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Summary

A total of 4466 monthly test day records of 555 Greek Sfakia dairy ewes were used to estimate heritabilities as
well as genetic and phenotypic correlations for udder score (US), average daily milk yield (MY), fat percentage
(FC) and protein percentage (PC) of milk. Genetic parameters were estimated with a multitrait animal model
with correlated residuals. Heritabilities were between 0.17 and 0.24, 0.41 and 0.47, 0.32 and 0.52 and 0.44 and
0.55, for test day US, MY, FC and PC, respectively. Within traits, genetic correlations between test days were
between 0.54 and 0.57, 0.71 and 0.96, 0.79 and 0.99 and 0.85 and 0.99 for US, MY, FC and PC, respectively.
Genetic correlations between milk traits and US were negative and of very low magnitude (-0.04 to —0.06).
Genetic correlations between MY - FC and MY - PC were negative and of varying magnitude, from -0.37 to —
0.52 and from —0.44 to —0.50, in the four test days, respectively. Fat and protein percentages were found to be
highly, positively, correlated.
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Zusammenfassung

Titel der Arbeit: Genetische Analyse von Euterform und Milchmerkmalen anhand der Testtagsdaten beim
Sfakia Milchschaf

Heritabilitdten sowie genetische und phéanotypische Korrelationen der Euterform (US), der Tagsmilchmenge
(MY), des Fettgehalts (FC) und des Eiweifigehalts (PC) wurden anhand von 4466 monatlichen Testtagsdaten
von 555 Sfakia Milchschafen untersucht. Die genetischen Parameter wurden mit einem Multivariat-Tiermodell
mit korrelierten Resten geschitzt. Heritabilitdtswerte zwischen den Testtagen betrugen zwischen 0,17 bis 0,24
fiir US, 0,41 bis 0,47 fir MY, 0,32 bis 0,52 fiir FC und 0,44 bis 0,55 fiir FC. Die genetischen Korrelationen
zwischen den Testtagen waren 0,54 bis 0,57 fiir US, 0,71 bis 0,96 fiir MY, 0,79 bis 0,99 fiir FC und 0,85 bis 0,99
fiir PC. Die genetischen Korrelationen zwischen der US und den verschiedenen Milchmerkmalen waren negativ
und lagen nahe Null (-0,04 bis -0,06). Die genetischen Korrelationen zwischen MY und FC waren negativ und
schwankten von —0,37 bis —0,52, wihrend die entsprechenden Korrelationen zwischen MY und PC von —0,44 bis
—0,50 variierten. Zwischen dem FC und dem PC wurden positive genetische Korrelationen festgestellt.

Schliisselworter: Schaf, Euterauswertung, Milchmenge, Heritabilitdt, Korrelation

Introduction

Findings of the late Minoan period (1600 — 1450 BC), currently on display at the
Archaeological Museum of Iraklion (Crete), represent a sheep showing clearly the
typical characteristics of the Zackel type. According to PAPADOPOULOS (1936) this
type of sheep has been retained unchanged through the centuries and is the common
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ancestor of all purebred sheep types kept in Crete, today. The most stable and
homogenous type is a sheep kept in the wider area of Sfakia on the White Mountains
and in the lower area of the Apokoroniou district. This sheep is known under the name
Sfakia sheep. The animals are white colored with black dots around the eyes and legs.
Ewes are hornless and rams bear horns. Adult ewes and rams have average heights 64
and 70 cm and average body weight 64 and 44 kg, respectively (VOLANIS and
TZERAKIS, 1997a). Data analysis of 2942 lactations, spanning years 1982 to 1990,
showed that the average milk yield and the length of the milking period is 109.8 + 40.8
kg and 156.5 £ 29.3 days, respectively (VOLANIS and TZERAKIS, 1997c). Average
birth weight, weaning weight (at 66 + 5 days) and daily gain of lambs are 3.07 £+ 0.50
kg, 13.56 £ 2.98 kg and 162.8 + 40.1 g, respectively (VOLANIS and TZERAKIS,
1997b).

A number of studies have investigated the relationships between udder conformation
traits, milk yield and milk fractionation in dairy ewes on a phenotypic level (SAGI and
MORAG, 1974; SAGI, 1978; LABUSSIERE et al., 1981; KUKOVICS et al., 1993;
MAHLER and VRAYLA-ANESTI, 1994; FERNANDEZ et al., 1995). Udder
morphology has been recognized as one of the main factors affecting the ability of
machine milking of dairy ewes (LABUSSIERE, 1988; FERNANDEZ et al., 1995).
The genetic basis of udder morphology and its genetic relationship with milk yield has
also been investigated in some sheep breeds for dairy (GOOTWINE et al., 1980;
CASU et al., 1989; FERNANDEZ et al., 1997; CARTA et al., 1998) and meet purpose
(CHARON, 1990).

The stability of the Sfakia sheep under various keeping conditions, its relatively high
productivity and the preference shown by the local producers, indicate the need of
developing modern, consistent pure-breeding selection schemes for the breed. The
design of efficient selection schemes presumes, however, that the genetic parameters
of all important production traits of the population under examination are known. Aim
of the present study was thus the estimation of genetic parameters for udder score and
milk traits, i.e. milk yield, fat percentage, protein percentage, in an attempt to appraise
the possibility of genetic improvement of the Sfakia dairy breed.

Material and methods
Data

Test day records (n=12358) for udder score (US), milk yield (MY), fat percentage
(FC) and protein percentage (PC) from 1404 Sfakia dairy ewes were collected. The
data originated from the experimental flock of the Agricultural Research Station in
Assomate near Rethymno, Crete. Data and pedigree information spanned years from
1982 to 1990. Data edits involved, sire, dam, age of ewe, production year, test day
number, US, MY, FC and PC at test day, lactation milk yield and the number of test
day count. The first test day record was obtained on average 15 days after weaning,
followed by three other monthly records. Udders were classified by the SAGI and
MORAG?’s (1974) method of udder scoring. The method is based on the degree of
differentiation of the two clusters and on the teat placement with respect to the lowest
part of the cistern. In udders of Type I, teats are placed at a high level, with the respect
to the lowest part of the cistern, while there is no differentiation between the left and
the right cluster. In Type II, teats are placed at a high level, with respect to the lowest
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part of the cistern, while the two clusters are slightly differentiated. In type III, teats
are placed lower, with respect to the lowest part of the cistern and the clusters are
clearly differentiated. In type IV, teats are pointed downwards and the clusters are
clearly differentiated. Almost sixty four percent (64%) of the initial records were
removed from the data using the following criteria: daily milk yield less than 80 g,
when sire and dam was unknown, less than 4 successive test day records per ewe and
lactation. Most of the records, however, were excluded due to unknown pedigree
structure and recording inconsistency. After this initial exclusion of records, the
number of ewes with udder scores I (n=24) and IV (n=35) in the remaining data set
was very small. Because of this reason, those records were excluded from the data.
The final data set consisted of 4466 test day records of US, MY, FC and PC obtained
from 555 Sfakia ewes. Two udder type classes (2 and 3), six lactation number classes,
1-6, three month lambing classes, January, November and December and two litter
size classes, 1 and 2, were built. Furthermore, four test days were included, according
to days in milk at test day: 10-20, 40-50, 70-80 and 100-110.

Test of significance of environmental effects

The mathematical model for analyzing the US, MY, FC and PC included the following
fixed effects: lactation number by year, year by month, litter size, test day, nested in
lactation number, as a linear and quadratic covariable and age of ewe at lactation as a
linear and quadratic covariable. The importance of the various environmental effects
was determined by least squares analysis of variance. Since udder score is a
categorical trait test of significance was performed by the CATMOD procedure (SAS,
1992). Analysis of variance of milk traits was performed by the GLM procedure (SAS,
1992).

Parameter estimation

Genetic parameters for US, MY, FC and PC were estimated by multitrait (n=4)
analysis applying an animal model with animal’s additive genetic effect as the only
random effect and with correlated residuals because of repeated records per animal.
The fixed effects part of the model included the effects found statistically significant
for the traits in the previous test. (Co)variance components as well as standard errors
of estimates were estimated by a derivate-free algorithm using the DFREML computer
program (MEYER, 1997).

Results and discussion
Descriptive statistics

Means and standard deviations for test day and lactation US, MY, FC and PC are
summarized in Table 1. Milk yield significantly declined from almost 1.0 to 0.64 kg, at
the beginning to the end of the testing period, respectively. FC gradually declined from
first to third test day and was highest at the 4™ test day. PC increased consistently from
1° to the 4™ test day. Furthermore, no significant differences were found in MYs and
FCs between udders of type II and III (Table 2). On the contrary, udders of type III
excreted milk with slightly higher protein percentages than udders of type II. Udders
of type III outnumbered those of type II (Table 2). CASU et al., (1983) also found in
Sarda sheep, that a large cistern with teats implanted at a relatively high level, with
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respect to the lowest part of the udder and forming a large angle with the vertical
position was the most frequent udder type. Neither type II nor type III is ideal for
machine milking (SAGI and MORAG, 1974; CASU et al., 1983; LABUSSIERE,
1988). During the time period examined (1982 — 1990) Sfakia ewes of the
Experimental Station of Assomate were milked by hand; no significant differences in
milk yield between types II and III could be thus expected (Table 2). In recent years,
however, machine milking has been introduced in the Experimental Station and the
need for machine-orientated udders is more evident. In machine milked Assaf (Awassi
x East Friesian) ewes, SAGI and MORAG (1974) found lower milk yields as gland
differentiation became less clear and teats were placed higher.

Table 1

Means () and standard deviations (SD) for udder score (US), daily milk yield (MY), fat percentage (FC) and
protein percentage (PC) in four test days and lactation in the Sfakia dairy sheep (Mittelwerte (n) und
Standardabweichungen (SD) der Euterform (US), der Milchmenge (MY), des Fettgehalts (FC) und des
Eiweiligehalts (PC) an vier Testtagen beim Sfakia Milchschaf)

Test day
1 2 3 4 Lactation
Trait u SD u SD 1! SD 1! SD 1! SD
UsS 2.73* 0.44 2.68 0.47 2.78° 0.42 2.83¢ 0.38 2.75 0.43

MY (kg)  1.03* 032 096" 032 082 029 0.64 025 086 033
FC (%) 722 093 688" 086 685 087 7.46° 094  7.10 094
PC (%) 546° 050 556”052 559 047 560" 052 555  0.50

Means with different letters as superscripts are statistically significant different (p<0.05)

Table 2

Means () and standard deviations (SD) for daily milk yield (MY), fat percentage (FC) and protein percentage
(PC) for the two udder scores (Mittelwerte (1) und Standardabweichungen (SD) der Milchmenge (MY), des
Fettgehalts (FC) und des Eiweillgehalts (PC) von zwei Eutertypen)

Udder score

11 (n=1097) 11 (n=3369)
Trait 1) SD 1! SD
MY (kg) 0.88° 0.33 0.86° 0.33
FC (%) 7.12° 0.94 7.10° 0.93
PC(%) 5.48" 0.50 5.58" 0.50

Means with different letters as superscripts are statistically significant different (p<0.05)

Udder classification

Methods of udder classification are also a major investigation area. CASU et al. (1983)
proposed for the Sarda breed a modification of the SAGI and MORAG’s method of
udder classification which also included four scores based on the teat placement and
the degree of differentiation of the two clusters. More recently, DE LA FUENTE et al.
(1996) proposed a method of udder appraisal based on scoring five udder traits: udder
depth, udder attachment, teat replacement (angle), teat size and udder shape on a nine-
point linear scale. CARTA et al. (1998) proposed a method of scoring the udders, on a
linear scale, ranging from 1 to 7 points, which is also based on teat placement and the
height of the cistern. The general idea behind the use of large scales in udder
classification methods is that such a point system is more suited for genetic
evaluations by BLUP when compared to categorical traits evaluation. While udder
measurements, like cistern height, teat placement, teat angle and teat size, as early
proposed by LABUSSIERE et al. (1981) are more objective measures for udder
characterization, they are not feasible for large scaled classifications due to low speed
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and high labor costs. It therefore seems that methods of scoring udders globally will
remain of some importance for large scaled classifications. In Sfakia breed, further
research is needed to define the udder traits and linear scales for use as selection
criteria for machine milkability.

Genetic parameters

Table 3 summarizes estimates of heritabilities, genetic and phenotypic correlations for
US, MY, FC and PC for test day and lactation records. Heritability of US varied little
by test day, from 0.17 to 0.24. Although a clearly categorical trait, with only two
categories (II and III) there was significantly high genetic variance detected for the
trait by the REML methodology. Heritability of MY increased progressively from 0.41
to 0.45 in the later part of the testing period, while heritability of PC increased
significantly in the second test day. Within traits, genetic correlations between test
days were in the range from 0.54 to 0.57, 0.71 to 0.96, 0.79 to 0.99 and 0.85 to 0.99,
for US, MY, FC and PC, respectively. Phenotypic correlations were consistently lower
than the respective genetic correlations.

Table 3

Heritabilities, genetic correlations and phenotypic correlations (in parentheses) of udder score (US), milk yield
(MY), fat percentage (FC) and protein percentage (PC) for pairs of test days and lactation in Sfakia dairy sheep
(heritabilities are reported for pairs of test days with the same pair of figures) (Heritabilitdtswerte, genetische und
phénotypische (in Klammern) Korrelationen der Euterform (US), der Milchmenge (MY), des Fettgehalts (FC)
und des EiweiBgehalts (PC) fiir Testtagspaare beim Sfakia Milchschaf (Heritabilitdtswerte sind fiir Paare mit
gleichen Nummern ausgewiesen))

Trait
Pairs of test days US MY FC PC
11 0.17' 0.41 0.32 0.44
12 0.55%(0.13) 0.78 (0.48) 0.99 (0.55) 0.99 (0.49)
13 0.56 (0.20) 0.76 (0.43) 0.90 (0.45) 0.89 (0.38)
14 0.57 (0.21) 0.71 (0.42) 0.79 (0.38) 0.85(0.34)
22 0.24 0.46 0.40 0.54
23 0.55(0.23) 0.88 (0.55) 0.94 (0.43) 0.90 (0.52)
24 0.54 (0.11) 0.79 (0.48) 0.85(0.39) 0.85 (0.45)
33 0.19 0.47 0.46 0.54
34 0.54 (0.18) 0.96 (0.57) 0.97 (0.49) 0.95 (0.55)
44 0.20 0.45 0.52 0.55
Lactation 0.20 0.45 0.43 0.52

'Standard errors of heritability estimates are in the range of 0.04-0.06
*Standard errors of genetic correlation estimates are in the range of 0.24-0.28

Heritability estimates of US were comparable to those reported in the literature. Udder
morphology traits can be classified into two categories: those related to udder size
(depth, width, length and circumference) and those related to teat measurements
(length, diameter and angle). Udder size measurements are reported to have
heritabilities of 0.16 to 0.48 (MAVROGENIS et al., 1988; CHARON, 1990);
FERNANDEZ et al., 1997). Heritabilities of teat measurements are in the range of
0.18 to 0.68 (GOOTWINE et al., 1980; MAVROGENIS et al., 1988; CHARON, 1990;
FERNANDEZ et al., 1997). Udder shape is reported to have heritability of 0.24 to
0.55 (FERNANDEZ et al., 1997; CARTA et al., 1998). The various udder size
measurements are moderately to highly genetically correlated (CHARON et al., 1990;
FERNANDEZ et al., 1997). This is also valid for the teat measurements
(PAPACHRISTOPHOROU and MAVROGENIS, 1981; MAVROGENIS et al., 1988;
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CHARON, 1990; FERNANDEZ et al., 1997). Furthermore, udder size measurements
are found to be correlated with teat measurements (PAPACHRISTOPHOROU and
MAVROGENIS, 1981; MAVROGENIS et al., 1988; CHARON, 1990; FERNANDEZ
et al., 1997) implying that selection for improvement of one or some traits would result
in improvement of others. Furthermore, udder shape as a global trait of udder
morphology is also correlated to udder and teat measurements. FERNANDEZ et al.
(1997) concluded that optimal udder shape, for machine milking, could be easily
attained as this trait is strongly positively genetically correlated with udder placement
and attachment and moderately with teat size, in Spanish Churra ewes. CHARON
(1990) proposed the use of (transversal) circumference of the udder, which includes
the width and the depth of the udder, as an index of udder volume and the teat
diameter, an also important trait not only for machine-milking, but for lamb rearing as
well, in Polish Lowland ewes. DE LA FUENTE et al. (1996) proposed, instead of
selecting on udder shape, the calculation of an index, in which udder attachment and
teat placement would have a positive sign and udder depth and teat size a negative one,
in Spanish Churra ewes. This suggestion, however, was based on merely phenotypic
and not on genetic grounds.

Table 4

Genetic and phenotypic correlations (in parentheses) between udder score (US), milk yield (MY), fat percentage
(FC) and protein percentage (PC) in the four test days and lactation in Sfakia dairy sheep (Genetische und
phénotypische (in Klammern) Korrelationen zwischen der Euterform (US), der Milchmenge (MY), des
Fettgehalts (FC) und des EiweiBgehalts (PC) an vier Testtagen beim Sfakia Milchschaf)

Test day
Pairs of traits 1 2 3 4 Lactation
US-MY -0.03' (-0.01) -0.05 (-0.02) -0.02 (0.0) -0.06 (-0.02) -0.06 (-0.03)
US-FC -0.07 (0.02) -0.03 (-0.03) -0.04 (-0.2) -0.04 (-0.02) -0.04 (0.03)
US-PC -0.05 (0.01) -0.03 (0.0) -0.02 (0.0) -0.03 (0.1) -0.06 (0.02)
MY-FC -0.52 (-0.34) -0.48 (-0.32) -0.44 (-0.28) -0.37 (-0.19) -0.45 (-0.26)
MY-PC -0.50 (-0.29) -0.46 (-0.24) -0.45 (-0.22) -0.44 (-0.21) -0.46 (-0.28)
FC-PC 0.80 (0.45) 0.78 (0.43) 0.72 (0.41) 0.72 (0.40) 0.76 (0.45)

'Standard errors of genetic correlation estimates are in the range of 0.25-0.28

Table 4 reports the genetic and phenotypic correlations of the various traits over the
four test days. The genetic correlation between production traits and US was found, in
test days as well as in lactation, almost nil (-0.02 to —0.07) and of negative sign. These
results are in agreement with those of Table 2, showing that means of milk traits,
except for PC, are not statistically different between the two udder types. Genetic
correlation between MY - FC was highly negative, ranging from —0.52 (1% test day) to
-0.37 (4th test day). Genetic correlation between MY and PC was also negative, from —
0.44 to —0.50, while genetic correlation between PC and FC was highly positive, in the
magnitude of 0.72 to 0.80. In the present study, the genetic correlation between US —
MY, US- FC and US - PC was found very low, implying that selection on yield traits
is not expected to affect the udder morphology. FERNANDEZ et al. (1997) reported
negative genetic correlations of moderate magnitude (from —0.02 to —0.34) between
udder conformation and yield traits. They concluded that in Churra ewes, selection for
increased milk yield might worsen udder morphology for machine milkability as a
result of increased udder depth and reduced teat verticality. On the contrary, CARTA
et al. (1998) reported a positive, moderate (0.27) genetic correlation between udder
scoring and milk yield in the Sarda dairy sheep. The authors concluded that selection
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for modifying udder morphology, particularly teat placement and cistern height traits,
with simultaneous improvement of milk yield could be efficient.

Heritability estimates of test day records for MY were clearly higher than those
reported in the literature. In Lacaune dairy ewes, BARILLET et al. (1998) reported
heritabilities between 0.19 (1™ test day) to 0.30 (2™ test day), between 0.19 (1 test
day) to 0.41 (4™ test day) and between 0.45 (1% test day) to 0.51 (3™ test day) for test
day MY, FC and PC, respectively. Lactation heritabilities were 0.35, 0.49 and 0.54 for
MY, FC and PC, respectively. In Spanish Churra ewes, BARO et al. (1994), reported
heritabilities for test day milk yield and protein percentage of 0.34 and 0.13,
respectively. MAVROGENIS et al. (1998) estimated heritability of 0.26 for test day
milk yield in Chios sheep. Test day milk yield is reported to be genetically correlated
with FC in the magnitude of —0.20 (1* test day) to —0.85 (4™ test day) (BARILLET et
al., 1998). The respective correlation between MY — PC is also of high magnitude
ranging from —0.43 (3" test day) to —0.79 (4™ test day) (BARILLET et al., 1998).
Lactation genetic correlations between MY-FC and MY-PC were —0.42 and —0.51,
respectively. On the contrary, BARO et al. (1994) found no genetic correlation
between MY — PC. EL-SAIED et al. (1998) reported a genetic correlation of —0.27
between milk yield and protein percentage in Spanish Churra ewes.

Given the high genetic correlations between test day MY, selection on early records is
expected to result in increased lactation milk yield for Sfakia ewes. Selection of Sfakia
ewes on merely milk yield, however, is expected to lower fat and protein percentages.
Lower percentages of milk fat and protein may have an impact on the production
efficiency of the various dairy products (cheese, yoghurt, etc) prepared from ewes’
milk and therefore are of major economic importance for the regional producers. Such
a problem could be overcome by using independent culling levels for milk yield and
milk percentages by applying restriction selection indices (KOMINAKIS et al., 1999).
Given the high, positive genetic correlation between FC and PC selection could
concentrate on PC only, because this trait showed higher heritability than FC. When
milk percentages are intended to retain unchanged, efficiency of selection is then
dependent on how udder morphology and milk yield are weighed in the aggregate
breeding value. In a future study, a method for properly weighing the traits US, MY,
FC and PC in the selection index is going to be presented.

Conclusion

Selection for udder shape in an attempt to adapt the Sfakia breed for machine milking
is expected to be efficient. Further research is needed to define the udder traits and
linear scales for use as selection criteria for milkability of the breed. Selection on
merely milk yield is not expected to result in correlated responses for udder shape but
is expected to substantially lower the fat and protein percentages of the milk.
Furthermore, selection on early records is expected to result in increased lactation milk
yield for Sfakia ewes. Selection could concentrate on udder score, daily milk yield and
protein percentage by properly weighing these traits in the selection index.
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