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Log-linear association models applied to interpre-
tation of inheritance of hoof conformation and
health
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Abstract

Twelve 5 by 5 hoof trait contingency tables with 619 to 724 daughter-dam pairs were analyzed by ten
different association models: independence, main diagonal, uniform association, fixed distance, mover-stayer,
minor diagonals (1), minor diagonals (II), pure distance, loyalty-distance and quasi-symmetry. Six hoof
growth traits were heel height, hoof texture, sole thickness, subsole, toe growth and weight transfer and
characterized hoof conformation. Six discrete hoof traits were corkscrew claw, heel erosion, interdigital
dermatitis, laminitis, sole ulcers and white line separation. One contingency table represented each trait.
Independence models for eight traits (heel height, hoof texture, sole thickness, toe growth, weight transfer,
corkscrew claw, sole ulcers and white line separation ) were not rejected (G? < 26.3, P> 0.05), and implied
that genetic associations were not very strong. But, improved best association models were found for five of
the eight traits. Eleven of twelve traits had positive uniform association parameters estimated from uniform
association model and negative off-diagonal distance parameters estimated from fixed distance model which
supported genetic association between daughters and dams. Combining higher probabilities for daughter and
dam with neighboring worst scores and improved fit through the best models, evidence of association between
scores of daughters and dams for hoof conformation and health was supported for most hoof traits (heel

height, hoof texture, subsole, toe growth, corkscrew claw, heel erosion, interdigital dermatitis and laminitis ).
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Introduction

Regression of daughter on dam was a classic approach for heritability estimation of quantitative traits
( Kempthorne and Tandon, 1953 ). For binary categorical traits, Thompson et al. (1985) demonstrated how
to use the offspring-dam regression for heritability estimation. The heritability estimation for categorical traits
varied by different approaches ( Huang and Shanks, 1995, van der Waaij ez al., 2005 ) For example, estimate of
heritability for liability was several times higher than that for incidence ( Thompson et al., 1985 ). The meaning
of heritability was ambiguous without providing corresponding response scale and link function. Furthermore,
inheritance patterns might be important for some categorical trait responses, but "estimated heritability" might
be unstable as the incidence of extreme responses was rare. Therefore, in addition to estimation of heritability,
supplementary approaches should be helpful for analysis of categorical traits.

Several studies demonstrated the importance of environment effects on the hoof traits (Huang et. al.,
1995; Offer et. al., 2005; Leach ef al., 2005 ), but not many genetic evidences were presented. Glicken and
Kendrick (1977 ) found a genetic disposition for hooves growth by chi-square tests, but lack models to show
the inheritance pattern. Log-linear models analyzed associations among variables without distinguishing re-
sponse or explanatory variables. The analysis of log-linear models has rapidly become a major tool of statistical
practice for deciphering multidimensional contingency tables (Freeman, 1987). A well organized introduction
was in the book of Bishop e al. (1975). A set of log-linear models developed by Leo Goodman and Shelby
Haberman were popular in the social sciences (Agresti, 1990). Rutledge and Gunsett (1982) suggested that
log-linear models might be useful for animal sciences, but more than a decade later applications were still very
limited. The objectives of these analyses were (1) to introduce a variety of log-linear models for genetic

application and (2) to use log-linear models in interpreting genetic importance of hoof traits.

Materials and Methods

Hoof traits were collected from ten years of trimming through 1992 at dairy farm of University of Illinois.
Heel height, hoof texture, sole thickness, subsole, toe growth and weight transfer characterized hoof conforma-
tion and were identified as six hoof growth traits. Six discrete hoof traits were corkscrew claw, heel erosion,
interdigital dermatitis, laminitis, sole ulcers and white line separation. Scores of 1 to 5 represented each trait
from perfect to severe. Holsteins with 429 to 523 daughter-dam pairs were the major breed among the 619 to
724 daughter-dam pairs. Other minor breeds were Ayrshire, Brown Swiss, Guernsey and Jersey. Because
available data was limited and all five breeds were dairy breeds, differences due to breed were not considered.
Twelve 5 by 5 contingency tables pooled across breeds were built, based on worst score of lifetime for 12 hoof
traits. Worst score of lifetime was the worst score of each cow, daughter or dam, from all available records.
Due to limited available animals, all cows were included, including those that remained in the herd at end of
1992. Cell counts in the contingency tables were sums of daughter-dam pairs for each score combination, (1,
1), (1,2),..(5,5). After computation of ten log-linear models for the lifetime worst score data, a regenerated
data set comprising 358 to 428 pairs of worst scores detected between 30 to 48 months inclusive, were also
analyzed and compared. For convenience, hereafter, the worst score of lifetime represented the first data set
and the worst score of 30 to 48 months represented the second data set. The purpose of the supplemental

analysis for data from 30 to 48 months was to eliminate possible confounding between age and severity of hoof
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traits for daughters and dams.

Because the daughter-dam contingency table was a square table and scores had a natural order, some
simplified association models reviewed by Agresti (1984 ), Fingleton (1984 ) and Goodman ( 1984 ) were
applicable. Although there were several options to represent a log-linear model, the terminologies and nota-
tions of Fingleton (1984 ) were followed in this analysis. Ten different association models in this analysis
were independence, main diagonal, uniform association, fixed distance, mover-stayer, minor diagonals (1),
minor diagonals (II), pure distance, loyalty-distance and quasi-symmetry models.

Notation common to more than one model included

for probability in (i,j) cell,

ij

o' for total mean probability,

A for unknown effect of row i (i=1..5),

AP for unknown effect of column j (j=1..5),

B for unknown parameter,

{u =i} for uniformly increased row effects, u =1, u, =2 ... u, =5,
{vj =j} for uniformly increased column effects, v, =1, v, =2 ... v, =5,
u for mean of uniformly increased row effects,

v for mean of uniformly increased column effects,

AM for fixed effect common to main diagonal,

AP for distinct (i,1) cell effect on main diagonal (i=1..5), and
AP for k™ distinct off-diagonal effect (k=[i-j|, i # j).

Descriptions for each model and constraints follow (alternative constraints existed ).

I. Independence models
log (Pij)z,u'+ AR +l}3 [1]
Constraints ¥ A7 =X A7 =0

II. Main diagonal models
log (P) = '+ AT+ A] + (i=j) [2a]
or log (Pij)z/z'+ AT+ AT (i#j) (iandj=1,.,5) [2b]
Constraints ¥ A7 = 2 A7 =0

II1. Uniform association models
log (Pij)=ﬂ'+ l‘?+l'j“+,8'* (u -1) (Vj-V) 31
{u =i} and { Vi=j}.
Constraints Y A7 = X A7 =0

IV. Fixed distance models
log (P =p'+ A0 + 17 + 8%k  (i+#jk=li) [4a]
orlog (P) =u'+ A7 + A7 (iandj=1,..,5) [4b]
Constraints £ A7 = X A7 =0
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V. Mover-stayer models
log (Pij)z,u'+ AR +/1‘}3 +/1;|J_3 (i=j) [5a]
or log (P.) = 1"+ AT+ A7 (i#j) (iandj=1,..,5) [5b]
Constraints Y A7 = X A7 =0

VI. Minor diagonals models (I):
log (Pij)zu'+ A +)L‘f + AN (i # j, k=li4j]) [6a]
or log (P,) = p '+ T (i=j) [6b]
Constraints ¥ 17 = X A ‘}3 =0

VII. Minor diagonals models (II):
log (P)=p'+ A7 + 17+ A4y (i#j, k= (j-i) +5) [7a]
or log (P) = ¢ '+ AT+ AT (i=j) [7b]
Constraints S A7 = T A7 =0

VIII. Pure distance models

log (P)=p '+ A7 + A7 + A4y (8]
i1
Xd, (i<j)
r=1i
Ay = 0 (i=j)
i-1
vd (i>)
r=j

d,, d, .d, and d, were distances from score 1 to 2,2 t0 3,3 to 4
and4to5; A ,5=d,, L 5=d+d,, 1,5 =d+d,+d,, ...
A5l = d +d,+d,+d,

Constraints X A* =X )L‘JB =0 and X A ,? =X lf

IX. Loyalty-distance models
log(Pij)zﬂ'+)t"i*+/1'f+A'M+)t;]j’ [9]
AP
ij

Constraints X A7 =X A7 =0 and A7 =4 7

was defined the same as for pure distance model

X. Quasi-symmetry models

o (P e T4 AT A Gandjet,$) 0
Constraints L A7 =X A7 =0and A" = 1 73°

The criteria of a best model was significant improvement from independence model (P<0.05) and small-
est AIC (an information criterion ) statistic ( Kennedy, 1992 ). The model likelihood was computed by SAS
CATMOD procedure (SAS, 1999 ) after basic preparation of the design matrices. Ten models were fit to

both lifetime worst score and worst score between 30 to 48 months.
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Results and Discussion

Due to the consistency of results and agreement between worst score of lifetime and worst score of 30 to
48 months, most discussion will focus on worst score of lifetime. If genetic components were major controlling
factors for hoof traits, strong associations between daughters and dams should be expected. Examples of
genetic influence were that the diagonal had higher probabilities, reduced probabilities occurred along off-
diagonals, or high odds ratios were found for adjacent 2 x 2 sub-tables. Therefore, the parameters of each model
were examined in order to search for a meaningful genetic explanation.

Worst score of lifetime data: For five of the six hoof growth traits (heel height, hoof texture, sole
thickness, toe growth and weight transfer ) independence models were not rejected (G?<26.3, P>0.05, Tables
1 and 2 ). Similar results were found for three of the six discrete hoof traits. P value of the likelihood ratio
statistic of the independence model was higher than 0.05 for corkscrew claw, sole ulcers and white line
separation (Tables 3 and 4). Totally, independence models of eight of twelve hoof traits were not rejected. P
value greater than 5% for independence model implied that genetic associations between daughters and dams
were not very strong, but improved best association models were found for five of the eight traits and
supported daughter-dam associations. For the other four traits which did not fit independence model well,

three of them had an improved best fit model.

(A) Six hoof growth traits

Fixed distance model was best for heel height with significant negative coefficient for off-diagonal cells [4a]
which indicated that daughters and dams with extremely different scores occurred less frequently than expected
(Table 5). For hoof texture, significant positive adjacent odds ratio of 1.16, was estimated by uniform association
model [3]. Daughters of dams scoring one unit higher than other dams had risk of scoring higher by factor of 1.
16 (Table 5, e*' = 1.16 ). Although a Loyalty-distance model [9] was selected as the best model for sole
thickness (Table 6 ), a meaningful explanation could not be obtained through examination of parameters. Because
two distance parameters were negative (d, d,) and two were positive (d,, d,) and loyalty parameter was
negative ( A ™), the expected probabilities of diagonals or neighboring cells from Loyalty-distance model were
not always higher than other cells. Minor diagonals (1) and minor diagonals (II) models with 4 and 7 more
parameters than independence model were selected best for subsole and toe growth, which with the significant
negative parameters indicated that probabilities of off-diagonal score pairs from models [6a and 7a] were lower
than the diagonal daughter-dam pairs from model [6b and 7b]. Daughters and dams with dissimilar toe growth
scores had a lower probability of occurrence than daughters and dams with the same scores. However, a high
p value, 0.43, was found for independence model of weight transfer and all other nine models were not
significant improvements, which suggested that no association was found for daughter-dam lifetime contin-

gency table of weight transfer.

(B) Six discrete hoof traits

Although corkscrew had genetic predisposition for abnormal horn formation (Edwards, 1987 ), the
contingency tables were not supportive of strong daughter-dam relationships. Fixed distance model ( Table
7) was best for corkscrew claw with significant negative coefficients for off-diagonal cells which indicated that

daughters and dams with extremely different scores occurred less frequently than expected ( Table 5). Only
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two dams with worst score 5 for lifetime had daughters with worst score 5, the easiestly distinguished abnormal
claw shape. From sire point of view, the 62 cases of corkscrew claw, cows with score 5, were daughters of 49
different sires from total of 256 sires with lifetime data on daughters (Fig. 1). Five of seven sires with at least
20 daughters had severely affected daughters (score 5) for which independence model could not be rejected
by sire analysis (P=0.42). Based on limited information and involuntary culling practices, the inheritance
patterns were not clear. Management should be at least as important as genetics for control of corkscrew claw.
Peterse (1985) discussed the puzzlement about the origin of corkscrew claw and concluded that housing
conditions might play an important role. Huang and Shanks (1995) suggested improper trimming might be
important, also. Because heel erosion had higher probabilities of occurrence on (1,1) and (5,5) cells, and
laminitis had higher probabilities in (1,1), (2,2), (4,4) and (5,5) cells, a mover-stayer model was best
and supported the inheritance of the same scores (excellent or severe ) between two generations. Hoyer
(1991 ) reported a single small pedigree study of laminitis in Jerseys and suggested that laminitis was caused
by a recessive autosomal gene. Greenough (1991 ) reviewed other genetic evidence for laminitis and suggested
a hypothesis favoring a multifactorial etiology. Logue er al. (1993) reviewed several studies and suggested
that overemphasis on nutrition alone, also, was ill-advised. The results of this analysis (Table 7 ) supported
that genetics was involved but that genetics might not necessarily be the major controlling factor for laminitis.
No simple model, with only one additional parameter than independence model, was best for interdigital
dermatitis (' Table 7). Minor diagonals (II) model with seven negative parameters was best and suggested that
diagonals from model [7b] had higher probabilities than off-diagonals from model [7a]. Alternatively, applying
an option of contrast parameterization, for the minor diagonals (II), the estimated parameters for symmetrical
response of 1* to 4" off-diagonals were -0.39, -0.61, -0.71 and -0.45, and the parameters for contrast between
upper and lower 1* to 3" off-diagonals were 0.11, 0.41 and 0.44. Four negative parameters for the off-diagonals
supported that diagonals (dam's scores = daughters' scores ) had higher probabilities of occurrence than prob-
abilities of unequal scores between daughter and dam. Three positive contrast parameters implied that worse
daughters from better dams (i > j) had higher probabilities of occurrence than better daughters from worse

dams (i<j) after adjusting for independence and four common diagonal distances. The unequal probabilities
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Fig. 1. Affected daughters (score 5) from 49 to 256 sires for corkscrew claw. A total of 62 from 1232

daughters were affected over the 10 years of trimmings.
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of daughters from dams demonstrated the importance of environmental effects beyond genetic effects. Even
though dams had better scores, daughters remained at risk of being severely affected with interdigital dermatitis.
For sole ulcers and white line separation, no better model was found than independence model which was
considered best for both traits. Usually sole ulcers were hypothesized to have a high correlation with laminitis
(Weaver, 1986 ), but low incidence of sole ulcers and other environmental factors dimmed the potential genetic
component for sole ulcers. From perspective of sire families, a total of 213 affected daughters (score 5) came
from 103 different sires and seven sires, with at least 20 daughters, all had affected daughters ( exact test P=0.
26 ) which implied the weakness of sire-daughter associations ( Fig. 2 ).

Worst score of 30 to 48 Months: Highly consistent results supporting genetic association between
daughter and dam, were found for worst score of lifetime and worst score of 30 to 48 months. Although some
best models were different ( Tables 6 and 7 ), identical best models were found for hoof texture, interdigital
dermatitis, sole ulcers and white line separation. Uniform association model and fixed distance model had the
same sign for 11 of 12 traits (Table 5). The only sign changes of the estimated parameters were for white line
separation, but the estimated two S ' parameters, for uniform association model and fixed distance model
(Table 5 ), were nearly zero and highly nonsignificant (P=0.82 and P=0.94 ). Because the nine models were
similar, sometimes a different best model was selected under different data edits, although a genetic interpreta-
tion through meaningful parameters remained. Laminitis had mover-stayer model as best model for worst score
of lifetime, but had fixed distance model as best model for worst score of 30 to 48 months. Genetic explanation
was evidenced by higher probabilities on diagonal cells (1, 1), (2,2), (4,4) and (5,5) and decreasing
probabilities along the off-diagonals of the daughter-dam contingency table. Because observed frequencies of
some score pairs were very small (or zero ) in this on farm study, random error could cause mathematically
selected best models to vary. In addition, worst scores defined from the same symptoms by different age
periods, lifetime or 30 to 48 months, had different biological meaning. Because, not all the same best models
were found for each pair of worst scores further approaches should be stimulated to investigate submerged
facts among disagreements. Interpretations of genetic components were similar for both data sets although

slightly different best models were selected for some traits.
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Fig. 2. Affected daughters (score 5) from 103 of 256 sires for sole ulcers. A total of 213 from 1232

daughters were affected over the 10 years of trimmings.
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Table 5. Parameter estimates for uniform association and fixed distance models

Uniform association Fixed distance
Trait
Bu Standard error Br Standard error
Lifetime
Heel height 0.142 ** 0.044 -0.204%** 0.061
Hoof texture 0.149 * 0.059 -0.143 * 0.062
Sole thickness 0.079 NS 0.047 -0.077 NS 0.057
Subsole 0.042 NS 0.023 -0.042 NS 0.039
Toe growth 0.067 NS 0.061 -0.023 NS 0.064
Weight transfer 0.037 NS 0.023 -0.069 NS 0.040
Corkscrew claw 0.081 * 0.034 -0.128 ** 0.049
Heel erosion 0.076 *** 0.016 -0.137 *** 0.029
Interdigital dermatitis 0.075 *** 0.022 -0.164 *** 0.040
Laminitis 0.066 * 0.026 -0.097 * 0.040
Soleulcers -0.003 NS 0.014 0.010 NS 0.027
White line separation 0.007 NS 0.018 -0.006 NS 0.034
30 to 48 Months

Heel height 0.330 *** 0.084 -0.242 ** 0.088
Hoof texture 0.186 * 0.074 -0.154 NS 0.081
Sole thickness 0.083 NS 0.068 -0.056 NS 0.072
Subsole 0.002 NS 0.031 -0.007 NS 0.054
Toe growth 0.185 * 0.093 -0.023 * 0.092
Weight transfer 0.056 NS 0.032 -0.077 NS 0.053
Corkscrew claw 0.049 NS 0.046 -0.130 * 0.065
Heel erosion 0.099 *** 0.022 -0.182 *** 0.039
Interdigital dermatitis 0.038 NS 0.033 -0.139 ** 0.057
Laminitis 0.075 NS 0.039 -0.132 * 0.058
Sole ulcers -0.069 NS 0.039 0.117 NS 0.071
White line separation -0.007 NS 0.029 0.004 NS 0.052

NS P>0.05, * P<0.05, ** P<0.01, and *** P <0.001.



81

Roger D. Shanks

“QWINQJI] JO 2I09S JSIOM 10J [OPOW ISIq Y} “[OPOW UM Y : (P

"parewnsa sisjRweled Jo IQUINU 4T + O = (BLIAILD UOIRULIOJUT UB) DIV DIV 1SI[[EWS UM PUB WOPARLJ JO SaIZap Surpuodsariod

BULIDPISUCD ‘S[OpOW JudPUIPUI PuB PIJOI[AS UGG SINSIIRIS OIBI POOYI[INI] UI UOKINPAI “ OV I0J [0°0>d #+ 10 SO0 >d

‘S[OPOW PG 4 “gx

"S[ENPISAI JO WOPIALY JO SIS P |

01 €0 6’11 01 I'L Ls 9 Anoww&s-isengy
891 €9 D 9°9¢ Ly 9°¢ 0’6 6 (ID)s[euogerp Joutjy
1€l 9 #xL°C1 ¢l S 8 L6 el Il Qoue)sIp-A)eA0T
€91 €9 S8l 98 49! 8'¢C Il 10AB)S-10A0]N
%6'Cl 9'¢l €9 9'¢1 86 0°¢l L6l 4! duE)SIp g
[ave 2 99 ¥'6T €9 S0l L6 4! (Dsreuogerp Joutjy
Ve V'L cle 101 8Pl D L0T Sl 9OUBISIP-PIXI]
€T 96 cle 6 Dx€9 0TI #xV 91 L1 Sl UoneIdosse uLojiuf)
¥'9¢ Y 8 I'1€ ol 181 8'LT Sl JeuoSeIp ure\
§9¢C yel Tle 901 €81 1'8C 91 eouspuadapu]
OV D DOV D DV D DOV D OV D DV D JP [OPOIN
Jaysuesy JYSIoA [Imo0I3 207, Jjosqng SSOUYDIY) [0S QIN)X3} JOOF] W31oy [90H

SYUOW g} 03 ()€ JO DI0IS JSIOM UO S)EI} YIMOIT JOOU 10F S[OPOW JUIIIHIP JO (D) SINSRIS O1RI POOYIIT "9 d[qeL



SULILPISUOD “S[pOUI JUAPUAdAPUL PUB PRJOSIS USIMIA] SITSTIRIS OTFRI POOYI[ANI UL UOTINPAI OV J0J 10°0 > d %+ 10 €00 >d

"QWINAJI JO 9I09S 1SI0M J0J [9POU 1S3q Y] “TOPOUL OUIJAI Y 1 D

‘pareluns? sivjeweled o 1QUINU 47 + 0 = (BLISILIO UONBWIOJUL UB) DIV DIV ISI[[BUWS Y)IM PuB WOpaaly Jo sa13p SuIpuodsariod

‘S[opoWr PAJIJ[AS ¢ 4 wx

"S[ENPISAI JO WOPIAIJ JO SRISP P |

8F Th €1 Tel I't el 9 Anourw&s-rsengy

% 60T 70T TL D #x00€ 701 L'L ¢St 6  (msreuoSerp Joury
W 08 08 L '€ 711 81 11 ooueIsp-Kyeso]
mm vL 0'8 ) 0t 6'€C ) el 8L Il 124e1S-10A0IN
% 6'8 66 8¢ 6'CE vl 90 Tl aour)sIp dng
m L€l €11 YL 9Ll 001 61 Tl (DsjeuoSerp roury
W I'+1 9°€l «€°C '8 9% #L 1T 0TI & v Sl QOUEISTP-PIXI]
W I+l '€l 96 1'6¢ 1'el ['vC ST UONRIDOSSE WOIIU()
WM Iyl ecl 86 997 861 £ 861 Sl [euoSerp urejy
I'+1 L91 vl v'or L€g €St 91 oouopuadopuy

OV D HV D OV ) OV D OV D OV HJp [9POIN

uoneIedas aur YA SI90N J[0S STITuTwe | SIIBULIOP [BNSIPIIU] UOISOJd [99H MEBO MAIISYIO))

82

SYpuOW g 03 () JO 21098 JSIOM UO S}EI} JOOU ARIISIP 10] S[OPOW JUIIAPIP JO (,0) SINSIEIS OLeI POOYI[IT L JIQEL



wigks: Roger D. Shanks 83

Conclusions

Genetic components for hoof traits existed. Daughters of dams scoring one unit higher than other dams
had risk of scoring higher with adjacent odds ratio greater than one in eleven of twelve lifetime hoof traits. The
more diverse scores of daughters and dams had lower probabilities of occurrence in ten out of twelve hoof traits
recorded between 30 and 48 months. Evidence of significant association between scores of daughters and dams
for hoof conformation and health was supported for heel height, hoof texture,subsole, toe growth, corkscrew
claw, heel erosion, interdigital dermatitis and laminitis. The selected log-linear models with estimated param-

eters provided a simple and concise presentation of daughter-dam associations.

References

Agresti, A. 1984. Analysis of ordinal categorical data. John Wiley & Sons, New York, NY. pp. 75-103.

Agresti, A. 1990. Categorical data analysis. John Wiley & Sons, New York, NY. pp. 154-155.

Bishop, Y. M. M., S. E. Fienberg and P. W. Holland. 1975. Discrete multivariate analysis: theory and
practice. MIT Press, Cambridge, MA. pp. 16-17.

Edwards, G. B. 1987. 'Corkscrew claw' deformity in cattle. Vet. Annu. 27: 81-90.

Fingleton, B. 1984. Models of category counts. Cambridge university press, Cambridge. pp. 130-166.

Freeman, D. H. 1987. Applied categorical data analysis. Marcel Dekker, Inc., New York, NY. pp. 126-137.
pp- 231-236.

Glicken, A. and J. W. Kendrick. 1977. Hoof overgrowth in Holstein — Friesian dairy cattle. J Hered. 68:
386-390

Goodman, L. A. 1984. The analysis of cross-classified data having ordered categories. Harvard University
Press, Cambridge, MA. pp. 342-357.

Greenough, P. R. 1991. A review of factors predisposing to lameness in cattle. in: Breeding for disease
resistance in farm animals. Edited by J. B. Owen, and R. F. E. Axford. C.A.B. International, Wallingford
( Oxfordshire ), UK. pp. 371-393.

Hoyer, M. J. 1991. Hereditary laminitis in Jersey calves in Zimbabwe. Tydskr. S. Afr. Vet. Ver. 62: 62-64.

Huang, Y. C. and R. D. Shanks. 1995 Within herd estimates of heritabilities for six hoof characteristics and
impact of dispersion of discrete severity scores on estimates. Livestock Prod. Sci. 44: 107-114.

Huang, Y. C., R. D. Shanks and G. C. McCoy. 1995. Evaluation of fixed factors affecting hoof health. Livest.
Prod. Sci. 44: 115~124.

Kempthorne, O. and O. B. Tandon. 1953. The estimation of heritability by regression of offspring on parent.
Biometrics 9: 90-100.

Kennedy, J. J. 1992. Analyzing qualitative data: log-linear analysis for behavioral research. 2nd Edition.
Praeger Publishers, New York, NY. pp. 7-132.

Leach, K. A., J. E. Offer, I. Svoboda and D. N. Logue. 2005. Effects of type of forage fed to dairy heifers:
associations between claw characteristics, clinical lameness, environment and behaviour. Vet J. 169:
317-318.

Logue, D. N., J. E. Offer and S. A. Kempson. 1993. Lameness in dairy cattle. Irish Vet. J. 46: 47-58.



84 DA S8 % P I Wk A g 5 D B e e B 5

Offer J. E., K. A. Leach, S. Brocklehurst and D. N. Logue. 2003. Effect of forage type on claw horn lesion
development in dairy heifers.Vet J. 165: 188-189.

Peterse, D. J. 1985. Breeding: quality of the claw - heredity. in Toussaint Raven, E. Cattle footcare and
claw trimming. Farming Press Books, Ipswich, UK. pp. 121-123.

Rutledge, J. J. and F. C. Gunsett. 1982. Analysis of categorical data in the animal sciences. J. Anim. Sci.
54:1072-1078.

SAS. 1999. SAS/STAT user's guide, version 6, 4th ed. SAS Institute, Cary, North Carolina, USA.

Thompson, R., B. J. McGurirk and A. R. Gilmour. 1985. Estimating the heritability of all-or none and
categorical traits by offspring-parent regression. J. Anim. Breed. Genet. 102: 342-354.

van der Waaij., E. H., M. Holzhauer, E. Ellen, C. Kamphuis and G. de Jong. 2005. Genetic Parameters for
Claw Disorders in Dutch Dairy Cattle and Correlations with Conformation Traits. J Dairy Sci. 88:
3672-3678.

Weaver, A. D. 1986. Bovine surgery and lameness. Blackwell Scientific Publications, Oxford, England. pp.
175-225.



i

i$£5 Roger D. Shanks 85

\r

VA ST B A Ve T T A KA e 4 R g g ()

ks (2“7 Roger D. Shanks 3

WeE I - 944 12 H 13 H - ##%2 M 952 4 13 H

L

i FH 10 F AR R BHREE o 0T 12 He 619 22 724 35 T REZC, FUBH 5 X 5 B R B RlE (91
Ift5% » Contingency Table ) » 10 FEA[EWY BB 043k ¢ independence, main diagonal, uniform
association, fixed distance, mover-stayer, minor diagonals (1), minor diagonals (II), pure distance, loy-
alty-distance Hil quasi-symmetry o + " f#FES RS ECE - EIEE/SEREER © BERE (heel
height ) ~ BB (hoof texture ) ~ BFIEJ/EEE (sole thickness ) ~ JEfllikifi (subsole) ~ fiE4: & (toe
growth ) Bl 7&KH KT (weight transfer ) o SSHNSAEFE S KGR E R4 B R IR EEE (corkscrew
claw ) ~ Fifi#245 (heel erosion) ~ fikf]# (interdigital dermatitis ) ~ EFEE4 (laminitis ) ~ Jf ES 155
(sole ulcers ) ~ FIFRZIE (white line separation ) SEJlEEER o FHorfb/EMEIR (BB S ~ BFE M ~ B
JEEJEEE ~ BhA 5 ~ ZREIRYE ~ SRAERT - BRSNS ~ FIERZYE ) independence mode RAEMHEAN (G? <
26.3, P> 0.05) » SUREGIEARREZGE SR ERE - AR E MR 5 E TR v DA R e fig =
= o MAEZ2 5T | uniform association model 1 12 {E MR A 11 {#15%] T IE{E 5 > 1M fixed dis-
tance model HIf575 T 18 5 Y off-diagonal distance parameters » E 1< RFZC S BRI ELE »
TR 53 SRR A RE 20 BB SR oo DR AR A U REZC B R R B R v ~ B o
Jeg Rk TrD ~ BE2E R ~ WRBE - BEAREEAE - FRR AR B IE RS IR R -

RS ¢ BRI RS ~ RELCE ~ I -

(D T EZ AT F AR ERE 1311 58 -
Q) TR REEZT B OF AR B E M T -

(G) LR PG RSB BB YRR -

4) WENEF » E-mail: yuchia@mail.tlri.gov.tw °




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


