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ABSTRACT

Morphometric data was collected on 859 naturalizsedne in Brazil (Piau, Tatu, Nilo, Caruncho, Casi® Burro,
Moura, Monteiro and Rabo de Peixe), Colombia (Caidcfungo, Sanpedrefio and Casco de Mula) and Uruguay
(Mamellado), both on farm and in published materiaformation was collected on breed, sex and agewell as
various morphometric measurements. Analysis ofamag was carried out using PROC MIXED of SAS ® on
phenotypic data. The coefficients of variance e@ribetween 11.50 and 83.81%, and the coefficient of
determination was medium to high. Females wereeimegal smaller for most measurements than malesyisig
sexual dimorphism. The Moura was the closest nlin@c breed to the commercial breeds, followedheyRiau,
while the Monteiro was the furtherest. The dendaogiobtained from morphological information showedivasion

of the pigs into three groups. Characterization ywassible using morphological and morphometric data
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INTRODUCTION regions, are phenotypically similar. This leads to
doubts about their identity as a distinct racial

Naturalized swine breeds found in Brazil and othe@roup. These populations may be genetically
Latin American countries, also known as crioulsSimilar or have accumulated differences due to
breeds, are originated from those brought by th@eographic isolation and adaptation to specific

Portuguese and Spanish settlers during th® 1@eographic niches (Mariante and Egito, 2002). The
century. According to Mariante and Cavalcantdack of data recording and specification of traits,

(2000), these breeds underwent natural selection @ge distances between farms and the small size
acquire adaptive traits in specific local©of the breeding population in naturalized swine

environments over time. Some naturalized breed§erds makes it difficult to effectively work with

although they have different names in differenthem (Garcia and Barbosa, 2005). Some nuclei
were kept by breeders and researchers between the
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1930s and 1970s for study and selection, but atudy aimed to phenotypically characterize
present little is known about the geographimaturalized swine breeds in Brazil, Uruguay and
distribution, representativity, economic importanceColombia and compare breed distances using
and production of naturalized swine breedsmorphometic and size data.

Crossbreeding and selection can rapidly modify

characteristics of a breed, giving rise to différen

genetic groups, complicating breed identificationMATERIALS AND METHODS

Although molecular techniques have aided in the

identification and characterization of individualspata was collected on 859 (59% female and 41%
and breeds, phenotypic and productiommale) naturalized adult pigs in Brazil, Uruguay
characterization is also necessary. Therefore, thghnd Colombia. Data was also available from
use of breed standardization, definition of uniquéiterature. The Brazilian breeds studied were Piau,
traits and determination of risk to which a bregd i Tatu, Nilo, Caruncho, Casco de Burro (Mulefoot),
SUbjeCted is useful to better know the breeds iMoura, Monteiro and Rabo de Peixe (F|Shta||)
question (Rothschild, 2003). The conservation angrom Colombia data was available on the Criolla
improvement of naturalized breeds is justified ayungo, Sanpedrefio and Casco de Mula breeds,
they may contain a pool of genetic material fofyhile the Mamellado breed was studied in
maintenance and improvement of specific traits ilyruguay. Commercial herds included in this study
the commercial population, especially in terms ofyere Landrace, Large White, Yorkshire and
heat and parasite resistance (Notter, 1998). Egitduroc. The herds were selected due to their
et al. (2002) noted that the in depth StUdy of tisee popu|ati0n size, breed purity and lack of
may facilitate the development and rational controinpreeding  between herds to obtain a
of future breeding programs, as well as thgepresentative sample of the breeds. In Brazig dat
preservation and conservation of germplasm. Thgere collected in Minas Gerais, Santa Catarina,
systematic understanding of pig breeding implie§jato Grosso do Sul and Bahia states as well as the
that knowledge of the historical basis which givesrederal District. Data from Colombia and Uruguay
foundation to the origin and evolution of breeds iSyere collected near Bogota and Montevideo,
necessary. The similarity and differences betweegespectively. Data collection was standardized in
commercial and native breeds is important tGneetings held at the beginning of the experiment.
identify and evaluate their origins and possiblesince data were collected by different people in
sources of genes for genetic improvement ofhe three countries there may be an effect of
herds. Animal size is also necessary to determingchnician but this was not included in the model
feeding regimes and housing requirements (Anil efs it was confounded with country. Phenotypic
al., 2002). Space allocation is one also agharacterization included information on breed,
important variable for farm animals and has &ex, age, body length (BL), dorso-sternal distance
direct affect on the welfare of farm livestock(DD), ear length (EL), head length (HL), heart
(Pastorelli et al., 2006). Insufficient spacegirth (HG), interisquiatic distance (D), interotdi
allocation for pigs in confinement has been showgistance (ID), length of hip (LH), longitudinal
to affect growth and productive performance, andistance (LD), shoulder height (SH), shoulder
may affect animal health (Gonyou and Stricklin,length (SL), snout length (SL}ail length (TL).
1998; SpOOlder et al., 2000) BOdy measuremenig|| animals were measured standing
are also used to determine weight when n@ymmetrically on a flat solid surface. Definitions
weighing scales are available, which is frequentlynd anatomical localization of these can be seen in
the case with naturalized breeds (Lawrence anflable 1. Breeds were classified according to the
Fowler, 1997). Few studies have been carried ogillowing traits: Head shape: concave, subconvex
on the diversity of naturalized swine breeds irpr rectilinear; ear shape: Asiatic, Iberian or @elt
South American countries. Subjective data iBack line: straight, concave or convex; Abdomen:
frequently missing for most naturalized breeds o§traight or pendulous; Skin colour: black, red or
farm animals (FAO, 1999). Knowledge about theyhite; Hair: without or with (straight/curly,
genetic, ~ morphological ~ and  productive|ong/short, soft/hard); coat colors: olive, spofted
characteristics of the breed as well as about it&d, black, white or speckled; Tail: curly, straigh

products is essential in order to set up a rationgish tail; Temperament: aggressive or docile.
production system (Pietrola et al., 2006). This
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Phenotypic data were analysed using simpl&dPGMA (Unweighted Pair Group Method
descriptive measures (mean, standard deviatiosyrithmetic Mean) to generate the dendrogram.
and meta-analysis using PROC MIXED of SASOnly adult animals were considered. The statistical
(1999). Distances between breeds were carried oanalysis programs GENES ® and STATISTICA ®
using morphology and measurements by sexyere used to evaluate population structure.
calculating dissimilarity and distance using

Table 1 - Traits of morphological measurements realized wikuralized and commercial swine breeds in Brazil,
Colombia and Uruguay.
Trait Description
Body length (BL) Distance from the external oca@piprotuberance to the base of the tail on the
dorsal line; distance between tip of scapula aoHdiisn, measured as the distance
between the point of shoulder and the pin bone.

Dorso-sternal distance (DD) From the point of thewdder to the sternum; distance between dorsetardum

Eye distance (ED) Inter orbital distance

Ear length (EL) From central point of the baseht® Yertix; from the base of the notch to the most
distant point of the margin of the pinna (extereaf)

Head length (HL) From the external occipital pra&tdnce occipital to tip of nasal bone

Heart girth (HG) Total distance around the anin@icgmference) measured directly behind the

front leg; total distance around the animal (ciréemence) measured directly
behind the front leg;

Interisquiatic distance (DI) Distance between endépoint of both isquial bones

Interorbital distance (ID) Between both frontal migid apophysis; distance between left and right
endocanthion;

Length of hip (LH) From the external iliac tubergsio the point of the pin bone; from the external
angle of the ileum to the isquiatic tuberosity

Longitudinal distance (LD)  From point of the shaer to the point of the pin bone

Shoulder height (SH) Distance from the surface pladform to the top of the shoulder

Shoulder length (SL) From the superior border efgsbapula to the carpus

Snout length (SL) Tip of the nasal bone to coranalre; From the frontal-nasal suture to the point
of the snout

Tail length (TL) From insertion of the tail to tlesl tip

RESULTS AND DISCUSSION interaction between sex and breed was found,

therefore this effect was removed from the model.

Sex significantly influenced the morphometricSex measurements for morphometric traits (Table
measurements, except for snout length, should@) such as HL, ED and BL showed significant
length, longitudinal distance and dorso-sternatlifferences (P<0.05) between sexes, indicating
distance. All morphological traits were influencedsexual dimorphism. The heart girth, body length
by breed, except snout length. The variatioand shoulder height measurements of commercial
coefficient (Table 2) varied between 11.50 andreeds were higher than most naturalized breeds
83.81%, indicating phenotypic variation amongexcept for Monteiro and Piau. This is probably due
individuals. Since different breeds have specifi¢o selection for conformation and meat traits i@ th
traits such as snout or ear length, these varmtiogommercial breeds, while both naturalized breeds
are to be expected. The determination coefficierhave undergone some artificial selection in the
was medium to high varying between 0.06 fomast (Cavalcanti, 2000).

snout length to 0.70 tail length. No significant
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Table 2 -Summary of variance analysis for body measuren{ent}in swine in South America.
LS HL ED EL SL LH DI TL HG BL SH LD DD
B reed N S *k%k *k%k *k%k *k%k *k%k *k%k *k%k *k%k *k%k *kk *k%k *k%k
SeX NS *%* *k% * N S *% ** * *% *% *k*k N S N S
R2 006 039 068 055 0.570.56 050 0.70 066 0.69 055 0.58 0.29
Cv 8381 1253 1150 13.96 23.308.03 25.80 35.30 12.25 12.07 12.26 15.50 29.96

Mean 1496 33.80 10.78 17.47 28.284.25 21.17 19.66120.33 110.70 75.31 88.40 52.95
NS = not significant; ** P < 0,001; ** P < 0,01; P < 0,05, R= determination coefficient; CV = variation coeféint; Snout
Length (LS); Head Length (HL); Eye distance (EDay Eength (EL); Shoulder Length (SL); Hip lengthL{tiDistance between
isquias (DI); Tail Length (TL); Heart Girth (HG), By Length (BL); Shoulder Height (SH); Longitudirdistance (LD); Dorso-
sternal distance (DD).

Table 3 - Corrected means for body measurements in natachind commercial pigs from Brazil, Colombia and
Uruguay.

LS HL ED EL SL LH DI TL HG BL SH LD DD
Males 14.68 35.622 11.822 18.42 27.80 3592 2323 2150 124.0615.032 77.47 91.98 50.59
Females 15.0833.0¢ 1040 17.11 28.44 33.61 2039 18.99 119.19 109.36 75.63 87.39 53.62
Bassé 11.00 20.06 9.04 13.00 16.00° 26.00° 22.00° 22.06° 96.00 86.00 42.06 - 52.76

Caruncho 7.62 24%5 950 12.86 1350 29.50° 21.25° 21.50° 100.06° 92.00° 52.38% - -

gﬁfr?de 16.60 38.2528 12.98 19.96° 20.16% 3420 29.90 29.50% 119.18% 118.40% 71.20*¢ 132.06 53.06

Casco de

Vs 13.64 2455° 10.48° 16.37° 27.28% 28240 - - 8558  81.86 57.78%° - -

Duroc 11.32 227F 943 1028 3082 5271 - - 132.24° 8952  84.202 - 41.77
Landrace 1357 3153° 1547 1953 33.94° 4427 - 34.27 134.84° 106.17*° 81.65° - 33.94
Mamellado19.17 35.67¢ 1575 19.92° 3478 3633 18.10° - 139678 137.3%4 80.50° 102.67 48.23"

Monteiro 13.00 33.30° 9.48& 16.00° 26.79° 28.06° 15.2% 24.632 87.20 98.80% 6355 7173 43.76
Moura 1547 35932 11.9% 20.72° 3758 4272 2334° 367 13503%° 151.7% 79.29° 105.85° 68.26

Nilo 10.25 28.56*™ 10.0f° 1350 13.00 24.00 20.23° 57%° 93.00  92.00° 51.13° - -
Piau 18.72 34.42* 10.40¢° 16.63° 30.77* 39.16° 26.92° 27.602 112.80 122.3P° 7277 91.20° 54.0%
E:ﬁ’(‘éde 12.00 32.00° 067 17.34° 1467 27.56° 23.00° 6.00° 102.67¢ 84.0F 59.00% - -
Sanpedref 10.09 24.22" 10.52° 16.14™ 26.24°¢ 27.35%° - - 128.49° 7068  76.28 -
Tatu 14.50 34.50° 13.06° 25.06 15.00° 36.56™ 22.50° 33.002 98.7% 116.56“ 68.56* - -
Yorkshire 16.14 355F 142F 242F 3927 528F - 30.18 1355¢° 113.18"° 83.63 - 40.38
Zungo 14.7129.45™ 11.48° 20.60°° 20.60°° 2872 - - 100.3% 67.73 68.26° - -

ab.cd &\eans followed by different letters within the saoolumn differ (P < 0,05) by Tukey Test. Snout g#n(LS); Head Length (HL); Eye
distance (ED); Ear Length (EL); Shoulder Length ){(Stip length (LH); Distance between isquias (Dfgil Length (TL); Heart Girth (HG),
Body Length (BL); Shoulder Height (SH); Longitudimiistance (LD); Dorso-sternal distance (DD).

The Uruguayan breed Mamellado was as large @gpe of breeding undergone by each of these
the commercial breeds for hearth girth andreeds. While Moura animals were generally
shoulder height and larger than the mean for othéound in rustic settings, Monteiro were reared
traits. Casco de Burro, Moura and Piau were alsextensively (almost feral) in the Pantanal regibn o
shown to be large naturalized breeds. The Mourslato Grosso State. Correlations between snout,
breed was the naturalized Brazilian breed whickear and head length and eye distance were low to
was closest in shoulder height to the commerciahedium (Table 4). Most size measurements were
breeds, followed by the Piau. These measuremertiggh, with the largest between thoracic perimeter
for the two breeds in question were notand body length (0.87). These are in agreement
significantly different (P>0.05). Their genetic with those found by Miserani et al. (2002) and
proximity would need to be confirmed by McManus et al. (2005) studying commercial and
molecular studies. This was probably due to theaturalized horse breeds and Oliveira et al. (2006)
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studying naturalized cattle breeds. Thesare strongly influenced by the environment,
differences are probably due to the fact that headepending on feeding regime and rearing system.
traits are strongly related to breed while boditdra

Table 4 -Correlations between body measurements in natachfilgs in Brazil, Uruguay and Colombia.

LS HL ED EL TL HG BL SH LD DD SL LH
HL 0.23 .
ED -0.13  0.39 .
EL 0.09 0.46 0.53 .
TL 0.11 051 0.39 0.47 .
HG 0.19 0.44 0.50 0.53 0.30 .
BL 0.25 051 0.54 0.61 0.56  0.87 .
SH 0.22 0.67 0.48 0.59 0.51 0.77 0.83 .
LD 0.17 0.25 0.53 0.53 045 0.83 0.83 0.72 .
DD 0.07 0.13 0.29 0.46 0.09 0.66 0.64 0.56 0.60 .
SL 0.25 0.44 0.18 0.33 0.30 0.60 0.72 0.76 071 704
LH 0.19 045 0.47 0.50 0.37 0.86 0.87 0.78 0.79 60.6 0.65
DI 0.17 041 0.51 0.40 0.30 0.74 0.61 0.54 0.73 00.6 0.17 0.67

Snout Length (LS); Head Length (HL); Eye distanE®); Ear Length (EL); Shoulder Length (SL); Hip ¢gh (LH); Distance
between isquias (DI); Tail Length (TL); Heart GirtHG), Body Length (BL); Shoulder Height (SH); Longiinal distance
(LD); Dorso-sternal distance (DD); Rib Width (BD).

The first two autovectors (Fig. 1) explained 49%perimeter. The naturalized Brazilian Caruncho
of all variation between the traits measured. Théreed and commercial Landrace were seen to be
first showed that an animal large for one trait wagurther apart (Figs. 2 and 3) for male and female
generally large for all, except dorso-sternaldults respectively. The Caruncho is a small, dark
distance, in accordance with studies in otheskinned, very rustic, lard type animal while the
species (Miserani et al., 2002; McManus et al.l.andrace is a white skinned, long meat producing
2005). The second described a sub group animal (Cavalvanti, 2000).

animals with wide hips and small thoracic
nya
Autovector 2 0e & HW
0.4 e ED
n"k
0.2 ¢ DI BL
! *
¢ DD 01 oHL o TL
[ I I 0 I * SL \’ St 1
-0,6 0.4 0.2 0,1 Q 0,2 0,4 0,6
ao _ LH
’ L 4
EL
-03 L & 1D
T L AR v
0.4 *
“HG
_n,!:

Autovector 1

Figure 1 - Autovectors traits of commercial and naturalized pize from Brazil, Uruguay e
Colombia. Snout Length (LS); Head Length (HL); Ejstance (ED); Ear Length (EL);
Shoulder Length (SL); Hip length (LH); Hip width {&), Distance between isquias
(DI); Tail Length (TL); Heart Girth (HG), Body Letly (BL); Shoulder Height (SH);
Longitudinal distance (LD); Dorso-sternal distaib®); Rib Width (BD).
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Figure 2 (adult males) showed that large bodiedefinition for breeds. This may be explained by the
animals were separated from small bodied onefact that more females were sampled than males.
forming two groups. Although the Mamellado Figure 3 showed three principal groups of swine.
breed had some high morphometric measures su@le first of small naturalized breeds, second large
as thoracic perimeter and body length, this breedaturalized breeds and the third large commercial
was classified in the smaller group according wittanimals. In the second group, the Moura and Piau
dendogram, as most parameters grouped this breleceeds were closely related, in agreement with that
with the smaller breeds. Comparing Figures 2 anfbund in Table 2.

3, the latter (females) showed better group

Acult Males

\ Casco de hig
\\qgcn de BOmo
.
et |
Nnn\nl |

Fal:u:- de Paixe

| Sanpedrefio |

/ . . | .
\=—f 10

15 20 24 30 35
Linkage Distance

Figure 2 - Dendogram UPGMA based on distances between aditiesbreeds using morphometric
measures.

Figure 4 shows the division of breeds due t@bdomen line, more typical of meat breeds. The
morphological traits. Three main groups werdatter is also a large animal and possibly was
separated. The naturalized Brazilian breeds in ttdescended from the Spanish and Portuguese
first group, which included the Bassé, Nilo andberian breeds as well as breeds from the
Tatu breeds, all have dark skin, lack hair and havlediterranean trunk (Bermejo, 2004). The
a pendulous abdomen, characteristic of lardloseness of the Duroc to the naturalized breeds
producers (Cavalcanti, 2000). The Marmelladonay be due to its origin as a lard type pig, but
(Uruguayan breed) was classified together with théhrough generations of selection it became widely
commercial breeds, maybe indicating more recentsed as a meat breed. Comparison of this analysis
crossbreeding, while the Zungo (Colombian breedyith that of molecular distances based on
was closer to the larger naturalized Braziliarmicrosatellite data (Sollero, 2006) confirms the
breeds. The commercial breeds (Duroc, Landraceyigin of these breeds, showing that this type of
Large White, Yorkshire) were all selected for meatinalysis may be a useful tool for defining breeds
production while the Casco de Burro andand distances between them in the absence of
Mamellado showed common traits such as straigmolecular techniques.
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Figure 4 - Dendogram UPGMA based on distances between naedatind commercial swine
breeds using morphological data.
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Morphometric and morphology analyses may be 1-€d- Cordoba, 329p. -

usefrijl in breed compa?isonsgyThesg resultsywel%avalcant" S.S. (2000%uinocultura DindmicaZ2. ed.
T .~ ~ContagemFEP — MVZEditora, 494p.

comparable to those from genetic marker studie
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Breed distances varied depending on the data use 2002), Programa Brasileiro de Conservacdo de

but in general three groups were identified, small Recursos Genéticos Animaisirch. de Zootecnia
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