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ABSTRACT

This study characterised two different phenotyplethe White Majorcan ovine breed, a local indigesdareed
restricted to Balearic Islands. For this purposé), @ifferent adult animals from phenotype “rasa” shwooled)
and “ble” (long wooled) were studied. Each samplaswanalysed for wool yield, fibre diameter (fingsgiore
curvature, % medullation, % kemp, F30 (percentafjéitmes with a diameter < 30 W), length of shortdalong
fibres, and crimp, as well as wool weight, bodyghieiand wool yield. Two phenotypes were clearljedéhtiated
and significantly different, except for body wejgivhich would correspond to the “lowland” and “hitgnd”

strains described by some authors. According tdbthkography, the long wooled phenotype, whicprisbably the
highland strain, could be considered as the oldest.
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INTRODUCTION

The way in which sheep interact with their envir@mnvaries between individuals. Wool traits couédused to
examine these differences. Differences in the le¥dbng staple variation in fibre diameter haveebebserved
between individual sheep and sire groups, selediims and bloodlines. This suggests that somepshesy be
genetically predisposed to produce a certain tyfpeawml. For example, non-medullated fine wool pdes inner
insulating, and thermal protection of the breedtoixshould be viewed as prevalent above mechapicaéction,
which would be provided by medullated and coarseef (>35um) [1].

It is said that there may have been sheep on theaBa Islands for hundreds of years. GreeKsgad &' centuries
BC) identified Majorca with the name "Melousa", whiis a toponym for “sheep land” [2]. In the™dentury
textile exportations are well documented [2]. Dgrthe 18 and 18' centuries, imports from the Iberian Peninsula
are also documented [2].Therefore, ovine livestogk been an important traditional source of weatthhe island

of Majorca. The White Majorcan (“Blanca Mallorquipas indigenous to the island of Majorca, being tmost
widespread sheep breed on the Balearic Islands G
(http://feagas.com/images/stories/portal/actividgéoiediversidad/2011-2012/resultados/OVINO.pdf) Iédgpresent

a wither height of 73 cm and weigh 60 kg on aver@yeO) (http://dad.fao.org/). The breed is includeda “breed

of special protection” and in the updated offictatalogue of livestock breeds in Spain. It is aniemt breed,
presenting great hardiness and a high capacitddptao difficult media with environmental condit® of drought
and high temperatures. Since 1996, a breeders iassnc(“Associaci6 de Ramaders de I'Ovella de Raca
Mallorquina”) has existed with the goal of deferglisnd improving the breed. In 2001, the genealbgicak was
officially recognized by the Balearic GovernmenheTrace is distributed throughout the territonythed island of
Majorca, although its largest concentration is tedain the southeast [3]. Breed raising is mairdy fmeat
production, wool currently bringing residual incoteefarmers. Animals are shorn every 12 months.ofgiag to
the FEAGAS (http://feagas.com/images/stories/platélvidades/biodiversidad/2011-2012/resultadosiVIpdf),
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there are an estimated 12,258 pedigree bred anigidsrams and 11,983 ewes, distributed in 103 Majofarms
(2012). More general details of the breed are glediin http://www.racesautoctones.com/index.php®i@ecessed
on May 23rd 2015) and http://feagas.com/imageséstiportal/actividades/biodiversidad/2011-
2012/resultados/OVINO.pdf (accessed on Ma}) 2015). This breed is related to the sheep of tkeliddrranean
islands, such as the Majorcan Red - with whicth#tres Majorca-, Menorquina, Formentera and Eiviss¢4], all
four living on the Balearic Islands, Corsican, S$aih and Sicilian sheeghitp://dad.fao.org{5], among others.
Sadly, ancient detailed references are scarcanbtance, the classical book by Aparicio [6] oni8pl breeds does
not consider it. A classical monography by Esteffdidevotes rigorous information to the breed.

This study aims to examine wool traits in two distive phenotypes of the White Majorcan sheep bited’ (long
wooled) and “rasa” (short wooled). Two differentags are insinuated by Anguera [2] and SancheA&cBez [5],
and clearly stated as “llano” (lowland) and “morgafthighland) strains in Esteban [7], differentdtaainly by
fibre traits.

MATERIALS AND METHODS

Animals

The data for this study were obtained from 20 adnlmals, aged at least two years, from 14 diffeMajorcan
flocks. Ten animals were of phenotype “ble” (longoked) and ten of “rasa” (short wooled), to whick will refer
as “phenotypes”. They were managed extensively,eioms with supplementary feeding. Only those alima
considered as pure breed and of apparent goochheeait used for this study. Field data collectiaswerformed
during sheep shearing between the months of Apdl &uly 2014. Ethical approval was not requiredaspling
did not represent any harm to animals.

Wool samples

Fleece samples were manually pulled from the slewulegion and kept in thick paper bags for furthealysis.
Each fleece was subsequently subjected to objente@surements of fibre diametéinéssg, fibre curvature, %
medullation, F30, %emp length of long and short fibres, and crimp. Fidiameter was measured by lanometer
(OFDA 100); a total of 252,000 measurements wekertaThe proportion of each type, expressed as@piage
of the total fibre number, was calculated. F30 walsulated as the percentage of fibres with a dieme 30 p. An
overall mean for each animal was calculated astleeage of each measurement. Elasticity and brga#nength
were not studied. Wool analyses were performebeatfool Testing Authority Europe Ltd (Wales). Lemgf short
and long fibres and crimp were evaluated under oa@rpe by the second author (JS) on 30 fibres pienadh
Crude wool weight and body weight were obtained]By to the nearest 0.01 kg. Wool yield (%) for eaatmal
was calculated as the proportion of crude wool Weigelative to body weight. Descriptive statistiegere
performed. The NPMANOVA (Non-Parametric-MultivaeafNalysis-Of-Variance, also known as
PERMANOVA) allowed us to detect differences betwgdrenotypes for all traits. NPMANOVA is a non-
parametric test of significant difference betweeo br more groups, based on any Mahalanobis med§8Lréhe
Bonferroni-p correction was performed. Finally, the reduction of data, a Principal Component Asialyvas then
carried out, from the correlation matrix. The Jtdlicut-off value may indicate the number of siggaht principal
components [9]. Components with eigenvalues smdfian this value may be considered insignificanit, foo
much weight should not be given to this criteribmivariate comparisons were undertaken with the éMathitney

U test.

Statistical analysis
Data were analysed using PAST [10]. Significaneellevas established at 5%.

RESULTS AND DISCUSSION

Descriptive statistics (range, mean and coeffic@variation) for both phenotype and for eachttsdudied are
shown in Table 1. NPMANOVA showed significant difaces between phenotypes (p<0.001). Results édiirst
nine Principal Components (PCs) appear in Tablotiffe cut-off was 0.7 and three first PCs exptd 85.4%. All
traits except body weight were discriminative sait Principal Component 1, which explained 57%& total
variance observed (Figure 1) and allowed a cleparsgion between the two groups (Figure 2). Bodightewas
similar for both phenotypes (U=465+0.820), as well as kemp (U=415;0.476), and the rest of the traits studied
were different between them. Wool yield appearedbéo higher in long wooled animals (4vérsus 3.3%,
respectively).
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Component 2 (16.0%)

Figure 1. Loadings for traits studied: fibre diameter (Diam), fibre curvature (Curv), % medullation (M ed), F30 (percentage of fibres
with a diameter < 30 p), %kemp, wool weight (WW), body weight (BW), length of log (Long) and short (Short) fibres, and crimp
(Crimp). This shows to what extent the different oiginal variables (given along the x axis) enter imt Principal Component 1, which

explained 57% of the total variance observed.BW athe less discriminative traits.
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Figure 2. Principal Component Analysis for Principd Component 1 (56.9% of the variance observed) arférincipal Component 2
(16.0%). Squares correspond to long wooled animaland crosses to short fibre ones.
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Table 1. Mean values (range, mean and CV) for theawv traits measured for both phenotypes of the Whitdlajorcan sheep breed: “ble”
(long wooled, n=10) and “rasa” (short wooled, n=10)0nly body weight and kemp were similar for both fhenotypes and the rest of the
traits.

“ N % Wool Wool Length Length

Rasa @ (u) Curvature Medullation F30 Kemp weight ieldin long short Crim

(short wooled”) H P g (kg) y Y fibres fibres p
(kg) ) omy (om)

Min 23.8 45.8 151 17.6 0.0 0.8 403 1.7 6.3 4.0 3.2

Max 34.0 93.8 3.8 62.2 0.2 2.8 58.0 55 93 64 8.5

Mean 29.0 649 24 15 470 3.3 7.2

+DSt 85 141 +0.6 39.8 0.04 +0.5 59 #1.0 82 51 +1.6

CV (%) 11.2 21.7 27.9 38.3 - 37.1 126 31.2 412. 16.9 22.5

“Ble”

(long wooled)

Min 314 36.1 2.8 46.9 0.0 17 376 34 142 6.1 25

Max 41.7 63.7 14.4 77.5 0.6 3.8 553 7.6 20.2 10.4 4.6

Mean 352 50.2 5.7 2.2 471 47 3.1

+DSt +135 7.3 3.4 %68 013 06 150 x12 8% B4 47

CV (%) 7.4 14.7 59.9 15.7 - 29.8 10.7 265 10.4 16.4 25.1

@: diameter; DSt: Standard Deviation; CV: coeffiti@f variation; BW: Body Weight

Table 2.Results for the first 9 Principal Componerd (PC). Three first PCs explained 85.4% of the totavariation observed. Jolliffe cut-

off was

0.7.

PC Eigenvalue

% variance

% explained variance

1 5694 56.940 56.940
2 1601 16.014 72.954
3 1.248 12.479 85.433
4 0679 6.788 92.221
5 0332 3.321 95.541
6 0226 2.262 97.803
7 0.106 1.056 98.860
8 0077 0.773 99.633
9 0.027 0.268 99.901
CONCLUSION

Are these two different phenotypes a remembrandgiffgrent influences on the breed? We must goistofical
sources. Relatively recent imports from SE Penarsbreeds are documented in thé" X@ntury [7], but with
different intensities across the Island [5]. Durihg 20" century, influences of Segurefia, Manchega andureca
breeds are described [7], all being entrefine wivekds. Probably the reason for these imports hagall in the
price of wool and an increase in the significanteneat production. Old shepherds remember impoois fwhat
they call “Alicante” during the 1960s-70s. It wowddem logical to suppose that these foreign inflasrwould be
bigger in lowland (“pla”) areas than in hilly are@serra”). Thus, highland animals would remaingxconserving
the original type. Indeed, the same oral sourc&atds that wool from mountain areas was of highelity but
also largely more resistant to great temperatwretdhtions (long wool sheep are best adapted th bigh rainfall
areas with abundant forage), thus supporting theishthat the original type was the long wooled. dvtereover,
long fibres were traditionally more appreciatedvajorcan tradeThis makes sense as, for instance, long fleeces
tend to become lustrous with a loose crimp (wawhebeing more highly valued by niche marketers hadd
spinners. Sadly, as many animals have been movecetée farms, it is not possible to classify thenzals sampled
according to their primary origin (highland and land). Sanchez & Sanchez [5] cite an “isolated tharand
another “crossed and melted branch” as two diffelecal breeds that would actually appear to betally mixed
and heterogeneous population, and Payeras & PahstHte that the long wooled type would be thesidne. The
two strains, lowland (“llano”) and highland (“mofit’), of Esteban [7] would also corroborate thestence of two
phenotypes.

The genetic basis of wool-related phenotypic vemain White Majorcan sheep remains unknown, sonkedge of
causal genetic variation has rarely been incorpdraito future genetic studies. Moreover, althotigd current
description of the breed unifies the differentissait seems reasonable to pay more attentiohadlifferent wool
structures in order to define the “purity” of theebd.
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