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ABSTRACT:  Scores provided by ABS Global were evaluated to estimate genetic parameters of linear type traits (N=10) for Simmental females.  Scores were collected by 40 evaluators over a period of twelve years from 1988 – 2000.  Females ranged from 1 yr to 15 yr of age.  Number of calvings ranged from zero to fourteen.  Up to seven contemporary groups were represented in 185 herds.  Scores were assigned based on a 50 point linear scale. Body traits evaluated were stature (ST), muscle (MU), capacity (CA), body length (BL), femininity (FE), rear leg set (RL, side view) and foot and pastern angle (FP).  The number of scores evaluated for body traits ranged from 12,646 to 13,746. Mean scores and ranges for body traits were: ST, 30.6, 10 to 50; MU, 28.6, 2 to 50; CA, 29.4, 3 to 50; BL, 30.5, 2 to 50; FE, 26.6, 2 to 50; RL, 25.1, 2 to 45; and FP, 26.1, 0 to 50.  Udder traits evaluated were udder attachment (UA), udder depth (UD) and teat size (TS).  The number of scores evaluated for udder traits was 7,452.  Mean scores and ranges for udder traits were: UA, 25.8, 1 to 50; UD, 26.7, 2 to 50; and TS, 26.2, 2 to 50.  Body traits and udder traits were analyzed using an animal model and MTDFREML procedures to estimate genetic parameters.  The statistical model for the traits included the additive direct genetic (animal) effect and the fixed effects of herd, year of evaluation, evaluation group, age of cow, number of calvings, and evaluator.  Heritability estimates  were: ST, 0.57; MU, 0.41; CA, 0.42; BL, 0.45; FE, 0.34; RL, 0.20; FP, 0.23; UA, 0.23; UD, 0.33; and TS, 0.38.  Genetic and phenotypic correlations differed in magnitude and sign among traits.  In general, parameter estimates were within the range of those previously reported in the literature.  Results from this study established that with selection it is possible to readily change ST, MU, CA, and BL in Simmental cattle.  Desirable change can be made in FE, RL, FP, UA, UD, and TS, but at a slower rate of progress.    
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Introduction


The question of whether type is related to production has been of interest to cattle breeders for many generations.  Visual appraisal for type was the primary 
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 selection criteria for the foundation of most beef breeds(Miles, 1893).  Linear type traits have been previously evaluated for Angus cattle (Brown et. al., 1953; Nielsen and Willham, 1974).  Frey et. al.(1972) correlated type classification scores to weaning weight in Angus cattle.  These studies generally considered an overall type score, or defined type traits that are different than those defined by ABS Global.  In May 1988, ABS Global launched the Beef Genetic Trait Summary (GTS) program (Pope, 1989).

Objectives of this study were to determine: the heritability of GTS traits based on visual assessment, and the genetic and phenotypic correlations among the traits. 

Materials and Methods

Data Description

Records from 21,052 Simmental cattle were collected by 40 trained evaluators  between 1988 and 2000.  Table 1 shows a description of the traits.  Records were omitted from the analysis if sire, maternal grand-sire (MGS), and dam were not registered with American Simmental Association .  Records from bulls ( N = 1,752) were omitted because the requirements for ancestral registration dropped the number to 412 records.  Records from the remaining females (N = 13,746) were used in the analyses. 

The variation in the number of records (Table 2) indicates that some animals had missing observations for some of the traits.  The lower number of records for the udder traits (7,452) was due to the fact that yearling heifers had no records for those traits.  Records were broken into seven age groups.  Each age group corresponded to the age of the animal with the exception of those animals older than six years old, which were put into a single age group due to the smaller number of those records.  A description of the raw scores is shown in Table 2.  

Statistical Procedures


Parameter estimates were generated using from 12,646 to 13,746 records for the body traits.  Genetic parameters were estimated using the animal model and MTDFREML (Boldman et al., 1995) procedures.   The statistical model included the additive direct genetic (animal) effect and the fixed effects of herd, year of evaluation, evaluation group, evaluator, age of  animal, and number of calvings.  For each trait and genetic correlation, three cold restarts using different starting values were run to ensure that a global maximum of the log-likelihood function was found.  Convergence was assumed when the variance of the  log-likelihood function values associated with the simplex reached 10-9.  

Results and Discussion 

Heritabilities  


Heritabilites are presented in bold on the diagonal in Table 3.  Heritability of stature (ST) for the ABS Global dataset was 0.57.  Neilsen and Willham (1974) reported heritability of size to be 0.55 when animals were classified by the same classifier at the same time in the same herd.  Heritability of size for animals classified in different herds was 0.40.  VanRaden et al. (1990), estimated heritability of ST in Holsteins to be 0.37 based upon 1,241,310 records.  Harris et al. (1992), estimated heritability of  ST to be 0.53 for Guernsey cattle.    Casanova (1993) reported the heritability of height at withers to be 0.56 when measured, rather than linearly scored.

Capacity (CA) has not been defined in typical dairy type scoring. Heritability of  CA from the ABS Global  dataset was 0.42.  Casanova (1993) reported heritability estimates based on observations from 4,137 Braunvieh cows. Heritabilites of 0.21 and 0.17 were reported for body depth and body width.  


The literature concerning linear scoring of body length (BL) is very limited. Based upon the ABS Global dataset, the estimate for heritability of BL was 0.45 Casanova (1993) estimated the heritability of BL to be 0.43. 


Heritability of muscle (MU) for the ABS Global dataset was 0.41.  Nielsen and Willham (1974) reported estimates of heritability of MU on animals classified at the same time in the same herd by the same classifier to be 0.55 for rear-quarter score; the estimates for loin and rump scores were both 0.50. For animals classified in different herds, heritability for rear-quarters score was 0.40, the estimates for loin and rump scores were 0.30.  Koch et al. (1974) reported heritability estimates of 0.24 and 0.30 for muscling score in Hereford bulls and heifers respectively.  Larroque (personal communication) estimated genetic parameters for muscling traits from records in 442,545 Montbeliarde cattle. Muscularity at thighs was estimated to have a heritability of 0.30.  Additionally, Larroque estimated the heritability of MU for 209,665 Normande cattle.  Estimates of heritability were 0.13, 0.21, 0.18, 0.21, and 0.19 for muscularity on the back, loin, rump, thigh, and an overall muscle score.  Heritability of muscularity in Irish Holstein-Friesian cattle was estimated to be 0.25 (Interbull, 1996).   In an Austrian study, the heritability of muscularity in the Fleckvieh, Braunvieh, Pinzgauer, Shwarzbunte and Grauvieh breeds was estimated to be 0.24 (Interbull, 1996).  Casanova (1993) reported an estimate for heritability of 0.29 for muscularity in the Braunvieh breed.  


 The estimate of heritability from the ABS Global dataset was 0.20 for rear leg set (RL).  Neilsen and Willham (1974) reported a heritability of  0.55 for a composite of feet and leg set when animals were evaluated at the same time by the same classifier in the same herd.  The estimate was reduced to 0.45 when the animal were classified at different times, and decreased to 0.40 when animals were classified in different herds.  The Holstein Association (2001) reported a heritability estimate of 0.21 for rear legs-side view.  Harris et al. (1992) estimated the heritability of rear leg-side view to be 0.12.  Casanova (1993) reported heritability of hock angle to be 0.18.  


The estimate of heritability from the ABS Global dataset for foot and pastern angle (FP) was 0.23.  The Holstein Association (2001) estimated the heritability of foot angle to be 0.15.  Harris et al. (1992) reported an estimate of 0.09 for the Guernsey breed.  In Swiss Braunvieh, Casanova (1993) estimated the heritability of pastern angle to be 0.25 and depth of heel to be 0.18.  Ral et al. (1995) reviewed papers concerning the genetic aspects of leg and hoof traits in cattle.  They summarized five papers concerning foot angle and the average heritability was 0.24.  They also summarized four papers concerning toe angle with an average estimate of heritability of 0.25.  Additionally, five papers concerning heel height were reviewed with an average heritability estimate of 0.19.  

There was very little information available in the literature with regard to femininity (FE).  The estimate of heritability for FE from the ABS Global dataset was 0.34.  


A review of beef literature for udder attachment (UA), udder depth (UD), and teat size (TS) revealed no exact matches. The estimate of heritability for UA from the ABS Global dataset was 0.23.  The Holstein Association (2001) reported heritabilities of 0.29, 0.28, and 0.23 for fore udder attachment, rear udder height, and rear udder width, respectively.  Harris et al. (1992) reported heritabilities of 0.12, 0.28, and 0.21 for fore udder attachment, rear udder height and rear udder width, respectively, in Guernsey cattle.   Casanova (1993) reported estimates of heritabilities in Swiss Braunvieh cattle to be 0.21 and 0.25 for fore udder attachment and strength of attachment, respectively.  


The estimate of heritability for UD from the ABS Global dataset was 0.33.  DeNise et al. (1987) reported heritability of udder capacity to be 0.12 based on 460 records of Hereford cows.  DeNise et al. (1987) also reported heritability of udder shape to be 0.15 based on 362 records.  VanRaden et al. (1990) reported heritability of UD to be 0.25.  Harris et. al. (1992) estimated the heritability of UD to be 0.26 in Guernsey cattle.  The Holstein Association (2001) reported the heritability of  UD to be 0.28.  Casanova (1993) estimated the heritability of fore udder depth to be 0.34 and rear udder depth to be 0.28. 


The estimate of heritability for TS from the ABS Global dataset was 0.38.The Holstein Association (2001) estimated the heritability of teat length to be 0.26.  Harris et al. (1992) reported an estimate of 0.32 for teat length.  Casanova (1993) estimated the heritability of teat length and teat shape to be 0.40 and 0.22, respectively.  

Correlations


The genetic and phenotypic correlations are shown in Table 3.  In general, the genetic and phenotypic correlations are consistent with one another.  Genetic correlations are generally further from zero than phenotypic correlations.  There are high genetic and phenotypic correlations between ST and BL, indicating that larger framed cattle tend to be longer bodied.  Both ST and BL are negatively correlated with RL and positively correlated with FP, indicating that at least part of the increase in frame is the result of having greater hock angles and stronger pasterns, which may predispose the animals to hip and stifle problems (Woodward, 1968). 


Selection for change in RL will result in a corresponding change in FP. 


Selection for increased MU will result in  higher CA and weaker pasterns.  Weak pasterns may result in shorter herdlife due to long toes and other foot problems (Woodward, 1968).


Selection for more feminine cows  can result in increased BL, decreased MU and lower CA than less feminine cows.



The udder traits are highly correlated with each other, indicating that selection for improvement in one trait can result in a desirable change in the others.


Implications


Results from this study established that with selection it is possible to readily change stature, muscle, capacity, and body length in Simmental cattle.  Desirable change can be made in the moderately heritable traits of femininity, rear leg set, udder attachment, udder depth, and teat size, but at a slower rate of progress.  Selection to change stature will result in a correspondingly large change in body length. Selection for femininity, as defined for this project, may result in long bodied cows that lack muscle and capacity.  Selection for higher capacity cows will result in increased muscle score.  Selecting females with shallow udders will result in an improvement in udder attachment and a decrease in teat size.  
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Table 1.  Description of Traits and Scores  

Traits
0  Score
25 Score 
50 Score

Stature ST)
3.5 Frame
6  Frame
8.5  Frame



Muscle (MU)
Light
Average
Heavy



Body Length (BL)
Short
Average
Long



Capacity (CA)
Shallow
Average
Deep



Femininity (FE)
Feminine
Average
Masculine



Rear Legs Side View (RL)
Straight
Ideal
Sickled

Feet and Pasterns (FP)
Shallow heeled Weak
Average
Deep heeled Strong

Udder Attachment (UA)
Weak
Average
Strong

Udder Depth (UD)
Deep
Average
Shallow



Teat Size (TS)
Large
Average
Small

Table 2.  Scores and distributions of  female Simmental data    

               from ABS Global dataset         

Trait
Number 
Range
Average
     SD

ST
12,649
10 - 50
   30.6
    5.61



MU
12,646
  2 - 50
   28.6
    4.72



CA
13,739
  3 - 50
   29.4
    5.03



BL
13,739
  2 - 50
   30.5
    4.55



FE
12,646
  2 - 50
   26.6
    5.15



RL
13,739
  2 - 45
   25.1
    3.65



FP
13,746
  0 - 50
   26.1
    4.09



UA
 7,452
  1 - 50 
   25.8
    6.09



UD
 7,452
  2 - 50 
   26.7
    5.82



TS
 7,452
  2 - 50
   26.2
    6.33

Table 3.  Heritabilities, genetic and phenotypic correlations among linear type traits in Simmental cattlea.

Trait
ST
BL
MU
CA
FE
RL
FP
UA
UD
TS

ST
0.57
0.61
0.07
0.04
0.10
-0.10
0.10
-0.01
0.07
-0.00



BL
0.85
0.45
0.13
0.06
0.16
-0.05
0.09
-0.01
0.06
0.01



MU
-0.02
0.02
0.41
0.56
-0.19
-0.00
0.01
0.03
-0.06
0.03



CA
-0.06
-0.04
0.64
0.42
-0.16
0.06
-0.07
0.06
-0.10
-0.02



FE
0.19
0.33
-0.31
-0.36
0.34
0.00
 0.01
0.11
0.11
0.12



RL
-0.27
-0.27
0.01
0.14
0.06
0.20
-0.43
-0.00
-0.03
0.00



FP
0.20
0.26
-0.06
-0.29
-0.06
-0.57
0.23
0.01
0.06
0.02



UA
-0.05
-0.09
0.06
0.02
0.15
0.11
-0.13
0.23
0.49
0.31



UD
0.22
0.20
-0.03
-0.22
0.06
-0.14
0.10
0.60
0.33
0.40



TS
0.01
0.02
0.15
-0.01
0.14
-0.04
-0.03
0.52
0.58
0.38



aHeritabilities are shown on the diagonal, genetic correlations below the diagonal, and phenotypic correlations above the diagonal.

