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A reliable measurement is far more interesting ttt@opinion of one thousand experts.

First we take measurements, than we take measures.
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Chapter 1

General introduction

Parts of this review have been published in:

1. Coopman F., Peelman L. , Van Zeveren A. (2000).stipgaresis, normal and
abnormal hocks in the double-muscled Belgian Blweefbbreed: inheritance,

correlation and controVlaams Diergeneeskundig Tijdschi6f, 249-257.

2. Coopman F., Van Zeveren A., Peelman L. (2001). Gdweribution of genetics in the
history and the development of the double-muscleljiBn Blue beef breed/laams
Diergeneeskundig Tijdschrift0, 88-103.



1. The Belgian Blue beef breed and its importanceiBelgium and abroad

The double-muscled (DM) Belgian Blue beef (BBB) datels an interesting breed in two
ways. It is used as a pure beef breed and as atdrbmeed in crossbreeding with dairy cattle
or other specific breeds (Hanset, 2004). Becaus¢heflarge demand for high quality
carcasses, the DM-BBB breed is by far the mostessfal beef breed in Belgium (Hanset,
1984a). Figures of the Flemish agricultural infotimia organization reveal that the number of
beef cattle increases in Belgium, while the numidfedairy cattle decreases (VILT, 2006).
Fifty percent of all cattle in Belgium belong toettbM-BBB breed (Hanset, 2004). Ninety
five percent of all beef cattle are DM-BBB animdgBecuypere, 2002). The DM-BBB
contributes for 65% to the total beef productiom dar 75% to the red meat production
(Hanset, 2004). Decuypere (2002) also adresseh@rnntportance of the DM-BBB as a
terminal cross with dairy cattle. A calf born froen dairy cow and a DM-BBB sire is
financially more interesting than a calf that isrbof dairy cattle parents. The use of the DM-
BBB as a terminal beef sire is internationally vesyccessful and becomes increasingly
popular in the dairy cattle industry. Hacour (208%)p reports on the use of DM-BBB sires in
breeding programs of local beef cattle in ordemtprove its muscularity. He is convinced
that the success of the internationalization of@iM-BBB breed is due to its use as terminal
breed and not as pure breed. The Belgian and attenal Al centres sell a lot of DM-BBB
sperm for these purposes. The Belgian Blue Grol&Bsold 1,235,000 doses of DM-BBB
sperm. Internationally, the sperm is used mostuieatly (65%) for cross breeding on dairy
cattle. In Belgium, 75 % is used in pure breedimigile only 25 % is used for cross breeding

(Bombeek, personal communication 2008).

2. The history of the DM-BBB breed

In 1841, the Shorthorn or Durham was introduceBeigium to be crossed with local cattle.
The results of these crosses were rather disappgpiand at the end of the 19th century, the
Shorthorn lost its importance. Nevertheless, sofhies genes remained in the Belgian breeds.
An example of such a gene is the roan locus, resplenfor the typical blue coat colour of
the breed but also for the white heifer disease D)VHHanset, 1984a, 1984b, 1996a, 1996b;
Haudfroid, 1996; Coopmaet al, 2000b).

A Herd Book was established in Belgium in 1896.sTHerd Book was named “Herd Book

Hesbignon” and aimed to create a breed that hadDesham blood. The blue cattle breed of



Limon was the first result. “Le Bleu du Limon” wagite successful and was used in
crossbreeding with local breeds. On August" 16919, this blue breed was officially
approved by the government. All animals became gredd animals, their production
capacities were measured and animals having extyemael milk production and the ones
having extremely poor (dairy types) or extremelywaleped (muscular hypertrophy; mh)
muscling were eliminated. In fact, this was thstfisreed for which breeding standards were
described. From 1938, breeders from the Hainagibmestarted with the selection of a
uniform white coat colour. This resulted in “le gdaplat (blanc) d’Ath”. Because of the poor
muscling conformation and the increasing demandhfeat products, it was not successful.
At the same time in the Condroz and Hesbaye (Figjuréhe selection of a dual purpose type
was more successful. Already in 1939, well musdeds of this type were presented. In
1950, the Herd Book questioned the breeding stanaad breeding goal of this type a first
time: “Should one focus on meat and milk product{dmal purpose breed) or on meat
production (pure beef breed)?” In the Condroz, Fameand the Ardennes (Figure 1),
breeders started to select for a pure beef breredpective of the decision made by the Herd
Book to keep on focusing on both milk and meat potidn. The technique of the caesarean
section (CS), practically applicable because ofdiseovery of antibiotics between the two
world wars and the progress in veterinary pracdticéhe late forties — early fifties, and the
good prices paid for the extreme muscular typesienselection towards more meat possible
and profitable. The final result was “le viandeuxr'por the so-called “Blanc Bleu Belge”
(Belgian blue and white) (Hanset, 1984a, 1984b6499996b; Haudfroid, 1996).

In 1956, Gédéon du Vieux-chateau de Maurenne wad far Al, thereby introducing the
mh-allele into the breed at a wide scale. Very sooany Al sires were homozygous for the
mh-allele. Despite the high demand for these homoay sires, doubts on how the breed
should evolve, continued to trouble the Herd Boelad quarters, mainly because of some
disadvantages of this breed (e.g. the high pergenté caesarean section). In 1969, the Herd
Book decided once again that the Belgian Blue bagmain a dual purpose breed but now
with emphasis on meat production. But still, ansnla¢ing too muscled (= double-muscled)
had to be excluded. Despite this decision, marth@fAl sires were no dual purpose but DM
cattle. The intensive use of these homozygous wlssivas the start of the selection for the
extreme muscularity within the Belgian Blue, remgtin a new Herd Book (1973). This
corresponds to the real beginning of the ‘BlancuBBelge or Double-Muscled Belgian Blue

beef breed’ and the ‘Herd Book du Blanc Bleu Belde’1974, it was decided to focus on
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two lines, a so called mixed line (dual purpose) arbeef line (= DM-BBB) (Hanset, 1984a,
1984b, 1996a, 1996b; Haudfroid, 1996).

Région limoneuse

Brabant
Hainaut
Liege
Luxembourg
Namur

Ath
Ardennes

akrownNE

Ciney
Figure 1. The different regions in the Southernt paABelgium (Walloon Region) that were of majorgartance
in the creation of the double-muscled Belgian Bieef breed.

Nowadays, one has homozygosity for the mh-mutaitiothe female and male DM-BBB
population. Selection for improved muscular confation (MC) in the beef line is therefore
done by focusing on auxiliary genes influencing oulsrity (Georgest al, 1990; Hanset,
1996a). The increase of the muscling score and tgpatseems to flatten in 2002, but still
increases (Hanset, 2004). No data on the evolafidtine muscularity from 2003 to 2007 have
been found. In the dual purpose breed, heterozygndshomozygous Al sires are available.
This dual purpose breed is still bred in the “Haifi@egion and in the northern part of France
(“Frans-Vlaanderen”). It might be an interestingeywithin the breed to be used as a mother
line, carrying the mh-mutation, but still having tmal births with a sufficient milk
production.

The evolution of the beef type was, is and will depending on economic changes and
demands (Haudfroid, 1996). Since 1988, the priaekpelive weight (LW) has decreased.
Despite the fact that prices for fattened bulls evesing in 2003 (Hanset, 2004), prices
decreased in 2004 and 2005 again (VILT, 2006). reguof the Flemish agricultural
information centre show that in the period 199500%, the price per kg for DM-BBB bulls
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and cows fluctuated around 2.5 Euro and 2 Eurceectaly indicating that prices have been
stabile at this lower level (VILT, 2006). These kEmprices are a warning to breeders that
selection focussing primarily on MC is not the mogtimal strategy. Weight and muscle
conformation have to be combined in beef cattleethiry to optimize economic profit. To
maintain a sufficient LW when selecting for a highC, the Herd Book advises a minimum
withers height (WH) standard. This is logical besmunot only the MC but also the WH
explains the variation in LW (Hanset, 1996b).

The most recent change in the DM-BBB selection @oyis the formation of the BBG in the
Walloon region. This group is a merge of the tweviwus Al centres Linalux and Haliba.
This merge was stimulated by the Walloon governnvémd promotes the DM-BBB breed
very intensively. Other Al centres such as Kl Sank&broca and others have been started by
breeders that did not agree with the breeding pafche BBG. They offer Al sires that are
tall and that are out crossed. The Herd Book ifsedfnotes not only the DM-BBB breed as a
beef breed but also as a terminal beef breed ny dattle, both in Belgium and abroad (Herd
Book, 2008). It is more interesting for Al centtedocus on selling sperm doses of DM-BBB

sires to be used in cross breeding than in pureding.

3. Problems with the DM-BBB breed

3.1. Genetic disorders

A lot of disorders are described in the DM-BBB lte@Imost 10 % of the DM-BBB animals
die between birth and the age of 12 months. Fiffsseent of these die because of inherited
disorders, already or not yet present at birth. &ahthe inherited disorders are not life
threatening, but cause considerable economic log#ber inherited disorders are invisible,
causing higher rates of embryonic and foetal lossesigher rates of mummification,
abortions, premature births or stillbirths (Rolli2000). According to Bergstrom and
Oostendorp (1985a, 1985h), the extreme musculdsglf can already be considered as a
genetic disorder. Macroglossia, congenital articulgidity, muscular hypotony of the limbs,
brachygnathia inferior and superior, fertility diders, acute heart disruption with or without
associated respiratory problems, dermatosparaityallspasticity, spastic paresis and many
other disorders are present in the breed (Halip®&3; Hansett al, 1993; Lossoret al.,
1999; Coopmaret al. 2000a, 2000b; Danloist al., 2000; Rollin, 2000; van Winden and
Kuiper, 2002; Danloi®t al, 2003). Many disorders, but not all, are relaedhie mh-allele

(Coopmanet al, 2000b). Especially the cardio respiratory proldeseem to be a recurrent
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and main problem at DM-BBB farms. A lot of reseamhthe higher susceptibility of DM-
BBB youngsters for this disorder was performed (@Bust al, 1987a, 1987b, 1988a, 1988Db;
Amory et al, 1992a, 1992b, 1993, 1994; Genietdtal., 1994; Lekeux and Van De Weerdt,
1996; Rollinet al, 1997; Bureawt al, 1999). Inherited disorders are not always thearty
present. Often there are chronic health problenz #Hre due to selection for higher
productions. The latter have a negative correlatiih traits like fitness, fertility and disease
resistance. Breeding goals should therefore imphtrakso non-production traits in order to
prevent a too strong and irreversible decline eséntraits (Rauwt al, 1998). The high level
of inbreeding in the DM-BBB is considered to be diwed in the high rate of genetic
disorders. Efforts are therefore made to reduce ahmwunt of inbreeding (“Calcul de
consanguinité”; the Walloon breeding associatidddme breeders are using French DM
breeds to counteract the high level of inbreedinghe mean time, they hope to restore the
growth potential of their stock. Often, descendawitshese outcrosses become pedigreed
animals. In the last reports of the Herd Book (HBabk, 2005, 2006), estimated breeding
values (EBVSs) on the major genetic problems ar@nted. For the two types of congenital
muscular dystony (CMD | = SMA-like and CMD Il = “a@ spastique”), a genetic test has
been developed (Georges, 2008). Very recently,netgetest for the crooked tail syndrome
(CTS), a disorder with increasing prevalence ingbpulation, is developed as well (Georges,
personal communication, 2008). The mutation thatstmikely is causing proportional
dwarfism in the breed (see further on in the gdndiscussion) is located but not yet

identified (Georges, personal communication 2008).

3.2. Caeserean section, weight and daily weight gai

The future of the breed is at stake because ofasditional points of discussion, viz: “the
routinely applied CS and, according to many DM-BfaBmners and breeders, the loss of daily
weight gain with too low weights at slaughter orffisient weight at a too late age”.
According to Vissaet al. (1973) and Hanset (1981) and in the perceptiomanfy breeders,
both problems are highly related with the mh all&deiscular hypertrophy is characterized by
high foetal and early post-natal muscle growthlad¢r age, growth is influenced negatively.
This causes an imbalance between the size of tiugjharter and shoulder of the calf and the
pelvic area size of the dam (Vissetal, 1973; Hanset, 1981), increasing the incidence of
calving difficulties and the wish to preventivelerform routine CS (Arthuet al, 1988;
Nugentet al, 1991; Rice, 1994). In fact, the CS that allowsel proper delivery of living DM
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calves was introduced in the fifties, as alreadyl@red, and is the main reason why a DM

breed can persist at such a large scale (Hanst).20

3.2.1. The caesarean section

The routinely applied CS is criticized on animallfaee grounds (Grommerst al, 1995;
Christiansen and Sand, 2000). European legislation exists that canefthe Herd Book to
select against routine CS in the DM-BBB breed (Lépsal, 2001). Hanset (2004) claimed
that any outside coercive measure aimed at redtieencidence of the CS would go against
the principle of subsidiarity asserted in the “Boml on the protection and welfare of the
animals”. Anyway, in the DM branch of the BBB, hirby CS has become a breeding
peculiarity (Hanset, 1981; Niclet al, 1999; Vandenheeds al, 2001), being performed as a
matter of routine, especially in order to minimriks for both mother and calf (Michaux and
Hanset, 1986). To some, CS is performed out of,easéme saving and is not always
necessary. Dams do not get the proper time to prdpaa natural birth anymore. Therefore
it is claimed that the frequency of CS is highearttwhat is really necessary and different
calving ease scores should still be available is bheed, whenever needed. According to a
Belgian discussion group (Groupe de reflexion, }98¢¥ DM-BBB may have less perinatal
deaths because of the routine CS, but higher nalodaaths. Hanset (1967) reported that a
surgical intervention, much more frequent in the dpulation, causes a permanent or
temporary infertility, influencing the fertility pameters consistently. Mijten (1994) clearly
showed that a CS is not without risk for the matiany complications occur during and
after the CS. These complications affect the finebme of the farmer immediately or on the
longer term. Based on unpublished data that to@caount all the complications of the CS, a
CS has a cost of approximately 175 Euro. This mélaaisa calf of a population that always
needs a CS for surviving must be worth at leastBir#® more than a calf of a population that
has a natural calving rate of 100%. The price bPM&BBB calf is in the range of 500 to 700
Euros at the age of two weeks (Decuypere, 2002)w@\ week old Holstein Friesian calf,
almost always born naturally, is worth between W8 475 Euro. To date (February,7
2008), these prices are still realistic (Boerd&@08).

Selection for decreased CS in the current DM-BB&elrcan only be done indirectly, using
internal pelvic sizes of the dam (see Figures 23)rahd birth traits (broadest points = width
of the hind quarters — BcW- or shoulder width — SWee Figure 4) of the calf as basic data.
This is because of the fact that, according to E&a1(8002) natural calving is no longer
possible in the DM-BBB breed, despite the assumptibsome that CS is only done out of
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ease and different calving ease scores can stiluds®l to select for improved calving
performance. It is preferable to use measurementsameights instead of estimates, the latter
nowadays being still common practice in DM-BBB lafiegy. Measuring internal pelvic sizes
of the dam (more specific the inner pelvic heigid avidth) and measuring critical body traits

of the newborn and recording the birth weight mightworthwhile to consider.

1. Pelvic height; PH
2. Pelvic width; PW

Pelvic Height

Figure 3. This figure shows that, besides bonescitawand fat can limit the natural birth processab.
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Figure 4. Both the external width of the hind gaest(left) and shoulders (right) can be extrem®-BBB
animals at all ages, making them both limiting éastof the natural birth process.

3.2.2. Weight and daily weight gain

For different reasons, LW is an important issueattle (Vos and Vos, 1967). Weight gain
and weights at specific ages are largely determipnofitability in beef production (Hanset

al., 1987; 1988). The estimation of feed requiremeats not be done without knowing the
LW (Johansson and Hildeman, 1954). Growth is higklated with onset of puberty. The
lesser animals grow, the lesser their weight aepybthe later they get in heat and the more
the financial income of the farmer is at risk (Tasge<et al, 1996).

Accurate determination of live weight data requivesighing on a balance (Cantet al,
1988; Gengleet al, 1995; Guttiereet al, 1997). However, in many cases, weighing animals
is not feasible or too complicated to organise. i@eding purposes, it might be even more
interesting to estimate weight out of easily act¥ssand economically interesting body
measurements than to accurately determine LW.

Selection in the DM-BBB breed focuses primarily muscular development and little on
weight and weight gain (Hanset al, 2001). As a result, the genetic trend for beattascling
and skeletal width, both related to carcass quétpnset, 2004) increases continuously while
the genetic mean for weight and weight gain intibeed does not (Hanset al, 1989c) and
has even shown a significant negative trend dutiegpast few years (Hanset al, 2001).

To counteract the negative trend, information omghteand weight gain is essential. In the
DM-BBB breed, this information is only partially alable. It is based on data collected in
the performance test of males in selection cerftiesisetet al, 1988; Gengleet al, 1995).
Only in rare instances data have been collectefdrats (Hanseet al, 1988). Therefore,
breeders, farmers and consultants have no currgfitient and realistic information on

weights and weight gains at farms.
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Despite this negative trend of the genetic meameight and weight gain, no influence on
financial income of the breeder is yet to be exp@diecause the genetic gain for improved
muscularity is economically more important. Althbugo scientific explanation has yet been
found for the difference in the price per kg coldtaass weight paid (Coopmanal, 2004),
S-carcasses of DM animals are paid much better Ehearcasses. Even in the S-carcasses,
distinction is made between good)(®etter (&), and extreme ($ muscling, which is paid
increasingly better per kg cold carcass weighsdme slaughterhouses, one gets evéf S
gualifications.

The DM-BBB breed is indeed the most successful liweéd in Belgium and has some
interesting economical features, but unfortunatdigo many disadvantages with some of
them, but not all, related to the presence of theaftele. The DM-BBB breed is therefore not
only the most interesting beef breed but also tlwstncontroversial one. The best way to
better understand the DM-BBB breed and the chadlsriigfaces is to study the role selection
and genetics played and still plays in its develepinlt is of special interest to see how the
Herd Book tries to deal with the criticism on thedd.

4. Selection and improvement of the DM-BBB breed

4.1. The genetic background

As biotechnology developed, scientists looked fbe tmutation that caused muscular
hypertrophy (Grobe¢t al, 1997; Kambaduet al, 1997) in the DM-BBB breed. The genetic
basis for the WHD, typical for the DM-BBB breed, s\a@so elucidated (Charliet al, 1996).
Some researchers hope to identify other genesimfiaence muscular conformation and
Quantitative Trait Loci (QTL'’s) that are involved the expression of continuous traits of
economical importance in the DM-BBB breed. Micredlées for parentage control in the
DM-BBB breed are described by Peelngral. (1998) and Mommens (2000).

Animals homozygous for the mutation in the mh lobase 20 % more muscles. Groketl.
(1997) and Kambaduet al. (1997) localized the mh locus at 3.1 cM of the nosatellite
TGLAA44 at the centromeric end of chromosome 2. ihelocus is identical to the myostatin
locus (MSTN). The myostatin gene is a member ofTfdasforming Growth Fact@-(TGF-

B) super family of genes. The myostatin proteinuafices the muscle growth in cattle and
mice in a negative way. An 11 base pair deleticectieates the bioactive carboxyl end of the
myostatin protein. Consequently extreme muscling nist prevented anymore and

hypermuscular animals are created. The mutati@c&fiother organs as well, as there are the
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internal organs and bony structures. The mh-atletbe myostatin (GDF8) locus is present in
different cattle breeds (Grobet al, 1997; Kambaduet al, 1997), but not all of them cause
muscular hypertrophy (Grobet al, 1998; Dunneet al, 2003). Besides its influence on the
carcass quality, this allele also affects the nyeatity. For many people, but not to all (Keele
and Fahrenkrug, 2001) this effect means an imprewtim meat quality, a fact which has led
to increasing consumer demand (Sonnet, 1980; Heetsel, 1994). Unfortunately, the
influence of the mh-allele is not positive in alpacts of meat quality (Coopmanal, 2003).

A low fat content in the carcasses, an elevatedageedaily weight gain and a low feed
conversion rate, environmentally interesting, adeligonal positive features of the breed
introduced by this mutation (Hangstal, 1989a; Istasset al, 1990).

Knowing the mechanism of the DM condition in catthakes it possible to manipulate the
mh-locus by transgenic or immune modulation in BDW- cattle (Grobetet al, 1997,
Kambaduret al, 1997).

The silver factor (R), member of the roan locufiugnces coat colour and is responsible for
the WHD in the DM-BBB breed, having by this a pteapic effect. Animals that are
homozygous (RR) for this silver factor (white anlg)ahave a 1 to 15 % higher change to
develop this disorder. Heterozygous (Rr) animalgglanimals) have a higher threshold for
the disorder (Charlieet al, 1996). Black animals with the rr-genotype lack Hilver factor
and do not suffer from WHD (Hanset, 1984b). The WH® due to a partial
underdevelopment of the primary genital organs (lraet al, 1996). Seitzet al. (1999)
found a point mutation in the seventh exon of thasMCell Growth Factor gene (MGF or
steel locus) on chromosome five, proved the asBomicbetween the mutation and the
observed coat colour (white, blue or black) and &iveady known co-dominant way of
inheritance. The revealed localization of the rtmaus in the DM-BBB breed makes that the
pleiotropic influence on the colour and fertilitpre be examined and that can be looked for
different mutations within the locus that mightlirgfnce coat colour and fertility (Charliet

al., 1996).

Other loci influence the muscularity of cattle asllw(Hanset and Michaux, 1985). They
suppress or promote MC. A recent discovery ondtaitin suggests that one gene might be a
modifier of the myostatin gene action as well asnaiependent gene, acting positively on the
muscularity (Lee, 2007). There are also observisning that some DM calves develop
their typical MC at an older age (Bergstrom and t&dorp, 1985a; te Pas and Hannewijk,
personal communication, 1999), indicating that tmeiscular development might be

suppresseth uteroand promote@x uterg which would be interesting in solving the cortflic
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between the disliked high rate of CS in the brewdlthe desired double-muscling. Currently,
efforts to solve this conflict are made using tgersc engineering (Grobedt al, 2003;
Pirottinet al, 2005).

A QTL is a locus that is underlying a quantitatstearacter (Lynch and Walsch, 1998b). A
guantitative trait has a continuous variation aatinot be subdivided in different classes
(Lynch and Walsch, 1998a). In the DM-BBB breedrbweight, MC, WH and slaughter
weight are examples of gquantitative traits. Althloug other breeds QTL’s for such traits
have been found (Elet al, 1999; Keeleet al, 1999), none of major importance have been
exhibited within the DM-BBB breed.

4.2. Selection in practice

In the selection centres in Ciney (since 1973) Atid(since 1994), future Al sires undergo a
performance test. At farm level, characteristicsle$cendants of Al sires are evaluated. At
both the selection centres and the farm level, alsimare scored according to the linear
classification system (Hanset, 1996a). In slaugjoieses, carcasses are classified according
their level of muscularity and fat deposit. Carcassghts are collected. All data collected at
the farms and selection centres, but not the ookscted in the slaughterhouses, are used for

breeding value estimation.

4.2.1. Direct measurements of traits

4.2.1.1. Performance testing in selection centres

Calves arriving at the selection centre start theiwth test at 7 months and end it at 12 or
more recently at 13 months. Feed conversion is aneds but not in all cases. All animals
undergo linear scoring (Michaux, 1995; see 4.2.ln@ar classification). LWs and WH at 7
and 12-13 months and weight gain between 7 and3li2&xdnths, the result of weighing and
measuring, are published (Boonen, 1995). Siresngasi successful test are classified as
category | or Il sires. These sires are sold tohilgbest bidder at an auction and can spread

their desired genes in the population through Anatural service (Boonen, 1995).

4.2.1.2. Collection of (re)production data at fdevel (progeny testing)

Many data are collected at farm level and usedfeeding value estimation of the Al sires.
These data are collected at a first and secondorighe farm (Michaux, 1995).
The evolution towards the systematically applied (C8opmaret al., 2001; Hanset, 2002)

made it useless to collect data on calving easayaasstill done in 1988 (Coopmaat al.,
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2001). From 1996, no data on mortality of newbdfd8 hrs) and calves between 48 hrs and
12 months were collected anymore. In 1999, onlytisiks were still examined, namely the
estimated birth weight, the estimated conformatidrbirth, the gestation length, the WH
measured at 13 months of age (Leroy and Michau®9)9the weight at 13 months
(estimated out of the measured heart girth — HGW13 = 0.0005691*(HG)*" Clauwerset

al.,, 1999) and the estimated value per kg LW of theeoled animal presuming it will be
slaughtered at the moment of inspection (Gengflel, 1995). While in earlier times, weight
was estimated at the age of 12 months, this is dome at 14 months (Hanset, 2004; Herd
Book 2005, 2006).

In the last reports of 2005, 2006 and 2007, maaistthat were not mentioned in the 1999
report are re-established. Nowadays, the traitsidered at birth (first visit) are the estimated
muscular conformation, the gestation length, thieneged birth weight, the death rate, vitality
and the presence or absence of 6 known inheritedrdirs. Also the ability to drink is
evaluated. At 14 months (second visit), informatwnthe muscular conformation, LW and
WH is collected as well as information on inheritfidorders, sound feet and legs and death
rate (Herd Book, 2005, 2006).

Many traits are estimated and not measured in #eBBB data collection procedure. Only
WH and HG are measured on a routine base. The@ddea of measuring WH is to prevent
a decrease of the growth potential of the breedtandake sure that the final weight of the
animals remains satisfactory (Hansétal, 1990). This makes sense because Hagtsat.
(1988) showed a strong relationship between LW & in this breed. No other
measurements are considered. Because visual agprargd the visual classification of traits
do not seem to be very accurate (Oreteal, 1959; Van Steenbergen, 1990) and because
objective (linear) measurements are described iag lgwod alternatives for visual appraisal
of beef type, carcass characteristics and confeematores (Browrt al, 1950; Orme et al,
1959; Talliset al, 1959; Jansent al, 1985), it can be questioned why additional weighi
and measuring is not considered in DM-BBB selectidanset (2004) does not support
additional weighing and measuring. This authorasvinced that in a DM beef breed, visual
assessment plays a predominant role because aalahehis bred for beef simply displays
the amount of meat it will supply. The phenotypendicative of the genotype. Others state
that visual assessments might not be that repeathbt nonetheless sufficiently correct. An
advantage of visual assessments is that it iseiagherefore cheaper and applicable under
field conditions (De Smet, personal communicati®0&, Thierens, personal communication
2007).
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4.2.1.3. Linear classification
The linear classification was developed in 19871988 it was applied for the first time on

the bulls that entered the selection centre. Fré8% it was extended towards the registered
DM-BBB cow population. The aim of the linear cldisition is to express the functional trait
‘sound feet and legs’ and the production traitzei ‘muscular conformation’ and ‘meat
type’ in a standardized and quantitative way. Usithg linear classification report,
comparison between different breeding animals am#ting herds is possible (Hansdtal,
1990; Hanset, 1991, Hangstal, 1994).

The animal is scored in such a way that the sdesebletween the two extremes of the trait.
These two extremes are valued as 0 and 50, excegieheral appearance (between 1 and
20). The average is 25 and increases or decreagefwe units at a time. A high score does
not mean that the animal is ideal for the traitged. The twenty traits presented in Table 1
have to be judged by the inspector (Hamsetl, 1990; Hanset, 1991, Hansdtal, 1994).

The scores on the 20 traits in Table 1 are usebtain five groups of traits. These groups
are ‘size’, ‘muscular conformation’, ‘meat typefeét and legs’ and ‘overall appearance’.
‘Overall appearance’ is added to judge harmony betwthe different body parts. The scores
of the five groups and the total linear score camltained as described by Baligant (1997).
Using the linear scores of the bulls in the setecttentres, Hansett al. (1994) found a
correlation of more than 0.4 between chest widélvip width, shoulder, top and muscles of
the pelvis with the price per kg LW, and a veryhigprrelation between WH (0.73), body
length, chest width, pelvis width and shoulder wile LW. Chest width, pelvis width and
shoulder have an important influence on the prisekg LW and the LW, two economically
important parameters. When selection focuses osethiee linear traits, conformation and
weight will improve simultaneously. From the genedivaluation, it can be concluded that all
three have a high heritability of 0.54 (chest wjdth49 (pelvis width) and 0.48 (shoulder).
Factor analysis shows that body length (BL) and WiHtly explain 60% of the variation in
weight and 48% of the financial income. Other casins of the study of linear scores were
that selection in the DM-BBB breed focuses on mlacconformation and not on size and
daily weight gain. This is despite the fact thapKing at the figures, it is possible to find
bulls that are very well muscled and extremely geshva time (Hansedt al, 1994).
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Table 1: Linear scores in the DM-BBB breed (HerdBd 999).

Trait Criteria Grading
Height From small to tall 1-50
Body length From short to long 1-50
Chest width From narrow to wide 1-50
Pelvis width From narrow to wide 1-50
Shoulder From poorly muscled to extremely muscled -501
Top From poorly muscled to extremely muscled 1-50
Rib From flat to round 1-50
Skin From thick to thin 1-50
Rump From horizontal to strongly sloping 1-50
Pelvis length From short to long 1-50
Tail set From embedded to prominent 1-50
Thighs: side view From straight to rounded 1-50
Thighs: rear view From slight bulging to extreméging 1-50
Bone structure From thick to fine 1-50
Shoulder (joint) From prominent to smooth 1-50
Top line From concave to convex 1-50
Forelegs From open to knock-kneed 1-50
Hind legs From open to cow-hocked 1-50
Hocks From straight to bent 1-50
General appearance From poor to excellent 1-20

The linear classification is still developing. Aattge to the system was proposed especially
for the group of feet and legs. Two new traitsaaded to the twenty existing traits that were
reported in Table 1. The inspector judges the giel of the pastern of the forelegs and the
hind legs of the animals. He especially looks atdhgle that is made by the pastern and the
ball-and-socket joint. In classifying animals, clégsorders in the limbs have to be penalized.
This new approach makes that bulls having badaeétlegs show up with a bad linear score.
By this new approach, cows also have a decline @verage two points for the scoring of
feet and legs (Herd Book, 2000). In recent repooiwever, no consistent information on the
two additional traits could be found (Herd Book0p202006).

4.2.1.4. Carcass classification

DM-BBB carcasses are, according to the SEUROP iti®on system for conformation
(Anonymous, 1991), mostly classified as “S” or “Bn “S” carcass is an exceptionally DM
carcass. “E” carcasses are considered as doubleleduss well but not being extreme. There
is little doubt that both types of carcasses arel éktreme muscularity are the result of
homozygosity for the mh-mutation at the myostaticuls (Hansett al, 1987; Van de Voorde

et al, 1999) and the additional influence of independecitand modifier genes of the mh/mh
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(major gene) genotype (Hanset and Michaux, 1988)jc&3ses of all animals are weighed

after slaughter (warm carcass weight).

4.2.2. Prediction of breeding values

Using Al, one particular sire can have a large nemiif descendants, enabling progeny-
testing of such sires. Hanset and Michaux (19889thPand Leroy and Michaux (1995, 1996,
1997, 1999) introduced progeny testing and breedahge estimation using the sire model in
the DM-BBB breeding policy. An important differende the use of breeding values with
dairy cattle breeding is that the use of DM-BBBshks is not fully restricted in time because
young DM-BBB sires can be used continuously evererwbreeding values are not yet
available. The traditional procedure in a dairydatdased on tested sires, waiting sires and
approved sires (TWA-system) is not applied rigoshguHanset, 2004). In the past (late
eighties), a modified TWA-system was used and sifypgl 2007 it is reintroduced again
(VRV, 2007).

Breeding values for a particular trait can be eated — or rather predicted - from a mixed
model with the additive gene effects of the bregdinimals as random effects. The predicted
random effects (Best Linear Unbiased PredictorBIlddP) correspond to the EBVs. Fixed
effects, such as sex, conformation of the calf (Bivhot) and the parity and conformation of
the mother, are included in the model for correc{idanset and Michaux, 1988). The random
effects are assumed to be normally distributed witban zero. The animals can have a
negative, positive or zero EBV. The animals candvded according to their EBV.

In 1996, a change to the sire model was introdutedhe calculations, the relationship
between the sires was accounted for (Leroy and &likh1996). No scientific reporting on
the models used for current breeding value estomati the DM-BBB could be found.

EBVs are converted to indices to make them moretioed. The breeding value zero equals
the mean index of 100. An index of 110 correspdnds positive breeding value and an index
of 90 to a negative breeding value. Ten units @nitidex scale correspond to one standard
deviation of the random effects distribution.

In the DM-BBB breed, EBVs on (re)production trditsve been or are published in different
reports (Hanset and Michaux, 1988; Leroy and Miehd999; Herd Book, 2005; 2006).

Over years, the availability of EBVs was differe@nly EBVs of data collected on the farms
were processed. The evolution towards the systealigtiapplied CS made it useless to
estimate breeding values on calving ease. From,189&BV on mortality of newborns (0-48
hrs) and calves between 48 hrs en 12 months westisped anymore. In 1999 (XXH!
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report; Leroy and Michaux, 1999), only EBV on smits were still reported, namely the
estimated birth weight, the estimated conformatidrbirth, the gestation length, the WH
measured at 13 months of age, the weight at 13hmamd the estimated value per kg LW of
the observed animal. The estimated value at slauglge and the estimated LW at 13 months
are the two components of the economical multi-iradex for the net income (the so-called
index économique or INEC) that ranks Al sires drat teflects their genetic economic value.
The higher the INEC, the higher the income of @wenier will be using that particular bull on
his breeding cows. In the latest report, many EB¥ttwere previously not mentioned
anymore are re-established. Nowadays, EBVs on t@ealtlbirth, the gestation length, the
birth weight, the death rate, the vitality, theliépito drink and the presence or absence of 6
known inherited disorders are published. EBVs th#éct the genetic potential of Al sires to
breed for descendants with a high MC, LW and WH4months and having sound feet and
legs, a low death rate and low amounts of inherisdrders are made available to the DM-
BBB breeders (Herd Book, 2005, 2006).

In the XII™ report (Hanset and Michaux, 1988), additional infation was provided. The test
results in the selection centre of purebred BBBenmiblished as well. This report described
also the EBVs of the controlled animals estimatsihgithe animal model. Not only are the
results of the bulls themselves used but also #ropnances of parents, half sibs and
descendants. By doing so, EBVs can be estimateqdl fewvesires that had never been in the
selection centres, using their genetic relationstith controlled animals. In the estimation,
one accounts for the year and month of the endingeoprogram. The calculated multi-trait
index is a combination of initial weight, growthdamalue of the animal expressed as Euro per
kg LW (= muscle conformation). Implementing initigkight in this index is justified because
of the existing correlation with growth during ttesst (Michaux, 1995).

The genetic gain for daily growth is variable oyears (Paquett al., 1997). Weight and
stature are stabilising and even decreasing. Thetgegain for muscular conformation is
increasing for years, stabilising from 1995 — 1996énset, 2002). The average estimated birth
weight remained between 43.6 and 44.8 kg and gesti#ingth remained between 281.9 and
283.1 days (Hanset and Michaux, 1988, 1989b; LaralyMichaux 1995, 1996, 1997, 1999).
In the current breeding policy, the Herd Book cleso# select for a stable birth weight in
order to prevent exuberant birth weights (Herd B&05, 2006). Whether important
economic and dystocia related traits are stabgisin changing due to the application of
EBVs or not is hard to prove. A major question bis issue is whether DM-BBB breeders

are using the EBVs in their selection program dy dhe phenotypic traits of the selected
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parents’ generation. Some reports indicate thatctieh based on phenotypes is more
common than the use of the estimated breeding sadud indices (Coopmaat al, 2005;
Hanset, 2004).

5. Closing remarks

Although the history of the DM-BBB breed goes b&agki841, the most important progress
was made from 1973 onwards, with the establishneénan almost closed Herd Book
specifically for this type of animal. In less thidmirty years, a uniform breed was created.

It has become clear that the breed has its advesitagt its disadvantages as well. The lack of
sufficient daily weight gain and information on gkis at fixed ages and the routine
application of the CS are two problems that areonteyl the most (Groupe de reflexion,
1997).

One should look for possible solutions to deal witla opposition against the CS and should
try to stop or stabilize the negative genetic trendlaily weight gain (Hansedt al., 2001)
without losing the progress made for the muscuafamation.

Unfortunately, selecting for improved calving ealg lowering the birth weight and
conformation at birth may have antagonistic effexismaternal calving ease (smaller pelvic
sizes) and financial revenue at slaughter age (loweight and/or less muscular
conformation) (Hanset, 1981). Therefore, solutitimst deal with the disadvantages of the
breed will be disturbed by the presence of antagenieffects between production
characteristics and calving ease difficulties (H@n$981). It is the greatest challenge within
the breed to deal with this kind of problems andimally find a consensus between these

antagonistic features.
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The double-muscled Belgian Blue beef breed is &eresting breed but is at the same time
controversial. The routinely applied caesarean@es criticized on animal welfare grounds.

Some farmers and breeders claim that there iskeolagrowth in the breed.

This work studies the two major points of criticssnm the DM-BBB breed, predominantly

using measurements, and suggests remedial measheasver deemed required.

At first, we focus on the problem of the routin@lgplied caesarean section. In dealing with

this problem, many questions and consideratiosg ahn this study, we consider:

1. whether it is possible to estimate inner pelviesibased on easily accessible external
body measurements;

2. the question whether natural calving is still feésin the DM-BBB breed.

Secondly, we deal with the live weight and dailyigi® gain issues in this breed. In this part

of the study, we look for:

1. live weight data and related genetic and phenotypatameters based on the
information collected on animals that are housedamventional farms and not on the
selection centres or on the top breeding farms;

2. body measurements that are a reflection not onlyivef weight but also of the
muscular conformation of the DM-BBB animals;

3. models, taking into account gender and age of thmal, which could predict live
weight out of the body measurements that are faiontde highly related to live

weight.
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Abstract

In the double-muscled Belgian Blue beef breed, a@es section is being applied systematically as a
management tool to prevent dystocia. As a mattdadif CS is the only possible way of calving ie threed.
High birth weight and a relatively small pelvic arare the main causes of dystocia and, in the DN8-BReed,
the reasons for the systematically applied CS.cBele for lower birth weight and larger pelvic sizenight
reduce dystocia and routine CS. Few data on inekicpsizes of pedigree animals are available. g sixternal
measurements to estimate the inner pelvic sizebtrbiggan option to resolve this problem. In thiglgt animals
of the DM-BBB breed were measured and weighed ondand in abattoirs. External and internal pesires
increased with live weight and age of the anim@ender has a significant influence on inner petvéts.
Increased muscular conformation was associated deitheased inner pelvic dimensions. Models withgivei
gender, age, withers height and outer pelvic W{d@ittirc) can be used to estimate inner pelvic siR@hetween
0.35 and 0.77). The estimated inner pelvic sizestisan be used to genetically evaluate pelvicgraithe DM-
BBB breed. Improving weight, WH and TcTc width ionsbination with lowering muscular conformation may
help to decrease the high rate of caesarean sectiba DM-BBB breed.

Keywords:Beef cattle; Belgian Blue; Body measurements; Belvi
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1. Introduction

High birth weight of the calf in combination withsmall size of the pelvic area of the dam is
the main cause of dystocia and increase incideh@SdqMénissier and Vissac, 1971; Laster,
1974; Meadowset al, 1994; Murrayet al, 1999). The routine CS has been criticised on
animal welfare grounds (Grommeeg al., 1995). Decreasing the incidence of dystocia
without using CS as a preventive management toolbsadone not only by selecting for
lower birth weights, but also by selecting for tegtpelvic height (PH), pelvic width (PW)
and/or pelvic area (PA; Greext al, 1988; Murrayet al, 1999). Genetic selection to change
these traits requires routine measurement.

The PH, PW and PA of DM animals are significantiyaler than those of non-DM animals
(Ménissier and Vissac, 1971). The proportion o€osa, being the combination of the pelvis,
the sacrum and the first two coccygeale vertelitathe total bone weight is also smaller in
DM cows than in non-DM cows (Shah&t al.,1991). The differences between non-DM and
DM animals are in the anterior pelvic plane. Thermaing of this anterior pelvic plane is
accompanied by a deformation, i.e. convergencén@filtac branches of the hip—bone, and
even an accentuation of the pelvic crest (Vistaal, 1973).

Measuring inner pelvic sizes on living animals tendone by using a pelvimeter (Rice and
Wiltbank, 1972; Schwabe and Hall, 1989; Kriesé al., 1994). The most common
measurements taken are: PH (the narrowest distagteeeen sacrum and pelvic crest) and
PW (broadest points between right and left iliaanohes of the hip—bone) (Taylet al.,
1975; Nevilleet al., 1978; Brownet al., 1982). The pelvic area is defined as the product of
the measured PH and PW (Morrisetnal., 1986). Murrayet al. (1999) measured not only PH
and PW, but also the external distance betweenmtb&t lateral points of the tuber coxae
(TcTc) and the external distance between the tabrae and tuber ischii (TcTi). Rice and
Wiltbank (1972) measured pelvic sizes of carcagses-DM Aberdeen Angus) before they
were halved to see whether there was a meaningftglation with the measurements of live
animals. Except for Murragt al. (1999), most studies have examined non-DM beefecatt
and where DM cattle were investigated, breeds dtiean the DM Belgian Blue beef (BBB)
breed were examined.

Because of the fact that natural calving is no é&ngresent in the breed, selection for
decreased CS can, primarily only be done indireetiing internal pelvic sizes of the dam

and birth traits of the calf as basic data.
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The routine collection of sufficient data of intatpelvic sizeper rectumas done by Murray
et al (1999), on animals of known pedigree, for a genetaluation may pose a problem.
Although risk can be minimised (Ménissier and VissED71), measuring internal pelvic sizes
per rectumis both time-consuming and not without risk for thkeeeding animals and the
technician. Internal measurements can also be blefoee (Rice and Wiltbank, 1972) or after
slaughter. With this approach, one should be awére fact that many of the presented
animals have no known pedigree, making these ds¢dess for genetic evaluation. This
means that an easier and more accessible metradlect sufficient data on internal pelvic
sizes of animals of known pedigree for the DM-BBBeddl is needed in order to start
selection for wider internal pelvic sizes. Seeihgtta regression model is available, it is
possible to estimate inner pelvic sizes from extEbody sizes.

The aim of this paper is to serve as a guidelimedfeveloping such a model (or models).
Some models have been developed and presentecdaples. There is a description of the
way in which the necessary data to develop thesdelmocan be collected. The results
obtained from this preliminary study can be of helpen discussing the overall breeding
policy in the DM-BBB breed.

2. Materials and methods

2.1. Animals

The number of observations is presented in Table 1.

Table 1. Number of observations (range of agesiohals in days is given in parentheses).

External body measurements Internal pelvic memsents
*Abattoirs 1 192 (228-3234) 192 (228-3234)
2 e 140 (609-4251)
3 200 (449-9%¢) e
**Farm 1 165 (1-2478) e
2 109 (unknown) e

*Abattoir 1 = Melle; abattoir 2 = Zele; abattoir 3 Verbiest (Izegem).
**Farm 1 = 2 DM-BBB farms near Ghent; Farm 2 = Chits of Ambulatory Clinic of Veterinary Faculty in
Ghent breeding DM-BBB.

All animals were of the DM-BBB breed and data wgethered over a period of six years
(1995-2001), either at abattoirs (three) or at f&aftwo). In total, external body measurements

of 666 animals were available, of which 109 had age information. Internal body
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measurements of 332 animals were available. Oketh#82 animals had both external and
internal body measurements. Pedigree informatios aveilable on only a small number of
the farm animals. The age ranged from 1 to 2478 @layanimals on farms, and from 228 to
4251 days for animals at the abattoirs. The slargidte minus the birth date mentioned on
the identification card of the animals was useddlrulate the ages of the animals. The 109
animals with no age information had either questia birth dates or no accessible 1D card.
The abattoirs and farms mentioned were the onlys ami#ling to co-operate. In abattoir 1,
pre-mortem and post-mortem measurements were posaiid allowed. In abattoir 2,
accommodation was inadequate for pre-mortem measunts. Abattoir 3 did not provide

access to the carcasses for hygienic reasons.

2.2. Measurements

The external body measurements, weights, extemalrdgernal pelvic sizes that were taken
are described in Table 2.

The internal pelvic measurements were done on Hataecasses. This means that PW could
not be measured. All measurements were taken asmgasuring-rod or measuring-tape. In
total, 4 different inspectors helped to collectstneveights and measurements. They had been
well instructed by the chief inspector at the outse

The visual appreciation of muscular conformationl &t percentage of the carcasses was
done by the inspector of the abattoir accordinghto SEUROP classification method of the
European Community (Anonymous, 1991; S = extremscaularity to P = dairy type; 1= low
fat content to 5 = extreme fat).

One inspector gathered external body measuremenigek as internal pelvic sizes on 192
animals. The different pre-mortem and post-morteeasnrements were done within a time
lapse of 24 hours. These 192 animals, 186 animitiisam S (extreme muscular hypertrophy)
or E (plain muscular hypertrophy) classification reveestricted to the so-called abattoir
population. Measurements on the farms were dotfeedteginning of the winter season when
animals were housed. Abattoir measurements were dona weekly basis in November

(winter).
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Table 2External body measurements and weights, and extandginternal pelvic sizes of female (above) and
male (below) DM-BBB cattle.

Trait N Min. Max. Mean SE Median
External WH (cm) 174 64 140 122 20 129
319 73 140 122 15 128
SW(cm) 174 18 81 58 14 64
319 20 80 63 11 66
BcW (cm) 158 19 76 61 12 66
304 18 76 60 8 63
HG (cm) 174 78 272 205 50 226
319 78 254 198 34 204
LW (kg) 174 38 986 583 258 677
319 38 1081 622 200 673
CW (kg) ) 269 293 660 468 57 473
260 200 739 467 57 469
TcTc (cm) 225 15 66 50 10 54
319 15 67 51 10 54
TiTi (cm) 207 5 23 13 2.2 13
94 6 19 10 2.3 10
Internal  PH (cm) 269 17 29 23 2.4 23
58 16 25 21 15 21
Pusca (cm) 269 21 31 25 1.8 25
60 19 27 24 1.6 23
Isscr (cm) 269 31 42 37 2.1 37
60 26 42 34 2.4 33
Issca (cm) 269 15 26 21 1.9 21
60 16 23 19 15 19
Sym (cm) 269 17 29 19 1.0 19
60 16 23 19 1.2 19
Sac (cm) 269 22 31 27 1.3 27
60 20 30 25 1.6 25

WH: withers height; SW: shoulder width (distancéwsen broadest points of the shoulder); BcW: baickhw
(distance between the broadest points of the hiadgts); HG: heart girth (measuring half of the hegirth
following the muscles on the thorax and then miyitijg by two); LW: live weight; CW: carcass weighTc:

the external distance between the most lateraltpaifithe tuber coxae; TiTi: the internal distarmtween the
tuber ischii; PH or Puscra: pelvic height (pubis sacrum cranialis); Pusca: pubis to sacrum caudalsscr:
ischium to sacrum cranialis; Issca: ischium to saorcaudalis; Sym: length of the symfysis; Sac:tleing the
sacrum. N: number of animals; SE: standard error.

2.3. Statistics

SPSS 9.0 for Windows was used to explore and amdhysdata phenotypically. Correlations
between the external measurements, as well astdal measurements, and weights were
determined both with and without adjustments foe ag weight effects. The correlations
between internal and external measurements weesl lwasthe data of the abattoir population.
To see whether SEUROP classification (S and E mals) or gender influenced the internal

traits, a general linear model was developed whieeefixed effects were gender, SEUROP
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classification and the interaction between gender SEUROP, and with the co-variates age
and weight (live weight or carcass weight).

Data of the abattoir population were used to dgvetaltiple regression models that estimate
inner pelvic sizes from easily accessible extenm@#lasurements. The stepwise multiple
regression method was used. The influence of tlkewses incorporated in the model by
implementing the gender as an independent dummgblar(0 for the male and 1 for the
female). In the case of age, a hyperbolic functias found and a transformation (1/Age) was
therefore done. The trait ‘SW’ was not implementadthe model because preliminary
graphical examination showed no clear relationskih any of the six internal pelvic
measurements. As the data of the abattoir populatiere collected by only one inspector,
this effect was not included in the model. Diffaremodels were developed to estimate the
inner pelvic sizes and the reliability of theseireations and the estimation errors were

calculated.

3. Results

3.1. Descriptive statistics

Table 2 shows descriptive statistics for all theeexal and internal measurements. Of the
females with a known classification for carcassfeonation, 55.4 % were classified under

“S” and 42.4 % were classified under “E”. Of thelesa 67.2 % were classified under “S” and

31.7 % under “E”. Females showed a higher levéabtieposition on the carcass (4.6% class
“1”; 53.8 % class “2”; 40.8 % class “3") than mal@&s1% class “1”; 79.4 % class “2"; 15.2 %

class “3").

3.2. Simple Correlations

Simple correlations between the external and ialgualvic sizes are illustrated in Table 3.
It is clear that TcTc has a high correlation nolyomith pelvic height (male = 0.62 and
femaler = 0.47, both p < 0.01), but also with other inpelvic sizes in the male populatian (
0.48 t0 0.68; p < 0.01).
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Table 3.Simple correlations (diagonally above) and coretet adjusted for age and weight (diagonally below)
between the external and internal pelvic sizes tfr female (above) and the male (below) population
considered.

Trait External Internal
TcTc TiTi PH Issca Pusca Isscr Sym Sac
External TcTc 0.62** 0.47** 0.25** 0.37* 0.48**  0.28** 0.44**
0.75** 0.62** 0.48** 0.55** 0.68*  061** 0.59**
TiTi 0.1 0.13 0.22*  0.33* 0.12 0.19* 0.20*
0.1 0.45**  0.43** 0.32* 0.38** 0.19 0.24
Internal  Puscra 0.18* -0.07 0.64**  0.54* 0.80**  0.19** 0.47*
0.21  0.26* 0.68**  0.60** 0.86**  0.58** 0.68**
Issca -0.06 0.08 0.26** 0.73* 0.60**  0.29** 0.36**
0.03 025 0.33* 0.55** 0.71*  0.58** 0.43**
Pusca 0.06 0.22* 0.06 0.47** 0.36**  0.35* 0.58**
0.08 0.09 0.14 0.16 0.62**  0.71* 0.75*
Isscr 0.17* -0.09 0.71* 0.20* -0.16 0.55** 0.55**
0.25 0.10 0.60* 0.35** 0.05 0.80** 0.80**
Sym 0.02 0.04 0.05 0.09 0.24** 0.40** 0.45*
0.12 -0.15 -0.00 0.15 -0.00 0.46** 0.72**
Sac 0.25** 0.07 0.29* 0.04 0.44** 0.25*  0.28**

0.14 -0.05 0.26* -0.14  0.48* 0.49**  0.32*

TcTc: the external distance between the most laoats of the tuber coxae; TiTi: the distanceviestn the
tuber ischii; PH or Puscra: pelvic height (pubis$acrum cranialis); Issca: ischium to sacrum caustaPusca:
pubis to sacrum caudalis; Isscr: ischium to sacraranialis; Sym: length of the symfysis; Sac: lengththe
sacrum.

A highly significant simple correlatiorr & 0.91; p < 0.01) was found between live weight
and carcass weight in both the female and male lpopuo. Live weight showed a highly
significant correlationr(= 0.89; p < 0.01) with the four external body measunts for
males and females. For the two external pelvicssitteere was a high correlatiorwith live
weight of at least 0.74 (p < 0.01). There wereeddhces between the correlations of LW with
the internal pelvic sizes in the male populatios 0.66; p < 0.01) and the female population
(r between 0.45 to 0.6; p < 0.01). The significamtelations found between age and all the
external traitsr(= 0.54 to 0.87; p < 0.01) were higher than thesdioend between age and
the internal pelvic sizes (r between 0.15 to 063;0.01).

3.3. Adjusted Correlations

Correlations between the external and internal ipedizes, adjusted for age and weight
effects, are shown in Table 3. Only very few adjdstorrelations remain significant,

highlighting the high correlation between innervielsizes and LW. In males and females,
the significant adjusted correlations show that @th PH, Isscr and Sym) and BcW (with
PH) have significant negative correlatioms=— 0.25; p < 0.01). WH has positive low (
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between 0.17 to 0.26; p < 0.01), but significadfusted correlations with inner pelvic sizes,
indicating that taller animals, irrespective ofitHaV, tended towards wider pelvic sizes. All
the external body measurements had positive padraélations with both the external pelvic
measurements petween 0.28 to 0.59; p < 0.01).

3.4. General Linear Model

Gender and muscular conformation, expressed as SIPURRassification, have significant (p

< 0.01) effects on internal pelvic sizes. It wadydior Pusca and Issca that no significant
effect of conformation was found.

3.5. Multiple regression-models

Table 4 shows different models to estimate innéripsizes from external body sizes.

Table 4. Models to predict inner pelvic sizes freasily accessible external body measurements.

Y  Model Rz SE
PH Y =11.863 + 1.98*gender — 2024/age + 0.07*WBL.B047*LW 0.77 1.16
PH Y = 8.08 + 1.42*gender — 2379/age + 0.103*WHG69*TcTc 0.76 1.17
PH Y =9.04 + 1.49*gender — 2681/age + 0.126*WH 50.7.19
Isscr Y =13.22 + 2.11*gender — 1176/age + 0.134 ¥QHD0O8*LW 0.72 1.41
Isscr Y =7.12 + 1.19*gender — 1898/age + 0.197*WH0O92*TcTc 0.70 1.46
Isscr Y =8.40 + 1.29*gender — 2300/age + 0.228*WH 0.69 1.49
Issca Y=7.219 +1.66*gender —1134/age + 0.07*WHI48rcTc + 0.004 LW 0.661.25
Issca Y =5.92 + 1.46*gender — 1816/age + 0.128*WH 0.64 1.28
Pusca Y =10.53 + 1.3*gender — 894/age + 0.079*WH16*TcTc + 0.004 LW 0.591.30
Pusca Y =9.22 + 1.10*gender —1625/age + 0.134*WH .56 01.34
Sac Y =10.58 — 1034/age + 0.102*WH + 0.071* TcTc .460 1.15
Sym Y =751+ 0.070*WH + 0.0038*LW 0.40 0.82
Sym Y =3.25+ 0.125*WH 0.35 0.86

PH or Puscra: pelvic height (pubis to sacrum ciemjalsscr: ischium to sacrum cranialis; Isscahism to
sacrum caudalis; Pusca: pubis to sacrum caudais; I8ngth of the sacrum; Sym: length of the synsphy
Gender: male = 0 and female = 1; WH: Withers heigh¥: Live Weight; TcTc: the external distance betm
the most lateral points of the tuber coxB&;adjuste® square; SE: Standard error of the estimate (cm);

For all the models shown, the assumptions of nodisatibution and homoscedascity of the
dependent variable were fulfilled. It is clear frahese models that especially the external
traits LW, TcTc and WH are good estimators of inédmelvic sizes, confirming the simple
and adjusted correlations.
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4. Discussion

The purpose of this investigation was to draw wuiaeline to develop a model that can help
estimate inner pelvic sizes from external body masmsent and to describe a method to
collect the data needed for the development of smcllel. Because correlations exist
between external body traits (LW, TcTc and WH) amernal pelvic sizes, models can be
developed as shown. Repeating the measurementsattoiaanimals on a much larger scale
can help create a model that is representativdeftatal DM-BBB breed. This model can
then be used to estimate inner pelvic sizes frotereal body traits taken from numerous
pedigree animals. These estimated inner pelvicsiae be genetically evaluated and finally
result in estimated breeding values to be useelgcgon. Using male data as well increases
the total amount of available data, and therefloeer¢liability of a genetic evaluation.

When repeating the research to create a representabdel for the DM-BBB breed, one
should remember that it will be breed-specific. &fds known to influence pelvic traits
(Bellowset al., 1971; Laster, 1974; Browet al.,1982 and Morrisoret al, 1986). Focusing
on females between 24 months (first parity) andmihths (third parity and mature) and
males between 18 and 24 months (slaughtering agedévelopment of separate models for
males and females should be considered. Gendeffisigmly influences pelvic sizes (this
study) and age influences variation of the pehze gthis study; Glazet al.,1994). When
measuring TcTc, a clear distinction must be madd.cTcan be measured not only on the
ventro-lateral (Murrayet al., 1999; this investigation), but also on the dorsadialepoint of
the tuber coxae. Measuring before the carcasssdhanay result in an additional important
inner pelvic trait (pelvic width).

The fact that the results of Murray al. (1999) have been confirmed by the results of this
study increases the possibility that the resultsboth studies are very likely to be
representative of the breed.

Once a representative model confirming the beshagirs of inner pelvic sizes, namely LW,
WH and TcTc has been created, collecting weight Bt on a routine basis, as is already
being done for WH (Hansett al, 1990; Gengleet al., 1995; Leroy and Michaux, 1999),
should be encouraged. Tuber coxae measurementkl stmitbe done on DM—BBB animals
around calving time, because there are pelvic dmatitat can bias the results (Ménissier and
Vissac, 1971; Murragt al. 1999).

The method described to obtain a large quantitdadh on pelvic traits indirectly is much
more accessible than the direct method of pelviyna$r presented by Murragt al. (1999).
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The inspector needs no veterinary skills and tlieie limited risk for the animals. What is
more, internal pelvic height and pelvic width measoents have a lower repeatability (0.61
and 0.49, respectively) than external measuremgh# to 0.96; Ménissier and Vissac,
1971).

The negative-adjusted correlation of SW and BcWhBdC traits, with inner pelvic sizes,
and the result of the general linear model, indidhtt increased MC within the DM-BBB
breed is related with decreased inner pelvic dino@ss However, it must be made clear that
in DM-BBB breed, animals having the same SW (aretefore comparable MC), show a
great variety of pelvic height.

Recent research by Hangtal. (2001) shows that average weight in the DM—-BBB bree
keeps decreasing but conformation is still risimbis negatively influences PH and other
inner pelvic traits, thereby increasing the degregystocia in the DM-BBB breed even more.
To improve the rate of natural calving in the DM-BRBattle, selection must be adapted. A
possible adaptation would be the creation of a éhsuckler breeding cows, with a strong
emphasis on maternal calving ease, high weighte WitlTc, acceptable MC and good height.
From an economic point of view, it is worthwhilensidering the creation of a line with a
strong emphasis on beef characteristics (extremgani@ direct calving ease (low weight and

muscular conformation at birth) to breed with thieeding suckler line.
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Abstract

In the double-muscled Belgian Blue beef breed, a@as section is used as a routine managementdool
prevent dystocia. This practice is criticized oninzal welfare grounds. With unassisted (natural}thisir
difficulties arise because of disproportion betwé@nsizes of the newborn and inner pelvic sizehefdam. In
this study external morphological traits of newlmare compared with inner morphological traitshed tdam.
Results of this study indicate that in the DM-BBEdd, CS is the only means to successful calvihgréfore,
no calving ease scores are available to seleckefs dystocia in this breed. Selection for fewer r@$st be
achieved by focusing on lower birth weight (BW) affetreased muscular conformation at birth, bothrigaa
sufficiently high heritability. Simultaneously, pid sizes of the dam should be increased. It ig likely that
the look of the DM-BBB breed will change when séleg for less dystocia.

Keyword: Caesarean section; Inner pelvic sizesgiea morphological traits
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1. Introduction

Citizens criticize routinely applied caesareansaaimal welfare grounds (Grommess al.,
1995; Christiansen and Sara 2000). Because of European legislation, it carexpected
that, in the DM-BBB breed, the Herd Book will fihabe forced to select against routine CS
(Lips et al.,2001).

Muscular hypertrophy is characterized by high fbatal early post-natal muscle growth. At
later age, growth is influenced negatively. Thisses an imbalance between the size of the
hindquarter and shoulder of the calf and the pedvea size of the dam (Vissatal. 1973;
Hanset, 1981), increasing the incidence of caldiifjculties and the wish to preventively
perform routine CS (Arthuet al., 1988; Nugentt al., 1991; Rice, 1994). In the double-
muscled branch of the BBB, birth by CS has beconbeeading peculiarity (Hanset, 1981;
Nicks et al., 1999), being performed as a matter of routinegesgfly in order to minimize
risks for both mother and calf (Michaux and Han$686).

Although in literature, incompatibility of the sgeof the foetus and the dam’s pelvis is
mentioned as the most important cause of dystoclzeef cattle (Rice, 1994), no combined
measurements of both sizes are described. Onlwéight of both the dam and the calf are
compared, as in the classical study of Joubertamdmond (Rice, 1994), or only pelvic sizes
are mentioned (Murragt al, 1999). Body traits of newborns have not been oreas
especially not in the DM-BBB breed.

The aim of this research is to compare externalphmmogical traits of newborns to inner
morphological traits of dams of the DM-BBB breeddato see, purely geometrically, if
natural calving in the DM-BBB breed is still podsib

2. Material and methods

2.1. Animals

The number of observations is presented in Table 1

All animals were of the DM-BBB breed and data wgeghered over a period of 6 years
(1995 to 2001). Two herds had a large number oémasions. A large group of herds (75) in
northern Belgium had only a low number of obsensziper herd. In the analysis this latter
group was treated as one common herd. The datctadl in herds 1 and 2 were spread over
the six-year period, while the data in herd 3 weakected only during the year 1999. Most
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Table 1. Number of observations.

Herd number BW and BT BWy BT only Total

Herd 1 203 336 - 539
Herd 2 35 113 - 148
Herd 3 181 323 32 536
Total 419 772 32 1223

Herd 1: Oostwinkel; Herd 2: Waarschoot; Herd 3: qaitation of 75 herds in northern part of Belgium\B
birth weight; BT: body conformation measurements.

calves were therefore measured and/or weighedah ytbar. Calves were born mostly in
winter (541). In total, 1191 calves (572 males &t8 females) were weighed directly after
birth. Body conformation measurements were perfdroe 419 of these calves within 48
hours after birth. Thirty-two other calves were sw@ad, but their birth weights (BW) were
not recorded, which means that 451 calves had knmwdy conformation measurements at
birth. In total, data were available on 1223 calves

In total 79 calves had an unknown pedigree; oné¢ydine information was available on 453
and 691 had a known sire and dam. In total 41 sie¥e used. Nine were natural service sires
having between 50 to 60 descendants each. Spreadaththree herds, some dams (= 21),
being embryo transplantation donors, had an avesd@e78 calves. All other calves (611)
had a different dam. Out of these 611 different slail3 had no additional pedigree
information available.

The dams, whose internal pelvic heights were usedttie comparison with the body
conformation measurements of the calves, are selexit the ones described by Coopraain
al. (2003). They are all of the DM-BBB breed.

2.2. Measurements

Birth weights were gathered directly after birttheTfour body conformation traits measured

are: Withers height, shoulder width (distance betwéhe broadest points of the shoulder),
width of the hind quarter (distance between thetdest points of the hind quarters) and heart
girth (measuring the left half of the heart girtildwing the muscles on the thorax and then
multiplying by two). They were measured within 48uns after birth. All measurements were

taken using a measuring rod or measuring tape. hlisthed data reveal a repeatability of >

0.9 within and between inspectors for these kiffda@asurements. Three different inspectors

did the data collection in herd 3. Only one inspedid the data collection in Herds 1 and 2.
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For one animal, BcW, WH and SW were excluded frammdata set. The WH of eleven other

animals was not available.

2.3. Statistics

SPSS 10.0 for Windows was used to explore and amdlye data phenotypically. Simple
phenotypic correlations between birth weight andhbiraits were calculated once for the
female and male calves separately and once foovbeall population. Correlations with the
birth weight held constant, were calculated oncdlfe male and females separately and once
for the total population of newborns as well.

A linear model to estimate BW out of the four bamhynformation traits was developed. The
stepwise multiple regression method was used. &figege to different inspectors, herd, year
and season of birth were evaluated. Gender wagpacated in the model as a dummy
variable (male = 0; female =1).

Out of the 232 DM-BBB animals that had internalvielmeasurements (Coopma al.
2003), 190 females with ages of between 671 (cglein22 months) and 1,830 (calving at 5
years) days and having a SEUROP classification@f 5 (Anonymous1991) were selected.
Internal pelvic height within this group rangedrfrd.8 to 28 cm. This group was divided into
four groups of different parity. The mean, minimamd maximum values of pelvic height of

each group were calculated.

2.4. Genetic parameters estimation

Genetic parameters for birth weight and externalybmeasurements were estimated using an
animal model, including the animals having unknosvnincomplete pedigree information.
They were listed in the pedigree file having annown sire and/or dam (= 0). Preliminary
calculations showed no maternal effects on anyheftirth traits considered; therefore this
effect was not included. Effects included in thedelowere herd (3), year (1996-2002) and
season of birth (1-4), as well as sex and inspg@prHeritability and genetic correlations
between all birth traits considered were estimatgdg REMLF 90 (Misztal, 2002).

3. Results

The features of the weights and the four body aonédion traits of female and male DM-
BBB calves at birth are listed in Table 2.
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Table 2. Weight and external body measurementsMfBBB calves (males first line; females second Jiaé
birth.

Trait N Mean SD  Min. Max.
Birth weight (kg) 572 51.58 8.26 28 81
619 47.60 7.52 23 77
Withers height (cm) 181 72.15 4.39 57 82
226 71.17 4.22 54 84
Shoulder width (cm) 189 24.76 2.44 17 33
229 23.76 2.44 18 33
Back width (cm) 189 25.96 2.53 18 34
229 25.56 251 19 34
Heart girth (cm) 189 86.90 7.84 63 104
230 85.59 6.02 70 100

N, number of animals; SD, standard deviation

The phenotypic correlations on the total populato& described in Table 3. The phenotypic
correlations calculated on the female and male ladipa were similar to the ones calculated
for the total population. That's why they are noegented separately. The genetic correlations
and heritability (h?) estimates of the five birthits are also listed in Table 3.

Table 3. Correlations between weight and measurenarbirth. Above diagonal genetic correlationsndath

diagonal, phenotypic correlations, with the cotieles with BW held constant for the overall popidaton the
second line. The heritability estimates (h?) aretendiagonal.

Trait \B WH SW BcW HG
Birth weight 0.33 0.19 0.56 0.48 0.35
Withers height 0.67 0.68 0.62 0.49 0.52
Shoulder width 0.71 0.50 0.75 0.98 0.72
Back width 0.69 0.51 0.84 0.73 0.72
0.68
Heart girth 0.56 0.59 0.40 0.33 0.82
0.32 -0.12

All phenotypic correlations are significant at P0s001; except for HG-BcW (P < 0.05).

Creating the linear model, it was found that byéar, birth season, herd or inspector had no
effect on the BW, but gender did. The four body foomation traits measured at birth
significantly influence BW, as can also be seerTable 3. Both gender and BcW were
excluded from the multiple regression models beedhere was no additional reliability of
the model. Birth weight can therefore be estimatéti a reliability of 0.68 (R2) and with a
standard error of +/- 4.8 kg out of three body oomiation measurements at birth. The
assumption of normal distribution and homoscedgsoit the dependent variable was
fulfilled. The following formula can be used:
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BW =-54.74 + 1.668*SW + 0.639*WH + 0.228*HG

In Table 4, mean, minimum and maximum values ofaégiven according to parity.

Table 4. Mean, minimum and maximum values of pelvic heigt) over different parities.

Parity group N Mean SD. Min. Max
1 6 22.5 1.25 20 24
2 64 21.8 2.03 18 26
3 35 224 2.35 18 27
4 85 234 2.02 20 28

1, 22-28 months (first parity); 2, 28-36 monthsc(eed parity); 3, 36-42 months (third parity); 4,-52 months
(fourth parity); N, number of animals; SD, standateviation.

4. Discussion and conclusion

The aim of this research was to compare externaphwdogical traits of newborns to inner
morphological traits of dams of the DM-BBB breeddato see, purely geometrically, if
natural calving in the DM-BBB breed is still podsibTo some, CS is performed out of ease,
is time saving and is not always necessary. Damsotiget the proper time to prepare for a
natural birth anymore. Therefore frequency of C®usth be much higher than really
necessary and different calving ease scores shtilllde available in this breed, whenever
needed.

The results indicate that birth weights in DM-BBBebd are high and in 20 % of the cases
can be defined as foetal gigantism, being a wengiher than 59 kg at birth (Holland and
Odde 1992). According to Hanset (2002), mortalitysuch calves is higher than average.
Extremely bulky calves were also found.

Visually, it is clear that the width of the hindgteas and the shoulder width are the broadest
points of a newborn DM-BBB calf. On average, thé\Bis broader than the SW (Table 2).
Therefore, the hindquarter, geometrically speakimthe limiting factor for natural calving as
seen from the calf's side. It is known from literat that pelvic height is wider than pelvic
width (Morrisonet al., 1986; Murrayet al. 1999), making pelvic height the limiting factor as
seen from the dam's side. Comparison of the eXtdody traits of the newborn and the
internal pelvic size of the dam can therefore betéd to the width of the hindquarter and the
pelvic height, when geometrically considering natwalving ability. On average (Table 2)
and individually (database), BcW of the DM-BBB aadvis too broad to pass the pelvic
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height (Table 4) of the DM-BBB dams investigatedthis study. Maximum values of the
hindquarter width of the calves are far beyondrfaximum pelvic height values of the dams
considered. Within the DM-BBB breed these resulésiadications of incompatibility in the
sizes of the pelvis of both the foetus and the danhthis is, besides other causes, the single
most important cause of dystocia in beef cattlecdR1994). Considering the facts that the
weight of the dam is positively correlated not omligh the pelvic height (Coopmaet al.,
2003), but also with the weight of the calf (RicelaViltbank, 1972; Tayloet al.,1975), and
that the birth weight positively correlates wittetiwvidth of the hind quarter (r = 0.69; p <
0.001), it is not to be expected that small calvilsbe born out of large dams. This therefore
indicates that there is a low chance that natwiairg will occur.

It can therefore be concluded that birth by CS lwe tDM-BBB breed, performed
systematically at rates between 96.06 to 99.21 %ngdt, 2002), and considered as a
management tool, is indeed the only means andaptign to successful calving. Therefore,
no calving ease scores, as used in many other dir@etdlersoret al., 1993; Wanget al.,
1997; Carniert al., 2000), are available to select for less dystocighen DM-BBB breed.
Although Burfeninget al. (1978) and Hanset (1981) prefer selection usirlginga ease
scores, selection for less dystocia and fewer @se DM-BBB breed can only be achieved
by increasing internal pelvic sizes of the dam bypdowering the weight and/or size of the
newborn calf. Internal pelvic sizes have a hightability (Andersonet al.,1993; Morrisoret

al., 1986), as do the body conformation traits and weagtbirth (Table 3; Andersoet al.,
1993; Glazeet al.,1994; Arthuret al., 1997), making this approach possible.

Focusing selection on a lower birth weight in theldBBB breed will cause calves to have
smaller shoulders { = 0.56) and hindquartersy(= 0.48) and therefore to be less muscular at
birth, but not very much shorteryE 0.19). Selection may also be focused on MC (BeW a
SW), thus creating another, smaller type of newligyBcW-WH = 0.49).

When selecting for lower birth weight, one shoulot produce calves of < 36 kg. The
mortality rate in this group increases (Holland abdde, 1992; Hanset, 2002) and the
probability that one is selecting for insufficiegtowth (Naazieet al., 1991) and even
dwarfism (Anthonyet al., 1995), increases. Taking into account the increasedality rate
for calves over 56 kg (Hanset, 2002), a recommeerdalnge for the birth weight is therefore
between 36 and 56 kg. Restricting the statisticallysis to the calves within this range
teaches one that they have a mean value of thé widhe hindquarter of 25.06 +/- 2.13 cm.
For the females investigated in this study andetirh parity group (Table 4) this mean value

is still too large when geometrically consideringtural calving ability. This indicates that
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simultaneous selection according to birth weightt pelvic sizes is indeed necessary to solve
the problem.

Coopmanet al. (2003) have already suggested that dams shoulteleer, taller and less
muscular in order to have wider pelvic sizes. lis tticle, it is advised that calves should
weigh less and have less muscular conformatioiirtat @he look of the DM-BBB breed will
therefore inevitably change, and typical featuressent in the current DM-BBB breed may
change, as feared by Hanset (2002).

The creation of two lines within the DM-BBB breedaynbe the solution to combine
economical points of interest with the calving easguest. Coopmaet al. (2003) already
described this first line, the so-called "sucklérie. A second line must emphasize beef
characteristics (extreme muscular conformationlaightering age) and direct calving ease
(low weight and muscular conformation at birth aggested in this report). In order to create
such lines, there is an urgent need for a welltompal data collection within the DM-BBB
breed.
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Abstract

In the double—muscled Belgian Blue beef breedctiele focuses on muscular conformation and not erght
gain and higher weight. There are very few studiasgrowth in the DM-BBB breed using field records.
Therefore, farms have no available useful figuresneight at fixed ages and weight gain for the DBEB
breed. This study describes and evaluates liveM®igf DM-BBB animals. All the data were gatheredfarms

in Belgium. It was found that a male DM-BBB weighis average of 51 kg at birth, 98 kg at 3 monthg, &fat

7 months, 430 kg at 13 months and 627 kg at 20 ImsoBetween the age of 7 and 20 months, weight igain
more than 1200 g a day. Females weigh 47 kg dt,196 kg at 3 months, 189 kg at 7 months and 33tk
months. For males, estimates of heritability foights at 7, 13 and 20 months were between 0.2208@ The
heritability for weight gain between 13 and 20 nienivas 0.13. This demonstrates that it is possibéelect for
higher weights and for increased growth betweemrd® 20 months. Animals having high weights at angou
age (7 and 13 months) tend to have also high weigktaughtering age (20 monthgpetween 0.81 to 0.98),
but no additional growth between 13 and 20 monthbdtween -0.09 and 0.00). High weight at 20 monghs i
partially due to growth between 13 and 20 montlys(0.49).

Keywords: Beef breed; Belgian Blue; Live weight; ighe gain
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1. Introduction

The selling price in cattle is determined by thee liveight of the animal multiplied by its
value per kg live weight. In double-muscled cattites selling price is especially linked to the
live weight of the animal (Hanset and Leroy 19748%cause of the high value per kg LW
determined by the muscularity in this type of eatDespite this, selection in the DM-BBB
breed focuses primarily on muscular development littld on weight and weight gain
(Hansetet al., 2001). As a result, the genetic mean for weight weight gain in the breed
does not increase continuously (Hanseétal., 1989) and has even shown a significant
negative trend during the past few years (Haesat.,2001).

To counteract the negative trend, information omghteand weight gain is essential. In the
DM-BBB breed, this information is available, butlppartially. It is based on data collected
in the performance test of males in selection esn{Hanseet al., 1988; Genglert al.,
1995). Only in rare instances have data been deteat farms (Hansett al., 1988).
Therefore, breeders, farmers and consultants havecurrent sufficient and realistic
information on weights and weight gains at farms.

Weight records of male and female DM-BBB at différages collected at farms have been
used in this study. With these field records atagisg point, relevant information on weight
and weight gain at farm level may be obtained. éé&ht models were sought that would be
able to estimate the average weight at whateveriraghe DM-BBB population and that

would help to predict the weight of any DM-BBB am@ihat any age.

2. Materials and methods

2.1 Animals

All animals (10,100 intact males and 800 femalesjenof the DM-BBB breed. Live weights
were repeatedly gathered over a six-year time gpanuary 1996 — January 2002) using a
mobile balance. Information on date of birth, harpector, sex and age at weighing was
collected. All animals had a known sire and damdifidnal information on ancestors was
added from different sources.

As a result, 31 775 live weights were collected2@® DM-BBB herds in Belgium. Year of
birth ranged between 1987 and 2002. Altogether 4435/ %) animals were born in winter
(January — March), 2927 (29.5 %) in spring (Apriune), 1344 (13.5 %) in summer (July —
September) and 2494 (25.1 %) in autumn (OctobeeeeBber). The age at weighing of the

57



animals ranged from O (birth) to 3452 days (9.5ge& total of 10 inspectors participated in
collecting the weights. One group of inspectordectéd 28 906 live weights in the southern
part of Belgium. In the northern part of Belgiuimeoinspector collected 2253 live weights
while the remaining inspectors collected the date6fl6 in equal proportions. In total 30 766
weights of males and 1393 weights of females wemdlable. The number of weighing
sessions ranged from 1 to 11 per animal (an averbgdimes per animal).

Pedigree information of 23 139 animals was avadlalp to the birth year 1949.

2.2. Statistical analyses and data standardization

First the complete dataset was thoroughly explamedl scatter plots were studied separately
for females and males.

Secondly, in order to find models that estimatearerage weight at whatever age in the DM-
BBB population, the relationship between live weésghnd age was analysed. This was done
separately for males and females using the linegression procedure. In order to find the
best models, all data or data over certain agegenvere considered. Because segments of
the growth curve were non-linear, a transformatibage (age?) was considered.

Eventually, starting from the weights of all animalounger than 2 years old, standard
weights (LW) at 3, 7, 13 and 20 months were catedlausing a linear within animal
adjustment by interpolation between two consecutigghts and ages. The estimation of
LW3 was done using the data of animals betweem811&3 days of age. For LW?7, this age
interval was 153 - 305 days, for LW13 it was 30888 days and for LW20 the age interval
was 488 - 732 days.

The results of this standardization procedure dm dverage birth weight reported by
Coopmanet al. (2004) were used to estimate average daily growthDG — (birth to 3
months; ADG B-3; 3 to 7 months ADG 3-7; 7 to 13 nienADG 7-13, and 13 to 20 months
ADG 13-20) over the consecutive time spans. Thenptypic correlations were estimated
between the standardized records.

SPSS 11.0 for Windows (SPSS Inc., Chicago, IL, UBA3 used for all statistical analyses.

2.3. Estimation of genetic parameters

The characteristics LW7, LW13, LW20 and averagdydgiowth between 13 and 20 months
(ADG 13-20) of the male populatiomere used to obtain the genetic parameters using an
animal model. Only these traits were consideredabse there were at least 1000

observations. Preliminary calculations showed ndemal effects on any of the traits
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considered, so this effect was not included. A eongorary group effect was included in the

model based on herd, year, and season of birthsexdHeritability estimates and genetic

correlations between the traits considered wermattd using REMLF 90 (Misztal, 2002).

3. Results

Table 1 lists the different models used to estintlaéeexpected LW of an average DM-BBB

animal at whatever age. No reliable predictionverght was obtained for animals older than

20 months. The transformation of age improR8anly in two cases (model 5 and 6).

Table 1. Linear regression models to predict lieght of DM-BBB male and female (bold) animals #tedent
ages between birth and two years of age.

No. Model Age period R2

1 LW = 35.60 + 0.964*age 0-732 0.99
2 LW =42.96 + 0.704*age 0-732 0.92

3 LW = 50.92 + 0.508*age 0-91.5 0.54
4 LW =47.29 + 0.418*age 0-915 0.49

5 LW =51.42 + 0.006*age? 0-915 0.58
6 LW = 47.54 + 0.005*age? 0-915 0.51

7 LW = 46.64 + 0.870*age 0-2135 0.82
8 LW = 46.35 + 0.586*age 0-2135 0.86

9 LW = 13.73 + 1.054*age 91.5-213.5 0.40
10 LW = 25.55 + 0.728*age 91.5-2135 0.50
11 LW = 0.05 + 1.083*age 91.5-610 0.73
12 LW = 23.53 + 0.755*age 91.5-610 0.78
13 LW = 29.66 + 0.981*age 213.5-396.5 0.40
14 LW =-0.62 + 0.858*age 213.5-396.5 0.43
15 LW =0.813 + 1.082*age 213.5-610 0.98
16 LW = 32.15 + 0.738*age 213.5-610 0.58
17 LW = 63.38 + 0.912*age 213.5-732 0.95
18 LW = 28.93 + 0.748*age 213.5-732 0.56
19 LW = -3.46 + 1.09*age 396.5 - 610 0.36
20 LW =-50.05 + 0.893*age 396.5-610 0.29
21 LW = 110.37 + 0.854*age 396.5 - 732 0.38
22 LW = -45.74 + 0.884*age 396.5-732 0.48
23 LW = 526.35 + 0.187*age 610 - 732 0.00
24 LW =176.71 + 0.55*age 610 - 732 0.02

An overview of the average standard weights aod/tr between different ages, obtained by
the standardization procedure, can be found in€rabOnly the averages that are the results

of at least 30 standardized data have been listed.
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Table 2. Weights at fixed ages and weight gain betwfixed ages of DM-BBB males (first line) and tdes
(second line) obtained by using the standardizagirocedure.

Trait N Mean SD Min. Max.
LW3 (kg) 43 98 16 68 153
35 96 14 65 129
LW7 (kg) 1094 242 42 117 465
54 189 37 133 277
LW13 (kg) 4904 430 70 167 652
34 332 78 234 690
LW20 (kg) 2441 627 99 238 956
NA NA NA NA NA
ADG B-3 (g/day) 32 560 160 315 1087
33 555 140 283 815
ADG 7-13 (g/day) 172 1297 276 538 1910
NA NA NA NA NA
ADG 13-20 (g/day) 1020 1214 225 370 2004
NA NA NA NA NA

N: Number of data; SD: standard deviation; LW3:eliweight at 3 months; LW7: live weight at 7 months;
LW13: live weight at 13 months; LW20: live weigh2@ months; ADG B-3: average daily growth fromtiito

3 months; ADG 7-13: average daily growth from 7L®months; ADG 13-20: average daily growth fromtd.3
20 months; NA: not available.

Because of the standardization procedure in thdystaany weight records (42.75 %) remain
unused in the estimation of phenotypic and germmrameters for weight gain and weight at
fixed ages.

The phenotypic and genetic correlations and thidtdlity estimates are listed in Table 3.
Table 3.Estimates of genetic correlations (above the diafprheritability (on diagonal) and phenotypic
correlations (below diagonal) for life weights at1B and 20 months of age (LW 7, LW 13 and LW 2&) for

average daily gain between 13 and 20 months (ADQ@3 The phenotypic standard deviation is in tst |
column. The standard errors of estimates are ickieta. Only the male population was studied.

Traits LW7(SE) LW13(SE) LW 20 (SE) ADG 13-20 (SE)  Phenotypic SD
Lw 7 0.26 (0.03) 0.98 (0.11) 0.81 (0.12) -0.09§).1 32.1 (5.8) kg
LW 13 0.74 (0.05) 0.36 (0.04) 0.87 (0.12) 0.0099.1 50.7 (6.7) kg
LW 20 0.69 (0.05) 0.80 (0.05) 0.21 (0.03) 0.4990.1 75.2 (11.3) kg
ADG 13-20 0.33 (0.05) 0.22(0.05) 0.76 (0.05) 0a®3) 211.6 (23.8) g

LW 7: live weight at 7 months; LW 13: live weightl& months; LW 20: live weight at 20 months; ACE2D:
average daily growth from 13 to 20 months; SE: 8&d error of the estimate; SD: Standard deviation.

4. Discussion

The study deals with weights of male and female BBB animals. The animals were of
different ages and housed on farms. Starting floesé field records, relevant information on

weight and weight gain at farm level may be obtdineifferent models that estimate the
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average weight at any age in the DM-BBB populatiod that can help to predict the weight
of a DM-BBB animal at any age were sought for.

A linear regression model for males and femalesd@ghd and 2) was found that estimates
live weight between birth and 24 months with a highability (99 and 92 %). Despite this
high reliability, it is found that the birth weighhd weight at 3 months, predicted with model
1 or 2, differs from the average birth weight (Cow@met al.,2004) and the fixed weight at 3
months of age (Table 2). Therefore it is recommdnieuse other models (3—-8) that are
created using data from a shorter age intervalstonate weight at an early age. Within a
shorter age interval, growth is more linear andnegtion errors smaller. The differences
between the predicted weights at 7, 13 and 20 mspothtained by using the linear regression
models 1 and 2, and the standard weights at 7nd3®8@ months (Table 2) are rather small.
One can use model 1 and 2, but also other modelstimate LW for animals of age between
3 to 20 months with an acceptable accuracy.

Although it is obvious that estimation errors mightcur, the models with a sufficient
reliability are good candidates to be used as &tbeark in overall farm management and
selection. Weights of farm animals that are famobelalues which one might consider as
standard averages within the DM-BBB population baran indication that farm management
should be improved in order to achieve at leastatferage weight at a certain age. Animals
showing performance far above the expected figunéght be considered as potential
breeding animals.

Males at test stations were between 100 and 13tekgier at standardized ages than males
on farms (Hansett al., 1988; Genglert al., 1995). The average weights of males and
females at the standard ages (Table 2) are lowerttie field records presented by Haretet
al., (1988). This might be because the records of Harisa. (1988) were from farm animals
that were officially tested for breeding purposed that were highly ranked within the breed.
In our study, no such selection was done. Theretbeeresults of our study may represent a
more realistic situation of weights on farms.

According to Molinaet al. (1999), selection for weights at early age’s ressin satisfactory
results for weights at later ages. This is seeon aisthe DM-BBB breed. The genetic
correlations (LW7 — LW13 — LW20) in our study arieetgenetic correlations (W7 — W13)
found by Gengleet al.,(1995) support the finding.

Gengleret al. (1995) also found a strong negative genetic cdicglebetween average daily
weight gain (7 to 13 months) and weight at seventhm(-0.68). In our study, a negative, but

smaller, correlation between LW at seven monthsarmetage daily growth between 13 and
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20 months was found. Both negative correlationgatd that animals that are heavy at seven
months do not seem to grow more consistently at Eges.

The earlier heritability estimates for weight atefil age and daily gain in beef cattle (Winder
et al., 1990; Nunez-Domingueet al., 1993; Genglert al., 1995; Gregoryet al., 1995a;
1995b; Parnelet al., 1997; Kap<et al.,2000; Alberaet al.,2001), are slightly higher than the
figures found in our study. Still, these parametaes high enough to consider improving the
traits by selection. Heritability for final weigim DM-BBB animals estimated by Hanssit
al. (1987) agrees well with our estimate. Heritabitifydaily weight gain between 7 and 12-
13 months for DM-BBB males at the selection cehtie been found to be 0.55 (Genger
al., 1995), 0.44 (Hansedt al., 1987) and 0.29 (Hanset al., 2001). The daily weight gain
between 7 and 12-13 months at the selection cesflexts the daily weight gain between 13
to 20 months at farms. In both cases, bulls areaéetbitumand fattened. At the farm, daily
weight gain between 13 and 20 months seems leswbilerthan the daily weight gain
between 7 and 12-13 months for DM-BBB males at d$leéection centre. This is not
surprising, because the environmental variatiorthat farm is much higher than at the
selection centres. Also, the comparison of thetdaitity of final daily weight gain of DM-
BBB males between the selection centre and thesfasnmot directly possible because the
DM-BBB males at the selection centre and at then$aare fattened at different intervals of
age and length and with slightly different weightghe start and end of the fattening.

In the DM-BBB breed, selection is focused primaoly MC. For selection and monitoring,
breeding values for weight at 13 months are caledlaising field records of progeny of the
Al sires and are, together with MC, combined inEgsonomical Index (INEC; Leroy and
Michaux 1999). Considering the genetic correlatibeswveen the four growth traits in the
study, selection based on the INEC creates higlght®iat 20 months but no additional
growth between 13 and 20 months. Haretedl. (1987) made similar remarks. Using weight
at 20 months, selection for high weight at 7, 18 26 months is successful and results also
for weight gain between 13 and 20 months, which magk towards altering the genetic base
of late maturing animals. This genetic variatiomat used when focusing on weight at 13
months, which might induce the loss of this spedjienetic ability. The significant negative
genetic trend for growth, as seen in the past feary in this breed, (Hanset al., 2001)
might indicate the disappearance of the genetiergiat for the final growth. An INEC based
on MC, weight at 20 months or on LW13, LW20 andvgiobetween 13 and 20 months may
help to stop and reverse this negative trend. Higleghts at 20 months, combined with the

higher muscular conformation obtained in the lastadle, will increase the DM-BBB
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breeder’s financial income. It must also be empdwabkithat selection for increased final
growth in the DM-BBB breed will most likely increasnuscularity as well. Based on data in
the selection centres, Gengletr al., (1995) found a small, but positive, genetic catieh
between average daily growth and muscularity. $eledor increased growth between 13
and 20 months will therefore be beneficial for bothscularity and total income.

It is obvious that the standardization proceduredus this study leaves lots of records
outside the analysis in the phenotypic and genetrameter estimation. This is because the
distance between individual growth points in ages\wasome cases too long, especially in
LW at 3 months and growth between 3 and 7 monthsgef To better utilize the data, the
Brody or Richard’s non-linear growth function couteé used to estimate missing growth
points. One disadvantage of this estimation is la wwerestimation of weight, (Kaps al.,
2000) particularly below the age of 18 months. Veroome this problem, it might be better
to improve the organization of field data colleatim order to have data on a regular basis
[every month (Meyer 2000) or every three monthsb(§uerque & Meyer 2001)] and to
standardize the records as done in our study. Brgemtganizations should coordinate the
field data collection and farmers should adaptrtifrastructure to weigh animals more

easily and on a more regular basis.

5. Conclusions

Based on current and earlier results (Coopetaal., 2004), it may be concluded that at farm

level, male DM-BBB weigh on average 51 kg at bi@B,kg at 3 months, 242 kg at 7 months,
430 kg at 13 months and 628 kg at 20 months. Oragee a male DM-BBB animal grows

more than 1200 g per day between the ages of 7hmamd 20 months. On average, females
weigh 47 kg at birth, 96 kg at 3 months, 189 k@ atonths and 332 kg at 13 months. Female
growth rate is about 719 g per day from birth tomdi@nths. To predict the average weight at
other ages, different models can be used. Heliittgletimates show that selection for higher
weight at fixed age and for increased growth betwk® and 20 months is possible. Animals
having high weight at young age tend to have higiwights at slaughtering age, but do not

show any additional growth between 13 and 20 months
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Abstract

In the double-muscled Belgian Blue beef breed, evigtheight and hearth girth are routinely measuréd is
mainly done to prevent a decrease in growth pakewien selecting for increased muscular conformmatlhe
muscular conformation itself is subjectively scoréidwas questioned if additional body measuremens
improve the accuracy of estimating live weight amdether some of these body measurements may yield
information for evaluating the muscular conformatizence the slaughter value of a live animal. 1§ fieund
that hearth girth and shoulder width have a highetation with the live weight of slaughter bullhe width of
the hind quarters and withers height are good estim as well. Models combining these differenitsréo
estimate live weight have reliability up to 83%.08lder width and width of the hind quarters arec®d
reflection of the value of the slaughter bull, whis expressed as Euro per kg cold carcass wéigbtwithers
height is negatively correlated (r = - 0.40) wille tmuscular conformation of the slaughter bullsadtte girth
has no clear relation with the muscular confornmatithe four body traits, withers height, hearthtgishoulder
width and width of hind quarters are interestirgjts related to economical traits in the double-cteds Belgian
Blue beef breed. Using these body measurementddnt®n might be worthwhile to consider.

Key Words: Live weight; Muscular conformation; Booheasurements; Belgian Blue beef breed
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1. Introduction

In the double-muscled Belgian Blue beef breed, doalys such as WH and HG are gathered
on a routine base. The measured heart girth is iesedtimate the live weight of yearlings
(LW = 0.0005691*(HG)*®** Clauwerset al., 1999). This estimated LW is then used to
estimate the economical index (INEC) that ranksiegl insemination sires and that reflects
their genetic economic value. The WH of yearlindvea is measured as well and used to
calculate estimated breeding values for WH (Lenogt ®lichaux, 1999). The general idea of
measuring WH is to prevent this breed will losegtswth potential and to make sure final
weight of the animals remains satisfactory (Haesetl, 1990). Hansett al. (1988) showed

a strong relationship between weight and WH in lineed.

No other measurements are considered. The assdssfreaughter value of the yearlings,
another economical important trait, that is useddiimate the INEC as well, is the result of a
visual appraisal. It is expressed as Euro per kg &Wif the animal would be sold for
slaughter at the moment it is scored (Gengtaal, 1995).

A question that arises is whether additional imgatrtbody traits should be considered in
DM-BBB selection. Older literature data report @od relationships of LW with other body
traits (Vos, 1969). On the other hand, visual aigpia and the visual classification of traits
seem not to be very accurate (Ormeal, 1959). Objective (linear) measurements are
described as being good alternatives for visuatapal of beef type, carcass characteristics
and conformation scores (Broven al, 1950; Orme et al, 1959; Tallet al., 1959; Jansegt

al., 1985; Kmetet al., 2000; Marle-Kostert al., 2000). Therefore the question might be
restricted to whether there are body measurembatscain help improving the estimation of
LW and whether some of them are interesting tamlevaluate the slaughter value of a live
animal.

The aim of this report is to provide some backgobinformation on the relationship between
body measurements and traits that are of econoimigairtance in DM-BBB breeding. Based
on the results and conclusions of this preliminaxgestigation, implementation of body traits
other than WH and hearth girth, might be considéndtie selection of the DM-BBB breed.

2. Materials and methods

2.1. Animab
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During July, August and September of 1996, a grobi@nimals (N = 224; males) was

selected at one abattoir (Verbist 1zegem; Belgiudmimals were between 449 and 996 days
of age and belonged to the Belgian Blue beef br&kd.two inspectors who measured the
animals evaluated the DM phenotype visually. Onl Bnimals were considered. Therefore

it was concluded that all animals were DM-BBB ansna

2.2. Collection of raw data

The bulls were placed on an electronic balanceli@edveight was registered. Eleven body
conformation traits were recorded on the animailsgua measuring rod and tape:

withers height;

the external distance between the most lateratpoirthe tuber coxae;

shoulder width, the distance between the broadsstpof the shoulder;

width of the hind quarters, the distance betweerbtivadest points of the hind quarters;
heart depth (HD);

the length of the back (LB), measured from thet fuesrtebra of the tail up to the point

I e o

that's directly behind the line cutting the elboerpendicular;
7. thickness of the skin (TS), measured on the chetsnld the shoulder;
8. thickness of the tail (TT), measuring the broadkstance at the fifth vertebra of the tail,

©

heart girth, measured right behind the shouldezggbhalf of the heart girth following
the muscles on the thorax and then multiplied by, tw

10. most narrow circumference of the front long boreR) and

11. most narrow circumference of the rear long boreBR

After the bulls had been measured, they were staugth Before chilling, the carcass was
scored according to the SEUROP classification (Amoous, 1991; conformation class S =
extreme muscularity to P = poor; fat class 1= law dovering to 5 = extremely fat) and
weighed (warm carcass weight; WCW). Additional vireigy was done 48 hrs after slaughter
(cold carcass weight; CCW). Birth date, slaughtgedvalue of the cold carcass (Euro per kg
cold carcass weight) being the mean values paitébBelgian abattoirs in the year 1996 per

SEURORP class, were gathered as well.

2.3. Calculated data
Some of the live body measurements were combinedrder to derive a muscular
conformation trait (MCT) that could replace theafntial value of the animal estimated by

visual inspection. A first muscular conformatioaitr(MCT;) was designed as proposed by
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Hanset and Michaux (1985). According to these asth® high HG/WH is typical for beef
breeds. Two variants on this muscular conformatiait were designed; MGF BcW/WH
and MCT; = (HG*BcW)/WH. The width of the hindquarters wased as an alternative
because Ormet al. (1959) found significant correlations of 0.4 t& @p < 0.05) between
width measurements and percent primal cuts. Alg libdy trait is used as a reflection of
muscularity by inspectors judging financial valdebd1-BBB animals on contests and as part
of the progeny test on the farms (Leroy and Michdi99).

MCT,, MCT, and MCT were multiplied with LW to obtain an objective iestte of the total
value of the live animal (TVL=TVL,-TVL3). The total value of a slaughter animal (TVS) in
this study was the result of CCW * price per kg C@wd is considered as the gold standard.
Age was calculated using the birth date mentionedhe Sanitel identification card and the
slaughter date. Average daily weight gain (ADG) wakulated as the final LW lowered with
45 kg, the average birth weight of DM-BBB calvegiay and Michaux, 1999) divided by the
age ((Lw-45)/age).

2.4. Statistics

SPSS 11.0 for Windows was used to explore and sedhe raw and calculated data. Simple
correlations and, if needed, weight corrected ¢aticns between all traits considered were
calculated.

Stepwise multiple regression was applied to esamaty/ from a combination of body

measurements.

3. Results

One hundred and eighty one animals were classaiet®”, 31 as “E” and 12 as “U” and “R”".
Only six animals had fat coverage of 3, all otlelrswed a fat coverage of 2.
The mean, maximum, minimum and standard error bfwaights, measurements and

calculated data are listed in Table 1.
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Table 1. Descriptive statistics for the differendly traits, age, value per kg cold carcass weigHttatal value
of the slaughter animal.

Trait Mean s.d. Minimum Maximum N
WH 129.1 3.83 119 139 224
TcTc 56.6 4.15 42 67 223
SwW 66.8 4.18 52 79 224
BcwW 62.5 3.64 46 71 224
HD 72.5 3.07 61 80 219
LB 81.2 4.48 70 95 222
TS 1.2 0.18 0.8 1.7 214
TT 7.4 0.62 6.2 10.6 214
HG 203.3 7.40 178 226 217
FLB 22.6 1.00 20 25.5 213
RLB 24.1 1.00 22 26.5 216
LW 699 47.1 476 864 224
WCW 465.3 54.4 307.0 585 218
CCw 451.5 53.0 298 577 218
Age (days) 661 173.3 449 996 212
ADG (kg/day) 1.01 0.19 0.58 1.66 212
P (Euro) 3.47 0.24 2.52 3.56 157
TVS (Euro) 1570.18 124.20 1434.06 2056.82 217

WH: withers height; TcTc: the external distancevimsn the most lateral points of the tuber coxae; SW
shoulder width, the distance between the broadeisitp of the shoulder; BcW: width of the hind qeast the
distance between the broadest points of the hirartgrs; HD: heart depth; LB: the length of the back
measured from the first vertebra of the tail uptie point that's directly behind the line cuttinget elbow
perpendicular; TS: thickness of the skin, measunedhe chest behind the shoulder; TT: thicknestheftail,
measuring the broadest distance at the fifth vedetf the tail, HG: heart girth, measured right kel the
shoulders, being half of the heart girth followitige muscles on the thorax and then multiplied by, fALB:
most narrow circumference of the front long bonéBRmost narrow circumference of the rear long bone
WCW: warm carcass weight; CCW: cold carcass weiglXG: average daily weight gain; P: price per kgao
carcass weight; TVS: total value of the slaughteinel.

Not all animals allowed all measurements becauseseere hard to handle. Because of data
correction and lack of sufficient information thaas provided by the slaughterhouse, some
data are missing.

The significant phenotypic correlations betweendtferent data are listed in Table 2, 3 and
4.

WH had a significant (p < 0.05) positive correlatioith daily weight gain of 0.52. When MC
was held constant, this correlation between WHAIDG became 0.61.

Different models to estimate live weight out of padeasurements were obtained. Two such
models, one using HG, SW and WH (LW = -1349.5 885 + 8.33*SW + 5.71*WH) and
another one using SW, WH and HD (LW = -1180.7 +818W + 5.50*WH + 6.16 HD)
predict LW from body measurements with a reliapilif 0.83 and 0.81 and an estimation
error of 31.0 kg and 32.9 kg respectively. Modelduding other body traits were found as

well.
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Table 2. Simple correlations between the live bodasurements.

Trait LW WH TcTc SW BcW HD LB TS TT HG FLB

WH 0.63

TcTc 0.60 0.28

SW  0.78 0.33 0.61

BcwWw 0.63 0.24 0.75 0.70

HD 0.62 0.53 0.42 0.37 0.38

LB 0.40 0.39 0.09 0.20 0.03 0.32

TS 0.12 -0.02-0.03 0.00 -0.080.12 0.19

T 0.20 0.11 -0.080.05 -0.060.20 0.32 0.30

HG 0.80 0.50 0.36 0.65 0.44 0.54 0.44 0.17° 0.28

FLB 0.46 0.37 0.10 0.26 0.13 0.33 0.19 0.04 0.27 0.37
RLB 043 047 0.18 027 0.18 0.36 0.21 -0.02 0.19 0.35 0.65

Trait abbreviations see Table 1= p < 0.05 and” = p < 0.01.

Table 3. Simple and weight corrected correlatiogtsvben the live body measurements, muscular comfioom
traits and total value of the live animal with to¢al value of a slaughter animal (TVS) and thegpaid per kg
cold carcass weight (P).

Trait WH WH?* SwW SW BcW BcW HG HG HD*®

TVS 0.40* -0.40* 0.82* 0.65* 0.77*
P 0.50* 0.48* 0.46* 043* 0.31* -0.14* -0.15*

Trait abbreviations see Table 1; £ = weight coreit = p <0.05and =p <0.01.

Table 4. Simple and weight corrected correlatioagveen the muscular conformation traits (MCT) aoiglt
value of the live animal (TVL) with the total valwé a slaughter animal (TVS) and the price paid gecold
carcass weight (P).

Trait MCT; MCT,* MCT, MCT, MCT; MCTS TVL; TVL, TVL; Seurop

TVS 0.45* 0.51* 0.74* 0.89* 0.84* 0.89*
P 0.36* 0.39* 0.48* 0.43* 0.45*  0.42* 0.92*

£ = weight corrected: = p < 0.05 and” = p < 0.01.

4. Discussion

The aim of this report is to provide some backgbuniormation on the relationship between
body measurements and traits that are of econonmgairtance in DM-BBB breeding. The

specific aim is to verify whether there are bodyaswements that allow estimating LW
better than HG or WH and whether some of these oessurements might be interesting
tools to evaluate the MC hence the slaughter vafi@elive animal.

Not all of the measured and weighed slaughter bhudiee classified as “S” or “E”, which are

the SEUROP classes that are commonly consideresh¢ompass all DM animals. This
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indicates that visual appraisal of the DM phenotgjbeer in live animals or on carcasses may
diverge. When selecting the bulls for measuremawit) inspectors obviously misjudged the
the level of muscularity. The only good method ® dure about the DM character of the
animals considered is molecular genetic testingy @nimals that are homozygous for the
mutation at the myostatin locus are true DM anin{@eobetet al., 1997; Kambaduet al.,
1997; Kobolac and Gocza, 2002).

HG and SW have a correlation with LW that is chedrigher then the correlation between
WH and LW. WH and BcW have a slightly higher coaten with LW then HD and TcTc.
The correlation of HD with LW is considerably lowtren the correlation between HG and
LW. Because HD has a comparable relationship with & HG, HD is not an interesting
candidate. WH and TcTc have a comparable correlatvéh LW, but WH gives more
information on the MC (r = -0.40) and on daily watiggain (r > 0.5). It is therefore more
interesting to have information on the WH then @¥d. The correlations between HG and
WH, HG and SW, HG and BcW are positive and sigaiiic but different from 1. Yet all four
body measurements have high and significant cdiwek with live weight. This might
indicate that combining HG with the body traits SWH and BcW to estimate LW can be
interesting. A model was found that combines HG, &W WH and that estimates LW with a
reliability of 83 %. Comparing the reliability arestimation errors of models based on HG
alone or combined with other body traits, developéith many more data and on different
ages, and taking care only pure bred DM-BBB aninaaés used, may resolve the question
whether one should keep on using the HG only du@dealso other body traits.

The high correlation between the SEUROP classifinaand price per kg CCW is logic. It
becomes clear out of this small study that SW aci/Bire moderately related with the price
per kg cold carcass value. Both SW and BcW refleetMC of a slaughter animal, expressed
as the price per kg CCW, the best. Hearth girthoisuch good reflection of price per kg as
can be concluded out of the weight corrected catice.

It is interesting that the individual body trait§VSand BcW measured on a living animal are
good reflections of the total carcass value. EgigciSW is interesting. It has a higher
correlation with TVS then HG with TVS. The goodleetion of the TVS by both SW and
BcW is not surprising because they do not onlyetfMC (related to price per kg CCW) but
also LW. WH on its own has not such good relatiath whis slaughter value because with
higher weight due to an increased WH, the animabiyes less muscular and will be paid
less per kg CCW. Although HG on its own does redtect MC that well, it has a high

correlation with the total slaughter values. Th# de explained by the huge correlation
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between LW and HG. This ascertainment emphasizegportance of sufficient weight at
slaughter age. Muscular conformation is of gregidartance in the DM-BBB breed and is a
typical characteristic of this breed, but weighskEughter age is considered relatively more
important, especially if this weight is due to MBcV and SW) rather than by size of the
animal (WH). The clear increase in correlation edw all three MCT values with TVS if
multiplied with LW (resulting in the TVL-values) oéirms the importance of LW. These
considerations reflect the opinion of Hansetal. (1990) and confirm the results of earlier
studies (Coopmaet al.,1999).

The overall observation of this study is that atdsemuscled animal, compared to a less
muscled animal having the same weight, has a brdacé/, width of the tuber coxae and
SW. It has a less deep breast, a smaller skin,lamahg bones and tail thickness and a
shorter back. Although the animal is smaller ansl éx@ absolute smaller hearth girth, it has a
relatively higher HG/WH ratio. The differences beam a better muscled and a lesser
muscled animal having the same weight, are especmre clearly for BcW and SW (better
muscled animal broader in shoulder and hind qugremd WH (better muscled animals are
small).

The results showed that withers height, heartthgshoulder width and width of the hind
quarters are interesting body traits that allovingsting LW and evaluating muscularity from
an economical point of view in the double-musclezigian Blue beef breed. Whereas WH
and HG reflect weight related to the size of thenah SW and BcW reflect weight related to
the MC of the animal. WH (negatively), SW and BcWoth positively) reflect MC of the
animal as well. Studies at different ages and uiege body measurements in combination
with the traditional approaches can provide nevghits and finally help to improve selection

in this double-muscled beef breed.
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Abstract

Live weight is an important trait in cattle farming/eighing is not always feasible and therefore kweight is
often estimated from easily accessible data. liediht species and different cattle breeds it wasd that heart
girth is the best predictor of live weight. Nevetgss, other body traits and data such as ageesiziled to
predict live weight in conventional and double-madcbeef breeds. In this study, data on live weighe and
gender, and four body measurements, withers heigltrt girth and width of the shoulders and hindrtgrs of
double-muscled Belgian Blue beef farm animals wesed to develop multivariable non-linear and linear
regression models that predict live weight fromstheeasily accessible data. The relationship betwken
logarithm of the live weight and the logarithm mhé is adequately described by a general logistiction. The
age period from 100 to 600 days of age is containgte linear part of the logistic function. Thisgion is of
particular economic interest because it contailesyiarling age and slaughter age that are impomabiM-
BBB breeding and management. We therefore condedtfarther on that age region. Adding one of theyb
traits in the linear models that contain age ambge as fixed effects decreases the coefficienaagtion. A
model with withers height and shoulder width haes ldwest coefficient of variation, with no furthgignificant
improvement when adding either heart girth or widftthe hind quarters.

Keywords: Double-muscled; Belgian Blue beef brdéde weight prediction, Body measurements
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1. Introduction

For different reasons, LW is an important issueattle (Vos and Vos, 1967). Weight gain
and weights at specific ages are largely determipnofitability in beef production (Hanset
al., 1987; 1988). Estimating feed requirements canb®otdone without knowing the LW
(Johansson and Hildeman, 1954).

Collection of accurate live weight data requiresghing on a balance (Cantet al., 1988;
Gengleret al., 1995; Guttierezt al.,1997; Coopmaset al.,2007a). However, in many cases,
weighing animals is not feasible or too complicaiedrganize. Therefore, since long, across
different species and in different cattle types, liS\estimated from easily accessible body
measurements, of which WH and HG are the most (Beanton and Salisbury, 1946;
Johansson and Hildeman, 1954; Vos and Vos, 196/5eNet al., 1985; Badiet al., 2002;
Atta and El Khidir, 2004; de Alujt al., 2005; Afolayanet al., 2006). The lack of the
accurate LW and the obligation to use relevant bodasurements is not discarded as an
extreme disadvantage by Simanal. (1983) and Hansedt al. (1988). WH is seen as a better
reflection of the size and the growth potentialntHa/V itself (Hansetet al., 1988). LW
variation due to effects of gut fill and fatteniage avoided when using WH (Simet al.,
1983; Hansett al.,1988).

Other body measurements have been used to prédicad well. Vissac (1966) reported on
the estimation of LW using the so-called “tour-aj® or spiral girth that is a combination of
the body traits chest depth and body length. Highig(Nelsenet al., 1985), width of the
thighs, width of the shoulder and width of the higdarters (White and Green, 1952;
Woodwardet al.,1960; Coopmaet al.,2004a and 2007b) have been used to predict LW.

In current DM-BBB breeding, there is a prominenertor the body measurements WH and
HG. For breeding value estimation purposes, LW stnmated from the measured HG of
young yearling bulls (Clauweet al.,1999). A strong relationship (r = 0.7) between BWd
WH has been reported in this breed (Hargedl., 1988 and 1990; Genglet al., 1995). A
minimum WH at fixed ages is imposed in DM-BBB breedthat traditionally focuses on
MC, to guarantee sufficient live weight at certages (Hansetdt al., 1988). Breeding values
for the WH for yearling males have been estimaiadeslong (Hanset and Michaux, 1988;
Herd Book, 2005).

Previous reports (Coopmaat al.,2003, 2004a and 2007b) confirmed the strong reiakigp

of LW with WH and HG in the DM-BBB breed, but shaivéhat other body measurements

had high significant phenotypic and genetic cotiets with LW as well. It was also found
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that the combination of the body measurements WM, &1d HG can predict birth weight
(Coopman et al, 2004a) or LW at slaughter age (@woyet al.,2007b) more accurate than
the body measurement HG alone. Evidently, it was &und that age explains a lot of the
variation of live weight of DM-BBB animals (Coopmanal.,2007a).

The aim of this study is to develop models that loarused to assess live weight in the DM-
BBB breed more accurately than the current and contyrused model based on the HG.

2. Materials and methods

2.1. Data collection

Live weights and body measurements (WH, SW, BcW4G) were repeatedly gathered on
animals of the DM-BBB breed over a six-year timeiqe (January 1996 — January 2002)
using a mobile balance and measuring rod and tsyakescribed in earlier studies (Coopman
et al., 1999, 2003, 2004a, 2004b, 2005 and 2007b). The adlkection was done on herds

that were localized in the northern part of Belgiskge was deduced from known birth date

and measuring date. Gender was noted at measimag t

2.2. Statistical Analysis
The overall relationship between age and live weighstudied through the following non-

linear mixed model

)= 4 s )7
thus assuming a logistic function relationship letwthe logarithm of the live weight (&)
and the logarithm of the age (#ug)) and including a random animal effeat to
accommodate for the repeated measures within amahniSuch growth curves were
separately fitted for cows and bulls. The mainoagf interest (100 — 600 days) is contained
in the linear part of the logistic function. In thather analyses, the models are restricted to
this main region of interest (containing both yeeyland slaughter age, two important
landmarks in DM-BBB breeding). Within this regiori mterest models were developed
investigating the relationship between the logamitbf the LW and age and the four body
measurements incorporating all covariates at tlgarlthmic scale according to Brody’'s
formula (1945). Models were compared using the fament of variation. Furthermore,
prediction intervals for the different models aé thge of 13 and 18 months were derived.

Kendall's tau correlations between the observed &Wi the LW predicted using the model
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containing age, gender, WH and SW were estimatédmintervals of 14 days, to screen for

regions with good prediction. All analyses were@amSAS (SAS 9.01).

3. Results

3.1. Data collection

The data collection was done on 65 herds. In ®talspectors performed all measurements,
with one inspector (first author) gathering appnoaiely 80 % of the data. Three inspectors
gathered each 6 % of the data and the two othpeatsrs the remaining 2 %. Sixty-one % of
the data originated from the male population and@f8om the female population. Animals

were measured repeatedly up to 8 times (averagéeruper animal: 2.6).

3.2. Data exploration
The numbers of observations, range, mean, medidnsamdard deviation of all data are
listed in Table 1.

Table 1. Number of observation, range, mean, mealihstandard deviation of all data and of the déathe
males (italic) and females separately.

Body trait Number of  Range Mean Median SD
observations

Live weight (kg) Total 1825 27-1081318.3 219.0 263.4
Males 1112 28-1081354.3 278.5 263.6
Females 713 27-986 262.0 155.0 253.3

Withers height (cm) Total 1746 54-146  99.2 97.0 822.
Males 1062 57-140 102.6 105.0 22.3
Females 684 54-146  93.9 87.5 22.7

Shoulder width (cm) Total 1547 17-82 44.6 41.0 17.9
Males 946 17-80 48.1 48.5 17.9
Females 601 17-82  39.1 34.0 16.5

Width of the hind quarters (cm)  Total 1516 18-77 .444 44.0 16.3
Males 933 18-76  47.8 51.0 15.7
Females 583 19-77 41.0 37.0 16.3

Heart girth (cm) Total 1510 63-272 1515 144.0 55.8
Males 907 63-270 159.4 168.0 53.6
Females 603 68-272 139.6 124.0 57.0
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The average age of all animals is 367.8 days, avithnge of 0 to 3452 days. The average age
of the males is 340.4 days, with a range of 0 @52days and the average age of the females

is 410.6 days, with a range of 0 to 3452 days.

3.3. The prediction models

The overall relationship between In(age) and In(LwWés estimated separately for males and
females. The parameter estimates of the logistictfans are given in Table 2, and the
logistic growth curves are shown in Figure 1. Itksar from these graphs that the region of
interest (100 — 600 days, on the logarithmic sda6e6.4) is contained in the linear part of the

logistic function.

Table 2. The parameter estimates of the logistiction relationship between In(age) and In(LW) df{BBB
males growth curves of male and female DM-BBB afsma

Parameter Males Females
Estimate SD Estimate SD
e 7.405 0.061 6.910 0.031
5 -3.431 0.065 -3.031 0.035
B 1.338 0.031 1.235 0.026
B 5.704 0.030 5.562 0.023

In(LW)
In(LW)

In(Age) In(Age)

Figure 1. The logistic function relationship betwde(age) and In(LW) of DM-BBB males (a) and fensa(b)
from birth to adulthood.
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Figure 2 shows the relationship of the four bodyasugements on the logarithmic scale with
In(LW) between the age of 100 to 600 days for buisnilar relationships were found for

cows. Based on this visual presentation, we assanimear relationship between the
logarithm of any of the four body measurementslagd/V).

The different models that predict LW using In(ageyl selections of the four different body
measurements for females and males between theohd@® to 600 days are listed in Table
3.

The 95% prediction intervals of the models 1 tot@% months (a) and 18 months (b) are
shown in Figure 3, using the average values ottvariates WH (=112 - 123 cm), SW (=54
— 63 cm), BcW (54 — 62 cm) and HG (183 — 208 cmthatrespective age. The lower and
upper limit of prediction for an animal with a H® 183 cm (13 months) is +/- 8 kg and with
a HG of 208 cm (18 months) +/- 12 kg, while forammal that is 112 cm tall and has a SW
of 54 cm (13 months) or a WH of 123 cm and a SVB3®tm (18 months) these limits are +/-
5 and +/- 7 kg respectively.

The Kendall's tau correlation coefficient betwedse tobserved LW and the LW predicted
through the model with age, gender, In(WH) and Wi{Ss visualised in Figure 4. The

Kendall’s tau correlation coefficient is obtainexdt €ach 14-days interval.

In(LW)
5

In(LW)
3

42 44 46 48 30 35 4.0
In(WH) In(SW)

In(LW)
In(LW)

4.2 4.6 5.0 5.4 3.0 3.4 3.8 4.2
In(HG) In(BcW)

Figure 2. Linear relationship between the logarithetale of live weight and the logarithmic scafette four
body measurements withers height (WH), shouldethw(8W), heart girth (HG) and width of the hind cess
(BcW) for the male population between the ages0&ftb 600 days.
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Table 3. Different linear regression models thagdpt In(LW) out of easily accessible data usingreats
between the age of 100 to 600 days.

Independent variables considered # Model CV (%)
Ln(LW) =
Age and gender 1 - 0.0313 + (0.2575*gender) + @668 nage) 3.99
Age, gender and 2 - 9.7406 + (0.0995*gender) H4@2nage) + (2.9914*nWH) 2.27
single body measurement 3 - 2.2585 + (1.0886*gentl€0.3694*Inage) + (1.4906*INSW) 2.07
4 - 2.6002 + (0.2204*gender) + (0.6317*Inage) B8BO*INHG) 3.41
(= 1 for males and 0 for females) 5 - 2.2514 +§B0¢gender) + (0.5176*Inage) + (1.2469*nBcW) 2.80
Age, gender, In(SW) and In(WH) 6 -7.3620 + (0.0%@hder) + (0.0980*nage) + (1.0940*InSW) + (1.7663VH) 1.51

LW: live weight; WH: withers height; SW: shouldeidth; BcW: width of the hind quarter; HG: heart it
CV: coefficient of variation.

420
|
560
|

400
|

o
540
|

Live weight (kg)
340 360 380
I 1 I
PN
PN
e
Live weight (kg)
480 500 520
1 ! !

320
|

T T T T T T T T T T T T
Basic +wh +sw +bew +hg +wh+sw Basic +wh +sw +bew +hg  +wh+sw

112 54 54 183 123 63 62 208

Figure 3. The prediction intervals (95%) of the migdusing age and gender with or without the déff¢body
traits separately or combined (WH and SW) are \ized at the age of 13 (a) and 18 (b) months.

83



Kendall's tau

0.9

0.8

0.7

0.6

0.5

0.4

%o

100 200 300 400 500 600
Age (days)

Figure 4. The Kendall's tau correlation between diserved and predicted live weight as a functibmage
between 100 to 600 days.

4. Discussion

The aim of this study was to find morphometric eltaeristics that are much better estimators
of live weight of double-muscled Belgian Blue Begfimals than the commonly used heart
girth.

A model with age, gender and heart girth is lessuaate (higher CV and 95% prediction
interval) than the models with age, gender andartao of the three other body traits (WH,
SW and BcW), indicating that the use of the HGussd in many species and cattle breeds
(Branton and Salisbury, 1946; Johansson and Hildet@54; Vos and Vos, 1967; Nelsein
al.,1985; Clauwerset al.1999; Badiet al., 2002; Atta and El Khidir, 2004; de Alujat
al.,2005; Afolayanret al.,2006) is not the best method to predict the LW M-BBB males
between 100 to 600 days in the cases that no lanavailable. Our results clearly show
that LW can be estimated more accurately if agedgeand the body traits WH and SW are
combined. To the knowledge of the authors, thithésfirst time that it is shown that such a

combination is more accurate in predicting live gieithan the heart girth. The results even
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show that WH and SW on themselves are better grediof LW than HG. Additionally,
both body traits are more easily accessible than Mtther advantage of both body traits
over heart girth was already described in previeagntific reporting. Coopmaet al.
(2007b) showed that both are more informative on thi&h HG (r MC-HG = 0.32; r MC-SW

= 0.50; r MC-WH = -0.40). WH is also informative d¢he size (Hansett al., 1990), the
skeletal development (Gregory, 1933; Goyaehal.,2001) and on the average daily weight
gain (ADG) potential of the DM-BBB animal (r ADG-WH 0.52; Coopmaet al., 2007b).
Therefore, the DM-BBB Herd Book should decide noliydo focus on the WH (as it already
does; Herd Book, 2005), but also on the SW andémdon the measuring of the HG.

The Kendall's tau correlation measures the agreeretween the observed and predicted
live weight. The higher the Kendall's tau corradati the higher the model respects the
ranking of the considered animals according thefua LW. In light of the breeding value
estimation of live weight, it is reasonable to ddes this parameter as important, because the
final aim of estimating live weight is to rank bdaeg sires according to their ability to breed
high live weights at slaughter age. The rankingnales, based on the observed observation,
between 100 to 600 days of age is sometimes higislgected, but not always. It should be
noted that the variability of agreement betweeneoled and predicted might influence the
breeding value estimation of LW. On the other hahere is a small lower and higher error of
prediction of LW when using the model containing agender, WH and SW that minimizes
the negative effect of a low Kendall’s tau corriglatseen in some cases.

A model having an even higher accuracy might beodlehthat does not only contain the
body traits WH and SW but body length as well. &iént studies have investigated the
phenotypic and genetic relationship between liveghteand daily weight gain with the
measured or visually assessed body length (Woodetaal, 1960; Green and Carmon, 1968;
Hansetet al.,1990; Gilbertet al.,1993a and 1993b). A model with WH, SW and bodygikn
combines the three dimensions of an animal’s btlahjortunately, a huge problem one faces
with body length is the extreme difficulty to firmoper fixed measuring points on the living
animal, especially in the neck, which makes boadlle a character that is hardly assessable

in practice.

5. Conclusion

Based on the results of this study, it is conclutthed in cases where live weight data of DM-

BBB animals can not be measured because therebalance available it is recommended to
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predict the live weight using a multivariate lineagression model that combines age, gender,
withers height and shoulder width rather than tamonly used heart girth.
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1. Introduction

The DM-BBB breed is an interesting breed but istte same time controversial. The
routinely applied CS is criticized on animal wefagrounds. Farmers and breeders discuss
the lack of growth potential in the breed.

This work has studied these two major points otiaisins in the DM-BBB breed,
predominantly using measurements, and suggesteddiaimmeasures whenever deemed
required. We focused on the problem of the rowirgiplied CS and on the live weight and
daily weight gain issues in this breed. We invegtg the possibility to estimate inner pelvic
sizes and live weight based on easily accessibla. dawas questioned whether natural
calving is still feasible in the DM-BBB breed andhether body measurements could be used
as a reflection of muscular conformation in theebreWe were also interested to gain more
insight in genetic and phenotypic parameters basethe live weight and daily weight gain

information collected on animals that are housetherfarms.

2. The routinely applied caesarean section

The first part of our study indicates that:
- Inner pelvic sizes can be estimated from extemsaistsuch as live weight, withers
height and the distance between the tuber coxae.
- The larger and the heavier the animal, and the milde external pelvic sizes, the
larger the inner pelvic sizes.
- The more muscular the animals are, the smaller pedvic sizes.
- From a geometrical point of view, natural calvisgno longer possible in the DM-
BBB breed.
Reflecting on these results and looking beyondstimpe of the study, we can conclude that in
the DM-BBB breed, gender, age, live weight, withiesght, the distance between the tuber
coxae and the muscular conformation traits shouldéth and width of the hindquarters, are
highly related to the inner pelvic sizes (Coopreail, 2003). It was also found that, from a
geometrical point of view, a DM-BBB calf can no ¢mr be born naturally (Coopma al,
2004a). This goes together with the fact that ecpce birth by CS in the DM-BBB breed is
performed almost systematically at rates of betwB86r06 to 99.21 % (Hanset, 2002).

90



Therefore CS is indeed the only means and onlyoopto successful calving, which
nowadays is to be considered as a managementlioekering the high rate of routinely
applied CS in the DM-BBB breed can therefore ondydzhieved by increasing the pelvic
sizes of the dam and by lowering the muscular aomftion and the birth weights of the
calves.

Because of the results shown in our study (Coopetah, 2003, 2004a) and in other studies
(Woodwardet al, 1960; Burfeninget al, 1978; Simnet al, 1986; Naaziet al, 1991; Meyer
et al, 1993; Glazeet al, 1994; Meyer, 1994; Bennet and Gregory, 1996), seledo
increase the pelvic size of the dam and to lower tfuscular conformation and the live
weight of the calves at birth, will inevitably altéhne shape and conformation of the DM-BBB
animals and have a negative influence on the ptamutraits such as weight at fixed ages,
average daily weight gain and the muscular conftionat slaughter ages.

Combined selection for both lower birth weight ateelsirable traits (e.g. growth rate) is
preferable to selection towards lower birth weigline. For instance, combined selection for
growth (increased or constant growth) and moddrata weight makes that both gestation
length (lower) and growth curve will be changed ippesly (Bourdon and Brinks, 1982).
Alternatively, selection for lower birth weight cdre combined with selection for higher
yearling weight (Dickersoret al, 1974). Doing so, gestation length will be shoet
allowing a higher prenatal growth rate without adeeeffects on calving ability.

On the other hand, selection for a too low (< 3§ lkgth weight or size should be avoided
because it can have a negative effect on perisatalval (Holland and Odde, 1992; Bennett
and Gregory, 1996; Hanset, 2002) and the probghtiat one is selecting for dwarfism
increases (Anthongt al, 1995). The lower limit of the birth weight in double-muscled
breed is restricted due to the myostatin mutatidece (Vissacet al, 1973), but should not
prevent the possibility of natural calving in a Didef breed (Carniegt al.,2000).

Whether the pelvic sizes reported in our study (@aanet al, 2003, 2004a) and used for the
geometrical comparison between the inner pelvicessiof the dam and the outer
morphological traits of the newborn are a correglection of the pelvic sizes at birth is a
matter of discussion. Pelvic changes seem to oamund calving time due to hormonal
influences, but also due to mechanical, calf relatasons (Ménissier and Vissac, 1971;
Hensonet al, 1989; Murrayet al., 1999; Kolkmanet al, 2008). It would be interesting to
consider these pelvic changes in future researclefiming the actual pelvic size of the dam
around parturition and the maximal dimension of ouler conformation of the calf in

relation to the possibility of natural calving imet DM-BBB breed. Such a study must allow
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the animals to calve naturally, has to measureipslzes pre-, peri- and postpartum and the
sizes of the newborn calves immediately after bjothe should not forget to implement the
“compressability” of the calf) and compare the eluderistics of the mother with the
characteristics of her calf. Inevitably, dystocelated problems will occur in such an
approach. These possible problems and the factvihiatlenheedet al (2001) and Hanset
(2002) consider the routinely applied CS as bersfan the well being of the cow, make this
methodology ethically questionable.

An additional result of our study (Coopmanal, 2004a) was the finding that 20 % of the
newborn DM-BBB calves can be classified as caseleatfl gigantism (> 56 kg), which
might result in a higher perinatal death (Holland ®dde, 1992; Bennett and Gregory, 1996;
Hanset, 2002) and in a higher incidence of congkdisorders such as congenital articular
rigidity (CAR) (Coopmaret al, 2000b). Calves that weigh a lot and that havexneme
muscular conformation at birth are difficult togaiand exhibit a lot of complications, such as
umbilical cord infections, pneumonia and ambulatprpblems (Coopmart al, 2005),
which causes additional financial losses. It has Akeen shown that especially in primiparous
cows, a negative effect on first ovulation postipar is seen if the weight of the newborn is
high (Guedoret al, 1999). Therefore, beside the fact that seledtoa lower birth weight or
size and muscular conformation at birth can beedy) ko lower the incidence of the routinely
applied CS (Bennett and Gregory, 2001; Coopreaal, 2004a), it can also be of help to
lower the incidence of perinatal death, morbidibd aongenital disorders caused by foetal
gigantism, to ease calf rearing and to improve feamility.

Selection for lower birth weights and less muscekrves is possible due to the sufficiently
high heritability in the DM-BBB breed for weighthsulder width and width of the hind
guarters at birth (Coopmaat al, 2004a).

The creation of two lines, a beef line and a motimer within the DM-BBB breed (Coopman
et al, 2004a) or combining the dual purpose BBB andDM:BBB breed in cattle farming
(see introduction) or even transgenesis (Grabedl, 2003; Pirottinet al, 2005) might be

tools to solve the dystocia related problem thab@oed in hand with the myostatin mutation.

3. Live weigh and daily weight gain

The second part of our study has learned that:

92



- a male DM-BBB weighs on average 51 kg at birth,k§8at 3 months, 242 kg at 7
months, 430 kg at 13 months, 628 kg at 20 montlkisggows more than 1200 g per
day between the ages of 7 months and 20 months.

- On average, females weigh 47 kg at birth, 96 k8 mionths, 189 kg at 7 months and
332 kg at 13 months and grow about 719 g per day firth to 13 months.

- Selection for higher weights at fixed ages andrforeased growth between 13 and 20
months is possible.

- Animals having high weights at young age tend teehaigher weights at slaughtering
age (= early maturing), but lack the additionalvgito between 13 and 20 months that
late maturing animals still posses.

- High weights at slaughter age are not only duadhb tveights at yearling age but also
due to an additional growth between 13 to 20 mofi&tie maturing).

- The measured shoulder width and measured widtheohindquarters are positively
correlated with the muscular conformation and lxeight of DM-BBB animals.

- The measured withers height is positively correlatéh the live weight, the size and
the average daily weight gain of a DM-BBB animalt hegatively correlated with the
muscular conformation.

- A model combining age, gender, withers height ahdukler width has a higher
accuracy in predicting live weight of DM-BBB animsabetween the ages of 100 to
600 days than a model containing only the body kr@art girth.

- Live weight prediction does not always respect rdmeking of the animals based on
their observed live weight. This might influences taccuracy of the breeding value
estimation of live weight and might influence thi¢EIC estimation of the DM-BBB
breed that combines the estimated live weight Aedruscular conformation at 13 or
more recently at 14 months.

More explicitely, we can state that the daily weiglain curves of DM-BBB males and
females are non-linear between birth and adulthBedween the ages of 100 to 600 days, a
linear relationship exists between the logarithnthef time and the logarithm of the weight
(Coopmaret al, 2008).

The average weights of males and females at tinelatd ages in our study were lower than
the weights of males at test stations (Haesedl., 1988; Gengleet al., 1995) and the field
records presented by Hansgtal. (1988). We strongly believe that the results of study

(Coopmaret al, 2007a) represent a more realistic situation eigiMs on farms, because all
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animals were weighed and not only the highly ranteels of the breed, as is done in both the
studies of Hansedt al. (1988) and Gengleat al. (1995).

The genetic correlations between the live weigh¥/)lat 7, 13 and 20 months reported in our
study (Coopmaret al.2007a) support the finding of Molinet al. (1999) that selection for
higher weights at early ages results in satisfgatesults for weights at later ages. A negative,
but small, correlation between live weight at seremnths and average daily growth between
13 and 20 months suggests that animals that aney l@aseven months (and therefore are
early maturing) grow more slowly at later ages. &es® of the high correlation between LW
at 13 months and 20 months, selection in the DM-BBPBulation focuses on LW at the age
of 13 months only. Our study has shown that animmatght have high weights at 20 months,
not only due to a high weight at 13 months, bub ase to high average daily weight gain
between 13 and 20 months (late maturing). If wea20 months is the most important trait
to consider in DM-BBB selection, selection shouidrefore focus on weight at 20 months in
order to preserve the genetic ability for this lataturing mechanism between the ages of 13
to 20 months. On the other hand, if weight at 20n® but also meat quality is an important
issue, one should focus on extreme early matunmignas with high weights at 13 months
(and consequently high weights at 20 months) with period between 13 months and
slaughter to be used for maturation of the musdigs.the opinion of some to select for both
the early and late maturing property in the breetiave not only high weights at 18 to 20
months, but also at ages of 4 years, when females biven birth to three calves and have
grown since than up to 1000 kg. At these ages, [BB-Bemales are still paid well per kg
LW because of the exceptional meat quality. Alseytlwill than still grow while carrying
their calf, increasing their economic value.

Live weight is obviously one of the main selectiniteria for a beef breed (Johansson and
Hildeman, 1954; Vos and Vos, 1967; Hansetal.,, 1987a, 1987hb, 1988). Collection of
accurate live weight data requires weighing on larmz (Canteét al, 1988; Gengleet al
1995; Guttierezt al, 1997; Coopmaet al, 2007a). However, in many cases and also in the
DM-BBB population, weighing animals is not feasilwe too complicated to organize. In
current DM-BBB breeding, live weight of yearling hes is predicted using the body trait
heart girth (Clauwerst al,, 1999).

The reported preliminary study (Coopmanal, 2007b) indicates that heart girth (HG) is
indeed highly related with live weight (LW), buteside other body traits, withers height
(WH), shoulder width (SW) and width of the hindoieas (BcW) are good predictors of live

weight as well. It was also found that combiningdypdraits in predicting live weight
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improves the accuracy of the prediction comparepréalicting live weight out of one of the
body traits alone. A follow-up study (Coopmetnal, 2008) was performed, using many more
data on many more animals and seeking for the rnestels that predict live weight out of
easily accessible morphometric characteristicshem DM-BBB breed. This resulted in a
model that combines age, gender, withers heightsandlder width to predict live weight of
DM-BBB animals between the ages of 100 to 600 dag®nomically the most important
period). To the knowledge of the authors, thishis first time that it is shown that such a
combination is more accurate in predicting live gieithan the heart girth. The results even
show that withers height and shoulder width by thelves are better predictors of live weight
than heart girth. Additionally, both body traitseamore easily accessible than heart girth.
Coopmaret al. (2007b) also showed that WH and SW are more infow@man MC than HG

(r MC-HG = 0.32; r MC-SW = 0.50; r MC-WH = -0.40)Vithers height also supplies
information on the size (Hanset al.1990), the skeletal development (Gregory, 1933;
Goyacheet al, 2001) and on the average daily weight gain gateaf the DM-BBB animal

(r ADG-WH = 0.52; Coopmaret al, 2007b). Therefore, the selection should focugshen
withers height (as it already does; Herd Book, 20@%it also on the shoulder width and
should abandon the heart girth parameter. Meastihi@ghoulder width, rather than a visual
appreciation can also be implemented in the licksssification system (Hanset al, 1990).
Although the model with age, gender, WH and SW iatedlive weight with a higher
accuracy, ranking of animals based on the obsdivedveight can differ substantially from
the ranking based on the predicted live weightthHeaurstudies should focus on the question
whether breeding value estimation based on livaghtgprediction differs consistently from
breeding value estimation based on the measuredmeight. If ranking between Al — sires
based on live weight breeding values differs, ixaght registration should be done using the
observed rather than the predicted live weight.

Future studies should also focus on the use of Hedgth as a third covariate in the
prediction model. Studies have shown the relatidnbody length with live weight
(Woodwardet al, 1960; Green and Carmon, 1968; Hargedl, 1990; Gilbertet al, 1993a,
1993b). However, the measuring points should fiestclearly defined in order to obtain a
sufficiently high accuracy and repeatability. Maydree should consider defining body length
very broad as the distance from nose to the w@ithe most pronouncing part of the rear
thighs, the half of the rear thighs or even theiat the rear thighs. Considering the basis
seems theoretically the best choice, but may Haelisadvantage that it is not easy to assess,

as is the case for the heart girth.

95



One of the complaints of many DM-BBB breeders &slttk of sufficient growth and too low
weights at fixed ages compared to other beef brdad8able 1, a comparison for different
traits is made between the DM-BBB breed and otlesf Ibreeds of the conventional meat
type. Comparing these data presented in Table etetls no indication that supports the
complaint of DM-BBB breeders concerning the growtitential. On the other hand, if one
looks at the results presented by Coopreairal (2007a), low minimum and average live
weights and some very low daily weight gains weegistered in the farm population
discussed in this study. Maybe the segregation haf tnutation causing dwarfism
(proportional and CTS) in the breed is the causé¢hisf perception. A breeding policy to
eliminate this growth retarding mutation using thailable molecular diagnostic test should
be started.

A result that additionally supports the complaiftttee DM-BBB breeders is the finding of
Hansetet al. (2001) that there is a genetic trend towards fisent average daily weight
gain. Nevertheless, financial income of the farmemot yet at stake because muscular
conformation shows a positive genetic trend. Indlsgussion whether average daily weight
gain is evolving negatively, one should define yaileight gain for a beef breed more
correctly. The aim of the DM-BBB breed is to produg lot of marketable meat. It would
therefore be better to define average daily weggih as the daily increase of marketable
meat in a DM-BBB animal, for which this negativertid might not exist. The observed
increase, assessed using the body traits widttheothind quarters and of the shoulder, in
muscular conformation has a positive influenceiva Weight (Coopmaet al, 1999, 2003,
2004a, 2004b, 2007b) and on the percentage of madlkemeat (Coopmaet al, 2004b).

A low weight and muscular conformation at birthl{gaa high weight and good muscular
conformation at slaughter (slaughter bulls), a higgight but low muscular conformation
when giving birth (dams), a high weight and muscuatanformation at the age of four (dams
that only produce three calves) or a low weight engscular conformation at older ages to
minimize maintenance costs (> 3 calves producingsjaare the requests for a DM-BBB
breed that is financially and economically accelgtafbo find a compromise between these
antagonistic traits, selection in the DM-BBB shoelblve to a selection for an ideal growth
curve, rather than focusing on just one time poirthe DM-BBB life. In literature, studies
already exist that focus on growth curve charasties (Bathaei and Leroy, 1998). Selection
for an ideal growth curve will only be possible tlie live weight registration system
(comparable with the milk production registratiopstem in dairy cattle) focuses on live

weights at different ages. Because of the inforomagtirovided by the withers height and
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Table 1. Averages and ranges of different traitcfmventional and DM-BBB animals.

(Re)Production traits

Non DM breelds

DM-BBB breed®

Production

Weight at 3 months (kg)
Weight at 7 months (kg)
Weight at 13 months (kg)
Start weight at finishing (kg)
Final weights (kg)

Carcass weight (kg)

Dressing (%)
Retail Product yield (%)

Age at slaughter

ADG birth-3 months (g/day)
ADG birth-7 months (g/day)
ADG birth/slaughter (g/day)
ADG of finishing (g/day)
Withers height

Shoulder width

Width of the hind quarters
Heart girth

Survival to weaning (%)
Survival weaning-finishing (%)

Reproduction

Age at puberty (days)
Age at first calving (months)
Pregnancy Rate (%)
Calves born alive (%)
Calving interval
Unassisted births

% CS

# of produced calves/dam
Pelvic area (cm?)

Pelvic height (cm)

Pelvic width (cm)

Birth Weight (kg)

Birth withers height (cm)
Birth shoulder width (cm)
Birth heart girth (cm)
Birth body length (cm)
Gestation length (days)

NA
148-423
219-496
100-320

237-740

133-428

55.11-67.2

49.10-71.9

540-570
NA
702-1050
NA
660-1850
57-158
NA
NA
122-211
86-95
98

337-406
722-1098
79-93
88-95

370-380
8-97
1-15
4-6
105-447
11-22
10-19
13-70
648-71
15-21
67-82
48-66
279-290

65-153
117-465
167-715
193-370
405-720 (E)
492-880 (S)
238-1081
339-630(E)
277-494(S)
293-660
68-73 (S)
68-69 (E)
76-80 (E)
76-85 (S)
426-820
283-1087
950
580-1660
1020-2086
54-146
17-82
18-77
63-272
92-93
08

339
671-997
88
93-98
402-414
0
54-99
3
196-516
14-29
13-21
23-81
54-84
17-33
63-104
NA
281-283

NA: data not available; S and E are the carcasssification scores according the Seurop classiitcasystem

(Anonymous, 1991) and ADG: average daily weighhgai



WGregory, 1933; Bourdon and Brinks, 1982; Rutterakt 1983; Morrison et al., 1985; Schwabe and Hall,
1989; Baker and Lunt, 1990; Chewning et al., 198@ynolds et al., 1990; Naazie et al., 1991; Nugsrdl.,
1991; Holland and Odde, 1992; Glaze et al., 1994ddows et al., 1994; Phocas, 1995; Voisinet et1#97;
Greiner, 2002; Ozliitiirk et al., 2004 ; Afolayaragt 2007; Herd Book Charolais, 2007.

@Hanset et al., 1989a; Hanset et al., 1989b;Gengleal., 1995; Groupe de reflexion,1997; Coopmaalet
1999; Coopman et al., 2000a; Coopman et al., 2d8dnset, 2002 ; Coopman et al., 2003; Coopman et al.
2004a; Coopman et al., 2004b; Coopman et al., 20Ctopman et al., 2008.

shoulder width on muscular conformation, averagiy deeight gain and size, both body
traits should be measured at any of the mentianesktas well.

Nevertheless, suggested changes in the data ¢otienid altered selection procedures should
always be done taking in account the costs andellaéed genetic gain one can expect. Also,
one should be aware that changing one issue afi@etdr more than just the one trait that is
to be improved. Selection is multifactorial and dafimg goals reflect the improvement of
many, often negatively correlated traits that aeatlways a reflection of production abilities
or economic important traits. In the DM-BBB breedntests are considered important as
well and often are the main breeding goal of soriveEBEBB breeders.

Implementing measurements to lower the amount oivliShot be easy or even impossible,
because farmers and breeders consider it as a eraeag tool and a method to improve
animal welfare, opposite to the public’s opinioattimatural calving is much more beneficial
for animal welfare. Creating two lines is seen@memically not interesting in Belgium.

The history of the breed has already shown thabtheders themselves decide which way to
go. It is up to the Herd Book, supported by scientvidence, to guide the breeders and

make suggestions which breeding direction they Ishgol.

98



References

Afolayan R.A., Pitchford W.S., Deland M.P.B., Mckian W.A. (2007). Breed variation and genetic
parameters for growth and body development in divéeef cattle genotypesnimal 1,13-20.

Anonymous (1991). Council regulation (EEC) N° 1®6/of 22 April 1991 amending regulation (EEC) N°
1208/81 determining the Community scale for thesgifecation of carcasses of adult bovine animals.
Community legislation in force, Document 391R1G%6 1-2.

Anthony R.V., Pratt S.L., Holland M.D. (1995). Pémtal-fetal hormonal interactions: impact on fegedwth.
Journal of Animal Science 73861-1871.

Baker J.F., Lunt D.K. (1990). Comparison of productcharacteristics from birth through slaughtercafves
sired by Angus, Charolais or Piedmontese babsirnal of Animal Science 8562-1568.

Bathaei S.S., Leroy L. (1998). Genetic and pheriotgspects of the growth curve characteristics ghiban
Iranian fat-tailed shee@mall Ruminant Research,Z861-269.

Bennett G.L., Gregory K.E. (1996). Genetic (Co)aades among birth Weight, 200-day weight, and post
weaning gain in composites and parental breedseff ¢attle Journal of Animal Science 72598-2611.

Bennett G.L., Gregory K.E. (2001). Genetic (co)aades for calving difficulty score in composite gratental
populations of beef cattle: II. Reproductive, skaleand carcass trait3ournal of Animal Science 792-59.

Bourdon R.M., Brinks J.S. (1982). Genetic, enviremtal and phenotypic relationships among gestaiogth,
birth weight, growth traits and age at first catyin beef cattleJournal of Animal Science 5543-553.

Burfening P.J., Kress D.D., Friedrich R.L., VaninfaiD. (1978). Phenotypic and genetic relationskipsveen
calving ease, gestation length, birth weight areyeianing growthJournal of Animal Science 4395-600.

Cantet R.J.C., Kress D.D., Anderson D.C., Doornbds., Burfening P.J., Blackwell R.L. (1988). Direshd
maternal variances and covariances and maternalopfpc effects on preweaning growth of beef cattle
Journal of Animal Science $648-660.

Carnier P., Albera A., Dal zotto R., Groen A.F.,nAoM., Bittante G. (2000). Genetic parameters foeal and
maternal calving ability over parities in PiedmageattleJournal of Animal Science 78532-2539.

Chewning J.J., Brown A.H. Jr., Johnson Z.B., Bro@d. (1990). Breed means for average daily gaied fe
conversion and intake of beef bulls during postviregfeedlot performance testiurnal of Animal Science
68, 1500-1504.

Clauwers M., Willems W., Vandenberghe K. (1999)eBproduction; Results of Flemish reference farpzst
2. Dienst ontwikkeling dierlijke productie, sectdeesveeBrochure van het Ministerie van Middenstand en
Landbouw pp. 1-72.

Coopman F., De Smet S., Gengler N., Haegeman 8opb3aK., Van Poucke M., Laevens H., Van Zeveren A,
Groen A.F. (2003). Estimating internal pelvic sizsing external body measurements in the doubleciedis
Belgian Blue Beef (DM-BBB) breed\nimal Science 7&29-235.

Coopman F., De Smet S., Laevens H., Van ZevereDéchateau L. (2008). Live weight assessment based
easily accessible morphometric characteristichéndouble-muscled Belgian Blue beef breggbmitted for
publication in livestock production science.

Coopman F., Dewulf J., Van Zeveren A. (2005). €lfect of a strict breeding strategy on overallvgito and
the prevalence of disorders in the double-muscletyiBn Blue beef breed/laams Diergeneeskundig
Tijdschrift 74 77-85.

Coopman F., Gengler N., Groen A.F., De Smet S., Vaweren A. (2004a) Comparison of external
morphological traits of newborns to inner morphatady traits of the dam in the double-muscled Beigia
Blue beef breedlournal of Animal Breeding and Genetics 1217.

Coopman F., Krafft A., Dewulf J., Van Zeveren Aegrigler N. (2007a). Estimation of phenotypic andegien
parameters for weight gain and weight at fixed dgethe double-muscled Belgian Blue Beef breed gisin
field recordsJournal of Animal Breeding and Genetics 120-25.

Coopman F., Peelman L., Van Zeveren A. (1999). &ations and linear regressions between four aphes
to assessing the market value of Belgian Blue batife (Dutch).Vlaams Diergeneeskundig Tijdschrift,68
135-141.

Coopman F., Peelman L., Van Zeveren A. (2000a).r€ving van spastische parese, normale en afwigkend
spronghoeken en hun onderlinge verband in het 8aigWitblauw ras: een kritische benaderiktaams
Diergeneeskundig Tijdschrift 6249-257.

Coopman F., Peelman L., Van Zeveren A. (2000b).eBsche achtergrond van afwijkingen in het Belgisch
Witblauw (BWB) vleesveerad/laams Diergeneeskundig Tijdschrift @23-333.

Coopman F., Van Zeveren A., De Smet S. (2004b). gi2oison of slaughter characteristics of “S” and t#ss
slaughter bulls of the double-muscled Belgian Bbeef breed using a commercial cutting methéldams
Diergeneeskundig Tijdschrift 7370-175.

Coopman F., Van Zeveren A., De Smet S. (2007b)arRaters for the estimation of live weight and tieual
appraisal of the muscular conformation in the (deubuscled) Belgian Blue Beef breedArchiv fur
Tierzucht 50356-362.

99



Coopman F., Van Zeveren A., Peelman L. (2001). @atsgeschiedenis van het Belgisch Witblauw runévee
de rol van de genetica in de (verdere) ontwikkeliag dit rasVlaams Diergeneeskundig Tijdschrift, &8-
103.

Dickerson G.E., Kunzi N., Cundiff L.V., Koch R.MArthaud V.H., Gregory K.E. (1974). Selection crig¢efor
efficient beef productionlournal of Animal Science 3859-673.

Gengler N., Seutin C., Boonen F., Van Vleck L.D994%). Estimation of genetic parameters for grovitled
consumption and conformation traits for double-nedd@elgian Blue bulls performance-tested in Beigiu
Journal of Animal Science 73269-3273.

Gilbert R.P., Bailey D.R.C., Shannon N.H. (1993Bpdy dimensions and carcass measurements of cattle
selected for postweaning gain fed two differentdigournal of Animal Science 71688-1698.

Gilbert R.P., Bailey D.R.C., Shannon N.H. (1993bhear body measurements of cattle before and &fter
years of selection for postweaning gain fed twéedént dietsJournal of Animal Science 71712-1720.

Glaze J.B., Vogt D.W., Lipsey R.J., Ellersieck, M({®994). Genetic and phenotypic parameter estsnate
pelvic measurements and birth weight in beef hgifeieriogenology 4,1943-950.

Goyache F., del Coz J.J., Quevedo J.R., Alons®ahijlla J., Luaces O., Alvarez |., Bahamonde A.0®0
Using artificial intelligence to design and implembea morphological assessment system in beef cattle
Animal Science 7319-60.

Green W.W., Carmon J.L. (1968). Use of body meamsargs to predict the weights of wholesale cutsesfb
carcasses: Effects of a Large Range in SlaugMeight. Bulletin A-156 of the University of Marythn
Agricultural Experiment Station college park, Magt April 1968 p 1-12.

Gregory P.W. (1933). The nature of size factordamestic breeds of catti&enetics 18221-249.

Greiner S.P. (2002). Beef cattle breeds and biokdiypes. Publication 400-803 of the Virginia Ceogiive
Extension http://www.ext.vt.edu/pubs/beef/400-803.html

Grobet L., Pirottin D., Farnir F., Poncelet D., Rdy.J., Brouwers B., Christians E., Desmecht D.igBoul F.,
Kahn R., Georges M. (2003). Modulating skeletal amisnass by postnatal, muscle-specific inactivatibn
the myostatin gené&enesis3b, 227-238.

Groupe de réflexion (1997). “Offre et Demande, Tegbes de production, Sélection”. Ministére dess€ds
moyennes et de I'Agricultur&®apport final du groupe de réflexippp 1-36.

Guedon L., Saumande J., Desbals B. (1999). Re#dtipa between calf birth weight, prepartum conegiuns
of plasma energy metabolites and resumption ofatiari postpartum in Limousine suckled beef cows.
Theriogenology 52779-789.

Guttierrez J.P., Canon J., Goyache F. (1997). Esibm of direct and maternal genetic parameters for
preweaning traits in the Asturiana de los Vallesflmattle breed through animal and sire mod#sirnal of
Animal Breeding and Genetics 11261-266.

Hanset R. (2002). Le Blanc-Blue Belge et la césare pourrait-on réduire substantiellement ladefge des
césariennes en Blanc-Bleu Belge sans un abandsesdspécificitésPublication Herd-Book du B.B.B. n°
2002 03-27

Hanset R., de Tillesse S., André E., Marchand(2B01) Genetic parameters and trends in the BelBiae
cattle breed. In: Y. Van der Honing, A. Hofer, G.®Iovetto, F. Madec, B. Kemp, C. Lazzaroni, L. Bodi
J.A. Fernandez, E.W. Bruns, E.W. (edBpok of Abstracts of the $2Annual Meeting of the European
Association for Animal Production, Budapest 26-2@uést 2001p 39

Hanset R., Michaux C., Detal G. (1988). Une étugtela croissance de taureaux |.A. de race Blane Belge.
Annales de Médecine Vétérinaire 1327-591.

Hanset R., Michaux C., Detal G., Boonen F., Leroy(190). Conformation et format dans la selection
Blanc-Blue Belge. Introduction d'un systéme de tiotes linéairesAnnales de Médecine Vétérinaire 134
197-204.

Hanset R., Michaux C., Leroy P., Detal G. (198@3gnetic analysis of some maternal reproductivéstinithe
belgian blue cattle breetdivestock Production Science,2Z®-96.

Hanset R., Michaux C., Leroy P., Detal G. (198%e peut-on encore attendre de la sélection ercEBare
Belge?Annales de Médecine Vétérinaire 18%-114.

Hanset R., Michaux C., Stasse A. (1987a). Relatimssbetween growth rate, carcass composition, ifgatte,
feed conversion ratio and income in four biologibgles of cattleGenetics, Selection and Evolution, 19
225-248.

Hanset R., Michaux C., Stasse A. (1987b). Phenotgpd genetic parameters of growth traits in sigees
periods, in performance testing of Al bulls foriency and beef production in dairy and dual psgo
breedsPUDOC Wageningenp. 22-27..

Henson M.C., Piper E.L., Perkins J.L., England B(289). Changes in pelvic conformation and peniahe
estrone concentrations in pre- and post-partum dme§.Domestic Animals Endocrinology 85-99.

Herd-Book BBB (2005). Field progeny test: Al butlsrn since 1995%ublication Herd-Book du B.B.B n° 2005
n°® 12-53bispp 1-4.

10C



Herd Book Charolais (2007). Origine, zone d’'élevage et performances.
http://www.inapg.inra.fr/dsa/especes/bovins/charblan

Holland M.D., Odde K.G. (1992): Factors affectiragfdirth weight. Theriogenolog$8: 769-798.

Johansson |., Hildeman SE (1954). The relationbkigveen certain body measurements and live andtsiau
weight in cattleAnimal breeding abstracts 223-59.

Kolkman I., Matthys K.Hoflack G., Fiems L., Lips D., de Kruif A., Opsomér. (2008). Between and intra-
observer agreement of pelvic measurements obtainBdlgian Blue animals with a Rice pelvimeter ahe
differences between these measurements aroundipantuViaams Diergeneeskundig Tijdschrift Z831-
437.

Meadows A.W., Whittier W.D., Eller I., Beal W.E. 99. Reducing dystocia in virgin beef heife¥&terinary
medicine 6578-583.

Ménissier F., Vissac B. (1971). Possibilités d’Ammeltion des conditions de Vélage par sélectiofiechnique
de mesure de I'ouverture pelvienne des bovimnales de génétique et de sélection anirBak97-214.

Meyer K. (1994). Estimates of direct and materrakalations among growth traits in Australian beattle.
Livestock Production Science,38L-105.

Meyer K., Carrick M.J., Donnelly B.J.P. (1993). @&n Parameters for growth traits of australianf lwedtle
from a multibreed selection Eeperimeiaurnal of Animal Science 72641-2622.

Molina A., Rodero A., Rodero E., Jimenez J.M. (19B@peatability of growth in Retinto beef cattleurnal of
Animal Breeding and Genetid46 61-73.

Morrison D.G., Humes P.E., Keith N.K., Godke R.AL985). Discriminant analysis for predicting dyston
beef cattle. I. Comparison with regression analyiiarnal of Animal Science 6608-616.

Murray R.D., Cartwright T.A., Downham D.Y., Murray.A. (1999). Some maternal factors associated with
dystocia in Belgian Blue cattl&nimal Science §9405-113.

Naazie A., Makarechion M., Berg R.T. (1991). Gemnethenotypic and environmental parameter estimaftes
calving difficulty, weight and measures of pelvieesin beef heifersJournal of Animal Science 64793-
4800.

Nugent Il R.A., Notter D.R., Beal W.E. (1991). Botheasurements of newborn calves and relationghiplb
shape to sire breeding values for birth weight ealding easeJournal of Animal Science $9413-2421.

Ozliitiirk A., Tizemen N., Yanar M., Esenbuga N.,ddur E. (2004). Fattening performance, carcass taaitl
meat quality characteristics of calves sired byrGlaés, Simmental and Eastern Anatolian Red sirateth
to Eastern Anatolian Red danMeat Science 6463-470.

Pirottin D., Grobet L., Adamantis A., Farnir F., tdas C., Daa Schder H., Georges M. (2005). Transgenic
engineering of male-specific muscular hypertrogPsoceedings of the National Academy of Sciences 102
6413-6418.

Phocas F., Colleau J.J., Ménissier F. (1995). Bepgeefficiency of selection for growth in a Frerindef cattle
breeding scheme. |. Multistage selection of bukediin artificial inseminationGenetics, Selection and
Evolution 27 149-170.

Reynolds W.L., Urick J.J., Knapp B.W. (1990). Bigical type effects on gestation length, calvingtérand
calf growth rateJournal of Animal Science 6830-639.

Rutter L.M., Ray D.E., Roubicek C.B., (1983). Fastaffecting and prediction of dystocia in Charslheifers.
Journal of Animal Science 57077-1083.

Schwabe A.E., Hall S.J.G (1989). Dystocia in niméigh breeds of cattle and its relationship to dimensions
of the dam and cal¥/eterinary Record 125%36-638.

Simm G., Smith C., Prescott J.H.D. (1986). Selectiwlices to improve the efficiency of lean meaidarction
in cattle.Animal Production 42183-193.

Vandenheede M., Nicks B., Désiron A., Canart B.0@0 Mother—young relationships in Belgian Bluetleat
after a caesarean section: characterisation aedteféf parity Applied Animal Behaviour Science 7281-
292.

Vissac B., Ménissier F., Perreau B. (1973). Etudecdractére culard. VII. Croissance et musculaties
femelles, déséquilibre morphologique au vél&genetics, Selection and Evolutid) 23-38.

Voisinet B.D., Grandin T., Tatum J.D., O’'Connor S.Btruthers J.J. (1997). Feedlot cattle with calm
temperaments have higher average daily gains thtle avith excitable temperament®urnal of Animal
Science 75892-896.

Vos M.P.M., Vos H (1967). Schatting van het leveg@svicht van runderen met behulp van lichaamsmaten.
Tijdschrift voor Diergeneeskunde,2073-1081.

Woodward R.R., Rice F.J., Quesenberry J.R., Hindr,RClark R.T., Willson F.S. (1960). Relationships
between measures of performance, body form, andassrquality of beef cattlBulletin 550 of the
agricultural research service U.S. Department ofidgjture, pp. 1-16.

101



Summary

The double-muscled Belgian Blue beef (DM-BBB) bremsd famous for its extreme
muscularity and high yields of marketable, highligyaneat. This extreme muscularity is due
to a mutation in the myostatin gene. Because & mhutation, parturition is compromised
which results in the routine application of the<arean section. The viability of youngsters is
moderate, a relatively high amount of inherited aadgenital disorders is seen and there is a
perception of and reports on a too low daily weighin. In DM-BBB breeding, there is no
consistent pattern in dealing with the criticismsmme of the breed characteristics. The main
focus of breeders and breeding organization isirtiprovement of the muscularity and the
weight at 12-13 and lately 14 months. Most datacaléected using visual appraisal of the
characteristic or by estimating the trait ratheanttmeasuring it. There is no attempt to or to
less discussion on improving the natural calvirtg ra the breed. Neither is it generally tried
to improve the weight at slaughter ages (18 to 2hths) or to search for the best ratio

between muscularity and slaughter weigihtapter 1).

This study has looked for answers concerning thearks on the parturition problems, more
specifically on the routinely applied CS, and ore therception and reported trend of
decreased daily weight gain, decreased weightxadfages and related issues. We used

morphometric rather than visual appraisal of tr@tepter 2).

At first, we focused on the routinely applied C8hdpter 3 and 4. We defined
measurements on both the dam (inner pelvic heigbtianer pelvic width) and the calf
(width of the hindquarters) that are related tatolgis problems. In the dam, inner pelvic sizes
are important while for the calf, the broadest iaf the body can be considered to be

dystocia related.

In a first study ¢hapter 3), we found that inner pelvic sizes, measured dueldacarcasses,
were correlated with external body measurementsa@® of this finding, it is possible to
predict the pelvic height, being the limiting factor natural calving ability from the dams’
side, out of easily accessible external measuresneiithout a need for veterinary skills. On
the contrary, when performing pelvic measuremersimigua pelvimeter, one does need

veterinary skills. Accessible measurements allollecting a lot of data on inner pelvic sizes
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at relatively low costs. As a conclusion of thigdst it was found that the more muscular the
animal is, the smaller the inner pelvic sizes bt the taller and heavier, the bigger the inner

pelvic sizes. Selection for increased pelvic sizéisnevitably change the breed type.

When comparing the inner pelvic sizes of the dantis the width of the hind quarters of the
calves ¢hapter 4), it became clear that, from a geometrical poinview, a DM-BBB calf
can no longer be born naturally out of a DM-BBB damt even at high parities. When
accidentally a calf is still born naturally, ithecause, contradictory, a small calf is born out of
a huge cow. No direct dam-calf comparison was dame, neither was the influence of
hormones and mechanical forces during calving takEnaccount in this study. Therefore,
limits of pelvic sizes/width of the hind quartersnsidering natural calving ability might be
smaller or broader than considered in our study.

Within a breed, selecting for even more meat, Viledght and daily weight gain is a concern
because of the negative correlation between musiyuland live weight characteristics.
Although many studies report on live weight issirethe DM-BBB breed, only little report
on field records, and when they do, they mainlyoren the better animals of the breed.
When dealing with live weight issues, this studgu®ed on field records of all animals, also
the ones that have low weights and daily weighhgdhapter 5. Live weight and daily
weight gains are highly variable within the breeithvextremes in both directions. Here it is
confirmed that animals with a high live weight & rhonths have high weights at 20 months
(slaughter age). An additional and new finding ik tstudy is that animals with relatively
moderate weights at 13 months might weigh a lo2Gimonths because of the additional
genetic growth potential between 13 to 20 month$afe maturing). Because of the current
breeding policy that focuses on early maturing atémthis genetic potential is not selected
for. Therefore our finding proves that the genetiility for late maturing animals is still

present in the DM-BBB breed even though one isset#cting for late maturing animals.

In beef breeds, live weight and muscular conforamatare important production traits.
Measuring the live weight is often not feasibletoo complicated to organize and is then
predicted out of body measurements. Evaluatingntiuscularity is often done by visual
appraisal, a method that is not very accurate.htn DM-BBB breeding policy, muscular
conformation is evaluated visually and live weighpredicted using the heart girth. Another

trait that is measured and used as a referencéisnbreed is the withers height. In a
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preliminary study ¢hapter 6), other body traits were considered as well. iation of these
body traits with the economical important produetitraits muscular conformation, live
weight and daily weight gain was investigated. T¢tisdy revealed that shoulder width and
width of the hindquarters are also highly corredatéth live weight in the DM-BBB breed.
Additionally, both width measurements are highlyretated with the muscular conformation
score of slaughter bulls. Withers height has a tmgacorrelation with this muscular
conformation, but a high positive correlation witikright gain potential. Combining different

body traits to predict live weight seemed to result higher accuracy.

A follow-up study €hapter 7) with many more data gathered on many more anifoalssed
on predicting live weight out of easily accessitsierphometric characteristics. A non-linear
growth pattern was found with a linear part betwdenage of 100 to 600 days, a period of
great economical importance in the breed. In thes @eriod, withers height or shoulder width
predicts live weight more accurately than hearhgiAdditionally, withers height informs on
daily weight gain and size and is better relatethwiuscular conformation than heart girth.
Shoulder width not only predicts live weight mozarately than heart girth, it also informs
on the muscular conformation of the considered ahimuch better. As a conclusion, hearth
girth predicts live weight with lower accuracy addes not inform as good on daily weight
gain nor on muscular conformation as withers heggit shoulder width do respectively. In
view of practical breeding, it was therefore recoamaed to keep on measuring withers
height, to abandon hearth girth, and to start usimegbody trait shoulder width. Both the
withers height and shoulder width, combined witle apd gender in one linear multivariate
model can be used to predict live weight if no betais available to measure the live weight

and to evaluate muscular conformation, averagg dagight gain and size of the animal.

Finally, the general discussiooh@pter 8) deals with the obtained results from a broader
point of view. Moreover suggestions were made fddional research efforts concerning
with the routinely applied CS, the potential segtemn of dwarfism in this breed (currently
finished (CTS) or in progress (proportional dwarf)sat the Veterinary faculty in Liege) and

the development of a model with body length agra timension.
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Samenvatting

Het Belgisch witblauwe (BWB) dikbilras, oorspronigelalleen voorkomend in Midden- en
Hoog-Belgié, is bekend voor zijn enorme spiermassa de hoge opbrengsten van
verkoopbaar vlees van hoge kwaliteit. De extremersptwikkeling is het gevolg van een
mutatie in het myostatine gen. Hierdoor is het mdijke geboorteproces in het ras verstoord,
zodat de geboorte nog enkel kan gebeuren via béhematig toepassen van de keizersnede.
De leefbaarheid van de jonge dieren is omwille #ape mutatie verlaagd en er zijn relatief
hoge aantallen erfelijke en aangeboren aandoenitegeien. Veehouders klagen over de te
lage dagelijkse gewichtsaanzet, terwijl de BWB-felik de kritieke raskenmerken niet
consistent aanpakt. De fokkers en de fokkersorgtaigichten hun pijlen vooral op de
verbetering van de spierontwikkeling en het verimogen het gewicht op de leeftijd van 12-
13 maand en meer recentelijk op de leeftijd vanmbé&nd. De meeste beschikbare gegevens
zijn het resultaat van visuele beoordelingen obtiahlgen eerder dan dat ze het resultaat zijn
van een meting. Er zijn geen pogingen en te wedhsgussies over de mogelijkheid en
noodzaak om het aantal natuurlijke geboorten inra# te verhogen. Er zijn ook geen
initiatieven om het slachtgewicht op de leeftijchvB8 tot 20 maand te verhogen of om op
zoek te gaan naar de beste verhouding tussen spigkkeling en lichaamsgewicht op
slachtleeftijd fioofdstuk 1).

Deze studie heeft getracht antwoorden te vinderdemfkalfproblematiek die in dit ras
gekenmerkt is door het routinematig toepassen akeizersnede. Ook is er aandacht voor
de klacht van de veehouders over de veronderstgdaalde dagelijks gewichtsaanzet, de
veronderstelde gedaalde gewichten op geijkte jdeftien de daarmee gepaard gaande
problemen. In deze studie werd gebruik gemaakiwatingen en niet van visuele observaties
(hoofdstuk 2).

Eerst werd de problematiek van de routinematig épagte keizersnedadofdstuk 3 en 4§
bestudeerd. Er werden lichaamsmaten gedefinieerdndhauw verband staan met het niet
natuurlijk kunnen kalven. Bij de moeder zijn ditidevendige bekkenhoogte en de inwendige
bekkenbreedte; bij het kalf is dit de breedte varmdnhterhand. De relatie tussen de inwendige
bekkenmaten van de moeder en de breedste puntehevaalf is primordiaal in het viotte

verloop van het geboorteproces.
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In een eerste studiehdofdstuk 3) werd een correlatie gevonden tussen de inwendige
bekkenmaten, gemeten op halve karkassen, en eXigraamsmaten. Verder bouwend op dit
resultaat werd vastgesteld dat het mogelijk isndeendige bekkenhoogte (die de limiterende
factor is in het viotte verloop van het geboortegovanuit het standpunt van het moederdier)
te voorspellen op basis van gemakkelijk te metdweanidige lichaamsmaten. Voor deze
externe metingen is er geen nood aan een dieremetsmen wel nodig heeft als men
inwendige metingen wil uitvoeren met behulp van pelvimeter. Via het meten van externe
lichaamsmaten is het mogelijk zeer veel informatier de inwendige bekkenmaten te
verzamelen aan relatief lage kosten. In deze studre het ook duidelijk dat bij toenemende
spierontwikkeling de inwendige bekkenmaten kleimerden, maar dat deze groter werden
wanneer de dieren zwaarder en groter in gestaltaleme Op basis van de gevonden
correlaties kan besloten worden dat selectie nagere inwendige bekkenmaten het uitzicht

van het ras ontegensprekelijk zal veranderen.

Bij het vergelijken van de inwendige bekkenmaten kiat moederdier met de breedte van de
achterhand van het kalhdofdstuk 4) werd duidelijk dat, puur geometrisch bekeken, het
onmogelijk is dat een BWB dikbilkalf op een natijud wijze kan geboren worden uit een
BWB dikbilkoe, zelfs niet wanneer deze koe al meszdnalen heeft gekalfd. In de weinige
gevallen waarin toch nog een natuurlijke gebooorvalt, is dit omdat toevallig en buiten de
verwachtingen, een klein kalf wordt geboren uit geste koe. In deze studie werd wel geen
directe moeder-kalf vergelijking gedaan en werd ge&n rekening gehouden met hormonale
invloeden en met de mechanische krachten die iremedp het bekken tijdens het kalven.
Omuwille van deze beperkingen is het mogelijk dajuilste limieten kleiner of hoger kunnen

uitvallen dan deze die in deze studie naar vooderegebracht.

Wanneer men bij een vleesras focust op een toerdamgrierontwikkeling, loopt men het
risico dat het levende gewicht en de dagelijkseicfeisaanzet zullen verminderen. Dit is te
verklaren door de negatieve correlatie tussen @pierkkeling en gewichtsparameters. In het
BWB dikbilras wordt regelmatig verslag uitgebrachver gewichtsparameters. Deze
rapporten vertellen zelden over veldgegevens eennze dat toch doen, betreffen ze meestal
alleen de betere dieren. In deze studie werden |etilkeen gewogen en gemeten op
landbouwbedrijven. Bovendien was er geen voorselemp basis van het gewicht en de

dagelijkse gewichtsaanzdiqofdstuk 5). Zodoende werden sterk gevarieerde gewichten en
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groeicijfers vastgesteld met extreme waarden idéeichtingen (dus van extreem laag tot
extreem hoog). Het feit dat dieren die een hoogigavhebben op de leeftijd van 13 maand
ook een hoog gewicht vertonen op de leeftijd vann2®and (slachtleeftijd) werd hier

bevestigd. Een bijkomende bevinding was het feitdi@ren met een gemiddeld gewicht op
13 maand toch nog een hoog gewicht op 20 maandekobereiken dankzij de aanwezigheid
van het kenmerk laatrijpheid. In de huidige fokistgge richt men zich op vroegrijpe dieren,

wat betekent dat op deze laatrijpheid niet wordietgcteerd. Het resultaat van onze studie
geeft hierdoor aan dat deze genetische laatrijpheglaltiid aanwezig is in het ras ondanks

het feit dat hier niet wordt op geselecteerd.

In vleesrassen zijn het lichaamsgewicht en de epieikkeling van groot economisch
belang. Het bepalen van het lichaamsgewicht is takeget mogelijk of zeer moeilijk te
organiseren. Om dit probleem op te lossen wordliblehamsgewicht voorspeld met behulp
van lichaamsmaten en wordt de gespierdheid meestakel beoordeeld. Deze visuele
beoordeling is niet zo accuraat. In het BWB dildsliwordt het lichaamsgewicht voorspeld
uitgaand van de borstomtrek en wordt de graad parantwikkeling ook visueel gescoord.
Een andere belangrijke gemeten en als parameteuikieb referentie in het ras is de
schofthoogte of stokmaat. In een voorbereidenddiestfnoofdstuk 6) werden hier nieuwe
lichaamsmaten geintroduceerd wiens relaties meeatmomisch belangrijke kenmerken
gewicht, spierontwikkeling en dagelijkse groei ormbeht werden. De studie bracht aan het
licht dat de gemeten schouderbreedte en de gerhet¢exdte van de achterhand een goede
weergave waren van het lichaamsgewicht en de gebgiel van een BWB dikbildier. De
schofthoogte had een negatieve correlatie met ideospwikkeling, maar een hoge positieve
correlatie met het groeipotentieel van het dienwkren ook aanwijzingen dat het combineren

van verschillende lichaamsmaten een correcter petiisg van het lichaamsgewicht toeliet.

Een bijkomende studie die voortbouwde op deze tatsm werd opgezehofdstuk 7). Er
werden nu veel meer gegevens verzameld op veel B\ dikbildieren. De vraag werd
gesteld met welke lichaamsmaten en gemakkelijk ¢gzamelen gegevens de beste
voorspelling van het lichaamsgewicht mogelijk wks.werd een niet lineair groeipatroon
aangetroffen met een duidelijk lineair gedeeltesénsde leeftijd van 100 tot 600 dagen, een
periode met een groot economische belang in dit Iraglit leeftijdsinterval voorspellen
schofthoogte en schouderbreedte het lichaamsgeweehtpreciezer dan de borstomtrek. De

schofthoogte informeert ook over de dagelijkse gbtgiaanzet en de afmetingen van het dier



en zegt meer over de spierontwikkeling van het dem de borstomtrek. Schouderbreedte
voorspelt niet alleen het lichaamsgewicht beter dan borstomtrek, maar geeft meer
informatie over de spierontwikkeling dan de borgiek Anders geformuleerd kan gesteld
worden dat de borstomtrek het lichaamsgewicht nminderrect voorspelt en minder
informatie geeft over de groei en spierontwikkelirdpn de schofthoogte en de
schouderbreedte. In het dagdagelijkse fokgebewmamen zich dan ook beter toespitsen op
het meten van de schofthoogte en de schouderbreed&dstappen van het meten van de
borstomtrek. De schofthoogte en de schouderbreddtenen dan samen met de
leeftijdsgegevens en het geslacht worden gebruaildein lineair multivariansmodel om het
lichaamsgewicht te voorspellen wanneer weging nme geebalans niet mogelijk is.
Tegelijkertijd kunnen beide kenmerken dan ook g#brworden om de spierontwikkeling,

groei en afmetingen van het dier te gaan beoordelen

Om af te sluiten werden de verkregen resultateddsrbesproken in de algemene discussie
(hoofdstuk 8). Bovendien werden daar suggesties naar voor gesohom nieuw en
aangepast onderzoek te doen naar de routinematgpaste keizersnede en om bijkomend
onderzoek te doen naar de mogelijke aanwezigheidiwerggroei (op dit moment afgewerkt
(CTS) en in volle uitwerking (hypofysaire dwerggnoaan de faculteit diergeneeskunde in
Luik) in het ras. Er werd ook gesuggereerd om earoeken in hoeverre de lichaamslengte

als derde dimensie in de voorspelling van het hohsgewicht kan gebruikt worden.
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