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Abstrr.t

Some type Uaits potentially have value in selection o irnprove udder health and others may be useful

in impioving treaitn of fg;t and legs. Genetic conelations indicaE tlEt foot angle and/or the length

of fo6t Aiag6n1 may be importanifor improving hoof heatth. Selection for straighter rear legs rear

view and fJr improveO trocfor bone quality may also have merit, but clear rclationships between these

traits and trealth aspects of feet and ligs aie not well established. The benefits of selection based on

subjective composiL feet and leg traits-and subjective locomotion scores are also not lnown- Selection

for some udder and teat morpn6logical chararcteristics is lilaly warranted. Udder 
-deOS' 

forc udder

attachment, teat placement, odA"t-"t"ft, t€at length, somatic cell score (SCS) and milk yield were

evaluated in an iniex (sire index with 50 or 100 daughten) to predict clinical mastitis and an ag$egate

g"notyp" which included clinical mastitis and milking labor. Fore udder attachment, teat placement'

inO uOa"r cleft were of limited value in an index to predict clinical mastitis when SCS, udder depth'

and teat length were available. Somatic cell score islikely the most important component of an udder

health indei and udder depth is second in importance to SCS. Udder related type traits were mole

valuable when milking labor was included in the objective. Somatic cell score, udder depth' teat

length, and teat place;ent may all be useful in more comprchersive indexes. .Selection 
for lower

*ri"ti" ."U scores, higher udders, shorter teaS, and closer teat placement will reduce clinical mastitis

and may reduce labor associated with milking.

Introduction

Dairy cattle breeding programs should focus on

improving the economic efficiency of dairy
cattle. lntense selection for increased yield'
especially protein yield, is clearly justified

@ogen, 194). However, shtegies for
selection to improve udder health and rcduce

locomotive diseases are controveniial. Some

countries such as Norway and Sweden placc

considerable emphasis on health traits while
many other countries (e.9., US and

Netherlands) use only indirect measures of the

health traits and place much less emphasis on

these indirect measures compared to yield
traits.
Udder diseases, hoof diseases, and leg

ultimalely lead to involuntary culling. Udder

Oisease ana hoof diseases also have significant

eenetic vadation. Heriabilities for clinical

irastitis in most dairy cattle populations when

recorded accurately, consistently, and

completely arc probably .10 or higher (Lin 
-et

al. 1-989; Lyons et al., l9l). Heriabilities for
hoof diseases are also substantial (Distl et al"
1990; Ral et al., 195), but estimates of
heritabilities for leg disorders (e.g., swollen

ioints and hock ailments) are not readily

available. However, in most countries, the

lack of accurate and standardized recording
prohibis direct selection for mastitis resistanc€

and hoof diseases. Type trais associated with
udder and teat morPhology and somatic cell

counts (SCC), usually converted to some
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logarithmic form termed SCS, have been
identified as traits that are possibly useful for
indirect selection to improve udder health

@manuelson et al., 1988; Rogen, 1993;
Shook, 19E9). Typetnits associated with feet
and legs have been suggested as possible
indicaor traits useful for selection to rcduce
hoof diseases and leg disorden (Distl et al.,
1990; McDaniel, 1995). The usefulness of
ttrese tne traits to help improve udder and
locomotive health is dependent on heritabilitie.s
and correlations among the type tnits, their
cost of measurement, and their associations
with the health traits that they indirectly
reprcsent. Type traiB should not be part of the
actual brceding objective, but should be used as
indicator traits for traits included in the
breeding objective. The objectives of this
paper arc to outline and evaluate the traits that
potentially could be useful for improving udder
diseases, hoof diseases, and leg disorders in
dairy cattle.

Possible traits for improving health of feet
and legs
Hmf diseases and leg disorders impact
reproductive performance, survival, salable
milk, and labor needs. Lameness in cattle was
extensively reviewed in recent papers (Boelling
and Pollott, 1995; McDaniel, 1995; Ral et al.,
195). Genetic variation in hoof disorders is
low to moderate (DisU et al., 1990; Ral et al.,
195). kminitis, hoof injuries, abnormal claw
growth, and skin disorders arc the most
prcvalent problems involving the hoof.
Laminitis is perhaps the most important of the
disorders and is most frequently associated with
lameness. Disorders of the hock ale not
understood very well, but they could play an
imporant role in the complex issue of
locomotive health.
Hoof diseases and leg disorders arc not
recorded in many populations, but some
indircct measures (Boelling and Pollott, 1995;
Distl et al., 1990; McDaniel, 1995; Ral et rrl.,
1995; Rogers, 1993) may be helptul for
selection. Candidate type traits include those
associated with the morphology of the hoof, the
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structure of the leg, and measures of
locomotion and agility. Most traits that reflect

structure of fcet and legs have low to moderate

heritabilities (McDaniel, 195; Misztal et al',
lW2). A number of leg traib ate scored in
various countries including rear legs side view
which is a measurc of hock angle, rear legs -

r€ar view, hock quality, and bone quality.
Tnits r€lated to the hoof which are routinely
recorded include foot angle, a foot diagonal
measune, and subjective overall measures of .

thc foot. Claw lengths, hoof symmetry,
interdigital spce, heel depth and various o0ter
measues arc not routinely recorded in most
countries. Measures of mobility and agility
usually termed locomotion scores have been
proposed, but are not routinely measured in
most countries.
Estimates of genetic corrclations benreen leg
traits and hoof diseases or leg disorders are not
readily available. However, correlations
between leg traits and longevity might indicate
associations between leg traits and leg
disorden. Results from longevity studies
should be used cautiously since survival is
dependent on producer decisions and these
decisions are made based on a large number
facton. Most studies where genetic
correlations have been estimated indicate that
rear legs side view has a very low relationship
with longevity. Phenotypic estimates from
some studies indicate that cows slightly
straighter than mid-range scores might be most
desirable (McDaniel, 1995), however, genetic
relationships between sunrival and rear legs
side view have not shown this same
relationship in many studies (Rogers et al.,
1989). Perhaps this difference is due to the
smaller range in breeding values compared to
phenotypic values. Those studies involving
rear legs rpar view indicate that straighter legs
from the rear might be favorable. In addition,
bone qudity and hock quality may be favorably
associated with longevity @ekkers et al. ,

1994). Selection for leg traits may impactjoint
disorders and improve agility. Directional
selection for rear legs side view will likely be
of limited value, but selection for straighter
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legs rear vicw, improved hock quality, and/or
improved bone quality may be useful.

Foot anglc and foot diagonal appear to
be genetically associated with various measures

of claw health, Highcr foot angles and shorter
foot diagonals are favorably associated with
laminitis urd other diseases of the hoof (Distl
et al. , 190) . Genetic correla,tions between
fmt angle and the foot diagoul measure and
hoof diseases may be in the range of ,2 to .7
@istl et al., 1990; Ral et al., 195). Selection
for stee.per foot angles and shorter foot
diagonals will likely improve hoof health, but
selection for leg traits may have litle effect on
hoof diseascs. Correlations between hoof trais
and mebbolic diseases are unknown, but it is
possible that hoof traits could be associated
with metabolic diseases.

Little is known about the genetic
corrclations between locomotion scor€s and
hoof diseases and leg disorders. However,
locomotion scorres werc favorably correlated
with hoof diseasas in (Groen et d., 1994).
Mobility and agility are probably affected by
both clinical and subclinical disease. Many
countries evaluate subjective composite traits
for feet and legs and some of these composite
measurcri may be useful in selection programs.
However, the relationship between these

composite traits and hoof diseases and leg
disorders are unknown.

Most studies have found onlY low
correlations between feet and leg type traits and
reproduction (Shapiro and Swanson, l9l), but
some exceptions can be found (Choi and
McDaniel, 193). Selection based on feet and
leg type traits to improve reproduction will
likely be unsuccessful. Direct selection for
reproduction would likely be more useful
because data on reproduction are collected in
most countries in production and management
recording programs.

lndexes to predict hoof disease and leg
disorders should be developed using pammeters

supported by the scientific literature.
Currently, in most countries, indexes of feet
and leg traits have been developed by informal
methods.

Pcible treits for lmproving udder bealth

Mastitis is tlre most costly disease in most dairy
cattle populations. Direct measutes of clinical
mastitis may bc useful for selection in
populations where direct measurement is
feasible (Emanuclson et al., l9E8; Lin et al.,
l9E9; Lyons ct al., 191; Shook, 1989)'
Howc\rcr, in those countries where clinical
mastitis is rEcorded, it is usually only
vet€rinary heatod incidents that are rccorded
which likely results in exclusion of milder
clinical episodes from recording. Somatic cell
counts arc collectcd ext€ttsively in many

countries and could bc useful to select for
reduced mastitis @ogen, 193; Shmk, 1989;

Weller et d., 192). Somatic cell counts have

a moderate to high gcnetic correlation (.6 or
larger) with clinical mastitis @manuelson,
1988; Shook, 1989; Weller et al., 192).
Estimates of this genetic correliation involving
large data sources likely suffer from incomplete
recording of clinical mastitis. Incomplete
recording of less severe disease manifestations

and the low frequency in some populations may

bias estimates toward zero. The genetic

correlation between SCS and tlte trait that

should be used o reprasent mastitis in deftning
the breeding goal for most countries is likely
near .7. Clinical mastitis, as it is recorded in
many populations, may not be the best choice

for defining udder health in the breeding

objective.
Udder related type raits may also be

useful for selection to improve udder health.

Udder related type tnits are measured in many

dairy cattle populations and are moderately to

highly heritable (Misztal et al., 1992; Seykora

and McDaniel, 1986; short et al., l99l).
Genetic correlations between udder related type

traits and mastitis or other measures of udder

health are variable and depend on the typc trait
involved as well as the study (Rogers et al.'
l9l; Seykora and McDaniel, 1986).

However, most studies involving a large

number of observations indicale that udder

depth and forc udder attachment are the two
traits most closely associated (genetically) with

.l
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uddcr health. Unpublistred daa from Sweden
(Eriksson, personal communication, 1995;

Rogen, 1996) suPport this contention. Teat

placement, teat length, and udder cleft also

may have small genetic correlations with uddcr
heatth. Rear udder height and width appear to

have little correlation with udder health.
Most dwel@ counEies include udder

traits in their major sclection indexes either
dircctly or through the prediction of another

trait. Currvrtly, s{tme countries
considering mastitis resistance indexes

combine SCS urd udder traits (de Jong'
personal communication, 1995). These indexes

could be published separately and included as

the mastitis component of the major selection

indexes within those countries. Udder linear
trair may be useful for predicting mastitis

especially in those countries where clinical
mastitis is not r€corded routinely.

Udder traits may be valuable in
selecting to improve milking labor effrciency
and suiability of the udder to mechanized

milking. An index strictly for mastitis
rcsistance may under evaluate the importance
of some udder traits in a totd merit index. It
may not be appropriate to ignore milking labor

Qabor involved with cow preparation, machine

adjustment, and postmilking cow attention) or
traits associated with milking machine

suitability (independent of machine time) in
defining the role of udder traits in total merit
indexes. Milking labor is also likely
genetically correlated with udder health because

mastitis requires attention during the milking
process. Milking s@ could also be useful

for selection, but the value of reduced machine

time may be completely offset by increased

susceptibitty to mastitis. Selection for
increased milking speed is probably not be

warranted in most populations, but mating to

avoid extremes might be reasonable (Groen'

personal communication, 1995).
Production traits could also be useful for

inclusion in a mastitis resistance index.

Genetic evaluations are widely available for
production traits and the genetic correlations

between yield traits and mastitis are in the
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ranse of .2 to .3 (unfavorable). Inclusion of
vieia trais in a mastitis resistancc index will
i*ay A"p.na on how the mastitis rcsistance

indei is to bc used in a total merit index and in

the country's breeding Fogram. Ukewise'
measuss of tongevity could be included in a
mastitis resistance index. However, longevity

evalu,ations for bulls with new first crop

daughter information are primarily based on

pedigrec information '

Indexes for selection

Selection index methodology assuming a sire

index with information from either 50 or 100

daughten was used to calculate indexes '
preOicting either clinical mastitis or a multiple

Lzit obiective that included clinical mastitis and

minini tabor. The multiple trait objective was

included to more accurately rcpresent the

importance of the indicator traits in predicting

thJ entire complex of udder health and labor

associated with milking. Udder related linear

traits, SCS, and milk yield were included in the

indexes. Accuracies of prediction' the

contribution of traits to the index, and

standardized index coefficients were calculated.

Reduced indexes were calculated after the tnits
that contributed the least were sequentially

removed and not allowed !o re€nter until only

one trait remained. Indexes with all the traits

considered are included in the results for
refercnce, but other indexes including traits that

contributed less than one percent to the

standard deviation of the index are not

reported. Standardized index coefficients'

"rpr".*d 
relative to SCS (SCS equd to 1.0)'

indicate the weights that should be applied to

the traits in the index.
In the US, single trait evaluations are

available for SCS, but multiple trait evaluations

arc available for the type traits. When genetic

evaluations used in indexes are calculated from

multiple trait evaluation models, index weights

a!e simple to calculate @ogers, 199,4;

Schneeberger et al., 1992), and standdd
selection index weights are not apPropriate.

Setection index methods were used because



SCS was expected to be very important in the
index due to its high genetic correlation with
mastitis.. 

The genetic standard deviation for
clinical mastitis on a non-inciden@ ven s

incidence (0 or l) basis per lactation was
assumed to be .15, and the cost per lactation
(excluding cost of reduced milk yield) tltat
involves at least one clinical episode was
assumed to be $150 (US) Eogen, 193;
Rogen, 1994). Mlking labor was defined to
include only labor involved with cow
preparation, machine adjustment, and
postmilking cow attention. The phenotypic

variance for milking labor over the lactation
was from Blake et al. (1979) and a heritability
of.10 was assumed. I:bor cost was $9 per

hour; this cost included wages and benefits.

Milking labor and clhical mastitis were

assumed to have a genetic correlation of.20
because milking labor included postmilking
labor time which involves time for mastitis

therapy.
The heritabilities, PhenotYPic

correlations, and genetic correlations among the

traits in the index used in this study are in
Table l. These panmeters are for the situation

in the US (Misztal et al., 1992; Rogers et al.'
1991; Seykora and McDaniel, 1986; Shook'

1989; Short et al., 1991), but they probably are

similar in many other populations. Phenotypic

and genetic variances for these trais are not

specihcatty of interest because index

cr"ffici"ns are standardized. Genetic

corrclations among the traits in the index and

mastitis and milking labor are in Table 2 @lake
and McDaniel, 1979; Emanuelson et al.' 1988;

Rogers et al,, 1991; Rogers and Spencer' 1991;

Seykora and McDaniel, 1986; Weller et al"
l9!2;. Calculations were made assuming the

genetic conelation between SCS and mastitis

was .7 and .6.

Resutts of index calculetions

Indexes assuming clinical mastitis as the

breeding objective are in Table 3' Teat

placemJnt, udder cleft, and fore udder

attachment contribute very little to the accuracy
and vuiation of tbe index. These traits were
removcd becausc thcy did not contribute one
p€rccnt to the standad deviation of the index.
Forc udder attachment probably contributed
very linle because it has a high garctic
corelation with udder depth which was in the
index. When the index was assumed to have

information from 50 daughters per sire, SCS,

udder depth, teat length, and milk yield all
conributed mote than one percent to the

standard derriation of the index. The

standardized index coeffrcients reflect the

importance of the traits in the index. Weights

for SCS were largest followed by udder depth'

then by milk yidd and teat length which had

weights of similar magnitude. Sequenti{
removal o get to a one trait index followed this

same pattcrn. Rcductions in accuracy wifh thg

elimination of these traits were small (2 to 3
percent) until udder depth was eliminated'

3omatic cell score is the most important trait in

the index, but the improvement in accuncy

above SCS with the addition of udder depth

was 9 to 15 percent. Weights for udder depth

and the other type traits were smaller in

magnitude relative to SCS when the genetic

corLlation between SCS and mastitis was '70
compared to when the genetic correlation was

.60. The weight for udder depth was 56 to 78

percent as large as the weight for SCS when

ontt SCS and udder depth were in the index'

l:iee milk price premiums based on SCS

*oid in.t .t" the emphasis that should be

placed on SCS relative to the udder linear trais
'in 

" 
t-n"t simitar to using a higher genetic

correlation between SCS and mastitis'

When calculations assumed I 00

daughters per sire, only SCS and udder depth

-nliUut i morc than one percent to the

standard deviation of the index. In addition'

the panern for elimination of the trais was

sligtrtty differcnt compared to indexes with 50

daughiers per sire. Type traits were less

important in the index when l0O daughters per

sirc were assumed compared to 50 daughters

per sire. Udder depth and SCS aPPear to be

very useful for predicting mastitis resistance;

tr



t€at length and milk yreld may have limitcd
value for predicting mastitis resistance. Teat

placement, udder cleft, and fore udder

attachment are probably not valuable for
predicting mastitis resisunce when SCS' uddcr

deptlr, teat length, and milk yield are included

in the index.
Indexes assuming clinical mastitis and

milking labor as the breeding objective are

included in Table 4. Indexes constructed in
this manner could be used o represent the

complele contribution of the udder related trais
to lotal merit indexes. Indexe.s indicate that
udder cleft and fore udder attachment, as well
as milk yield (when 100 daughtcrs per sire),
contribute very little to the accuracy and

variation of the index. Udder cleft and forc
udder attachment were removed because they
did not contribute one percent to the standard
deviation of the index. Milk yield did not
contribute one percent to the standard deviation
of the index when information from 100

daughters per sire was assumed. Weights for
SCS were largest and weights for udder depth
were second largest. Weights for teat length
and teat placement were similar in magnitude,
however, teat placement was always
sequentially eliminated from the index before
teat length. ln rcme indexes, the contribution
from udder depth was nearly equal to the
contribution of SCS. The udder traits were
more important in the indexes which included
milking labor as a component of the objective
compared with indexes that included only
mastitis in the objective. Somatic cell scorc,
udder depth, teat length, and t€at placement
may all be usefirl in most breeding programs.

Conclusions

Selection for steeper foot angles and
shorter foot diagonals will likely improve hmf
health. Clear recommendations for selection on
leg traits are not readily available, but selection
for straighter legs rear view, improved hock
quelity, and/or improved bone quality may be
useful.

Somatic cell scorc is likelv the most
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important component of an udder health index

and udder depth is second in importance to

SCS. Teat length and tcat Placement will also

be usefirl in compretrensive indexes that include

mastitis and husbandry aspects of the uddcr.

Selection for lower somatic cell scores, higher

udders, shorter tezrts, and closer teat placement

will reduce ctinicat mastitis and may reduce

labor associatcd with milking.
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TABLEl.Heritabilities(ondiagonal)'genetic(abovediagonal),andphenotypic@elowdiagonal)
corelations among the traits in the index.

TLUC

.00

.40

.50

.65

.24

.00

.00

MY
IJD
FU
TP
UC
TL
scs

MYI IJD FU

.25 -.40 -.30
-.20 .28 .75
-.10 .40 .29
.00 .30 .40
.00 .30 .30
.00 -.10 .00
-.10 -.20 -.20

.00 .25
-.10 -.45
.00 -.35
-.10 -.20
.00 -.10
.26 .15
-.r0 .10

TP

.00

.40

.65

.26

.50
-.20
-.10

scs

My : milk yield; uD : udder depth; FU : fore uddel attachment; TP : teat Plac€ment;

UC = udder cleft; TL : teat length; SCS = somatic cell score'
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TABLE 2. Genefic corr€lations among the trais in the index and clinical mastitis and

labor.

MYI IJD FU TLTP UC

-.10
-.20

scs

.7e

.20
Clinical mastitis
Milking labor

.25

.10

a MY : milk yield; UD = udder depth; FU = forc uddcr atachmcnt; TP = teat placement;

UC : udder cleft; IL = teat length; SCS = somatic cell score.

Genetic corrclation between somatic ccll score and clinical mastitis of .60 was also used.

TABLE 3. Index coefficients standardized and prcsented relative to somatic ceu rcore and accuracy
for a sire index assuming clinical rirastitis as breeding objective.

Index Coefficients
SCS' UD TL TP MY AccuracyFUUC

Index with 50 daushters oer sire:
Genetic coielatioir between SCS and clinical mastitis of .70:
-1.0 .43 -.19 .07 -.ll .ll -.21
-1.0 .47 -. t9 -.21-1.0 .49 rem3-1.0 .56 rem-1.0 rem rcm

-.20
rrem
rem

-.26
-.25
rem
rem

.535

.531

.524

.518

.450

.586

.584

.578

.572

.525

Genetic correlation between SCS and clinical mastitis of .60:

I
-a

<l

-1.0 .62 -.25 .10 -.18 .16 -.26
-1.0 .67 -.25
-1.0 .69 rcm
-1.0 .78 rem
-1.0 rem rem

Index with 100 dauehters oer sirc:
Genetic conElation'between SCS and clinical mastitis of .70:-1.0 .37 -.14 .08 -.ll .06 -.t4
-1.0 .44
-1.0 rcm

-1.0 .56 -.19 .11 -.r7 .10 -.19-1.0 .65
- 1.0 rem

Genetic correlation between SCS and clinical mastitis of .60:

.638

.628

.594

.5't6

.5&

.5@

I

2

SCS : somatic c€ll score; UD = udder depth; TL = teat length; TP - teat placement; UC
= udder cleft; FU = forc udder attachmena; MY : milk yield.
Traits designited ... werc sequentially removed and not 

-al-lowed to re-enler because they
contributedless than one percint to th6 standard deviation of the index.
Traits designated rem weie sequentially removed and not allowed to re-enter based on their
contrib utio-n to the index.

#
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TABLE 4. Index coefficients shndardiz€d and presented rclative to somatic cell score and accuracv
for a sire indcx assuming clinicat rirastitis and milking labor as breeding objective. '

Indef, Coefficients
SCSI I'D TL TP UC MYFU Accuracy

Index with 50 dauehters Der sire:
Genetic coielatioh betrreen SCS and clinical mastitis of .70:

-1.0 rem r€m rem

-1.0 .a -.27 .43 -.t7 -.10 -.24
-1.0 .53 -.29 .29 -.25
-1.0 .63 -.28 .25 r€m3
-1.0 .71 -.30 rem rem
-1.0 .73 rem rem rem

.ffi.gI

.600

.593

.5E0

.510

-.30 s6rcm .559rem .551rem .537
rrem ,U5

.6t2

.ffi)

.593

.581

Genetic correlation between SCS and clinical mastitis of .60:
-1.0 .E5 -.34 .55 -.25 -.09 -.30 .570

Index with 100 dauehters Der slre:
Genetic corrElation between SCS and clinical mastitis of .70:

-1.0 .73 -.36 .37-1.0 .85 -.36 .32
-1.0 .96 -.38 rcm
-1.0 .98 rcm rrem
-1.0 rem rEm rem

-1.0 .81 -.28 .57 -.25 -.20 -.23
-1.0 .73 -.30 .30
-1.0 .83 -.32 tem
-1.0 .84 rem rcm
- 1.0 rem rem rem .503

-1.0 .58 -,21 .44 -.17 -.18 -.18 .659
-1.0 .51 -.23 .23 .651
-1.0 .60 -.25 rem .643
-1.0 .61 rem rem .633
-1.0 rem rem trem .577

Genetic correlation bctween SCS and clinical mastitis of .60:

I SCS = somatic cell score; UD = udder depth; TL = teat length; TP = teat placement; UC

= udder cleft: FU = fore udder attachmeni; MY = milk yield.
frais A-esGn-dted- . . . were sequentiallv rcnioved and not 

-allowed to re-enter because they
contributedless than one oercint to th6 standard deviation of the index.
idG-aesignitea iem wlie sequentially removed and not dlowed to rc-ent€r based on their
contributio-n to the index.

{
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