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ABSTRACT - The objective of this study was to evaluate the morphology and biometrics of female Amiata donkeys reared

in four different areas of southern Tuscany, Italy, to determine the differentiation degree of animals. Four southern Tuscan areas

were investigated: two mountainous zones (East and West Amiata) and two flatter areas (Coastal area and Siena surrounding).

Morphology and biometrics of adult female Amiata donkeys were collected to determine the homogeneity of the population.

Primitive coat markings typical of the breed (shoulder and leg stripes) were found in Amiata donkey. Jennets from Siena

surrounding were more dolichomorphic, while West Amiata individuals were smaller. The Principal Component Analysis and the

Discriminant Analysis separated the Siena surrounding jennets from the other populations. This result was confirmed through the

heatmap representation. The biometrics found in this research confirm that Amiata donkey is a small-medium sized breed suitable

for different purposes.
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Introduction

The Amiata donkey is a Tuscan endangered breed
placed in the Local Equine Population List (AIA, 2008).
This donkey originates from Mount Amiata, located in
Siena and Grosseto provinces, in southern Tuscany, Italy.
The shoulder stripe (St. Andrew cross) and the more or
less visible leg stripes (Figure 1) are features of the Amiata
donkey ancestors: the Equus asinus africanus and the
Equus asinus somaliensis (Arzilli, 2006). The breed was

Figure 1 - Amiata donkey in the past and in the present.
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used in the past as a pack animal on farms and in mines,
which are rather diffused in this area. The Amiata donkey is
now used for milk production (Martini et al., 2014; Ragona
et al., 2016), onotherapy (Camillo, 2011), and trekking
(Sargentini et al., 2009; 2012). This breed can also valorize
marginal and minor historical and touristic sites through the
transport of materials and garbage collection (Sargentini
et al., 2009; 2012).

However, the Amiata breed is now biometrically
inhomogeneous because of the scarce selective breeding
performed in the last fifty years. On this basis, this study
was carried out to evaluate the morphology and biometrics
of female Amiata donkeys reared in four areas of southern
Tuscany to determine the differentiation degree of animals.
This work will allow for the protection and valorization
of the Amiata donkey and better understanding of the
proper aptitudes of this breed (milk production, trekking,
onotherapy, garbage collection, and farmhouse), with

economic impacts on farms and territory.
Material and Methods

The studied area is located in the provinces of
Grosseto and Siena, Italy. Four geographical areas were
considered: Coastal area, East Amiata, Siena surrounding,
and West Amiata (Figure 2). The Coastal area involves the
municipalities of Magliano in Toscana, Massa Marittima,
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and Suvereto; East Amiata area includes the municipalities
of Castell’Azzara, Piancastagnaio, and Abbadia San
Salvatore; the Siena surrounding area involves the
municipality of Monticiano; and the West Amiata area, in
the past a mine zone where the donkeys were used as pack
and draft animals, includes the municipalities of Arcidosso,
Castel del Piano, Cinigiano, Roccalbegna, Santa Fiora,
Seggiano, and Semproniano. Mount Labbro is one of the
highest mounts of this area, and has two natural Parks:
Riserva Naturale del Monte Labbro and Parco Faunistico
dell’Amiata, where the donkeys are reared.

Forty-two adult female Amiata donkeys were used:
13 in the Coastal area, 10 in East Amiata, 10 in Siena
surrounding, and nine in West Amiata. All procedures
involving the animals were conducted in accordance with
the local ethics committee laws and regulations as regards
care of animals: AWIN Welfare Assessment Protocol For
Donkeys, 2015 (10.13130/AWIN_donkeys 2015) and
Directives 86/609/EEC and 2010/63/EU Protection of
animals used for scientific purposes.

To determine the coat signs, we performed a resource
selection analysis comparing their presence (Yes) or
absence (No), in which statistical inferences were based on
the Chi-squared test.

The morphological traits evaluated on the animals were
the dovetail (a dorsal/shoulder stripe forming a cross), leg
stripes, radial stripes on the pastern and/or fetlock (zippers)
(Figure 3), and collar buttons (small black spots on the side
of the neck) (Figure 4).

The following measurements (Figure 5) were recorded:
height at withers, height at croup, barrel height, barrel

Figure 2 - Map of Tuscany showing sampling areas of the study.

width, barrel length, barrel circumference, chest width,
trunk length, croup length, bi-iliac width, bitrochanteric
width, bi-ischial width, foreshank circumference, hind
shank circumference, arc length, neck length, withers-to-
croup distance, loin length, withers length, arm length,
forearm length, foreshank length, thigh length, gaskin
length, pastern length, leg length, and ear length. The
following biometric indices were calculated in accordance
with Catalano (1984) and Meregalli (1980): relative length
trunk, thoracic height index, barrel circumference:height
at withers ratio, lateral body conformation, transverse
body conformation, lateral trunk conformation, thoracic
index, body index (length/barrel circumference x 100), and
dactyl-thoracic index.

Percentages of morphological characteristics in jennets
of the four geographical areas were calculated. For each
measure and somatic index the main descriptive statistics
(median, mean and standard deviation) were calculated.
Jennet biometric characteristics of different geographical
regions were estimated through Kruskal-Wallis non-
parametric test using SAS (Statistical Analysis System,
version 10.0.2) software. Non-parametric Dunn’s Multiple
Comparison Procedures compared the groups. Both for the
Kruskal-Wallis test and for the Dunn’s procedure, the level
of significance chosen was 0.05.

The degrees of similarity between donkey biometrics
in the four areas were studied through Principal
Component Analysis (PCA) using SAS software. The
number of factors to rotate was chosen following the
eigenvalues-greater-than-one rule proposed by Kaiser
(1960), applying the Varimax rotation, which allows

Figure 3 - Coat markings: dove tail; leg stripes; and spiders.

Figure 4 - Coat markings: collar buttons.
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the transformation of the solution so that the Rotated
Component Matrix can be relatively easy to understand
(Abdi and Williams, 2010). Loadings and score plots for
the first three principal components (PC1, PC2, and PC3)
were performed to visualize the jennet biometrics and
distribution of individuals in the areas.

Discriminant Canonical Analysis was also applied on
biometric data and the distance between groups was used to
construct the graphic representation of centroid distances.
Furthermore, squared distances between all arrays were
used to draw a heatmap (Haarman et al., 2015), which is a
graphical representation of data that uses a system of color-
coding to represent different values. Both Discriminant
Canonical Analysis and the heatmap were performed
through SAS software.

Results

All jennets showed typical characteristics of the breed,
having a grey coat with shoulder belt (shoulder stripe x
dorsal stripe) and healthy and dark hoof. Some individuals
showed characteristics identified as representative of the
breed (Sargentini et al., 2009) such as dovetail, collar
buttons, leg stripes, and zippers. Dovetail, leg stripes,
and zippers were significant in the likelihood ratio and
Pearson’s chi-squared tests (Table 1): ten jennets (24% of

the total population) displayed dovetail (four in Coastal
area, two in East Amiata, two in Siena surrounding, and
two in West Amiata); twenty-six (62%) showed collar
buttons (six in Coastal area, six in East Amiata, seven in
Siena surrounding, seven in West Amiata), twenty-eight
jennets (66.67% of the total population) displayed leg
strips (eight in Coastal area, three in East Amiata, eight in
Siena surrounding, nine in West Amiata), and six animals
(14.28% of the total population) showed zippers (one in
Coastal area and five in East Amiata).

Descriptive statistics (mean and standard deviation)
of biometrics and body indices in different geographical
areas are shown in Tables 2 and 3. The results of Kruskal-
Wallis test for the biometrics were shown in Table 4: the
chi-square indicated that all considered biometrics were
different among geographical areas. Significant results
of the nonparametric Dunn’s test Pairwise comparison is
shown in Table 5.

In comparison with West Amiata jennets, Coastal area
and the East Amiata jennets had different height at withers
and height at croup (Table 5), which show higher average
values for both measures (Table 2).

If compared with West Amiata animals, Coastal area
jennets showed different withers-to-croup distance, arm
length, forearm length, and gaskin length (Table 5) and
higher average values for these measures (Table 2).

HW - height at withers; HC - height at croup; BH - barrel height; BW - barrel width; BL - barrel length; BC - barrel circumference; CW - chest width; TL - trunk length; CL - croup
length; BIIL W - bi-iliac width; BIT W - bitrochanteric width; BIIS W - bi-ischial width; FSC - foreshank circumference; HSC - hind shank circumference; Arc - arc length; NL -
neck length; WC - withers-to-croup distance; LL - loin length; WL - withers length; AL - arm length; FAL - forearm length; FSL - foreshank length; Th L - thigh length; GL - gaskin

length; PL - pastern length; Leg L - leg length; EL - ear length.

Figure 5 - Jennet biometrics.

Table 1 - Distribution of coat signs in Amiata jennets

Yes No Likelihood ratio P-value Pearson’s P-value’
Number (%) Number (%) Chi-square Chi-square
. 10 32
Dove tail 24) (76) 12.12 0.0005 11.52 0.0007
Collar buttons 26 16 2.40 0.1210 2.38 0.1228
(62) (38) ' ’ ’ ’
. 28 14
Leg stripes (67) 33) 4.75 0.0292 4.67 0.0308
Zippers 6 36 23.77 <0.0001 21.43 0.0001
PP (14) (86) : : ' :

" Significance level (o= 0.05).
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East Amiata jennets had different loin length than Coastal
area donkeys (Table 5), which also showed lower mean value
for this measure (Table 2). East Amiata jennets were different
from West Amiata donkeys for trunk length, loin length,
gaskin length, pastern length, and leg length (Table 5); these
latest measures were higher in East Amiata animals (Table 2).

If compared with Coastal area jennets, Siena
surrounding individuals showed different barrel width,
croup length, loin length, thoracic height index, and
barrel circumference:height at withers ratio (Table 5) and
higher average values for these measures (Table 2) and

these indices (Table 3). In comparison with East Amiata
jennets, Siena surrounding individuals had different chest
width, bi-ischial width, and foreshank length (Table 5),
which showed higher average values for these measures
(Table 2). Finally, if compared with West Amiata jennets,
Siena surrounding individuals had different chest width,
croup length, foreshank length, gaskin length, and leg
length (Table 5), which showed higher average values for
these measures (Table 2).

In comparison with Siena surrounding and Coastal
area jennets, West Amiata individuals showed different arc

Table 2 - Descriptive statistics: measures of adult jennet reared in different Tuscan areas (cm mean+SD)

Coastal area East Amiata Siena surrounding West Amiata
Number of jennets 13 10 10 9
Height at withers 127.8+£3.5 130.7+6.9 125.6+2.4 123.2+1.09
Height at croup 131.3+£3.7 133.2+8.2 129.2+2.6 126.1+1.2
Barrel height 54.6£3.5 56.8+2.8 56.0+3.3 53.542.5
Barrel width 29.4+4.4 30.2+4.7 34.0+2.7 30.5+£3.3
Barrel length 89.5422.2 94.2+6.1 89.8+2.9 88.4+3.6
Barrel circumference 144.8+6.6 148.3+7.5 150.1+5.1 142.2+7.0
Chest width 28.8+2.4 28.842.2 33.9+3.5 28.8+3.3
Trunk length 137.3£7.8 141.946.1 140.3+£5.3 133.2+4.7
Croup length 40.2+2.5 40.9+2.4 45.1£2.4 37.7£3.1
Bi-iliac width 40.5+3.1 40.5+4.4 42.9+£2.3 40.9£3.9
Bitrochanteric width 39.2+4.0 39.9+£3.6 39.6+4.0 39.2+4.0
Bi-ischial width 16.8+2.1 15.1£1.9 19.2+4.3 16.8+1.5
Foreshank circumference 16.8+1.1 17.6£1.8 16.9+0.9 16.3+0.7
Hind shank circumference 19.6x1.7 20.5£2.0 19.8+1.4 18.6+1.0
Arc length 59.5£3.0 61.8£5.3 57.8+3.2 62.0£1.9
Neck length 62.0+4.6 61.2+£5.8 57.244.3 57.3+4.5
Withers-to-croup distance 55.345.5 55.9+4.7 55.5+4.8 473453
Loin length 15.0£2.3 17.1£1.4 20.2+1.0 16.8+1.0
Withers length 45.844.7 50.0+4.2 44.6+3.3 47.1+2.7
Arm length 31.0£3.9 32.4+3.0 32.6+2.1 27.4+2.2
Forearm length 27.8+2.7 28.5+3.9 30.7+2.8 20.9£1.9
Foreshank length 17.6+2.2 15.8+1.8 19.8+1.9 15.22+0.8
Thigh length 42.34£5.6 41.0+4.3 43.542.3 37.0+£3.5
Gaskin length 32.6£3.9 33.545.7 35.742.4 26.7£1.7
Pastern length 8.2+0.9 8.5+0.9 7.7£0.4 7.5+0.5
Leg length 71.8+2.4 74.0+6.2 74.242.3 68.3+£2.3
Ear length 29.9+2.4 29.942.5 29.6+1.6 28.0£1.9
SD - standard deviation.
Table 3 - Descriptive statistics: body indices of adult jennets reared in different Tuscan areas (mean=SEM)

Coastal area East Amiata Siena surrounding West Amiata

Relative length trunk 107.5£5.9 108.7+4.5 111.7+4.4 108.1£3.5
Thoracic height index 42.7£2.2 43.5+0.9 44.6+2.3 43.4+2.0
BC:HW 113.4+4.8 113.6+6.1 119.5+£3.5 115.4+5.4
Lateral body conformation 93.3+5.9 92.143.8 89.6+3.7 92.6+3.1
Transverse body conformation 70.0£9.2 72.0£3.0 71.51£2.4 71.8+2.7
Lateral trunk conformation 39.943.0 40.0+1.4 40.0+3.0 40.1£1.5
Thoracic index 164.4+24.6 165.8+6.8 160.1+£11.8 165.5+8.2
Body index! 94.8+3.4 95.8+3.9 93.5+4.1 93.7£2.8
Dactyl-thoracic index 11.6£0.5 11.9+1.0 11.3+0.7 11.4+0.5

BC:HW - barrel circumference:height at withers ratio; SEM - standard error of the mean.

! (length/barrel circumference x 100).
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length and loin length, respectively (Table 5); West Amiata
donkeys showed higher average values for arc while loin
length had lower average values.

Seven ecigenvalues were significant, with the Kaiser
test explaining 75.87 of the total variability and the first
three components absorbing 33.4, 13.2, and 9.08% of the
variance (Table 6). Factor scores of the biometrics after
Varimax rotation (Table 7) allowed for the identification
of animals from the different areas. Factor 1 explained
15.6% of the variance, and the most influential parameters
were height at withers, height at croup, and some limb
measurements (withers length, pastern length, and leg
length). In factor 2, which explained 14.9% of the variance,
the most representative parameters were barrel, pelvis, and
trunk lengths. Factors 3 and 4 explained 12.5 and 11.1%

of the variance, respectively, and the most influential
measurements were croup length and the lengths of
forearm, foreshank, thigh, gaskin, and leg for Factor 3; and
the lengths of barrel, neck, withers to croup, forearm, thigh,
and leg for Factor 4. Other factors explained less than 10%
of the variance.

The loadings plot of the first two principal components
(Figure 6) reported all the considered parameters on the
right side, while in the score plot, Siena surrounding had
the best identified jennet population (Figures 7 and 8). The
situation for the other groups is less clear, with Coastal
area and East Amiata jennets overlapping on the right side
(Figures 7 and 8). Principal Component 3 identified the
West Amiata population (Figure 9).

Table 4 - Kruskal-Wallis test for the measures and indices of adult jennets reared in different Tuscan areas (DF = 3)

Chi-square Prob
Height at withers 15.387 0.0015*
Height at croup 12.874 0.0049*
Barrel height 7.344 0.0617
Barrel width 8.289 0.0400%*
Barrel length 4.357 0.2254
Barrel circumference 7.560 0.0560
Chest width 14.237 0.0026*
Trunk length 9.685 0.0214*
Croup length 20.489 <0.0001*
Bi-iliac width 3.704 0.2952
Bitrochanteric width 0.444 0.9360
Bi-ischial width 11.450 0.0095%*
Foreshank circumference 4.905 0.1789
Hind shank circumference 5.384 0.1457
Arc length 9.994 0.0186*
Neck length 7.003 0.0718
Withers-to-croup distance 12.631 0.0055*
Loin length 25.713 <0.0001*
Withers length 8.834 0.0316*
Arm length 15.326 0.0016*
Forearm length 23.949 <0.0001*
Foreshank length 20.628 0.0001*
Thigh length 10.297 0.0162*
Gaskin length 19.195 0.0002*
Pastern length 9.482 0.0235*
Leg length 16.205 0.0010%*
Ear length 4.380 0.2233
Relative length trunk 5.442 0.142
Thoracic height index 9.085 0.0282*
BC:HW 9.597 0.0223*
Lateral body conformation 5.442 0.142
Transverse body conformation 0.371 0.946
Lateral trunk conformation 0.196 0.978
Thoracic index 1.852 0.604
Body index' 2.129 0.546
Dactyl-thoracic index 3.218 0.359

BC:HW - barrel circumference:height at withers ratio; DF - degree of freedom.
!(length/barrel circumference x 100).
" Significance level (P<0.05).
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Table 5 - Dunn’s Multiple Comparisons Procedure - Pairwise Comparisons significantly different

Parameter

Significantly different

Height at withers
Height at croup
Barrel width

Chest width

Trunk length

Croup length
Bi-ischial width

Arc length
Withers-to-croup distance
Loin length

Withers length

Arm length

Forearm length
Foreshank length
Thigh length

Gaskin length
Pastern length

Leg length

Thoracic height index
BC:HW

Coastal area/West Amiata* - East Amiata/West Amiata*
Coastal arca/West Amiata* - East Amiata/West Amiata*

Siena surrounding/Coastal area*

Siena surrounding/Coastal area* - Siena surrounding/ East Amiata* - Siena surrounding/West Amiata*

East Amiata /West Amiata*

Siena surrounding/Coastal area* - Siena surrounding/West Amiata

Siena surrounding/ East Amiata *
West Amiata/Siena surrounding*
Coastal area/West Amiata*

East Amiata /Coastal area* - Siena surrounding/Coastal area* - West Amiata/Coastal area*

East Amiata/Coastal area*
Coastal area/West Amiata*
Coastal area/West Amiata*

Siena surrounding/ East Amiata* - Siena surrounding/West Amiata*

Siena surrounding/West Amiata*

Coastal area/West Amiata* - East Amiata /West Amiata* - Siena surrounding/West Amiata*

East Amiata /West Amiata*

East Amiata /West Amiata* - Siena surrounding/West Amiata*

Siena surrounding/Coastal area*
Siena surrounding/Coastal area*

BC:HW - barrel circumference:height at withers ratio.
" Significance level (P<0.05).

Table 6 - Eigenvalues and variability percentage of Amiata jennet

biometrics
No. Eigenvalue Percentage Cumulative I;alser test
percentage Significance

1 9.02 33.39 33.39 *

2 3.55 13.17 46.56 *

3 2.45 9.06 55.62 *

4 1.67 6.19 61.82 *

5 1.43 5.30 67.12 *

6 1.28 4.73 71.85 *

7 1.09 4.02 75.87 *

8 0.96 3.57 79.45 NS

9 0.78 2.91 82.36 NS

10 0.66 2.46 84.82 NS

NS - not significant.
* Significant when eigenvalue >1.

Canonical Discriminant Analysis (Table 8) identified
three statistically significant canonical variables (Wilk’s
lambda = 0.00063), which accounted for 78.38 (CAN1),
12.80 (CAN2), and 8.81% (CAN?3) of the total variation. The
canonical correlations were 0.98, 0.93, and 0.90 for CAN1,
CAN2, and CANS3, respectively. The main discriminant
parameters for CAN1 were chest width, croup length, loin
length, and some limb lengths (forearm and foreshank
lengths), whereas for CAN2, they were height at withers
and height at croup. The biplot of Canonical Discriminant
Analysis (Figure 10) showed that CAN1 discriminates the
Siena surrounding population from the other three groups,
situated on the left side of the plot even if not overlapped,
and CAN2 discriminated the East Amiata population. The

population means (group centroids) were 1.27, 1.90, 3.58,
and 1.12 for Coastal area, East Amiata, Siena surrounding,
and West Amiata, respectively.

Squared distances among donkey populations,
represented by a heatmap (Figure 11), distinguished five
groups. Siena surrounding individuals clustered together
even if one individual was placed as a separate group. The
remaining populations clustered separately, with two West
Amiata animals included in the Coastal area group. The Siena
surrounding population was more distant from other groups,
while the other three groups were closer, with Coastal area and
West Amiata donkeys as the nearest clusters.

Discussion

The characteristics of coat color and healthy hooves
found in this study confirmed the findings of previous
studies concerning morphology and hoof characteristics
of Amiata donkey (Sargentini et al., 2009; 2012). As
already stated by the same authors (Sargentini et al., 2009),
signs on legs (stripes and zippers) seem to be a peculiar
trait of the breed, whereas dovetail and neck buttons are
less representative. Dorsal and leg stripes are considered
primitive markings of the species (Johnson and Johnson,
2008), and coat features of the Amiata donkey met those of
the domestic donkey ancestor, the African wild ass (Equus
asinus atlanticus), already extinct in Roman times (Kugler
et al., 2008). The presence of these primitive markings on
the Amiata donkey could be a sign of low selection pressure

R. Bras. Zootec., 47:€20170310, 2018



Morphological characterization of Amiata donkey through Multivariate analyses 7

in this breed, contrary to what is found in breeds for mule
production, for which the selection pressure is stronger
(Kugler et al., 2008).

East Amiata and Coastal area had the tallest animals,
West Amiata had the smallest, while the animals of Siena
surrounding were longer and more dolichomorphic.

Animals of the different areas were morphologically
different for body height and length, whereas the basin width
was more similar between populations. Siena surrounding
jennets were longer, with longer limbs, seeming thus more
suitable for saddle and trekking because of their longer
back, larger chest, and large barrel. A large chest, found in
Siena surrounding individuals, indicates a respiratory type
suitable for dynamic activities (Catalano, 1984), whereas a
larger size may favor milk production (Civardi, 2004).

West Amiata individuals were shorter, likely due
to adverse mountainous conditions (Lenfant, 1973;
Jackowski, 2007), considering that the highest peaks of
Mount Amiata are in that region. All considered populations
showed similar body indices. Only the Siena surrounding
population, having greater thorax development, showed a
different ratio between barrel circumference and height at
withers and thoracic height index.

Height at withers, barrel circumference, and foreshank
circumference met the standards for the Amiata donkey
breed (AIA, 2013). All animals of this study were larger
than the adult females deriving from an Ethiopian (Kefena
et al., 2011) and a Czech donkey population (Kostukova
et al., 2015). However, when compared with Romagnolo
donkey (Beretti et al., 2005), the Amiata donkey showed
lower height at withers and barrel circumference and similar
foreshank circumference. The studied animals presented
morphological features like those analyzed by Cecchi et al.
(2007) in female Amiata donkeys. The biometrics indicated
small-medium-sized animals suitable for onotherapy
(Karatosidi et al., 2013), for which a height of 130-140 cm
favors human approach in pet therapy (Samori, 2017).

Factor 1 identified the animals mainly for the heights;
factor 2 for the widths; and factor 3 for the limb lengths.
Siena surrounding jennets were mainly identified for limb,
pelvis, and barrel measurements. Coastal arca and East
Amiata jennets were identified for the heights and for some
limb measurements. In a study performed on Ethiopian
donkeys (Kefena et al., 2011), the parameters that best
identified the different populations were the heights at
withers, at croup, and at back, and trunk length.

Table 7 - Varimax rotation factor scores for the seven-factor model for biometrics

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
% 15.6 14.9 12.5 11.1 7.95 7.42 6.39
Height at withers 0.79* 0.26 0.26 0.24 -0.11 0.08 0.24
Height at croup 0.77* 0.22 0.28 0.19 -0.02 0.17 0.31
Barrel height 0.54* 0.40* 0.26 -0.13 0.12 0.41 0.12
Barrel width 0.02 0.80* 0.19 0.09 0.33* 0.004 0.14
Barrel length 0.40* 0.45* -0.28 0.56* 0.24 0.13 —0.006
Barrel circumference 0.19 0.79* 0.27 0.16 0.16 0.05 -0.13
Chest width -0.18 0.32% 0.30 0.15 0.68* 0.12 —0.008
Trunk length 0.23 0.60* 0.13 0.57 0.13 0.19 -0.04
Croup length -0.02 0.27 0.55% 0.25 0.28 —0.04 -0.35
Bi-iliac width 0.22 0.77* 0.11 0.04 0.19 —0.01 0.08
Bitrochanteric width 0.04 0.73* -0.20 0.15 -0.08 0.25 -0.04
Bi-ischial width —0.08 0.18 -0.01 0.12 0.75% -0.05 0.15
Foreshank circumference 0.47* 0.43* 0.12 0.19 0.01 0.52%* 0.14
Hind shank circumference 0.33* 0.33* 0.19 0.17 -0.13 0.71* 0.05
Arc length 0.27 0.10 -0.12 0.02 0.04 0.03 0.75*
Neck length 0.27 0.04 0.13 0.61* -0.18 0.13 0.38*
Withers-to-croup distance -0.01 0.18 0.29 0.76* 0.05 0.23 -0.06
Loin length 0.24 0.08 0.14 -0.19 0.72% 0.05 —0.40*
Withers length 0.73* 0.11 -0.24 =0.11 -0.09 0.27 -0.09
Arm length 0.22 0.37 0.10 0.61 0.09 0.13 —0.43*
Forearm length 0.21 0.13 0.65* 0.34* —-0.05 -0.17 —0.47*
Foreshank length —-0.07 0.20 0.86* —-0.05 0.05 0.02 -0.11
Thigh length 0.05 0.003 0.48* 0.51* 0.33* 0.18 0.09
Gaskin length 0.23 —0.08 0.78%* 0.22 0.11 0.27 0.12
Pastern length 0.84* 0.01 —0.08 0.16 0.006 0.17 —-0.03
Leg length 0.62* 0.09 0.49* 0.32%* 0.17 -0.07 0.03
Ear length 0.22 -0.02 -0.03 0.28 0.13 0.74%* —-0.009

" Significant coefficient of correlation.
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Table 8 - Raw canonical coefficient of canonical discriminant functions

Canon[1] Canon[2] Canon[3]
Height at withers —-0.02 —0.59* 0.12
Height at croup 0.01 —0.49* 0.19
Barrel height 0.24 —0.32%* —0.03
Barrel width 0.41%* 0.14 -0.07
Barrel length 0.03 -0.28 —0.08
Barrel circumference 0.38* -0.21 0.03
Chest width 0.60%* 0.19 0.07
Trunk length 0.29 —0.39* 0.04
Croup length 0.69* —-0.10 0.21
Bi-iliac width 0.26 0.12 —0.006
Bitrochanteric width 0.04 -0.06 —-0.03
Bi-ischial width 0.34%* 0.34%* 0.17
Foreshank circumference 0.11 —0.37* 0.004
Hind shank circumference 0.16 —0.38%* 0.05
Arc length -0.31%* -0.11 —0.33%
Neck length -0.21 —-0.32 0.25
Withers-to-croup distance 0.26 —0.42* 0.36*
Loin length 0.73% 0.13 —0.30%*
Withers length -0.19 -0.35 —0.30%*
Arm length 0.37* —0.40%* 0.22
Forearm length 0.55* —0.42% 0.43*
Foreshank length 0.55% 0.14 0.47*
Thigh length 0.32%* —0.18 0.39%
Gaskin length 0.49%* —0.35* 0.34%
Pastern length -0.07 —0.49* 0.12
Leg length 0.39% —0.38%* 0.15
Ear length 0.10 -0.26 0.24
Eigenvalues 38.85 6.35 4.37
% of total variance explained 78.35 12.80 8.81
Prob>F <.0001 <.0044 0.0421
Lambda Wilk’s test: Value 0.00063; FApprox: 4.8632; DF Numb: 81; DF Den: 36.77 Prob>F<.0001
PF - degree of freedom.
Significant coefficient of correlation.
1.0
0.5
§ 8 Area
= 00 Coastal area
S 6 East Amiata )
~ Siena surrounding
4 West Amiata
-0.5
@ 2
-
3 0
-1.0 4 5
-1.0 0.5 0.0 05 1.0 i
PC1 (33.4%) -4
PC - Principal Component; HW - height at withers; HC - height at croup; BH - -6
barrel height; BW - barrel width; BL - barrel length; BC - barrel circumference;
CW - chest width; TL - trunk length; CL - croup length; BIIL W - bi-iliac width; BIT 3

W - bitrochanteric width; BIIS W - bi-ischial width; FSC - foreshank circumference;
HSC - hind shank circumference; Arc - arc length; NL - neck length; WC - withers-
to-croup distance; LL - loin length; WL - withers length; AL - arm length; FAL -
forearm length; FSL - foreshank length; Th L - thigh length; GL - gaskin length; PL -
pastern length; Leg L - leg length; EL - ear length.

Figure 6 - Load plot of jennet biometrics for areas: PC1 vs PC2.

8 6 4 2 0 2 4 6 8
PCI (33.4%)

PC - Principal Component.

Figure 7 - Score plot of jennet biometrics for areas: PC1 vs PC2.
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Canonical variable 1 (CAN 1) easily discriminated
the Siena surrounding animals, which differed markedly
from the other populations. Siena surrounding jennets had
longer backs and larger chests than the other groups. On the
contrary, in a research study on Ethiopian jennets (Kefena et
al., 2011), the Abyssinian population was discriminated by
CAN 1 mainly for body length and foreleg length. Heatmap
distances confirmed that the Siena surrounding population
was distant from the other donkeys; East Amiata animals
showed intermediate biometrics, whereas West Amiata and
Coastal area groups were more similar because of the small
geographical distance between areas.

PC3 (9.06%)
& A L o

'
=)

PC1 (33.4%)

PC - Principal Component; HW - height at withers; HC - height at croup; BH -
barrel height; BW - barrel width; BL - barrel length; BC - barrel circumference;
CW - chest width; TL - trunk length; CL - croup length; BIIL W - bi-iliac width; BIT
W - bitrochanteric width; BIIS W - bi-ischial width; FSC - foreshank circumference;
HSC - hind shank circumference; Arc - arc length; NL - neck length ; WC - withers-
to-croup distance; LL - loin length; WL - withers length; AL - arm length; FAL -
forearm length; FSL - foreshank length; Th L - thigh length; GL - gaskin length; PL -

pastern length; Leg L - leg length; EL - ear length.
Figure 8 - Load plot of jennet biometrics for areas: PC1 vs PC3.
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PC - Principal Component.

Figure 9 - Score plot of jennet biometrics for areas: PC1 vs PC3.
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CANI1
HW - height at withers; HC - height at croup; BH - barrel height; BW - barrel width;
BL - barrel length; BC - barrel circumference; CW - chest width; TL - trunk length;
CL - croup length; BIIL W - bi-iliac width; BIT W - bitrochanteric width; BIIS W -
bi-ischial width; FSC - foreshank circumference; HSC - hind shank circumference;
Arc - arc length; NL - neck length; WC - withers-to-croup distance; LL - loin length;
WL - withers length; AL - arm length; FAL - forearm length; FSL - foreshank length;
Th L - thigh length; GL - gaskin length; PL - pastern length; Leg L - leg length;
EL - ear length.
Figure 10 - Biplot of canonical (CAN) discriminant analysis
showing the first against the second canonical

variant of the areas.

Figure 11 - Heatmap of the square distance among donkey
populations.
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Conclusions

Amiata donkeys present the main ancestral coat
characteristics: leg strips, found mainly in West Amiata,
Siena surrounding, and Coastal area, and zippers, found in
East Amiata and Coastal area donkeys. The West Amiata
population has smaller individuals, probably selected
in the past for mining works. Principal Component
Analysis and Canonical Discriminant Analysis separate
Siena surrounding jennets from the other groups based
on different heights and lengths, and such animals are
more suitable for saddle, trekking, and milk production.
The different biometrics found in this study will be more
homogeneous in the future through the selection and the
diffusion of the breed.
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