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Summary

Four composite and 22 individual linear type traits, measured between 1997 and 2012 
on 33,206 Aosta Red Pied (ARP) and 19,551 Aosta Black Pied and Aosta Chestnut 
(ABP-CN) strains of Valdostana cattle, were used to investigate the non-genetic 
factors aff ecting morphological evaluation. Average values for type traits ranged from 
2.81 (teat placement rear view and foot angle) to 3.34 (thinness) for ARP, and from 
2.48 (teat placement side view) to 3.67 (udder depth) for ABP-CN. Results from the 
ANOVA showed signifi cant eff ect of herd-year-classifi er on type traits of both ARP 
and ABP-CN, and of days in milk and age at calving for almost all traits, with few 
exceptions. Th e model used in this study is a useful starting point to calculate genetic 
parameters for Valdostana cattle.
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Aim
Th e Valdostana is an indigenous dual purpose Italian breed 

mainly raised in Valle d’Aosta region (northwest Italy). Th ere 
are three strains of Valdostana cattle which diff er in mor-
phology characteristics, coat colour, production and tempera-
ment. One herd book is dedicated to the Aosta Red Pied strain 
(ARP), which is particularly docile and strong, very adapted to 
harsh climates and resistant to many pathogens. Th e second 
herd book is for the Aosta Black Pied and Aosta Chestnut 
strain (ABP-CN), characterised by lower milk production but 
more countrifi ed and stronger than ARP. Th is strain is lively 
and quite aggressive and it is also selected for fi ghting abil-
ity (Sartori and Mantovani, 2010). Morphological evaluation 
is one of the selection tools used in many cattle breeds, as well 
as in the Valdostana cattle. Conformation traits have been re-
corded for years in many other breeds, for example in Holstein-
Friesian (Meyer et al., 1987; Berry et al., 2004), Brown Swiss 
(Vukasinovic et al., 1997; Wiggans et al., 2006), and in some 
Italian indigenous breeds, such as Piemontese (Mantovani et 
al., 2010), Chianina, Marchigiana and Romagnola (Forabosco 
et al., 2005) and Rendena (Mantovani et al., 1997) cattle.
Th e aim of the present study was to investigate the environ-
mental factors associated with linear type traits in ARP and 
ABP-CN cattle.

Material and methods
Type traits data on animals scored between 1997 and 2012 

were provided by the Italian National Valdostana Cattle Breeders 
Association (ANABORAVA) and included information on fi rst 
and second parity cows Aosta Red Pied (ARP) and Aosta Black 
Pied and Aosta Chestnut (ABP-CN) strains. Type traits were 
scored on a 1- to 5- point scale, and consisted of four composite 
traits (body size, fl eshiness, body shape and udder) and 22 indi-
vidual type traits: 4 body size traits – stature, body length, thorax 
depth and thorax width; 4 fl eshiness traits – front muscularity, 
back, loins and rump, thigh and buttocks side and rear view; 6 
body shape traits – thinness, rump angle, width and length, rear 
legs and foot angle; 8 udder traits – fore and rear udder attach, 
udder width and depth, suspensory ligament, teat placement 
rear and side view, and teat length (Table 1). Records without 
an associated herd and classifi er identifi cation or missing ob-
servations for any of the linear type traits were discarded. Only 
records scored between 10 and 350 days in milk (DIM) were re-
tained. Furthermore only fi rst parity cows calving between 22 
and 48 months of age and second parity cows calving between 
38 and 60 months of age were retained. Age at fi rst calving was 
grouped into 5 classes: 22 to 29 mo, 30 to 34 mo, 35 to 36 mo, 
37 to 41 mo, and 42 to 48 mo. Age at second calving was also 
grouped into 5 classes: 38 to 41 mo, 42 to 46 mo, 47 to 48 mo, 49 
to 53 mo, and 54 to 60 mo. Furthermore, DIM were categorised 
into 7 classes, the fi rst being a class from 10 to 30 d, the central 
being classes of 30 d each, and the last being a class from 180 to 
350 d. Only herd-year-classifi er contemporary groups with at 
least 2 records were retained. 

Following all edits, 33,206 ARP cows (32,371 primiparous and 
835 secondiparous) and 19,551 ABP-CN cows (19,135 primipa-
rous and 416 secondiparous) were available for statistical analysis. 

A fi xed eff ects model was used to investigate factors associ-
ated with composite and individual type traits using the PROC 
GLM of SAS (SAS, 2009).

Th e model was as follows:
yijkl = μ + HYCi + DIMj + AGEk + eijkl ,
where: 

yijkl =    linear type trait for cow l; 
μ =        population mean
HYCi = fi xed eff ect of herd-year-classifi er (7,475 levels for ARP 

and 5,504 levels for ABP-CN);
DIMj = fi xed eff ect of days in milk (7 classes: the fi rst being a 

class from 10 to 30 d, the central being classes of 30 d 
each, and the last being a class from 180 to 350 d;

AGEk = fi xed eff ect of age at calving (10 classes for both strains: 
5 classes for fi rst parity cows – from 22 to 29 mo, from 
30 to 34 mo, from 35 to 36 mo, from 37 to 41 mo, and 
from 42 to 48 mo; and 5 classes for second parity cows – 
from 38 to 41 mo, from 42 to 46 mo, from 47 to 48 mo, 
from 49 to 53 mo, and from 54 to 60 mo);

eijkl =  random residual eff ect.

Results and discussion
Th e majority of cows were scored between 91 and 120 days in 

milk (28.2% of records for ARP and 33.7% of records for ABP-
CN) and between 121 and 150 days in milk (29.4% of records 
for ARP and 30.2% of records for ABP-CN). Most animals were 
between 35 and 36 months of age (47.7% of ARP and 56.4% of 
ABP-CN) at fi rst calving and between 47 and 48 months of age 
(28.4% of ARP and 41.8% of ABP-CN) at second calving.

Descriptive statistics for all considered traits are summarised 
in Table 1. Mean values varied from 2.81 (teat placement rear 
view and foot angle) to 3.34 (thinness) in the ARP and from 2.48 
(teat placement side view) to 3.67 (udder depth) in the ABP-CN. 
Greater variation, as determined by the standard deviation (SD), 
existed in the ARP compared to the ABP-CN; the largest SD was 
for fore udder attachment (0.97 for ARP and 0.91 for ABP-CN) 
while the smallest SD was for teat placement rear view in the ARP 
(0.65) and for foot angle in the ABP-CN (0.63). Analyzing the 
linear type trait scores, it was also observed a very low incidence 
of the extreme points of the scale system utilized by the classi-
fi ers, indeed the 1 point had an incidence of only 3.14% (ARP) 
and 3.91% (ABP-CN), while for the other extreme point of the 
scale (5 point) there was an incidence of 4.46% (ARP) and 4.09% 
(ABP-CN). A huge amount of the total incidence was found, 
instead, for the middle point of the scale (51.16% for ARP and 
50.03% for ABP-CN). Th is means that there is the tendency of 
the classifi ers to use most, and perhaps overly, the middle point 
of the scale, at the expense of the extreme points. Comparisons 
with other breeds are diffi  cult since diff erent scales are gener-
ally used. For example, Foster et al. (1989) and Misztal et al. 
(1992) used a 50-point scale in Holstein cows, as did Samoré et 
al. (2010) in Italian Brown Swiss cattle. Wall et al. (2005) used 
a 1 to 9-point scale for Holstein-Friesian cows. Th e same scale 
system was however used in Czech Holstein (Němcová et al., 
2011) and Italian Piemontese beef cattle (Albera et al., 2001; 
Mantovani et al., 2010).
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  Type traits score ARP1 ABP-CN2

Trait 1 5 Mean (SD3) Mean (SD3)
 Composite   

Body size Undeveloped Highly developed 3.08 (0.83) 3.19 (0.80)
Fleshiness Poor Excellent 3.01 (0.85) 3.31 (0.81)
Body shape Fine Heavy 2.97 (0.82) 3.10 (0.80)
Udder Poor Excellent 3.09 (0.88) 2.62 (0.81)

 Individual   
Stature Short Tall 3.06 (0.91) 3.10 (0.86)
Body length Short Long 3.21 (0.88) 3.36 (0.86)
Thorax depth Shallow Deep 3.18 (0.79) 3.25 (0.76)
Thorax width Narrow Wide 2.93 (0.84) 3.19 (0.80)
Front muscularity Scarce Developed 2.87 (0.86) 3.29 (0.86)
Back, Loins and Rump Scarce Developed 2.94 (0.86) 3.21 (0.82)
Thigh, Buttock side view Hollow Rounded 3.06 (0.87) 3.35 (0.83)
Thigh, Buttock rear view Hollow Rounded 3.05 (0.89) 3.22 (0.84)
Thinness Fine Heavy 3.34 (0.92) 3.18 (0.84)
Rump angle Back inclined Forward inclined 3.05 (0.72) 2.89 (0.70)
Rump width Narrow Wide 3.19 (0.78) 3.20 (0.71)
Rump length Short Long 3.28 (0.81) 3.41 (0.77)
Rear legs Straight Sickle 3.04 (0.77) 3.05 (0.70)
Foot angle Low Steep 2.81 (0.69) 2.84 (0.63)
Fore udder attach Weak Strong 3.08 (0.97) 2.63 (0.91)
Rear udder attach Low High 3.23 (0.89) 2.59 (0.83)
Udder width Narrow Wide 3.23 (0.90) 2.59 (0.85)
Udder depth Deep Shallow 3.20 (0.80) 3.67 (0.85)
Suspensory ligament Weak Strong 2.97 (0.80) 2.76 (0.79)
Teat placement rear view Diverging Converging 2.81 (0.65) 2.68 (0.65)
Teat placement side view Close Far 2.91 (0.68) 2.48 (0.70)
Teat length Short Long 2.93 (0.76) 2.65 (0.81)

1 ARP – Aosta Red Pied strain; 2 ABP-CN – Aosta Black Pied and Chestnut strain; 3 Standard deviation. 

Table 1. Means and standard deviations of linear type traits

Th e phenotypic coeffi  cient of variation (CV) for type traits 
ranged from 0.23 to 0.32 (ARP) and from 0.22 to 0.35 (ABP-
CN; data not shown). Similar values of phenotypic CV were 
calculated using data from Holstein-Friesian (from 0.20 to 0.30; 
Brotherstone et al., 1990) and Guernsey dairy cattle (from 0.22 
to 0.34; Cruickshank et al., 2002). A wider range (0.18 to 0.49) 
of phenotypic CV was reported in Italian Jersey cows (Biscarini 
et al., 2003). 

Results from the ANOVA are summarised in Table 2. Due 
to a high computational demand, the fi xed eff ect of HYC was 
not directly analysed but treated with the ABSORB statement 
of GLM procedure (SAS, 2009) and retained within the model. 
Preliminary analysis on small samples revealed an high statis-
tical signifi cance of this eff ect for all traits, in agreement with 
fi ndings of Th eron and Mostert (2004), who reported a strong 
infl uence of HYC on type traits of Jersey and Holstein breeds. 
Th e fi xed eff ects of DIM and age at calving (AGE) were impor-
tant to explain the variation of almost all traits of ARP, with the 
exception of rear legs for DIM (P>0.05) and of thinness and teat 
placement side view for AGE (P>0.05). Gengler et al. (1997) and 
Nouman and Abrar (2013) reported a signifi cant eff ect of these 
factors on linear type traits of Jersey and Sahiwall cows, respec-
tively. Regarding ABP-CN, neither DIM nor AGE were signifi -
cant eff ects for thinness, rear legs, foot angle and teat placement 
rear view (P>0.05). Furthermore, DIM was not signifi cant for 
rump angle, and AGE was not signifi cant for udder width and 
suspensory ligament (P>0.05).

Although least square means for the individual body size traits 
increased with stage of lactation, the increase was only diff erent 
from zero (P<0.001) for stature (ARP) and thorax depth (ABP-
CN). All individual fl eshiness traits increased (P<0.01) with DIM, 
and front muscularity, back, loins and rump, and thigh, buttock 
side view in ABP-CN strain showed a more signifi cant increase 
(P<0.001). In contrast, rear and fore udder attach, udder width 
and teat placement side view decreased (P<0.001) with stage of 
lactation in ABP-CN cows, whereas for teat length and for rump 
width little less signifi cant variations were found (P<0.01). Th e 
individual udder traits for ARP showed decreases for udder width 
(P<0.01) and for rear and fore udder attach and teat placement 
side view (P<0.05) with DIM. For these type traits the decrease 
was more marked aft er 180 d of lactation. An increase (P<0.01) 
for rump angle and width with DIM was also found. 

No signifi cant variations of type traits across classes of age 
were found, except for stature, thorax depth and width, front 
muscularity and rump width of fi rst-parity ARP cows (P<0.01). 
Least squares means of several type traits increased with age 
at fi rst calving of Holstein cows (Cassel et al., 1973; Lawstuen 
et al., 1987). An increase across age was found for udder depth 
and foot angle (P<0.05) during second lactation. Th e absence of 
clear trends of least squares means across age in second lacta-
tion cows may indicate that animals show less morphological 
variation than fi rst-parity cows, being more mature then cows 
at their fi rst calving.
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Conclusions
Th is study showed the strong infl uence of herd-year-classifi er 

on type traits. Days in milk and age at calving signifi cantly in-
fl uenced most of the type traits, with only few exceptions. Th is 
work is a good starting point to set up a genetic model aimed at 
estimating genetic parameters for type traits of Valdostana cattle. 
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