the aim of establishing phenotypic relationships between certain
American and European autochthonous sheep breeds based on wool parameters. Dala were
collected from 1,143 animals from 31 sheep breeds or varielies. Nine quantitative wool
characteristics — length and amount of long, short and kemp fibres, mean libre diameter and
fibres with diameter > 30 p1, and percentage after degreasing with alcohol — were investigated.
A principal component analysis (PCA) was carried out with the aim of obtaining the variables
exhibiting a pattern of jointly contributing to the total variation. To present data structure and
relationship among population accessions, a cluster analysis and a principal coordinates analysis
of all the data were conducted. For all analyses, the correlation matrix was utilised. Percentage of
fibres and fineness appear as the most useful grouping criteria. The resulting dendrogram showed
a ‘short coarse wool sheep’, a ‘medium fine wool sheep’ (with different percentages of short
fibres that allow them to be divided into three subgroups) and a ‘long medium wool sheep’. No
‘short fine wool sheep’ appeared. Although no phylogenetic information is generated, the results
seem Lo establish different, but more concise groups than those traditionally considered: Merino,
Entrefino, Churro and Iberian stock.

Keywords: fibre diameter, clustering analysis, phylogeny, population assignment, sheep breeds
Introduction

There is little published information about comparative wool characteristics for some of the
breeds investigated. Moreover, there have been conflicting reports in the literature regarding the
relationships between some American and European breeds. In this paper, we present an analysis
based on breed wool characteristics with a view to obtaining a deeper insight into relationships
within and between breeds.

Materials and methods

Sample collection

Data was collected from 1,143 animals belonging to thirty-one autochthonous breeds or varieties
from America and Europe. For a description of the breeds, see Esteban (2003). Management
for each breed was different, but each provided a good representation of the standard breed.

Samples were taken from the mid-lateral part of each ewe before shearing. Sampled animals
were randomly chosen from herds. Each sampled animal was more than 18 months old.
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Data collection

Each wool’s characteristics were determined using standard methods (sce Rojas ¢f /., 2005) at
the Wool Quality Laboratory at the Institute for Indigenous Studies, Universidad Autonoma de
Chiapas (UNACH), in San Cristobal de Las Casas, Chiapas (Mexico). Nine wool characteristics
were investigated for cach sample (Parés, 2008): fibre length (cm), percentage of each type
of fibre (long-coarse fibres — outer-coat, short-fine fibres ~ inner-coat, and kemp), mean fibre
diameter (pum), percentage of fibres > 30 pm (F30) and yield after scouring with alcohol (%). No
colour or crimp parameters were oblained. Data for each wool’s characleristics werce analysed
for their effects on brecd.

Data analysis

To present data structure and relationship among population accessions, a principal component
analysis (PCA) and cluster analysis were conducted. A PCA was carried out ol all the quantitative
data with the aim of obtaining an aggregate of variables exhibiting a pattern of jointly contributing
to the total variation. The first three eigenvectors were extracted from the corrclation matrix
derived from the nine measurements collected, Correlation rather than a correlation matrix was
used because the former measures standardised variation and is not affected by unequal variances
that occur in data matrices with variables of different absolute size (Lopez-Martin ef f., 2006).
Character loading (i.e. component correlations) was used to determine the contribution of
each variable to the first component vector. In order to organise breeds into teasible groups,
a constrained method using Ward’s method was utilised with data for most discriminative
parameters. A principal coordinate analysis (PCoA) was finally generated from the correlation
matrix. The scores of breeds for the first two components were projected. Ditferent PAST --
‘Paleontological Statistics Software Package for Education and Data Analysis’ (Hammer et al.,
2001) programmes were utilised to perform all the analyses.

Results and discussion

Descriptive statistics for each breed are shown in Table 1. Inter-breced correlations for the entire
population showed considerable variation (0.060 to 0.7129). There is significant variability
among different breeds, which indicates a high response to selection.

The plot of sample means on the first two principal components axes is shown in Figure 1.
Component 1, which explains 61.2% of the total sample variance, is the short fibre percentage,
whereas Component 2, which explains 17.6% of the total sample variance, is the long fibre
percentage and fineness. Table 2 shows the variable contributions, in terms of percentage oftotal
variance cxplained, to the formation of 1-3 axes, obtained by PCA. According to the PCA, the
primary source (PC 1) of variation for the sample studied was the percentage of short fibres. Fibre
diameter and percentage of long fibres are significant variables of PC2. Percentage of kemp fibres
is the significant variable for PC3. These are then useful as grouping criteria, as indicated by
some authors (Briggs, 1995; Maddever and Cottle, 1999). Scouring seems nol to be an important
discriminative parameter.

Using the correlation matrix of the four most discriminative parameters (percentage oleach kind
of fibre, fibre diameter and F30), a dendrogram was obtained utilising Ward's method (Figure 2).
As the figure shows, most of the breeds are grouped into three large clusters, with one isolated
breed appearing (CHB). The cluster’s coefficient correlation was (1.894.
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Table I. Some descriptive wool traits for the sheep breeds studied.
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Aranesa ARA I8 4. 41 12 585 9317 096 842 295 394
Berberina BER 15 25 29 08 075 9835 0.88 811 267 234
Blanca Colombia BCO 45 208 105 41 1523 8090 385 833 312 408
Castellana Negra CAN 4 63 36 17 1966 7184 849 756 192 105
Castillonesa CAS IS5 43 47 07 249 9659 091 835 353 668
Chiapas blanca CHB 48 219 113 6! 5787 3889 322 834 304 400
Chiapas café CHC 51 249 120 55 21.25 7493 38| 878 296 40.0
Chiapas negra CHN 62 197 1.5 85 2711 7083 204 839 250. 275
Churra CHU 25 137 76 32 655 8521 823 810 245 20.5
Churra badana CBA 74 226 156 35 11.07 7744 148 791 397 63.6
Churra terra quente CTQ 30 204 11.5 34 1699 7655 644 814 354 427
CriolladeBolivia CBO 82 (35 106 21 2312 7356 330 703 297 383
Crioula Brasit CBR 52 268 1.8 43 2156 7502 34 987 318 3846
Guirra Gul 15 75 63 24 394 9236 369 747 277 194
Latxa Chilena LAC 88 245 113 76 1789 8047 161 890 429 629
Linca LIN 10 186 93 00 834 9165 000 755 266 192
Manchega Negra ~ MAN 63 9.5 76 26 033 8992 973 778 290 310
Mer. Grazalema GRA 44 7 6.6 1.3 3328 6560 L1} 773 16 46.0
Mirandesa MIR 40 175 125 29 514 8356 1128 869 304 405
Mixteca MiIX 6l 52 33 1.2 131 8746 121 712 234 15.0
Mondegueira MON 28 1786 88 32 1690 7562 746 746 389 56.5
Mora Colombiana MOR 27 (45 84 19 301 9692 005 795 202 798
Navajo-Churro NAV 29 212 (1.8 1.8 1249 8692 057 629 242 195

Oaxaca OAX 56 9.2 55 26 1983 7734 282 759 215 166
Ripollesa RIP 14 5.5 53 1.3 030 9676 292 855 288 29.0
Roja Mallorquina RMA 12 120 95 29 1033 8342 624 765 279 274
Socorro SOC 49 0.0 66 0.1 071 9780 148 547 221 160
Tarahumara TAH 44 122 83 43 1367 8201 430 731 269 253
Tarasconesa TAR 18 25 44 1 000 9883 Ll6 714 273 323
Xisqueta XiS 10 1L7 40 14 012 9806 180 809 306 423

Zongolica ZON 14 137 93 3.0 997 8756 246 824 244 239

The results of the PCoA are shown in Figure 3. The resulls observed in the PCoA analysis
reinforce the resulls observed in the dendrogram. A cluster formed by GRA. LAC, MON, CBA
and CAS presents a large fibre diameter (greater than 50 microns) and a medium percentage of’
long fibres (X=16.3%), allowing it to be labelled *short coarse wool sheep’. The presence of
GRA in this group is not surprising, as it is said that the breed originated as a cross between the
Merino and Churra, the latter being the cause of the coarse wool (Esteban, 2003).

It should be noted that CHB differed somewhat from other breeds, with more abundant long
fibres (X=57.9%) which are also finer (X=30.4 p, median=24.0 u, highly skewed to the right): we
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Figure 1. Plot of the sample means for nine wool parometers on the first two principal component axes.

Table 2. Variable contributions, in terms of percentage of total variance explained, to the formation of 1-3 axes,
obtained by PCA.

Axis | Axis 2 Axis 3
Long fibres length -1.615 0.666 -0.129
Short fibres fength -1.297 0.840 0.554
Kemp fibres iength -1.382 0.850 -0.509
Long fibres % -0.614 1.582° -0.959
Short fibres % 5.9962 0.171 -0.442
Kemp fibres % 0.681 0.518 2.300°
Alcoholic yielding % -0.417 -0.769 -0.970
Diameter y -0.661 -1.894* 0.172
F30% -0.691 -1.9657 -0.017

IHighest contribution of variables (4 out of 9) to axes | and 2.

¥

could classify it as a ‘long fine wool sheep' with a clear double coat (57.9% long fibres vs. 38.9%
short fibres). The *short coarse wool sheep” and CHB occupy opposite sides of the dendrogram
obtained. The middle groups could be classified as ‘medium fine wool sheep’, with a cluster
formed by TAR, RIP, XIS, MAN, MIR, RMA. ARA and BER and another formed by CHC,
CBR, BCO, CTQ, CBO and CHN. They are characterised by highly unitorm medium fine fibres
(X=29.5 p, median=29.6 p), but with different percentages of fibres: more abundant long fibres
in the latter group (X=20.8%, ‘long medium fine’ group) than in the former (X=2.8%, *short
medium fine’ group). According to Rojas ef «f. (2005), MIR, BCO, CTQ, NAV, CHU and CHI
have similar origins. In the last group (OAX, ZON, TAH, NAV, LIN, MIX, MOR, CHU, GUI,
CAN and SOQC), there are breeds with values that could allow them to be classified as “middle
medium fine wool sheep’ (X=23.7 . median=24.3 p and 9.9% of long fibres). Interestingly, the

76 Fibre production in South American camelids and other fibre animals



Meat and fibre production

1.0-

151 J

2.0-

2.5

Distance

3.04
3.5

4.0

4.5

5.0 L LI T T T T T L
0 4 8 12 16 20 24 28 32

Figure 2. Constrained clustering (Ward’s method) (coefficient correlation = 0.894).
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Figure 3. Two-dimensional plot of the principal coordinates from the correlation matrix.
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Churra (CHU) and Latxa breeds (LAC), which belong to what is referred to as ‘Latxas’, were
grouped into different clusters. As we have seen, LAC shows a very different pattern of fibres
(low fineness and a medium percentage of long fibres). All these ‘medium sheep’ present a low
degree of differentiation in the fleece. Although some of them are still used for traditional textile
purposes in Indian villages using traditional textile processes, they do not possess a double coat,
as occurs in CHB, according to the bibliography consulted (for instance, see Corzo et al., 2005
for Zongolica). No “short fine wool sheep” (with a very small fibre diameter, 20 microns or less)
appeared.

Conclusion

The data reported here provide valuable insight into population and help in assessing inter-breed
comparison, supporting the idea that the analysis of racial relationships is not necessarily linked
to historical relationships. However, our results seem to determine different but more concise
groups than those traditionally considered: Merino, Entrefino, Churro and Iberian stock.
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