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Abstract

In Mediterranean dairy sheep farming systems, the ability of a ewe to recover a significant
milk yield level in spring, when pasture availability is favourable for milk production and
lactations are in an advanced stage, is of great interest for its technical and economic
implications. The aim of this study was to derive a measure of persistency of lactation to
appraise the ability of an ewe to show high milk yields in spring by applying a principal
component analysis to test date milk yields. In particular, genetic parameters of a measure
expressed as a ratio of spring and winter yields and principal components as well as their
correlations with production and udder morphology traits were estimated. The results showed
that principal component analysis of TD milk yields was able to detect a PC with twice the
heritability and a high genetic correlation with the ratio of milk quantity produced in spring
and that produced in winter. Moreover it showed a negligible genetic correlation with milk
yield. On this basis, this variable seems an efficient selection criterion to select dairy sheep
for the ability to exploit favourable environmental condition in late lactation in the classical
Mediterranean farming system. Results also showed that udder morphology is not correlated
with the main traits defining persistency.
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Introduction

Lactation persistency is an economically important trait in dairy production. In dairy cattle,
persistency is usually defined as the ability of a cow to continue producing milk at high level
after the peak yield (Gengler, 1996; Grossman et al., 1999; Cole and VanRaden, 2006;
Togashi et al., 2009). Economic reasons for improving persistency are related to reduction of
feed, health and reproductive costs (Solkner and Fuchs, 1987; Dekkers et al., 1998; Muir et
al., 2004; Harder et al., 2006). Swalve and Gengler (1999) classified the proposed measures
of persistency in four groups: measures expressed as a ratio of yields, measures derived from
variation between test day yields, measures based on parameters of lactation curves estimates
from mathematical models and measures based on the application of random regression test
day models (Grossman et al., 1999). The influence of environmental and genetic factors on
these different measures was widely demonstrated. Estimates of heritability range from under
0.05 to over 0.30 according to criteria of persistency used (Swalve and Gengler, 1999).

In dairy sheep, persistency has been studied with the same approach of cattle (Elvira et
al., 2013; Gutierrez et al., 2007; Jonas et al., 2011; Kominakis et al., 2001). However, dairy
sheep production is mainly located in Mediterranean countries and the production system,
often based on grazing, is strongly affected by environmental conditions (De Rancourt et al.,
2006). The typical dairy sheep productive cycle is characterized by one yearly out-of-season
lambing which makes for optimal exploitation of the herbage growth cycle. Lambings mainly
occur in autumn when the grass starts to grow after the summer drought. Yearlings (on



average 25-30% of the total flock) usually lamb between January and March. Generally,
lambs are slaughtered or weaned after around 30 days of suckling. After weaning, ewes are
usually milked twice a day until late spring-early summer when they are simultaneously dried
off, whatever the production level, because of summer drought. With this management,
lactations from late winter lambings, in particular of yearlings, are forced to dry off when they
still show high production levels. In spring, when rainfall and temperature are favourable to
herbage growth, the ability of an adult ewe to recover a significant milk yield level, when its
lactation is in an advanced stage, is of great interest for technical and economic reasons.

Macciotta et al. (2006) proposed a principal component analysis of TD milk yields in
dairy cattle to derive a measure of persistency. The aim of this study was to apply the same
approach to identify a measure of persistency of lactation to appraise the ability of a ewe to
show high milk yields in spring in Mediterranean conditions. In particular, genetic parameters
of a measure expressed as a ratio of yields and principal components as well as their
correlations with production and udder morphology traits were estimated.

Material and methods

Data were recorded from 2000 to 2012 in an experimental population settled in a farm located
in the southern part of Sardinia. Originally, the experimental population comprised ten
families originated from F1 Lacaune x Sarda sires aimed at detecting QTLs for production
and functional traits. Subsequently, the ewes were mated with Sarda rams for several
generations. Carta et al. (2012) reported a detailed description of this population.

Since the aim of this work was to study the ability of an ewe to recover high milk yields
in spring when the pasture availability is high and lactations are in an advanced stage, adult
lactations from lambings after January were excluded from the analysis. Lactations from
yearlings were also discarded either for this reason and because several authors reported
phenotypic and genetic differences with adult lactations both in dairy sheep (Kominakis et al.,
2002) and cattle (Solkner and Fucks, 1987). In particular, first lactations show flatter curves
with a less pronounced peak. The most widely accepted explanation is that the mammary
gland has not completed its development at the beginning of the first lactation. Only lactations
longer than 150 DIM were selected. The final dataset consisted of 37,814 milk test day yields
(TD) recorded fortnightly at the two daily milkings on 2,513 ewes between 2 and 4 years old
and with lambing from November to January. Milk yield in the milking period only was
calculated using Fleishmann method and afterword projected as mature ewe equivalent (MY)
following Carta et al. (1998). The winter (WMY) and spring milk yields (SMY) were
calculated using TD in the interval between the lambing date and March 31th and between
April 1th and May 31th, respectively. The ratio (SWR) between SMY and WMY was then
calculated.

TD milk yields at fixed DIM (from 60 to 150) with fortnightly intervals (M060, MO75,
MO090, M105, M120, M135, M150) were calculated with a linear interpolation of the two
closest TD vyields. Principal components (PC) to be used for genetic analysis, extracted from
the correlation matrix of these 7 yields, were selected according to the explained portion of
original variance.

Four udder morphology traits were appraised once a year with 9-point linear scales
(Casu et al., 2006): teat placement (TP), udder depth (UD), degree of separation of the 2
halves (DS), and degree of suspension of the udder (SU). In order to appraise the udder
volume, an indicator trait (VOL) was derived by multiplying the score of SU by the square of
uD.



Genetic parameters of persistency measures and genetic and phenotypic (co)variances
with milk and udder morphology traits were estimated with multiple-trait models. The
repeatability animal model for lactation traits was:

Yijkim = 0+ YM; + YA + a + pe| + €ijkim

where Yijam Was equal to MY, WMY, SMY, SWR and retained PCs; pn was the overall mean;
YM:; was the fixed effect of the interaction of year and month of lambing; Y AS; was the fixed
effect of the interaction of year of lambing, age, and litter size; ax was the random additive
genetic effect of animal; pe; was the random effect of permanent environment; ejjum was the
random residual. The repeatability animal model for udder variables was:

Yijkim = i+ LSi + YCj + ax + pe| + €ijkim

where Yijam Was equal to TP, UD, DS, SU and VOL,; p was the overall mean; LS; was the
fixed effect of lactation stage; YC; was the fixed effect of year-classifier, ax was the random
additive genetic effect of animal; pe; was the random effect of permanent environment; €jjkim
was the random residual. The pedigree file comprised 4,262 individuals of which 322 sires
and 1,427 dams without records. Mixed models were run using the statistical package
ASReml (Gilmour et al., 2009).

Results

Table 1 depicts the descriptive statistics of lactations, selected PC and udder traits. The mean
of MY was in the range of values reported for dairy sheep in Mediterranean area (Carta et al.,
2009). WMY and SMY were on average 58% and 28% of MY respectively. On average,
SMY was calculated between 118 and 179 DIM.

Table 1 — Descriptive statistics of milk yield in the milking period expressed as mature ewe
equivalent (MY), winter milk yield (WMY), spring milk yield (SMY), SMY and WMY ratio
(SWR), teat placement (TP), udder depth (UD), degree of separation of the 2 halves (DS),
degree of suspension of the udder (SU), udder volume (VOL), first principal component (PC1)
and second principal component (PC2).

Variable n Mean  Std Dev Min Max

MY (L) 5402 241 49 84 414
WMY (L) 5402 164 43 29 364
SMY (L) 5402 78 22 8 190
SWR 5402 0.512 0.212 0.032 2.310
TP 5379 7.7 0.9 3.0 9.0
ubD 5306 5.8 1.0 2.0 9.0
DS 5121 6.4 1.1 1.0 9.0
SuU 5402 4.6 1.4 1.0 8.0
VOL 5306 167 88 4 567
PC1 5402 0.026 2.313 -7.740 8.600

PC2 5402 -0.003 0.950 -4.655 3.214




Table 2 — Eigenvectors and associated eigenvalues of the first (PC1) and second (PC2)
principal component issued from the correlation matrix between milk yields at fixed DIM .

Eigenvectors

Variable PC1 PC2

MO060 0.363 -0.435
MO75 0.380 -0.414
MO090 0.393 -0.283
M105 0.398 -0.053
M120 0.394 0.236
M135 0.373 0.453
M150 0.341 0.544
Eigenvalues (%) 5.43 (77.5) 0.90 (12.9)

TD milk yields at fixed DIM showed a progressive decline from 60 to 150 DIM. The
average of M060 was 1,964 mL whereas the average of M150 was 1,335 mL. Eigenvectors
and eigenvalues of the 2 principal components, explaining 90.4% of the whole original
variation, are reported in Table 2. The first PC (PC1), which takes into account most
variation, showed similar correlations with TD yields independently from DIM. The second
PC (PC2) showed a high negative correlation with M060 and MQ75, close to zero with M105
and a high positive correlation with M135 and M150. These results are consistent with
Macciotta et al. (2006) that attributed to PC1 and PC2 scores the meaning of phenotypic
indicators of level of production for the whole lactation and lactation persistency,
respectively.

Heritability and repeatability estimates for all traits are reported in Table 3.

Table 3- Additive genetic (o), permanent environmental (cye), residual (%) and total
variance (c%o1), heritability (h?) and repeatability (r ) of traits.

Trait* c% o pe o’e S tot h r
MY (L% 889 413 616 1919 0.46 0.68
WMY (L?) 379 184 458 1020 0.37 0.55
SMY (L?) 115 64 158 337 0.34 0.53
SWR 0.0016 0.0003 0.0118 0.0138 0.12 0.14
TP 0.412 0120 0.277 0.810 0.51 0.66
uD 0.457 0124 0296 0.877 0.52 0.66
DS 0.449 0272 0520 1.241 0.36 0.58
su 0914 0204 0518 1.637 0.56 0.68
VOL 4377 1058 1828 7263 0.60 0.75
PC1 1.967 0.86 1.478  4.305 0.46 0.66
PC2 0.113  0.056 0.387  0.557 0.20 0.30

Standard errors in the magnitude of 0.013 - 0.041 for h” and of 0.012 - 0.018 for r for lactation traits and in the
magnitude of 0.039 - 0.042 for h? and of 0.010 - 0.015 for r for udder traits.

Trait: MY = milk yield as mature ewe equivalent; WMY = winter milk yield; SMY = spring milk yield; SWR =
SMY and WMY ratio; TP = teat placement; UD = udder depth; DS = degree of separation of the 2 halves; SU =
degree of suspension of the udder; VOL = udder volume; PC1 = first principal component; PC2 = second
principal component.

The heritability of MY was high if compared to estimates reported in other studies on
dairy sheep (Carta et al., 2009). The large family size of the population and the high accuracy



of milk recording may explain this result. MY showed h? higher than WMY and SMY
probably because the latter represent just portions of the total milk.

PC1 and MY showed similar h® and repeatabilities. As far as udder traits are concerned,
h? ranged from 0.36 to 0.56 for the four original traits and were higher than those estimated
by Casu et al. (2006). VOL showed the highest h?(0.60).

SWR showed a much lower h® respect to PC2. Estimates of h® of measures of
persistency reported in literature concerned mainly dairy cattle and ranged from 0.01 to over
0.30 (Gengler et al.,, 1996). This variability was attributed to the different persistency
measures adopted. In dairy sheep only Kominakis et al. (2002) reported h® of 0.15 for the
slope of the regression of test day milk yields on days in milk, 0.13 for the coefficient of
variation of test-day milk yields and 0.10 for the maximum to average daily milk yield ratio.
These values are similar to h? of SWR and lower than PC2.

PC1 showed a positive and very high genetic correlation with MY, WMY and SMY
(0.95 to 0.99) and moderate with SWR (0.33). Also the phenotypic correlations of PC1 with
MY and, even if at less extent, with WMY and SMY, were high (0.82 to 0.97). These results
confirm that PC1 is strongly related to milk yields independently from the lactation season.

Estimated genetic and phenotypic correlations between milk or udder traits with PC2
and SWR are reported in Table 4.

Table 4 — Genetic (rg) and phenotypic (rp) correlations of measures of persistency with
lactation and udder traits.

Parameter
Iy Mp

Trait PC2 SWR PC2 SWR

MY 0.10 (0.097) 0.31 (0.106) 0.06 (0.018) 0.13 (0.017)
WMY -0.25(0.091)  -0.05 (0.118) -0.11(0.017)  -0.28 (0.016)
SMY 0.33 (0.090) 0.53 (0.091) 0.27 (0.016) 0.50 (0.013)
SWR 0.92 (0.042) 0.37 (0.013)

TP -0.04 (0.095) 0.07 (0.111) -0.01 (0.019) 0.01 (0.018)
uD 0.11 (0.096) 0.02 (0.114) 0.07 (0.019) 0.02 (0.018)
DS -0.16 (0.109) 0.04 (0.125) -0.01(0.018)  0.001 (0.017)
SU 0.09 (0.093)  -0.05 (0.108) 0.00 (0.019)  -0.01 (0.018)
VOL 0.12 (0.091)  0.003 (0.108) 0.05 (0.020) 0.01 (0.018)

Traits: MY = milk yield as mature ewe equivalent; WMY = winter milk yield; SMY = spring milk yield; SWR
= SMY and WMY ratio; TP = teat placement; UD = udder depth; DS = degree of separation of the 2 halves; SU
= degree of suspension of the udder; VOL = udder volume; PC2 = second principal component.

The genetic correlations between PC2 and WMY or SMY reflected the same pattern of
the eigenvectors with the first part and the last part of lactation, respectively. On the other
hand, PC2 showed a highly positive and favourable genetic correlation with SWR (0.92). The
genetic correlation between SWR and MY was moderately positive whereas the genetic
correlation of PC2 and MY was negligible. This result fits the suggestion of Gengler et al.
(1996) that stated that a good persistency measure should be independent from yield or
corrected for the influence of yields. On the whole, considering that PC2 is highly correlated
with SWR, showed an almost double h? than SWR and a weak correlation with MY, selective
breeding for PC2 will have a high favourable correlated response on the ability of a ewe to
produce in late lactation when, such as in the Mediterranean area, favourable environmental
conditions arise. The direct selection for SWR is limited by the low h? and the not negligible
positive correlation with MY. As far as the relationships between persistency traits and udder



traits are concerned, both phenotypic and genetic correlations were low suggesting that
external udder morphology does not affect the ability of a ewe to produce late in lactation.

CONCLUSION

In dairy sheep industry which is often characterised by a seasonal production with an out-of
season lambing and a simultaneous dry-off of the whole flock independently from the
individual milk yield level, persistency of lactation may assume different meanings than in
dairy cattle. In particular, the ability of a ewe to recover high milk yield levels late in lactation
according to the high grass availability is of great economic importance. This study showed
that principal component analysis of TD milk yields was able to detect a PC with twice the
heritability and a high genetic correlation with the ratio of milk quantity produced in spring
and that produced in winter. Moreover, it showed a negligible genetic correlation with milk
yield. On this basis, this variable seems an efficient selection criterion to select dairy sheep
for the ability to exploit favourable environmental conditions in late lactation in the classical
Mediterranean farming system. It has also been shown that udder morphology is not
correlated with the main traits defining persistency. This result suggests that the recent
implementation of udder morphology as selection objective in the main European dairy sheep
breeds will not have any correlated response on persistency traits.
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