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INTRODUCTION 

A primary goal of dairy cattle breeding is to develop more prof it-

able cows. Extensive research has shown that milk production and longev-

.ity are two of the most important traits affecti.ng cow profitabi1it¥• 

Physical conformation or "type" traits have been appraised by breed 

associations with the asstnnption that type traits were phenotypic and/or 

genetic indicators of lifetime milk producing ability and/or longevity. 

Current procedures enable direct selection for milk production to 

be made with considerable accuracy, especially for sires through progeny 

testing. But direct selection for longevity is more difficult because 

sires are old or dead before accurate estimates of daughter longevity 

can be made. Some automatic selection for longevity occurs among cows, 

but to maximize genetic progress for longevity, genetically superior 

bulls need to be identified at an early age and used heavily through 

artificial insemination. To accomplish this, accurate estimates of 

daughter longevity or herd life need to be made during first lactation. 

Daughter attrition during first lactation is a poor predictor of 

daughter survival to older ages. Other traits need to be identified to 

increase the accuracy of predicting daughter herd life. First lactation 

milk yield deviated from the contemporary average has been shown to be one 

such trait. Several studies have suggested that certain type traits com-

bined have a predictive value comparable to first lactation yield. 

The purposes of this study were: 

1. Determine the relationships between descriptive type subtraits 

appraised during first lactation by the Ho1stein-Friesian 

1 
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As.sociation of America and first lactation milk yield, calving 

interval, herd life, and lifetL~e milk production. 

2. Es.ti.mate heritabil::.ties. of descripthTe type subtraits appraised 

during first lactation. 

3. Determine phenotypic and genetic relationships among the 

descriptive type subtraits, first lactation milk yield, first 

calving interval, herd life, and lifetime milk production. 



LITERATURf REVIEW 

Recently Gill and Allaire (30) emphasized the importance of herd 

life when they reported 63 and 81% of the variation in profit per day 

of life and lifetime profit was attributable to differences between 

cows in length of herd life (days from first to last calving). Gill 

and Allaire (31) also found that milk per day of first lactation ex-

plained 31% of the variation in profit per day of life, but less than 

2% of the variation in herd life. Age at first calving, percent days 

open, and percent days dry together accounted for 15% of the variation 

in herd life according to the same authors (30). Apparently non-

yield traits and/or other factors have a large influence on herd life 

and consequently upon cow profitability. 

Gill and ·Allaire (31), Hinks (38), Miller,~ al. (52), and 

White and Nichols (85) suggested that first lactation yield above a 

certain rate was detrimental to lifetime performance. Although the 

critical yields were far above average, selection for milk yield alone 

may not maximize profits. Selecting for additional traits reduces the 

selection intensity on milk production. Therefore, only traits with 

economical value and adequate heritability should be included in dairy 

breeding programs. 

The descriptive type traits investigated in this study are cur-

rently appraised as part of the Descriptive Type Classification Program 

of the Holstein-Friesian Association of America (40). The twelve 

traits shown in Table 2 each have from three to five subtraits. The 

purpose of this program. is to enable dairymen to evaluate specific 

conformational strengths and weaknesses of their cows and of 

3 
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daughters sired by bulls through artificial insemination (AI). Because 

this study utilized data from Holstein cows only~ the literature review-. 

ed pertains to Holstein cattle only, except as otherwise noted. 

Heritabilities of Descriptive Type Traits 

The heritability of a trait reflects the genetic progress possible 

through selection in one generation. Lowly heritable traits can not be 

improved as rapidly as traits more highly heritable. Consequently, 

lowly heritable traits should receive less selection pressure than more 

highly heritable traits of equal economic importance. 

Legates (45) estimated heritabilities of the Holstein-Friesian 

Association of America (HFAA) descriptive type traits for cows that were 

2, 3, 4, or 5 years and older using four times the sire component of 

variance. Estimates obtained (Table 1) were considerably larger than 

those for similar traits determined by other workers. Although there 

were more than 20,000 cows in each age group, the values may be inflated 

due to confounding of sires and herds. Type traits, especially udder 

traits, were more highly heritable for older cows than younger cows. 

Cassell, et al. (15) utilized data from 30,714 daughter-dam pairs 

in which both members were in the same herd and no more than one year 

different in age when classified. Daughter-dam pairs were of various 

ages, and estimates unadjusted for discontinuity were all smaller than 

corresponding values found by Legates (45). The heritability estimates 

reported by Cassell, et al. (15) after adjustment for discontinuity 

were more similar to corresponding heritabilities reported by Legates 

(45) , especially for younger cows. 
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Table 1. Heritability estimates of descriptive type traits from 
previous studies. 

Legates (45) Cassell, et al. (15) 

Age in years All ages 

Trait 2 3 4 5+ Unadjusted Adjusteda 

Stature .57 .51 .56 .67 .38 .48 

Head .17 .16 .18 .23 .11 .13 

Front end • 21 .24 .27 . 39 .11 .15 

Back .18 .20 .18 .19 .14 .17 

Rump • 32 • 29 .27 .39 .21 • 24 

Hind legs .11 .10 .10 .18 .07 .08 

Feet .15 .12 .15 .16 .08 .11 

Fore udder • 25 .23 • 30 . 39 .16 . 20 

Rear udder • 24 .21 .28 .39 .17 .20 

Udder support .15 .13 .17 .33 .13 .23 

Teats .22 .23 • 25 .27 .17 • 24 

a Adjusted for non-normal distribution by method of Hillers and 
Everson (37). 
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The only reported heritability estimates for the HFAA descriptive 

type subtraits are those of La Salle, et al. (41) who utilized data 

from the same 30,714 daughter-dam pairs as Cassell, et al. (15). The 

frequency and heritability of each subtrait are presented in Table 2. 

Heritabilities adjusted for discontinuiLy ranged from .05 to .83, and 

27 subtraits had heritability estimates exceeding .20. The most desir-

able (code 1) and least desirable (code 5) udder subtraits were all at 

least 20% heritable. Specific type defects tended to be moderately 

heritable, indicating that the frequency of type defects can be reduced 

through selection. 

Van Vleck (77) studied 85 similar but unofficial descriptive type 

subtraits shown in Table 3. Within-herd heritabilities were estimated 

from sire components of variance using 1,400 cows appraised before 36 

months of age and 4,080 older cows. Most subtraits were lowly to moder-

ately heritable, and heritabilities for nmnerous traits lacked precision 

and had negative estimates. The subjectivity of measurement and low 

frequencies of certain traits may have contributed to the low heritabil-

ities. Upstandingness, sharpness or dairy character, and several of the 

udder traits had moderate to high heritabilities, in agreement with La 

Salle, ~al. (41) using HFAA type data. 

Heritabilities from four other studies of unofficial Holstein data 

are sunnnarized in Table 4. Despite differences in approach, sources, 

and models, estimates agreed closely. Upstandingness, sharpness, fore 

udder, and rear udder were the most highly heritable traits. 

Enviromnental Factors Affecting Descriptive Type Traits 

Due to the non-linear nature of the HFAA descriptive type traits, 
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Table 2. Heritabilities of descriptive :ype subtraits from an 

earlier study by LaSalle, ~ al. (41). 

TRAIT: Sub trait 

STATURE 
1. Upstanding 
2. Inter:nediate 
3. Low set 

HEAD 
1. Clean-cut, well proportioned with 

style and strength 
2. Strong-lacking style 
3. Short 
4. Plain and/or coarse 
5. Weak. 

FRONT END 
1. Shoulder smoothly blended, chest 

strong and wide 
2. Medium strength and width 
3. Coarse shoulder and neck 
4. Narrow and weak 

BACK 
1. 

2. 
3. 
4. 

RUMP 
1. 
2. 
3. 
4. 
4. 

Straight full crops, strong 
wide loin 
Medium strength and width 
Low front end 
Weak loin and/or back 

Long and wide, nearly level 
Medium-width, length or levelness 
Pins higher than hips 
Narrow, especially at pins 
Sloping 

HL'ID LEGS 
1. Strong clean, flat bone, squarely 

placed, clean flat thigh 
2. Acceptable 
3. Sickled and/or close at hock 
4. Bone too light or refined 
5. Too straight 

FEET 
1. Strong, well formed 

Frequency 

.303 

.530 

.167 

.015 

.384 

.159 

.378 

.064 

.158 

.644 

.037 

.162 

.241 

.494 

.108 

.158 

.035 

.398 

.137 

.291 

.139 

.007 

.306 

.474 

.144 

.069 

.030 

.275 

.074 

.231 

.016 

.041 

.193 

.112 

.061 

.076 

.028 
;034 
.081 

.097 

.032 

.120 

.123 

.024 

.078 

.113 

.149 

.191 

.016 

.074 

.112 

.113 

.108 

.026 

.474 

.116 

.514 

.169 

.066 

.437 

.182 
;234 

.174 

.046 

.184 

.182 

.182 

.050 

.338 

.282 

.137 

.125 

.276 

.261 

.464 

.280 

.128 

.176 

.273 

.393 

.165 
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Table 2. (continued). 

TRAIT:Subtrait 

FEET 
2. 
3. 
4. 

Acceptable, with no serious faults 
Spread toes 
Shallow heel 

FORE UDDER 
1. Moderate length and firmly attached 
2. Moderate length, slightly bulgy 
3. Short 
4. Bulgy or loose 
5. Broken and/ or very faulty 

REAR UDDER 
1. Firmly attached, high and wide 
2. Intermediate in height and width 
3. Low 
4. Narrow and pinched 
5. Loosely attached and/or broken 

UPPER SUPPORT AND FLOOR 
1. Strong suspensory ligament and 

clearly defined halving 
2. Lack of defined halving 
3. Floor too low 
4. Tilted 
5. Broken suspensory ligament 

and/or weak floor 

TF.AT SIZE AND PLACEMENT 
1. Plumb, desirable length and size, 

and squarely placed 
2. Acceptable with no serious fault 
3. Rear teats back too far 
4. Wide front teats 
5. Undesirable shape 

MISCELLANEOUS TERMS 
1. Winged shoulder 
2. Front legs toe out 
3. ·Weak. pasterns 
4. Crampy 
5. Small for age 

Frequency 

.572 

.075 

.324 

.058 

.533 

.122 

.276 

.011 

.056 

.538 

.271 

.121 

.015 

.719 

.167 

.018 

.088 

.008 

.222 

.454 

.012 

.24 7 

.065 

.041 

.442 

.273 

.009 

.235 

~etennined by the daughter-dam binomial: procedure. 
bAdjusted according to method of Van Vleck., (81). 

.032 

.032 

.058 

.092 

.074 

.068 

.096 

.024 

.068 

.038 

.054 

.098 

.034 

.116 

.064 

.026 

.106 

.022 

.111 

.042 

.070 

.162 

.086 

.039 

.084 

.062 

.029 

.129 

.051 

.110 

.099 

.372 

.117 

.178 

.172 

.326 

.281 

.060 

.097 

. 258 

.359 

.206 

.142 

.237 

.332 

.350 

.217 

.066 

.830 

.304 

.329 

.199 

.133 

.115 

.432 

.246 
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Table 3. Herltabilities of ;.:nofficial descriptive type traits from 
Van Vleck (7i). 

TRAIT:Suhtrait 

UPSTANDINGNESS 
Tall 
Medium 
Low set 

HEAD 
Typical 
Plain 
Coarse 
Weak 

DAIRY CHARACTER 
Sharp 
Moderate 
Coarse 

SHOULDER 
Not winged 
Slightly winged 
Severely winged 

BACK 
Straight 
High chine 
Low loin 
Low chine 
Roached 
Slightly swayed 

RUMP (side view) 
Nearly level, smooth pelvic arch 
Nearly level, notched pelvic arch 
Nearly level, high pelvic arch 
Nearly level, high tail head 
Slightly sloping 
Plain with. low tail setting 
Sloping 

R1JMP (rear view) 
High. thurls, square 
Intermediate thurls 
Low thurls 

Age at appraisal 

<36 mo. 

.413 

.189 

.535 

-.001 
.008 

-.028 
-.095 

.145 

.120 

.525 

.185 

.171 
-.312 

.223 

.171 

.192 

.001 

.238 

.161 

.146 

.211 

.063 

.145 
-.204 

.209 

.143 

.036 

.188•' 

>36 mo. -
• 280 
.131 
.126 

.091 

.096 

.053 

.379 

.213 

.200 

.015 

.181 

.068 

.211 

.116 

.14 7 

.073 

.064 

.023 

.086 

.109 

.104 

.152 

.068 

.015 
-.015 

.030 

.075 

.016 

.097 



Table 3. (continued). 

TRAIT:Subtrait 

HIND LEGS (side view) 
Nearly straight 
Intermediate 
Sickled 
Too straight 

HIND LEGS (rear view) 
Straight to slight toe out 
Moderate toe out 
Severe toe out 

HEEL DEPTH 
Deep 
Intermediate 
Shallow 

PASTERNS 
Strong 
Intermediate 
Weak 

FORE UDDER SHAPE 
Long 
Intermediate 
Short 
Bulgy 

STRENGTH.OF FORE UDDER ATTACHMENT 
Strong 
Intermediate. 
Loose 
Broken Away 

REAR UDDER SHAPE 
Long 
Intermediate 
Short 
Bulgy 
Funnel 

STRENGTH OF REAR UDDER ATTACHMENT 
Strong 
Intermediate 
Loose 
Broken Away 

10 

Age at appraisal 

<36 mo. 

.175 

.123 

.017 

.008 

.108 

.085 
-.060 

.013 
-.039 

.195 

.089 

.022 

.090 

.191 

.176 
-.046 

.261 

.161 

.183 
-.003 

.074 

.053 

.165 

.233 

.509 

.110 .. 

.085 

.146 

_236 mo. 

.154 

.067 

.077 

.257 

.089 

.017 

.ll8 

.071 

.018 

.055 

.182 

.073 

.068 

.064 

.068 

.157 
-.006 

.306 

.098 

.ll6 

.099 

.127 

.040 

.085 
-.013 

.066 

.328 

.025 

.215 

.211 



Table 3. (continued). 

TRAIT:Subtrait 

HEIGHT OF REAR UDDER ATTACHMENT 
High 
Intermediate 
Low 

DEPTH OF UDDER 
Shallow 
Intermediate 
Deep 
Too Deep 

LEVELNESS OF UDDER FLOOR 
Nearly level 
Slight tilt 
Fore higher than rear 
Prounced tilt 
Rear higher than fore 

UDDER HALVING (rear view) 
Cleft 1-2 FW 
Cleft 2-3 FW 
Cleft more than 3 FW 
Floor nearly flat 

UDDER QUARTERING (side view) 
Floor nearly flat 
Cleft 1-2 FW 
Cleft 2-3 FW 
Cleft more than 3 FW 

TEAT PLACEMENT 
Well spaced 
Rear too close 
Side view close 
All bunched 
Front too wide 

11 

Age at appraisal 

<36 mo. 

.149 

.080 
-.032 

.013 

.113 

.268 

.014 

.138 

.268 
-.026 
-. 24 7 

.164 

.131 

.076 

.430 

.122 

.087 

.812 

.164 

.325 

.044 
-.052 

.096 

,l36 mo. 

.109 

.026 

.028 

.074 

.318 

.098 

.462 

.329 

.154 

.14 7 

.070 

.046 

.095 

.036 

.165 

.096 

.167 

.101 

.096 

.060 

.079 

.045 

.045 

.078 
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Table 4. Heritabilities of type traits from unofficial Holstein data. 

First lactation All lactations· 
Norman and O'Bleness Norman White Aitchison 

Van Vleck (S9) et al. and Van et al. et al. -- -- --
Trait Ill 112 (61) Vleck (S9) (87) (1) 

Upstandingness .4 7 .40 .39 .39 
Sharpness .14 .24 .10 .21 .21 .so 
Head .10 .12 .lS .12 
Shoulders .10 .13 .10 .16 .11 
Front end .33 .2S 
Back .OS .11 .09 .19 .23 
Rump .12 .22 .17 .22 
Rind ·legs .10 .16 .08 .14 • 26 .33 
Depth of heel .07 .17 .08 
Pasterns .06 .08 .12 .13 .lS 
Fore udder .02 . 08 .16 .10 .22 .26 
Rear udder .09 .19 • 30 .16 .20 . 26 
Udder floor .09 . 08 .09 .13 .20 
Depth of udder .17 .08 .22 .lS .30 
Udder levelness .13 .01 .09 .12 .20 
Teat placement -.01 .14 .10 .08 
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adjustment factors for environmental effects have not been developed. 

However, several environmental sources have been shown to influence 

descriptive type appraisals. 

1. Herds and Classifiers 

Vinson, et al. (83) determined the effects of herds, classifiers, 

and their interaction on the variability of HFAA descriptive type traits 

for cows appraised before 37 months of age.· Herds accounted for 1.3 to 

6.4% of the variation, classifiers 1.7 to 4.6%, and their interaction 

explained 4.3 to 9.6% of the total phenotypic variance. The residual 

variance was more than 82% of the total for all descriptive traits. 

Legates (45) found that up to 16% of the differences in descriptive 

type traits were attributable to herds and classifiers. 

Prior to the implementation of HFAA descriptive type traits, 

Specht, et al. (73) examined HFAA (official) type scores from cows 

classified between 24 and 47 months of age. They reported that herds 

explained less than 9% of the variation in fore udder, rear udder, legs 

and feet, and rump scores. Classifiers accounted for less than 6% of 

the variance in these same traits, and herd by classifier interactions 

were less than 8% of the total variances. 

Van Vleck (77) studied 44 body and 48 udder traits appraised 

before cows were 36 months old. Components of variance due to herds 

accounted for less than 15% of the total variance in 84 of the 92 unof-

ficial descriptive type traits. Norman and Van Vleck (59) reported 

that herd effects explained less than 10% of the variation in 15 body 

and 21 udder traits. Aitchison, et al. (1 ) found that herds explained 

5.0 to 8.3% of the variation in 11 descriptive type traits appraised by 
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an AI cooperative. White, et al. (87) reported that herds significantly 

affected 19 of 22 descriptive type traits. 

Herds, classifiers, and their interaction appear to be responsible 

for 10 to 15% of the total phenotypic variation in most of the descrip-

tive type traits. This represents a significant portion of the total 

variance in these traits, and consequently effects due to herds and 

classifiers should be considered when analyzing descriptive type data. 

2. Age, Stage of Lactation, Year, and Season 

Effects of age and stage of lactation were significant (P(.01) for 

rear legs and the majority of the udder traits studted by White, et al. 

(87). Age differences were large for many descriptive type traits 

investigated by Norman and Van Vleck (58), especially for levelness of 

udder floor and strength of fore and rear udder attachments. They also 

reported that stage of lactation effects were large for sharpness and 

several udder traits. Wilcox, et al. (90) found that older cows scored 

significantly (P(.01) better than younger cows in feet and legs, rump, 

and rear udder. Stage of lactation also affected scores in feet and 

legs and fore and rear udder. Many descriptive type traits, especially 

udder traits, are signi£icantly affected by the age of the cow and her 

stage of lactation when classified. Appropriate adjustments should be 

made when studying descriptive type data from cows appraised at differ-

ent ages or in different stages of lactation to improve the probability 

of reaching meaningful conclusions. 

Norman and Van Vleck (59) found that date of appraisal accounted 

for less than 3% of the total variation in all 37 type traits studied. 

Wilcox, et al. (90) reported that cows classified .during the spring 
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scored significantly (P<.Ol) higher in feet and legs and rear udder, but 

only 113 cows in one herd were studied. Year and season probably have 

little affect on most descriptive type traits, and are not as likely to 

bias results as effects due to herds, classifiers, age, or stage of 

lactation. 

Heritabilities of Production Traits 

Several researchers have utilized the paternal-half-sib approach to 

estimate the heritabilities of first lactation milk yield. Brum and 

Ludwick ( 8) reported heritabilities of • 31 and • 33 for first lactation 

milk and fat yield based on limited numbers of cows. Using 22,767 daugh-

ters of 215 sires, Harville and Henderson (36) found heritabilities of 

.37 and .30 fo~ first lactation mature equivalent (ME), twice daily milk-

ed (2X), 305-day milk and milk-fat production. Lin and Allaire (46) 

studied first lactation milk records from 1,806 daughters of 404 sires 

and reported that actual milk production to 305 days of first lactation 

was 49% heritable. Miller and McGilliard (53) also studied actual milk 

to 305 days of first lactation and found a heritability estimate of .50 

based upon 4,677 cows. Heritabilities of .40 and .36 were reported by 

Norman and Van Vleck (59) for ME, 2X, 305-day first lactation milk and 

fat production from data on 12,180 daughters of 382 sires. These studies 

utilizing the paternal-half-sib method of estimating heritability were 

in general agreement that the heritabilities of first lactation milk and 

fat yield are near .40. 

Heritabilities estimated from daughter-dam regressions have been 

similar. Brum and Ludwick ( 8) reported an estim~te of • 53 based on 
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limited observations. Using 180-day unaG.justed records from 385 daugh-

ter-dam pairs, Clark and Touchberry (18) estimated the heritability of 

first lactation milk and fat yield as .44 and .40. Hargrove, et al. 

( 35) studied first lactation .. 305-day, 2X, ?ill, days open adjusted milk 

and fat records from 1,017 daughter-dam pairs and reported heritabilities 

of .39 and .37 for first lactation mHk and fat yield respectively. 

Many recent studies have utilized production records expressed 

as deviations from herd.mate average. Results from studies using herd-

mate deviations and paternal-half-sib covariances have reported smaller 

heritability estimates than studies using non-deviated records. Norman 

and Van Vleck (59) estimated the heritabilities of first lactation 305-

day, 2X, ME, herdmate deviated milk and fat yield as .25 and .21. Cor-

responding values from the same 12,180 daughters of 382 sires using non-

deviated records were .40 and .36. Miller, et al. (52) reported heri-

tability estimates ranging from .19 to .24 for herdmate deviated milk 

yield when cows had the opportunity for varying numbers of lactations. 

A similar heritability estimate of .24 was found by Van Vleck and 

~radford ( 79) . 

Studies using herdmate deviated records and the daughter-dam method 

of estimating heritability have reported values near .40 for first 

lactation milk and fat production. Butcher and Freeman (10) studied 

5,018 daughter-dam pairs and reported heritabilities of .37 and .34 for 

first lactation 305-day, 2X, ME, herdmate deviated milk and fat yield. 

Based upon 1,876 daughter-dam pairs, Freeman (27) estL~ated heritabil-

ities of . 36 and .43 for first lactation herdmate d-eviated milk and fat 

production. McDaniel and Legates (51) estimated a. heritability of .36 
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for first lactation 305-day, 2X, ME milk yield from 553 daughter-dam 

pairs. A similar estimate of . 37 was re.ported by Van Vleck and Bradford 

( 79), and Van Vleck and Hart (78) found first lactation, 2X, 305-day, ME 

milk yield to be 42% heritable based on 38,440 daughter-dam pairs in 

the same herd. It appears that first lactation milk and milk-fat yields 

are approximately 40% heritable regardless of the method of estimation. 

Lifetime or total milk and fat production are determined by daily 

yields and length of herd life (days from first calving to disposal). 

Gill and Allaire ( 32) reported a phenotypic correlation of . 78 between 

total milk yield and profit per day of life. Therefore, more than 60% 

of the variation in daily profit is attributable to differences in life-

time milk production. The same authors further reported that lifetime 

milk and fat yields were 25 a1~d 26% heritable. Hargrove, et al. (35) 

found lifetime milk and fat to be 18% heritable. A similar heritability 

estimate of .20 was determined by Salazar (67). However, Norman and 

Van Vleck (60) estimated the heritabilit:r of lifetime milk to be only 

.09 using 1,639 cows. 

These studies suggest that lifetime production is probably only 

about 10 to 20% heritable, or approximately one-half as heritable as 

first lactation production. Because the genetic correlation between 

first lactation yield and lifetime production is very high [.85 from 

Hargrove, et al. (35), 1.03 from Gill and Allaire (32) and 1.4 from 

Norman and Van Vleck (60)], indirect selection for lifetime milk using 

first lactation milk as the selection criterion should be more accurate 

than direct selection for lifetime milk production._, 
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Heritabilities of Longevity Traits 

The economic importance of cow longevity was quantified by Gill and 

Allaire (30) when they reported that 65% of the variation in profit per 

day of life was accounted for by herd life. Casida and Chapman (14) were 

among the first modern researchers to study longevity and they found a 

correlation of .16 between daughter and dam for length of time in the 

herd. In several other early single herd studies, Wilcox, et al. (89) 

found the nmnber of successful parturitions was 37% heritable and Parker, 

et al. (63) reported heritability estimates of age at last calving not 

significantly different from zero using both the paternal-half-sib and 

daughter-dam methods. In a later single herd study, Evans, et al. (22) 

estimated the heritability of length of productive life as .00 from 615 

daughters of 56 sires. 

More recently Gill and Allaire (32) obtained heritability estimates 

of .23; .25, and .26 for number of calvings, herd life, and total life 

from 933 cows sired by 93 bulls in 8 herds. Hargrove, et al. (35) 

utilized 1,017 daughter-dam pairs to estimate the heritabilities of num-

ber of lactations and herd life as .14 and .15. Using the paternal-half-

sib method Miller, et al. (52) estimated heritabilities of .05 to .14 for 

herd life from cows with the opportunity to have from 2 to 10 lactations. 

Norman and Van Vleck (60) found that the number of lactations completed 

was 11% heritable, in agreement with White and Nichols (85) who reported 

heritabilities of .13 and .14 for number of lactations completed and age 

at last calving. A similar heritability of .15 for age at last calving 

was estimated earlier by Plowman and Gaalaas (64) . 
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Se\reral measures of longevity appear to be about 15% heritable. 

This relatively low heritability and the advanced age at which it can be 

measured accurately make direct select:Lcn for longevity difficult. 

Although some automatic selection for longevity occurs from older sires 

and dams leaving more progeny, reliable early measures of longevity 

need to be developed to improve genetic progress in this trait. 

Heritabilities of Reproduction Traits 

Calving interval consists of days open (parturition to conception) 

and gestation length (conception to subsequent parturition). Everett, 

et al. (23) analyzed records from 10,907 cows in one herd and reported 

means and standards deviations for calving interval, days open, and 

gestation length of 387 + 60 days, 107 + 60 days, and 280 ±. 7 days. 

The phenotypic correlation between calving interval and days open was 

.98, but the phenotypic correlation becween calving interval and gesta-

tion length was -.02. They concluded that calving interval was made up 

of a constant (gestation length) and a variable (days open) and that 

days open determined calving interval. 

Gill and Allaire (30) estimated that percent days open accounted 

for 8% of the variation in profit per day of life and 10% of the varia-

tion in herd life. Several studies have found that reproductive 

problems were the most frequent reason for cow disposal or culling. 

Allaire, et al. (4) reported that reproductive problems were the primary 

reason for removing 60, 48, 45, 43, and 40% of the 2, 3, 4, 5, and 6 year 

old cows culled from 12 institutional herds in New York. Hargrove, et 

al. (35) found that nearly 40% of the cows culled in 7 institutional 
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herds in North Carolina were re-mcved for reproductive reasons. Regular 

calving intervals are necessary for c.ow survival and continued profit-

ability. 

Heritabilities of cal'Ving intenal and days open are probably .10 

or less. Dunbar and Hendersor. (21)~ Gill and Allaire (32), and Legates 

(44) have all reported heritabilities of calving interval near zero. 

However, Everett, et al. (23) studied reproduction records from 2,148 

cows sired by 117 bulls in one herd and estimated the heritabilities of 

calving interval and days open were .08 + .02 and .07 + .02. Gill and 

Allaire (32) reported the heritability of percent days open was .11 ± 
• 08. Using paternal-half-sib covariances, Schaeffer and Henderson (68) 

estimated heritabilities of ,02, .04, .00, and .10 for days open during 

the first, second, third, and fourth and later lactations. Smith and 

Legates (71) took the same approach and found a similar trend in heri-

tabilities. Days open during first, second, and third and later lacta-

tions were 1, 5, and 9% heritable. Miller, et al. (52) studied 38,438 

daughters of 103 sires and reported that the average calving interval of 

cows with five lactations was 4% heritable. Sele~tion for calving 

interval or days open would not be very effective because of their low 

heritabilities. 

Genetic and Phenotypic Relationships Between Type Traits 

Phenotypic and genetic correlations between the HFAA descriptive 

type traits reported by Cassell, et al. (15) are shown in Table 5. 

Genetic correlations were derived from data on 30,715 daughter-dam 

pairs in which the dam and daughter were within one year of the same 
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Table S. Phenotypic and genetic. correlations between descriptive type 
traits from an earlier study.ab 

Trait ST HD FE BK RP HL FT FU RU us TT 

Stature • 20 .62 .29 .2S .24 . 31 .13 .13 .06 .12 

Head .16 .49 .24 . 30 .10 .23 .24 .31 .12 .07 
Front end .34 .29 .4 7 .51 . 39 .32 .20 .32 .11 .08 
Back . 20 .16 .25 . 34 .16 .11 .10 .10 .09 .12 

Rump .19 .19 . 25 .26 .48 .19 .16 .31 .13 . 20 
Hind legs .12 .16 .19 .10 .20 .11 .22 .07 .13 . 21 
Feet .13 .12 .16 .08 .13 .24 . 30 .18 .18 .22 
Fore udder .11 .13 .14 .11 .18 .09 .10 .so .42 . 53 
Rear udder .14 .14 .18 .ll .22 .lS .12 .25 .38 . 36 
Udder support .04 .05 .06 .04 .09 .05 .OS . 2S . 2S • 54 
Teats .OS .10 .07 .08 . ') • J. ~ .08 .06 . 34 .19 .23 

aGenetic correlations appear above the diagonal, phenotypic below. 

bAll phenotypic correlations significant (P<.Ol). 
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age when classified. All standard errors were less than .12. Large 

genetic correlations were found between s~ature and front end (.62), 

front end and rump (.51), and bet-ween all ::he udder traits ().35). 

Phenotypic correlations were generally smaller (all<:,.35) suggesting 

that most of the descriptive type traits were appraised independently. 

All descriptive traits had genetic correlations of .40 or larger with 

final score (overall type) which was 31% heritable. Because all descrip-

tive traits except stature are less heritable than final score (see 

Table 1), greater genetic progress in many of the descriptive type 

traits may result from indirect selection on final score than through 

direct selection. Selection for final score alone may cause less erosion 

in selection intensity for milk production than selection for several to 

all of the descriptive traits. 

Relationships Between Type and Production Traits 

Milk production is the most economically important trait to 

dairymen. Selection for traits negatively related genetically to milk 

yield will reduce the genetic progress realized for milk production. 

Therefore, only traits which are positively related to milk yield and/or 

have economic value and moderate heritabilities should be included in 

dairy breeding programs. 

An early study by Touchberry (74) found phenotypic and genetic 

correlations of .18 and .00 between milk production and final score. 

Carter, et al. (12) reported corre.sponding values of . 21 and .12 from 

data on 8,287 Canadian Holsteins. Dairy Character_,had phenotypic and 

genetic correlations of .29 and .49 with milk yield. Mitchell, et al. 
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(55} estimated intrasire, intraherd phenotypic and genetic correlations 

from 14,727 daughter-dam pairs at three levels of milk production. The 

highest genetic correlations found were between dairy character and milk 

yield, ranging from .61 to .82. 

Utilizing unofficial Holstein type data, Norman and Van Vleck (60) 

and Van Vleck (80) determined that sharpness and udder depth were posi-

tively related phenotypically to milk production. Strength of fore 

udder attachment (fore udder) and levelness of rump (rump) were among 

the type traits negatively related to milk yield in first lactation. 

Norman and Van Vleck (60) also found that sharpness was highly correlat-

ed wi.th lifetime milk production, but that udder depth was negatively 

related to lifetime yield. Although negatively related to first lacta-

tion production, fore udder and udder levelness were positively corre-

lated with lifetime milk yield. More complete results of these studies 

and several others which reported correlations between sire progeny 

averages for HFAA descriptive type traits and milk production are smnmar-

ized in Table 6. 

Grantham,~ al. (33) found all eleven descriptive type traits, 

especially "desirable" fore udder and rump, to be negatively related to 

milk production. Miller, et al.. (54) also examined HFAA type data and 

reported that "desirable" fore udder and udder support had the largest 

negative correlations with milk production. 

Other studies by Allaire and Henderson (3), Burnside, et al. (9), 

O'Bleness, et al. (61), and Wilcox,~ al. (91) have reported generally 

small non-significant correlations between milk production and type 
~ 

traits, except with sharpness or dairy character and udder depth. Unless 
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Table 6. Correlations between sire progeny averages for type traits and 
milk d , a pro uction. 

Grantham Miller Norman & Van Vleck 

et al. et al. Van Vleck et al. -- -- --
Trait (33) (54) (60) (80) 

Upstandingness -.07 .oo .02 -.15 
Sharpness .38 .34 .38 
Head -.09 .07 .52 -.01 
Shoulders -.47 -.37 
Front end -.11 .02 
Back -.11 -.01 .19 -.03 
Rump -.20 -.04 -.33 -.28 
Hind legs -.10 .04 -.OS -.26 
Heel depth -.06 .04 -.01 -.10 
Pasterns -.04 -.11 
Fore udder -.22 -.12 -.71 -.31 
Rear udder -.04 .04 ·-.27 -.09 
Udder support -.04 -.18 .26 -.18 
Udder depth .36 .27 
Udder levelness -1.48 -. 20 
Teat placement -.06 -.09 .06 

~alues lie between phenotypic and genetic correlations. 
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the type traits negatively related to milk yield are positively related 

to longevity or some other economically important trait, breeders should 

not select for them in their breeding progr3.lllS. 

Genetic and Phenotypic Relationships Among Production and 

Longevity Traits 

Evans, et al. (22), Everett, et al. (24), Gaalaas and Plowman, et 

al. (29), Hargrove, et al. (35), Miller, et al. (52), Norman and Van 

Vleck (60), Parker, et al. (63), and White and Nichols (85) have 

reported 22 phenotypic correlations between first lactation milk produc-

tion and various longevity parameters. The correlations ranged from .18 

to .43, with a mean of .24. Everett, et al. (24) used records from 

558,654 cows to calculate sire summaries for milk and stayability 

(survival) to five ages. Phenotypic correlations between first lacta-

tion milk yield and stayability to 36, .'.,3, 60, 72, and 84 months were 

.18, .25, .36, .32, and .31. Similar phenotypic correlations were_ 

reported by Miller, et al. (52) using records from more than 100,000 

cows. Phenotypic correlations of .23, .25, .24, .23, and .22 were found 

between first lactation herdmate deviated milk yield and herd life for 

cows with the opportunity to have 2, 3, 4, 5, and 6 lactations. 

Nearly thirty estimates of genetic correlations between first 

lactation milk production and longevity traits have been reported which 

average approximately .60. Carter (13) found genetic correlations of 

.41, .78, and .72 between milk production and the percent of a sire's 

daughters having 2, 4, and 6 lactations. Everett, et al. (24) reported ,, 

genetic correlations of .27, .41, .55, .51, and .51 between first 



26 

lactation milk yield and s.tayabil'ity to 36, 48, 60, 72, and 84 months. 

Hargrove., ·et al. (352 estimated the genetic correlation between first 

lactation milk yield and number of lactations as .62, and between milk 

yield and productive life as . 76. Miller, et al. (52) reported genetic 

correlations ranging from .54 to .77 between first lactation milk yield 

and herd life for cows having the opportunity to initiate 2 through 10 

lactations, with higher values occuring in later lactations. Norman and 

Van Vleck (60) estimated the genetic correlation between first lactation 

milk and nwnber of lactations to be .90. Robertson and Barker (66) 

reported genetic correlations between milk yield and survival ranging from 

.67 to .76. Genetic correlations between sire milk proofs and sire proofs 

for survival rate expressed as a percent of 2-year-olds making a 3-year-

old record and percent of 2-year-olds making a 4-year-old record were .39 

and .44 as determined by Schaeffer and Burnside (69). Van Vleck, et al. 

(80) reported genetic correlations of .36, .45, and .54 between sire 

progeny means for first lactation herd.mate deviated milk yield and percent 

of daughters with 2, 3, and 4 lactations. 

All these studies indicate that first lactation production has a 

large influence on longevity. Cows with seriously inferior production 

during first lactation are usually culled without an opportunity to have 

a second lactation. 

Relationships Between Longevity Traits and Lifetime Production 

Hargrove, et al. (35) reported phenotypic and genetic correlations 

of .95 between lifetime milk and number of lactations. Phenotypic and 
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genetic correlations between lifetime milk and length of productive life 

were .97 and .96, and the phenotypic correlation between lifetime milk 

and total days in milk was .98. Noman a.nd Van Vleck (60) found pheno-

typic and genetic correlations of .95 and .98 between lifetime milk 

yield and number of lactations. Lifetime production is mainly determined 

by length of herd life which is highly related to other measures of 

longev·i ty . 

Relationships Between Type and Longevity Traits 

Berger, et aL (7) found phenotypic correlations between first 

lactatior. type score and number of lactations and months of productive 

life of .12 to .35 and .13 to .37 in six institutional herds. Evans, 

et al. (22) reported a correlation of • 39 between type score and age at 

disposal. First classification score and number of times classified had 

a correlation of .2 according to Specht, et al. (73). However, Everett, 

et al. (2.+) reported phenotypic correlations ranging from -.06 to ..:..11 

between sire summaries for Predicted Difference Type (PDT) and daughter 

stayability from 36 to 84 months. 

Schaeffer and Burnside (69) found correlations of .34 and .31 

between sire type proofs and percent 2-year-old daughters making a 

3-year-old record and percent 2-year-olds making a 4-year-old record. 

This was in contrast to the results of Everett, et al. (24) who 

reported genetic correlations of -.09 to -.15 between sires' PDT and 

daughter stayability. Catron (17) reported a correlation of .. 04 

be tween PDT and daughte'!."s ' age at last calving for_, 7 88 sires. Howev.:?.r, 

correlations between PDT and percent daughters completing four and five 
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lactations were -.07 and -.03. Norman and Van Vleck (60) concluded from 

unofficial type data that a group of first lactation type traits was 

nearly as related to herd life as first lactation milk yield was to herd 

life. Twenty-six body traits and twency-nine udder traits had multiple 

correlations of .16 and .15 with number of lactations, whereas first 

lactation milk yield in linear and quadratic terms had a multiple corre-

lation of . 23. 

Allaire, ~ al. (4), Evans, et al. (22), Hargrove, ~ al. (35), 

O'Bleness and Van Vleck (62), Van Vleck and Norman (82), and White and 

Nichols (86) have investigated reasons for removing cows from herds 

(culling). They found that approximately 30% of all cows were culled 

for low production, and more culling was practiced for low production 

during first lactation than during any other lactation. Another 30% of 

the cows were culled for reproductive problems, with higher percentages 

culled in later lactations. Mastitis was the primary reason for disposal 

about 10% of the time, and increased in frequency with the age of the 

cow. Udder problems other than mastitis (broken attachments, teat 

injuries, etc.) accounted for approximately 10% of cow removals, and 

feet and legs were the primary reason for culling 3% of the cows. All 

other type defects accounted for 1 to 7% of the primary reasons for 

removal. 

Research attempting to identify individual type traits associated 

with differences in longevity is sunnnarized in Table 7. Granthan,~ al. 

(33) reported that sires with above average percentages of daughters 

having "desirable" stature, fore udder, and udder ~upport also tended 

to have fewer daughters complete a first lactation, suggesting a 
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Table 7. Correlations. between sire SU!lI!D.a~ies for type and longevity 
traits from previous studies. 

Grantham Miller Catron Catron Van Vleck 
et al. et al. et al. et al. et al. -- -- -- -- --

(33) (54) (17) (17) (80) 

Trait % Inc. % Inc. AGE PCT 4 PCT 4 

Stature .14 -.09 -.07 .03 -.17 
Head -.14 -.09 .21 -.03 .25 
Front end .01 -.02 .09 -.04 
Back .oo -.07 .OS -.03 .19 
Rump .oo -.02 .13 -.16 -.08 
Hind legs -.03 -.02 .09 -.01 -.12* 
Feet .03 -.06 .04 .oo -.02 
Fore udder .13 .02 -.04 .02 -.02* 
Rear udder -.07 -.12 .09 .02 .10* 
Udder support .13 .oo -.10 .16 .15* 
Teats -.01 -.01 .03 .14 .17 

*Values represent an average of several correlations. 
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negative relationship between "desirable" stature, fore udder, udder 

support and longevity. Mille:r, c:t al. (50::.) found the same relationship 

with fore udder and udder support, but· not with stature. 

Catron (17) utilized age at last calving (AGE) and percent daughters 

completing four lactations (PCT 4) as measures of longevity. Correla-

tions between these two longevity parameters and the descriptive type 

traits were not always consistent, but the PCT 4 correlations tended to 

agree with PCT 4 values reported by Van Vleck, et al. (80) using unoffi-

cial Holstein data. Upstandingness, level rump, and straight hind legs 

were negatively related to longevity. Howeve~ high, wide rear udder, 

strong udder support with clearly defined halving, and correct teat 

placement were positively related to longevity. 

Although many of the type traits appear to be unrelated to 

longevity, high and wide rear udder, strong udder support, and well-

spaced teats apparently are associated with long lived cows and may 

merit inclusion in commercial selection programs. 

Relationships Between Descriptive Type Traits, Milk Production, 
Longevity and Reproductive Traits 

Some dairymen believe that rump conformation affects calving ease 

and/or subsequent reproduction. Relationships between rump and other 

descriptive type traits with reproductive performance are not well 

known. Bellows, et al. (6) found that pelvic width had a highly signi-

ficant C~<.Ol) negative correlation with calving difficulty (dystocia) 

in primiparous Angus heifers. Precalving pelvic area had a significant 

negative effect on calving difficulty in both Hereford and Angus heifers. 

Laster, et al. (42) reported that Hereford and Angus heifers experiencing 
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dystocia had a 16% lower conception rate tc AI than heifers not experi-

encing dystocia. These results from beef ~attle suggest that pelvic 

measurements may be related to reprodi;ctive performance. 

With Holstein data, Van Vleck, ~ ~~. (80) found sizable correla-

tions between sire averages for percent daughters with no breeding 

trouble and percent daughters with severc.l of the 52 descriptive type 

subtraits appraised during first lactation. Subtraits with negative 

correlations (indicating c:. positive relationship with reproductive 

problems) exceeding -.20 included nearly level rump with notched pelvic 

arch, long fore udder, and deep udder. In another study, Van Vleck and 

Norman (82) investigated relationships between type traits appraised 

during first lactation and later reasons for disposal. Although none of 

the rump traits were significantly correlated with later culling for 

reproductive reasons, cows with sloping rumps were culled less frequently 

for reproductive problems than cows with level rumps. 

Reproduction and milk production are intricately related; normally 

conception and parturition must occur to initiate lactation. Concern 

has been expressed over possible antagonisms between high milk production 

and reproductive efficiency. Smith and Legates (71) obtained a correla-

tion of .06 + .02 between 90 day milk yield and days open. But Everett, 

et al. (23) reported phenotypic correlations of -.01 and -.04 between 

120-day milk yield and days open, and between 120-day milk yield and 

calving interval. Apparently milk production during the first 120 days 

of lactation does not affect reproductive performance. 

However, milk production later in lactation is increased by more 

days open and longer calving intervals. Ripley, et al. (65) found 
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correlations of .22, .24, and .23 between days open and 305-day milk 

yield in first, second, and later lactations respectively. Phenotypic 

correlations ranging from .19 to .21 were rei-Jorted by Miller,~ al. (52) 

between average calving interval and first lactation milk yield to 305 

days. Spalding, et al. (72) found that cows in the top 25% of the herd 

for current herdmate deviated milk averaged 37 more days open than the 

cows in the bottom quartile. The correlation between lifetime or total 

milk and days open was estimated by Louca and Legates (47) to be .22. 

Schaeffer and Henderson (68) reported the relationship between days open 

and milk production was curvilinear and that the effects of days open on 

cumulative milk production became increasingly larger as lactation pro-

gressed. They and other researchers have suggested that 305-day milk 

records be adjusted for days open because differences in days open explain 

about 5% of the variation in 305-day milk records. 

Percent days open and herd life are positively related. Gill and 

Allaire (32) estimated a phenotypic relationship of .11. Van Vleck, et 

al.. (80) reported correlations of -.09, -.21, and -.30 between the 

percent of a sire's daughters with no breeding trouble and percent 

daughters having 2, 3, and 4 lactations. Although Miller, et al. (52) 

found essentially no phenotypic relationships between average calving 

interval and herd life, cows with longer calving intervals produce more 

milk and probably live longer in spite of their poorer reproductive 

performance. 

Records Expressed as Deviations from Contemporary Averages 

Measurements of most traits can be expressed.as deviations from 
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herdmates to eliminate or correct for environmental effects. Van Vleck 

(75) found that correlations between si:re components of variance were 

between . 99 and 1. 00 for both milk a;1<l fat using records expressed as 

deviations from herdmates defined in several ways. Freeman (28) reported 

doubling the regression of off spring on parent using contemporary devia-

tions yielded biased esti.:mates of heritability unless the population 

studied was noninbred, the trait was lowly heritable, and the subclass 

(e.g., herd-year-season) size was large. With a subclass size of ten, 

heritability was underestimated by . 02 and . 05 for heritabilities of 

. 2 and . 5. McDaniel and Legates (50) found that considering deviations 

as normal observations and assuming that each herdmate had a different 

sire resulted in slightly underestimating heritabilities when several 

herdmates were paternal half-sibs. However, genetic correlations were 
N 

not biased because errors cancelled out when the correlation coefficient 

was computed. Norman, et al. (57) compared heritabilities for milk and 

fat production estimated with mature equivalent yields and contemporary 

deviated :ME yields and concluded that heritabilities of non-deviated 

yields were considerably biased upwards due to correlations between herd 

effects and confounding of sires and herds. Heritabilities estimated 

with deviations from contemporary averages are probably more correct if 

the number of contemporaries is large and contemporaries generally are 

not paternal half-sibs. 



Source of Data 

Descriptive type data and production records were obtained from the 

Holstein-Friesian Association of Ameri~a for all Registered Holstein cows 

descriptively classified from January 1, 1967, through June 1, 1976. 

These data represented nearly two million lactation records from approxi-

mately 800,000 cows. Each record contained the cow's registration 

number (CRN), sire's registration number (SRN), dam's registration number 

(DRN), herd number (HN), birth date (BD), calving date, age. at calving, 

type of record (DHIA, DHIR, HIR, or AR), milking frequency, days in milk, 

milk yield, fat yield, and lactation termination code. Because all 

these production records were truncated at 305 days in milk, they were 

not utilized for lifetime milk and fat yields. 

Records were edited to contain only cows between 18 and 36 months 

of age at first parturition. Each cow was further required to hav~ 

remained in the same herd for all lactations, been milked twice daily, 

and have from 270 to 600 days inclusive between each pair of successive 

parturitions. This editing procedure left records from 511,973 cows in 

12,115 herds. From these data a record was created for each cow which 

included her CRN, S&~, DRN, HN, BD, first calving date (FCD), last 

calving date (LCD), and days in milk during last lactation (DMLL). Addi-

tional variables computed (in days) were age at first calving (AFC), age 

at last calving (ALC), age at termination of last lactation (ATLL), herd 

life (JiL) determined as days from first calving to termination of last 

lactation, and calving intervals one through nine (Cil through CI9). 

34 
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The number of completed lactations (NCL) was also calculated for each 

cow. 

To remove herd effects, AFC and Hl were also expressed as devia-

tions from the contemporary mean. Contemporaries were defined as all 

cows calving for the first time in the same herd and year. This created 

two new variables, deviated age at first calving (DAFC) and deviated 

herd life (DF.L). The first six calving intervals were deviated from 

the contemporary average creating DCil through DCI6, where the contem-

poraries were further restricted to the same parity. The number of 

contemporaries (NC) for DCil was less than for DAFC and DHL, and 

decreased with each subsequent calving interval. 

Substantial variation in herd life opportunity (HLO) existed among 

cows calving for the first time in different years. A cow which calved 

for the first time during 1966 might have had more than 11 years of HLO, 

whereas another cow calving first during 1976 may have had less than 1 

year of HLO. Therefore, HLO was computed for each cow as the days,from 

first parturition to the last date the herd was production tested, and 

HLO was later used as a covariate in analyses. 

Because only first lactation type traits were desired, and to 

minimize age and stage of lactation effects on type traits, only descrip-

tive type data were utilized from cows classified between 20 and 46 

months of age and in the first 305 days of first lactation. This 

res.triction reduced the data set to 219, 356 cows with all previously 

defined variables plus classification date (CD), age when classified 

(AWC), final score (FS).for overall type, and descriptive type subtrait 

codes for the twelve descriptive traits described in Table 2. FS was 
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age adjusted using factors reported by Ccssell, et al. (16). However, 

due to the discrete and nonlinear coding of ~ost of the descriptive type 

traits, they were not age adjusted. 

First lactation production records ·were assembled and edited by 

Clay (19) from the Animal L--uprovement Program Laboratory, United Stat es 

Departraent of Agriculture (USDA). A total of 603,585 records initiated 

between January 1, 1966, and June 1, 1973, were utilized. All records 

were adjusted to a 2X-ME-305 day basis and satisfied all requirements for 

use in computing USDA-DHIA Sire Summaries. Of the 219,356 cows with type 

data, 78,197 also had usable first lactation production records. Produc-

tion traits added to the data set included first lactation milk (FLM), 

first lactation fat (FLF), and these variables deviated from the contem-

porary averages (DFLM and DFLF). Contemporaries were as defined by Clay 

(19). 

Lifetime production yields were co~puted from DHIR records supplied 

by HFAA for 323,012 cows. Lifetime variables included lifetime days in 

milk (LDM), lifetilne milk production (LM), and lifetime fat yield (LF). 

Lifetime milk and fat yields were also deviated from the contemporary 

average creating DLM and DLF. Contemporaries were as defined for DAFC 

and DHL. 

Estimation of Heritabilities 

All heritabilities were estimated as twice the within-herd regres-

sion of daughter on dam. Only daughter-dam pairs in the same herd were 

utilized. Heritability estimates of DAFC and DHL were computed from 

143,848 pairs in 7,616 different herds. There were 88,571 daughter-dam 
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pairs in 6,281 herds with a first calving interval, and fewer pairs with 

each subsequent calving interval. First lact:ation milk and fat (DFLM and 

DFLF) heritabilities were estimated fro-m 59,711 pairs in 6,337 herds. 

Heritability estimates of the lifetime v,ariables were computed from 

49,631 pairs in 2,131 herds. 

Heritabilities of the descriptive type subtraits were estimated 

from 18,061 daughter-dam pairs. in 3,932 herds. Estimates were adjusted 

for discontinuity by the method of Dempster and Lerner (20) to approxi-

mate the heritability of the underlying continuous phenotype. Where h 2 
c 

and h~ are heritabilities of continuous and discrete phenotypes, 

where .S ~ is the phenotypic variance of the discretely measured trait 

and Zd is the height of the normal curve corresponding to the frequency 

of the discrete trait. Standard errors of uncorrected heritabilities were 

computed as twice the standard errors of the daughter-dam regressions. 

Estimation of Phenotypic Correlations 

Phenotypic correlations (r ) were estimated by sample product-
p 

moment correlations between all pairs of continuous variables. Mao (4 8) 

demonstrated that phenotypic correlations between continuous traits were 

underestimated in absolute value when one or both traits were measured 

discretely, especially with fewer categories. Therefore, the descrip-

tive type subtraits were assumed to represent discJ;,ete phenotypes with 

underlying normal distributions, and pher.otypic correlations between type 
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subtraits and continuous traits were adjusted according to the method 

of Vinson, gal. (84). Where rdc is the phenotypic correlation between 

a discrete and a continuous trait, an estimate of the phenotypic correla-

tion between underlying variables is, 

Phenotypic correlations among descriptive type subtraits (rd d ) 
1 2 

were adjusted as suggested by Vinson, ~al. (84), such that 

Phenotypic correlations among descriptive type subtraits were estimated 

from product-moment correlations on 78,182 cows, as were 

phenotypic correlations between type subtraits and DAFC, DHL, DFLM, 

and DFLF. Phenotypic correlations between type subtraits and DCil were 

determined from data on 59,885 cows, and phenotypic correlations with 

subsequent calving intervals were computed from data on fewer cows. 

More than 88,000 cows with type data and lifetime traits were utilized 

to estimate phenotypic correlations between descriptive type subtraits 

and lifetime traits. 

Estimation of Genetic Correlations 

Genetic correlations were computed between pairs of traits if both 

traits possessed non-zero heritability estimates. If the regression of 

trait Y in the daughter on trait X in the dam (b0 D ) and the regres-
y · x 

sion of trait X in the daughter on trait Y in the Jam (b ) were of 
. OX.DY 
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the same sign (either positive or negative), the genetic correlation 

(r ) was computed according to the following formula; 
g 

Where b0 D and b0 D were both negative, the negative sign was 
Y • x x· Y 

retained. However, if one of the covariances (and therefore one of the 

regressions in the numerator) was negative and the other positive, the 

genetic correlation between X and Y was estimated as; 

r 
8.xy 

= 
[ (_bO D 

y• x 

where ~i_ and cr.2 were the within-herd phenotypic variances of traits 
--u YD 

X and Y measured on the dam. 

Standard errors of all genetic correlations (d ) were estimated using 
r 

the following method described by Falconer (26); 

1 - 2 r 
8XY 

g 

where d denotes a standard error. Standard errors~could not be deter-

mined for genetic correlations with absolute valu$s greater than 1. 
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Estimati.on of Least Squares· Constants 

To determine the magnitude of each type subtrait's effect on first 

lactation milk yield, first calvir..g interval, herd life, and lifetime 

milk production, least squares constants (LSCs} for D:FLM, DCil, DHL, and 

DLM were computed. The following statistical model was employed; 

where Y. = DFLM, DCil, DHL or DLM 
]; 

cJ... intercept 

... + b X • + e. n ni 1 

b --1 b = regression coefficients (LSCs) 1 n 

xl .~ x . = independent first lactation. descriptive type traits 
1 Ill. 

e. = error term. 
1 

The X. 's included the twelve descriptive type traits (ST ..• MC) plus other 
1 

variables fitted as covariates. LSCs for all four dependent variables 

were adjusted by regression on FS in linear and quadratic terms to remove 

effects of final score. Other covariates fitted in linear and quadratic 

terms on all four dependent.variables were DAFC, AWC, and DMWC to mini-

mize biases due to differences in age at first calving, age when classi-

fied, and stage of lactation when classified. Additionally, DFLM was 

regressed on DCil in linear and quadratic terms to eliminate differences 

in first lactation milk yield due to days open. Conversely, DCil was 

fitted far DFLM to reduce biases in reproductive performance attributable 

to milk production. DHL and DLM were regressed on HLO in linear and 

quadratic terms to remove effects due to differences in herd life oppor-

tunity. 
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Estimation of Standardized Partial Reg~ession Coefficients 

Multiple regression analyses of several longevity traits with the 

descriptive type subtraits and/or other first lactation traits as 

independent variables were studied. The sta::istical model used was; 

where Y. = DHL or DLM 
1 

o( -= intercept 

+ b X . + e. n ni 1 

b1 ---j bn = regression coefficients of longevity trait on 

descriptive type subtraits and/or other independent 
first lactation traits 

x1 . ---) X . = independent first lactation variables 
1 ni 

e. error term 
1 

The seven different models utilized to determine which first lactation 

traits were most useful in predicting longevity traits are listed in 

Figure 1. Code 2 subtraits were omitted for all descriptive traits 

except udder support (for which code 1 was omitted) to prevent confounding. 
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Model 
HLO HL0 2 

~ " I DFLFL. 1. DHL DLM = DFLM DFI..M- !:>FLF 

HL02 DFLM DFLM2 
') 

DAFC DAFC 2 2; DHL DL.'1 = HLO DFLF DFLF-

3. DHL DLM = HLO HL02 DFLM DFLM2 DFLP DFLF2 DAFC DAFC2 DCil DCil 2 

4. DHL DLM = HLO HL02 STl MC5 AAFS AAFS 2 AWC AWC 2 DMWC DMWC2 

s. DHL DLM = HLO HL02 STl MCS AAFS AAFS 2 AWC Awc 2 mrwc DMWc2 

DFLM DFLM2 DFLF DFLF2 

6. DHL DLM = HLO HL02 STl ... MCS AAFS AAFS 2 AWC AWC 2 DMWC DMWC 2 

DFLM DFLM2 DFLF DFLF2 DAFC DAFC2 

7. DHL DLM = HLO HL0 2 STl •.. MCS AAFS AAFS 2 AWC AWC2 DMWC DMWC 2 

DFLM DFLM2 DFLF DFLF2 DAFC DAFC2 DCil DCI1 2 

Figure 1. Multiple regression models used to predict longevity. 



RESULTS Al~D DISCUSSION 

Means and standard deviations for all traits studied except descrip-

tive type sub traits are presented in Table 8. All traits (except de-

scriptive type subtraits) and their abbreviations are in Table 57 in the 

appendix. These values were computed from all cows with valid observa-

-tions for each trait. The number of observations (N) for each trait 

~ varied according to the data set utilized and the nature of the trait. 

.Mean first lactation milk and fat (FLM and FLF) production were greater 

than all corresponding values in the literature (2, 25, 29, 30, 35, 51, 

68, 71, 85) which ranged from 4,704 to 6,685 kg. milk and 167 to 239 kg. 

fat. 

Mean age at first calving (AFC) was very similar to the 856.3 days 

reported by Gill and Allaire (30) and within the range of values report-

ed by other workers (22, 29, 35, 36, 47, 85, 92). Mean age at last calv-

ing (ALC) was smaller than values obtained by other researchers (29, 63, 

85), probably because all cows in the present study were not given the 

opportunity to reach a specified age or complete a certain number of 

lactations. Mean ntnnber of completed lactations (NCL) was in good agree-

ment with Miller, et al. (52) who found that cows with the opportunity 

to complete four lactations averaged 2.74 lactations. Several studies 

(52, 85, 92) have reported means from 3.42 to 3.5 lactations for cows 

given greater opportunity. Mean herd life (HL) was also smaller than 

reports from the literature (5, 92), Lifetime days in milk (LDM), life-

time milk (LM), and lifetime fat (LF) yield means were all less than 

corresponding means reported by Hargrove, et al. (35), and Louca and 

43 



44 

Table 8. Means, standard deviations, minlllla, and maxima for all traits 
except desc:riptive type suhtraits. 

Trait N Mean s. lJ. Min. Max. 

FLM 688,029 6,763.73 1,486.43 989. 15,186. 
FLF 688,029 244. 81 53, 31 30. 666. 
AFC 511,973 858.20 101.13 540. 1,095. 
ALC 511,973 1,584.34 669.19 540. 4, 831. 
:OMLL 511,973 272. 70 53.88 90. 305. 
ATLL 511,973 1,857.03 666.64 668. 5,136. 
NCL 5ll,973 2. 84 1.68 l. 11. 

HLO 511,973 1,785.66 994.67 91. 4,182. 
HL 511,973 998. 83 663.35 90. 4,113. 
LDM 184' 756 887.13 532.69 10. 3, 723. 
LM 184, 756 18,857.25 12,940.08 181. 134,006. 
LF 184 '756" 701.89 483.28 6. 5,950. 
en 388, 743 393.01 53.53 270. 600. 
CI2 250, 777 391. 92 51.68 270. 600. 
CI3 150,319 393.94 52.46 270. 600. 
CI4 83, 074 396. 81 53.85 270. 600. 
CI5 41,926 398. 64 54. 64 270. 600. 
CI6 18,516 401. 22 56.25 272. 600. 
CI7 7,237 402.56 57. 65 271. 600. 
Cl8 2,232 400. 96 56.07 274. 598. 
CI9 462 389.06 48.56 301. 570. 
FS 219,356 80.00 3.59 40. 91.67 
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Legates ( 4 7) • 

Mean first calving interval (Cll) was intermediate to values from 

other studies (47, 52, 68, 71) which ranged from 380 to 423 days. 

Final score (FS) after age-adjustment averaged 80.0 points, slightly 

below the means of 80.1 and 80.2 found by Catron (17) and Cassell, et al. 

(15). 

Means and standard deviations of traits expressed as deviations from 

·the contemporary average are in Table 9. Means for all deviated traits .. 

. :·were near zero as expected. Standard deviations were smaller for the 

deviated variables than for the actual trait, except for contemporary 

deviated calving intervals (DCil through DCI6). Allaire and Henderson 

(2) reported a standard deviation (S.D.) of 1038 kg. for first lactation 

milk production. No other standard deviations for traits expressed as 

deviations from the contemporary average could be located in the litera-

ture. 

Herd life opportunity (HLO) was highly related (r =.54) to herd life 
p 

but essentially unrelated (r =.01) to herd life deviated from the contem-
p 

porary average (DHL). Thus DHL was linearly independent of herd life 

opportunity and therefore could be utilized to accurately compare cows 

with greatly different opportunities to express longevity traits. 

Table 10 contains means and standard deviations of traits studied 

from cows classified during first lactation. This group of cows was 

slightly older than its contemporaries at first calving and produced 

more milk and fat during first lactation. Mean herd life opportunity 

(HLO) was greater for this subset than for all cows because cows in this 

group all initiated first lactations prior to June 1, 1973. However, 
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Table 9. Means, standard devia~ions, ::!.ini.'ila, and maxima of traits 
deviated from the contenporary average. 

Trait N Mean S.D. Min. Max. 

.DFLM 688,029 -44.36 1,382.88 -9,294. 8, 491. 

· DFLF 688,029 - 1.62 48. 92 346. 426. 

DAFC 500,128 . oo 90.01 518. 518 . 

DHL 500,128 .00 526.51 -3,577. 3,577. 

DLDM 184' 756 . 44 465.90 -2,859. 3,160 . 

DLM 184' 756 .22 11,569.71 - 70' 86 3. 116 ,018. 

DLF 184~756 .20 430.92 -2,559. 5 '301. 

DCil 377,414 .oo 55 ,. 72 279. 279. 

DCI2 238,053 .oo 55.36 287. 287. 

DCI3 137,328 .00 58.40 277. 277. 

DCI4 70,262 .oo 62.53 263. 263. 

DCIS 30,681 • 00 65.81 267 . 267. 

DCI6 10,705 .00 70.99 254. 254. 

a 
Average number of contemporaries 

* Not available 

NC a 

NA* 

NA* 

14.88 

14.88 

17.25 

17.25 

17.25 

12.80 

9.24 

6.53 

4.56 

3 .17 

2.22 
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Table 10. Means and standard deviatior~E' of traits from cows classified 
during first la.::.-:ation. 

Trait N Min. Max. Mean S. D. 

·DFLM 78 ,182 - 7' 802. 7 ,176. 22.26 1,331. 79 

:DFLF 78,182 259. 296. . 94 46.89 

. ·nAFC 78, 182 388. 4 75. 1. 85 88.07 

DHL 78,182 -3,275. 3,329. -126.40 682.36 

HLO 78,182 100. 4,102. 2,358.52 718. 39 

DLDM 80,254 -2' 859. 2,937. -87.28 464. 77 

DLM 80,254 -63,191. l16,018. -2,041.73 11,350.88 

DLF 80,254 - 2,380. 5,301. -75. 84 423.90 

FS 80,254 40. 91.67 80.48 3.70 

DMWC 80,254 1. 305. 158.33 84. 24 

AWC 80,254 20. 46. 33.57 4.23 

DCil 59,885 -277. 277. -.93 55.06 

DCI2 40,300 -251. 272. .23 55. 71 

DCI3 25,787 -260. 260. - .98 57.21 

DCI4 11,232 -242. 255. -2.05 61.32 

DCI5 4,616 -267. 267. -1.89 66 .43 

DCI6 1,471 -242. 240. -1.31 69.54 
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the average herd life of these cows compared to contemporaries (DHL) was 

shorter by more than 120 days. Means cf other longevity traits deviated 

from contemporaries (DLDM, DL1'1, and DL}') were also negative. Apparently, 

cows which were classified during the first 3Cl5 days of first lactation 

and calved for the first time prior to 36 months of age were removed from 

herds earlier in their productive lives than contemporaries which were 

either not classified during first lactation or calved at older ages. 

"Ile cause .. cows s.old for dairy purposes were edited out of the data, appar-

ently cows classified during first lactation have shorter herd lives 

than their contemporaries. There was no obvious explanation for this 

result. 

Within-herd variances of dams for traits deviated from contemporary 

averages were determined for calculating genetic correlations between 

traits when covariances were unlike in sign. Components of variance 

attribut:able to herds were co_n:puted sirn:J taneously and are presented in 

Table 11. Herd effects accounted for less than 5% of the variation in 

all traits expressed as deviations from contemporaries. In contrast, 

herd effects explained 27 and 29% of the variation in first lactation. 

milk and fat yields. Deviating variables from the contemporary average 

effectively reduced herd effects. 

Percentages of total phenotypic variances of descriptive type sub-

traits explained by herds are shown in Table 12. Herd effects accounted 

for less than 10% of the phenotypic variation in 45 of 56 type 3ubtraits, 

and never explained more than 12% of the variation. In comparison, herd 

effects accounted for 20. 81~ of the phenotypic variation h1 age-adjusted 

final score (FS). Herd components of variance for the descriptive type 
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Table 11. Components of variance for herd effects for traits deviated 
from ccntemporaries. 

~C• 2b d 2 d2 I 

Trait N Herds o;;_ dT I H T 

. DAFC 24,927 4,812 291. 7 ,414. .0392 

. DFLM 79,198 9,221 95,739 • 3,661,031. .0262 

DFLF - 79 ,198 9,221 127. 4,508. .0282 

DCil 22,020 4,509 96. 2,889. .0333 

DCI2 17,157 4,084 120. 2,919. .0411 

DHL 24,927 4,812 22,668. 484 '840. .0000 

DLDM 53,564 2,382 -1,690. 131,525. .0000 

DLM 53,564 2,382 -2,666,644. 19,040,143. .0000 

DLF 53,564 2, 382 -3,740. 265,700. .0000 

a Between herd variance 

b Total phenotypic variance 
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Table 12. Percentage of tct:.:.:.l phenotypic var.iance in descriptive sub-
traits attributablE. to herds. 

Trait Percentage Trait Percentage 

ST-1 11.04 FT-3 5.38 
-sT-2 6.15 FT-4 10. 72 
ST-3 9.93 FU-1 7.42 

~ HD-1 6.40 FU-2 6.38 
HD-2 7.29 FU-3 8.55 
HD-3 8.15 FU-4 6.81 
HD-4 7.19 FU-5 1.06 
HD-5 6.69 RU-1 4. 81 
FE-1 6.91 RU-2 5.67 

' 
FE-2 5.09 RU-3 6.63 
FE-3 4.99 RU-4 9.43 
FE-4 10.46 RU-5 6.94 
BK-1 9.62 US-1 7.04 
BK-2 6.02 us--2 6.24 
BK-3 6.01 US-3 5.68 
BK-4 6.81 US-4 4.90 
RP-1 7.25 US-5 7.25 
RP-2 7.21 TT-1 8.81 
RP-3 5.40 TT-2 6.26 
RP-4 6.72 TT-3 0.44 
RP-5 6. 94 TT-4 6.44 
HL-1 5.44 TT-5 5.73 
HL-2 7.15 MC-0 9.20 
HL-3 8.55 M.C-1 10.04 
HL-4 5.97 MC-2 8.02 

HL-5 8.97 MC-3 7.19 

FT-1 3.42 MC-4 5.12 
FT-·2 8.17 MC-5 10.45 
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subtraits were estimated ftom 24~921 Ciarns in 4,812 herds. 

Means of deviated traits :for cows v.Tith each descriptive type sub-

trait are in Table 13. Mean DFill ranged fror.: -677 kg. for cows with 

coarse shoulders and necks (FE-3) to !+69 i;g. for cows with too deep 

udders (US-3). White and Vinson (88) also =:ound that deep uddered cows 

were superior milk producers compared to shallower-uddered herdmates. 

:·Udder depth and first lactation milk yield (Fili) had a phenotypic corre-

. -lation·of • 27 in a study done b~ Norman and Van Vleck (60). This was 

the largest correlation found between any type trait and FLM. The second 

largest correlation (.15) they reported was between sharpness and FLM. 

In the present study, the code 1 subtraits within each type trait usually 

had the largest positive means for DFLM, DHL, and DLM. Cows with code 1 

subtraits in all type traits except miscellaneous terms (MC) also had the 

highest mean final score. It may be that higher scored cows received 

preferential treatment, especially for herd life. Dairymen probably 

refrained from culling higher scored cows as readily as lower scored 

contemporaries of comparable milk producing ability (17). 

Means for DCil ranged from -6.4 days for cows with broken and/or 

very faulty suspensory ligaments (US-5) to 4.6 days for cows with crampy 

hind legs (MC-4), and appeared to fluctuate randomly within type traits. 

Negative values for DCil indicated shorter than average calving inter-

vals, which are assumed to be desirable. Cows coded US-5 have deep, 

pendulous udders and are frequently difficult to milk and/or handle. 

Consequently, dairymen probably tend to cull cows with this type defect 

unless they produce well and also conceive readily. Problem breeders 

with this type trait probably were culled earlier than sound uddered 
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Table 13. Means of several imFcrtant trc.jt.s by descriptive type subtrait. 

Type FS DFLH DCI.l DBL DLM 
Sub trait (points) (kg.) ( da:ys.) (days) (kg.) 

ST-1 82.1 4 ') . s 46 870 
ST-2 79.7 2 -.1 -3 -147 
ST-3 76.7 -88 -.6 -78 -1,596 
HD.:..l 83.5 141 -1. 7 95 1,470 
-HD-2. 81.l 65 . 2 34 612 
. HD-3 78.9 -103 -.9 -39 -1,109 
HD-4 79.4 -33 .o -21 -406 
HD-5 77. 0 -54 .9 -46 -1,168 
FE-1 82.8 49 -.1 69 981 
FE-2 80.1 28 -.2 7 150 
FE-3 78.2 -677 -2.4 -194 -3,941 
FE-4 76.9 6 1.4 -47 -847 
BK-1 82.0 -20 -.2 42 576 
BK-2 79.6 19 . 3 -1 88 
BK-3 78.2 78 .4 -20 -376 
BK-4 78.6 -92 -.9 -60 -1,241 
RP-1 83.8 21 1.0 91 1,154 
RP-2 81. 2 -5 -.1 30 458 
RP-3 79.7 -28 .s -25 -277 

P..P-4 79.0 -21 .1 -14 -264 
RP-5 77. 6 66 -.4 -59 -1,024 
HL-1 84. 3 130 4.0 149 2,371 
HL-2 81.5 27 -.1 44 701 
HL-3 79.1 -12 -.2 -28 -710 
HL-4 78.5 -3 -.3 -10 -206 
HL-5 79. 3 -71 1.1 -46 -558 
FT-1 82. 2 -22 3.2 59 707 
FT-2 80.5 -1 -.2 17 225 
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Table 13. (continued). 

Type FS DFLM DCil DHL DLM 
Sub trait (points) (kg.) (days) (days) (kg.) 

FT-3 79.4 -46 -.3 -42 -846 
FT-4 78. 7 16 .1 -36 -534 
FU-1 83. 7 -78 -2.2 141 1,925 
fu-2 80.9 -33 -.4 45 524 
FU-3 78.2 -238 -.3 -91 -1, 717 
-:FU-4 78.3 198 .3 -72 -942 
FU-5 70.9 198 1. 2 -340 -5,987 
RU-1 84 .1 354 .4 182 3,096 
RU-2 81.l 84 .2 49 761 
RU-3 78.5 -129 .o -75 -1,412 
RU-4 77. 6 -201 -1.9 -71 -1,730 
RU-5 72. 7 93 -.3 -291 -4,558 
US-1 80.6 11 .1 39 539 
US-2 78. 9 -114 -.7 -85 -1,553 
US-3 75.9 ~· 

469 1.5 -189 -2,151 
US-4 77 .1 ')! -'-t .5 -134 -1,662 
llS-5 70 .4 -18 -6.4 -405 -6 '872 
TT-1 81. 6 63 . 7 73 1,058 
TT-2 80.1 -23 -.1 11 253 
TT-3 80.0 168 .1 2 784 
TT-4 78.4 13 -.7 -73 -1,281 
TT-5 77. 6 -198 -.8 -128 -2,459 
MC-0 80.5 14 -.1 13 229 
MC-1 78.9 153 .o -71 -820 
nc-2 79.9 -44 .6 3 -207 
MC-3 79 .1 74 -2.1 -29 -561 
MC-4 7702 72 4.6 -182 -3,448 
MC-5 75. 8 -148 -.4 -94 -1,987 
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cows, creating a greater s•2i2ct:ic:.-. ir.t2nsi ty for reproductive perform-

ance on these cows than on their contemporari.es. This practice would 

have resulted in surviving cow·s with US-5 having shorter calving inter-

vals. Cows with crampy hind legs (MC-4) often have arthritic hocks and 

difficulty with locomotion. This mignt ·have affected their willingness 

to be mounted by other cows during estrus, and increased heat detection 

problems. If cows with crampy hind legs failed to manifest estrus symp-

toms a13 readily as other cows, they would have been prone to poorer 

reproductive performance and longer calving intervals. 

Mean deviated herd life (DHL) was lowest (-405 days) for US-5 cows, 

even though these cows had the most preferred first calving interval 

deviations and produced about average during first lactaticn. This 

large negative mean for DHL is especially important when one realizes 

that the mean herd life of all classified cows in this analysis was only 

1,027 days. Herd lives of US-5 cows averaged only 61% as long as their 

contemporaries' herd lives. Mean DHL for cows with broken and/or very 

faulty fore udder attachments (FU-5) and cows with loosely attached and/ 

or broken rear udder attachments (RU-5) were highly negative also. 

Cows with high, wide, firmly attached rear udders (RU-1) possessed 

the largest positive mean DHL (182 days). The only two other groups of 

cows with positive means for DHL exceeding 100 days were cows with code 

1 hind legs (HL-1) and cows with firmly attached, moderately long, fore 

udders (US-1). Cows with the RU-1 subtrait produced 354 kg. ~ore milk 

than contemporaries during first lactation, which undoubtedly contri-

buted to their superior longevity. I:lo'w-ever, cows with HL-1 p!'oduced 

near average milk yield during first lactation, and cows with FU-1 were 
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below average for DFLM. Cows with th~:se t·;vo descriptive type subtraits 

had considerably longer than average hero l:Lves in spite of mediocre 

first lactation milk production. One likely reason for this was their 

high average final score (FS). Cows ';;i:i. t:h HL-1 averaged 84. 3 points for 

·FS, more than one standard deviation (3. 6) above the overall mean ( 80. O). 

cMean FS of cows with FU-1 was 83.7, also well above the mean FS of all 

cows. One must conclude from this that FS affected herd life substanti-

ally~ 

Deviated lifetime milk (DLM) means were less than -4,500 kg. for 

cows with three descriptive type subtraits; US-5, FU-5, and RU-5. These 

same subtraits also had the largest negative means for DHL. Several 

studies (30, 60) have found that herd life accounted for at least 90% 

of the variation in lifetime yields, whereas first lactation production 

explained less than 12% of the variation. Because the mean lifetime 

milk production of all cows Slli11filariz.ed in Table 13 was 16 ,172 kg., cows 

with US-5, FU-5, and RU-5 averaged only 58, 63, and 72% as much lifetime 

milk as all cows. 

As expected, subtraits with the largest positive means for DHL also 

had the largest DLM means. These subtraits were RU-1, HL-1, and FU-1. 

Similar results were obtained by Norman and Van Vleck (60) who found that 

sharpness, height of rear udder, and length of fore udder had the largest 

pos.itive correlations of all first lactation type traits with lifetime 

milk production. 

Frequencies and heritabilities of the descriptive type subtraits 

estimated fron; 18, 062 first lactation daughter-dam pairs are in Table 

14. Frequencies of the code 1 through code 5 miscellaneous subtraits 
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Table 14. Frequencies and he::-itabilitie.s of descriptive type subtraits. 

Trait : Sub trait 

STATURE 
1. Upstanding 
2. Intermediate 
3. Low set 

HEAD 
1. 

2. 
3. 
4. 
5. 

Clean-cut, well proportioned 
with style and strength 
Strong-lacking style 
Short 
Plain and/or coarse 
Weak 

FRONT END 
1. Shoulder smoothly blended, 

chest ~trong and wide 
2. Medium strength and width 
3. Coarse shoulder and neck 
4. Narrow and weak 

BACK 
1. 

2. 
3. 
Lf • 

RUMP 
1. 
2. 
3. 
4. 
5. 

Straight full crops, strong 
wide loin 
Medium strength and width 
Low front end 
Weak loin and/or back 

Long and wide, nearly level 
Medium-width, length or levelness 
Pins higher than hips 
Narrow, especially at pins 
Sloping 

HIND LEGS 
1. Strong clean, flat bone~ squarely 

placed, clean flat thigh 
2. Acceptable 
3. Sickled and/or close at hock 
4. Bone too light or refined 
5. Too straight 

FEET 
1. 
.... 
'-· 

Strong, well formed 
Acceptable, with no serious faults 

Frequency 

.299 

.546 

.154 

.013 

.425 

.142 

.364 

.055 

.142. 

.667 

.039 

.152 

.269 

.471 

.120 

.141 

.038 

.417 

.122 

.264 

.160 

.010 

. 358 

.439 

.ll5 

.078 

.036 

.622 

• 212 
.034 
.173 

.000 

.000 

.104 

.044 

.016 

.Oll 

.000 

.000 

.056 

.060 

.041 
.072 
.082 

.041 

.079 

.065 

.064 

.158 

.018 

.027 

.063 

.061 

. 043 

.000 

.033 

.367 

.054 

.400 

.000 

.000 

.319 

.072 

.068 

.027 

.000 

.000 

.130 

.107 

.065 

.190 

.199 

.221 

.125 

.170 

.116 

.360 

.253 

.045 

.100 

.164 

.146 

.000 

.053 



Table 14. (continued). 

TRAIT: Subtrait 

3. Spread toes 
4. Shallow heel 

FORE UDDER 

-7 
:::>' 

1. Moderate length and firmly attached 
2. Moderate length, slightly bulgy 
3. Short 
4. Bulgy or loose 

- 5. Broken and/ or very faulty 

: REA.R UDDER 
1. Firmly attached, high and wide 
2. Intermediate in height and width 
3. Low 
4. Narrow and pinched 
5. Loosely attached and/or broken 

UDDER SUPPORT AND FLOOR 
1. Strong suspensory ligament and 

clearly defined halving 
2. Lack of defined halving 
3. Floor too low 
4. Tilted 
5. Broken suspensory ligament 

and/or weak floor 

TEAT SIZE AND PLACEMENT 
1. Plumb, desirable length and size, 

and squarely placed 
2. Acceptable with no serious fault 
3. Rear teats back too far 
4. Wide front teats 
5. undesirable shape 

MISCELLANEOUS TERMS 
0. No miscellaneous code 
1. Winged shoulder. 
2. Front legs toe out 
3. Weak pasterns 
4. Crampy 
5. Small for age 

a All standard errors were<. 020. 

Frequency 

.068 

.273 

.054 

.559 

.123 

.255 

.009 

.049 

.527 

.277 

.133 

.014 

.747 

.152 

.016 
• 080 

.006 

.267 

.436 

.012 

.228 

.059 

• 710 
.010 
.139 
.067 
.002 
.071 

.000 
• 043 

.042 

.028 

.008 

.055 

.009 

.033 

.030 

.029 

.046 

.000 

.073 

.015 

.020 

.045 

.000 

.054 

.057 

.035 

.098 

.070 

.044 

.022 

.027 

.007 

.000 

.055 

bAdjusted according to method of Dempster and Lerner (20). 

.000 

.077 

.171 

.044 

.020 

.101 

.113 

,150 
.047 
.051 
.114 
.000 

.136 

.036 

. 208 

.150 

.000 

.098 

.090 

.448 

.188 

.283 

.078 

.302 

.066 

.028 

.000 

.197 
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were much lower than report.ed b_;' La Sal:e, et al. (41) for cows classi-

fied du.ring all lactations. Cc:·ws may deve1.op these traits as they age. 

Frequencies of all other subtrai::s were rema..!'.'kably similar. 

Unadjusted heritabilities were generally smaller than those com-

puted by La Salle, ~ al. (41), who aJsc utilized daughter-dam pairs in 

.the same herd. Because the present study included only first lactation 

classification data, type subtraits apparently become more highly heri-

table as cows become older. Legates (45) also observed that descriptive 

type traits were more heritable for older cows when heritabilities were 

determined from paternal half-sib covariances. Nine type subtraits in 

the present study had negative daughter-dam regressions which were inter-

preted as zero heritabilities. Type characteristics may become progres-

sively differentiated as cows age, which could reduce experimental error 

and increase heritability estimates. 

The heritability of age-adjusted final score (FS) was • 26, less 

than estimates of . 32 and . 31 obtained by Carter, et _al. (11) with 

Canadian data and Cassell, et al. (15) with older cows included. How-

ever, Hansen, ~ al. (34) and Mitchell, ~ al. (55) reported smaller 

heri.tabilities of • 26 and . 20 for final score from fewer cows than 

utilized in the present study. 

Heritabilities of production, reproduction, and longevity traits 

are presented in Table 15 with their standard errors. Age at first 

calving deviated from contemporaries (DAFC) was very lowly heritable, in 

contrast to other studies (32, 36, 43, 46) which may not have effective-

ly removed herd effects. Heritabi1ities in these studies ranged from 

.18 to .74. Generally these estimates have been inflated by confounding 
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Table 15. Heritabilities and s ~andard erron' of traits deviated from 
contemporarie.s. 

Trait D-d pairs Herds h2 dh2 

D/>...FC 143, 843 7 ,616 .009 .005 

DFLM 59' 711 6,337 .319 .008 

DFLF 59' 711 6,337 . 286 .008 

DHL 143, 843 7,616 .074 .003 

DLDM 49,631 2,131 .090 .005 

DLM 49,631 2,131 .108 .005 

DLF 49,631 2,131 .111 .005 

DCil 88,570 6' 281 .038 .007 

DCI2 40,812 5,110 .044 .010 

DCI3 15,007 3.695 .010 .018 

DCI4 4,271 2,000 .000 .039 

DCI5 844 630 .ooo .136 

DCI6 78 74 .000 2.04 
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of sires with herd management, especial~: seasons of calving. 

First laetation yields (DTI.J.'i and Dil.I') were less heritable than 

other studies (10, 27, 51, 78, 79) whid?. do'..lbled daughter-dam regres-

sions of contemporary deviations. Lifetime yields (DLM and DLF) were 

11% heritable, in agreement ,,rith NormaLJ aud Van Vleck (60) but below 

-estimates reported by others (32, 35) . 

Heritability estimates for the first two calving intervals devi-

ated from contemporaries of the same parity (DCil and DCI2) were both 

near .04. Miller, et al. (52) studied 92,340 cows with first calving 

intervals and 65,569 cows with a second calving interval and reported 

that the heritabilities of the average calving interval for both groups 

were .04. Others (_21, 23, 32, 44) have estimated heritabilities 

ranging from zero to .08 for average calving interval. The daughter-

da:m regressions of DCI4, UCI5, and DCI6 were negative and heritabilities 

were consequently considered to be zero. 

Phenotypic correlations between descriptive type subtraits and 

traits measuring milk production, reproductive performance and longevity 

are presented in Table 16. Correlations with deviated age at first 

calving (DAFC) were determined from data on 78,182 cows. Type subtraits 

with the largest positive phenotypic correlations (rpl-.10) were FE-1 and 

ST-1. As expected, cows which were older than contemporaries at first 

calving (_and· therefore older when classified) tended to be taller and 

stronger front-ended than younger contemporaries. Type subtraits with 

sizable negative phenotypic correlations (r <-.10) included HD-5 (weak g-
h ea d), FE-4 (_narrow and weak front end), BK-3 (low front end), RP-4 

(narrow rump), RU-4 (_narrow and pinched rear udder), and MC-5 (small for 
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Table 16. Phenotypic correlatic;:i.s .betv;:,~e:::1 descriptive type sub traits 
and other traics.a 

Type 
Sub trait 

ST-1 
ST-2 
ST-3 

HD-1 
~HD-2 

.HD-3. 

··HD-4 

HD-5 
FE-1 

FE-2 
FE-3 

FE-4 
BK-1 

BK-2 
BK-3 
BK-4 
PJ?-1 

RP-2 
HP-3 

RP-4 
FP-5 
HL-1 
HL-2 

HL-3 

HL-4 
CIL-·5 

FT-1 

FT-2 
FT-3 

First lac tat ion t l·ai ts 

DAFC 

.10 

-.04 

-.09 

.06 

.04 

·. -. 04 

DFLM 

.03 

.00* 

-.04 

.04 

.05 

-.06 

.00* -.02 

-.10 -.02 

.11 . 02 

-.00* .04 

.07 

-.13 

.08 

-.02 

-.13 

.04 

.08 

.07 

. 03 
-.11 
-.01* 

.04 

.00* 

.03 

-.09 

.03 

.02 

.00* 

-.00* 

-.24 

.00* 

-.01* 

.02 

.04 

-.04 

.01* 

-.00* 

-.01* 

-.01 

.03 

.04 

.02 

-.01* 

-.00* 

-.03 

-.01* 

.00* 

-.02 

DFLF DCil DRL 

.03 .008* .06 

.00* -.003* -.01* 

-.05 -.007* -.07 

.04 -.013* .06 

.06 .005* .OS 
-.OS -.011* -.04 

-.02 -.000* -.03 

-.04 .008* -.03 

.03 -.006* .06 

.04 -.OOS* .D2 

-.22 -.019* -.13 

-.01* .016* -.04 

-.01* -.003* .OS 
.01* .006* -.00* 

. 04 . 004 * - . 0 2 

-.03 -.010* -.06 

.01* .008* .06 

-.01* -.003* .05 

-.01* .005* -.02 

-.01* .001* -.02 

.03 -.005* -.06 

.04 .028* .08 

.01* -.001* .06 

.00* -.004* -.05 

.00* -.003* -.01* 

-.03 .011* -.04 

-.01* .027. .04 

.00* -.006* .04 

-.02* -.003* -.03 

Lifetime traits 

DLDM DLM 

.07 

-.01 

-.09 
.05 

.07 

-.06 

.07 

-.02 

-.08 

.05 

.07 

-.06 

-.03 -.03 
-.05 -.05 

. 06 . 06 

.03 .03 

-.14 

-.05 

.05 

.01* 

-.03 

-.07 

.05 

.05 

-.02 

-.02 

-.07 

. 09 

.07 

-.07 

-.01* 

-.02 

.03 

.04 

-.04 

-.15 
-.04 

.04 

.01* 

-.02 

-.06 

.05 

.05 

-.02 

-.02 

-.05 

.09 

.07-

-.06 

-.01* 

-.03 

.03 

.04 

-.03 

DLF 

.07 

-.02 

-.08 

.06 

.07 

-.06 

-.03 

-.05 

.06 

.02 

-.15 
-.05 

.04 

.01* 

-.02 

-.06 

.05 

.05 

-.01* 

-.02 

-.06 

.09 

.07 

-.06 

-.01* 

-.03 

.03 

.04 

-.03 
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Table 16. (continued). 

Type First lactation traits Lifetime traits 
Sub trait DAFC DFLM DFLF DCil DHL DLDM DLM DLF 

FT-4 -.01* .01* .01* .001* -.04 -.04 -.04 -.04 
F,u-1 .09 -.03 .00* -.021* .10 .11 .09 .10 
FU-2 .01* -.04 -.03 - .Oll* .09 .08 .07 .07 
FU-3 -.03 -.11 -.17 .027 -.08 -.08 -.09 -.09 
:FU-4 -.02 .10 .12 .003* -.08 -.09 -.06 -.07 
FU-5. .01* .05 .03 .006* -.17 -.17 -.15 -.15 

-. RU-1 .10 . .13 .12 .021* .13 .14 .15 .15 
RU-2 .05 .08 .08 .006* .10 .09 .09 .09 
RU-3 -.02 -.08 -.07 -.000* -.09 -.09 -.10 -.09 
RU-4 -.:u -.09 -.09 -.021 -.06 -.08 -.08 -.08 
RU-5 .01* .03* .02* -.002* -.17 -.16 -.14 -.14 
US-1 -.09 .02 . 03 .003* .13 .13 .12 .12 
US-2 .09 -.06 -.06 -.008* -.08 -.09 -.08 -.09 
US-3 .03 .14 .11 .023* -.11 -.10 -.07 -.08 
US-4 .03 .01* -.00* .004* -.11 -.09 -.08 -.08 
US-5 .08 -.00* -.01* -.021* .:...13 . -.14 -.12 -.12 
TT-1 .01* . 04 .04 .010* .09 .07 .07 .07 
TT-2 -.01 -.02 -.02 -.001* .02 .04 .03 .03 
TT-3 -.06 .05 .03* .014* .00* .03* .03* .03* 
TT-4 .03 .01* .01* -.009* -.08 -.09 -.08 -.08 
TT-S -.02* -.08 -.07 -.007* -.09 -.10 -.10 -.10 
MC-0 .OS .02 .03 -.003* .04 .05 .05 .OS 
MC-1 .05 .04 .06 .012* -.04 -.03* -.02* -.02* 
MC-2 -.03 -.02 -.03 .006* .00* -.01* -.01* -.01* 
MC-3 .03 .03 .03 -.003* -.02 -.02 -.02 -.02 
MC-4 .03 .01* .00* .007* -.02 -.03 -.02 -.02 
MC-S -.11 -.06 -.06 -.004* -.07 -.08 -.08 -.08 
FS -.02 .10 .10 .00* .17 .18 .17 .17 
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Table 16. (continued). 

Type First lactation traits Lifetime traits 

Subtrait DAFC DFLM DF'.i:..F DCll DHL DLDM DLM 

DAFC .04 .OS 003 -.04 -.02 -.Oli: 

DFLM . 85 .20 .23 .26 .34 
:PFLF .18 .23 .26 . 32 
bCil .08 .OS .07 

"DHL .86 .83 
.DLDM .97 

.• DLM 

DLF 

aAdjusted according to method of Vinson, et al. (84). 

* Not significantly different from zero (P).01). All others highly 
significant (P~.01). 

DLF 

-.00* 
.31 
.34 
.08 

.82 

. 97 

.98 
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age). All these type subtr?..its described a small, frail cow, which was 

characteristic of younger cchvS. 

The only two type subtraits which had r·!lenotypic correlations 

greater than .10 with first lactation milk 2nd fat yields were RU-1 

(firmly attached high and wide) and US-3 (udder floor too low). Both 

subtraits described capacious udders, which logically would be related 

:to superior milk production. Final score (FS) had phenotypic correla-

. tions of .10 with both DFLM and DFLM indicating that higher scored cows 

-. milked more in first lactation. 

Descriptive type subtraits which had large negative phenotypic 

correlations ((- .10) with DFLM and DFLF were coarse shoulder and neck 

(FE-3) and short fore udder (FU-3). This was in agreement with other 

studies (l, 3, 9, 33, SS, 60, 61, 80, 91) which found milk produc-

tion to be more highly related phenotypically to sharpness and udder 

capacity than any other type traits. 

Phenotypic correlations between first calving interval (DCil) and 

descriptive type subtraits were not significant (P).01) except for FT-1, 

FU-3, and RU-4. However, these correlations were all less than .03 in 

absolute value, suggesting that descriptive type subtraits have very 

small effects on reproductive performance. None of the rump subtraits 

were significantly (P(.01) related to either DCil or DCI2. Phenotypic 

correlations between adjacent calving intervals were all less than .11, 

indicating that reproductive performance was not very repeatable across 

parities. 

Herd life (DHL) had phenotypic correlations greater than .10 with 
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tightly attached fore udder (FD-1), high, wide, firmly attached rear 

udder (RU-1), intermediate rear udder (Rl.i-2), and strong median suspen-

sory ligament (US-1). These have been t:he most traditionally preferred 

udder subtraits and generally considered to be among the most function-

ally important type characteristics. These same subtraits also had the 

~largest positive correlations with lifetime days in milk (DLDM), a trait 

: very similar to DHL that excluded days dry. Because of the previously 

. mentio?ed high relationship between longevity and lifetime production, 

these same type. subtraits also had the largest positive phenotypic 

correlations with DLM and DLF. 

Sizable negative phenotypic correlations ((-.10) were found between 

lifetime traits (DHI.., DLDM, DLM, and DLF) and several type subtraits. 

Coarse shoulder and neck (FE-3) had the largest negative correlations 

with both first lactation yields and both lifetime yields. FU-·5 and RU-5 

had the greatest negative phenotypic correlations with DHL and DLDM, 

although both subtraits had positive correlations with first lactation 

yields. US-3 (udder floor too low) had the largest positive correla-

tions with DFLM, but had sizable negative phenotypic correlations with 

all four lifetime traits. Tilted udder floor (US-4) and broken median 

suspensory ligament (_US-5) also had large negative correlations with 

lifetime traits. 

Age-adjusted final score (FS) was slightly negatively related to 

age at first calving (DAFC), suggesting that age-adjustment factors may 

have over-corrected scores for final score. FS was positively related 

phenotypically to DFI.M and DFLF, although previous studies (55, 91) have 

reported larger phenotypic correlations ranging from .13 to .16. The 
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phenotypic correlations betweer" FS and the 1.:.:.fetime traits were larger 

than all positive correlatio:::is between thl~ l:.fetime traits and the 

descriptive type subtraits. Th.is indicates that selection for longevity 

was probably influenced considerably b::; f:na1 score. 

Phenotypic correlations between DAFC and first lactation produc-

tion traits were small but positive, suggesting that production age-

adjustment factors may have favored older first lactation cows. DAFC 

~was positively related to first calving interval (DCil) as expected, 

' since unfreshened heifers experiencing breeding problems would probably 

take longer to conceive during first lactation also. Phenotypic corre-

lations between DAFC and lifetime traits were slightly negative, but 

not significant (P). 01) for lifetime yields (DLM and DLF). Delayed 

first calving generally is assumed to be detrimental to lifetime produc-

tion. However, Hargrove, e"t al. (.35) also found nonsignificant nega-

tive phenotypic correlations between age at first calving and lifetime 

milk and fat yields, although number of lactations initiated and 

productive life had significant (.P(.05) negative correlations with age 

at first calving. 

DFLM and DFLF were highly related phenotypically to one another 

in agreement with all reports in the literature. Both had phenotypic 

correlations near .2 with DCil, which agrees with other studies (52, 

65) which have- reported phenotypic correlations ranging from .19 to 

.24 between 305-day milk production and either calving interval or days 

open. DFLM was more highly related to lifetime milk production (DLM) 

and all other lifetime traits than any other first lactation trait, 
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including final score and all th£ descriptive type subtraits. Norman 

and Van Vleck (60) reported an identical value (.34) for the correlation 

between DFLM and actual lifetime milk yield. The same authors reported 

slightly smaller phenotypic correlations be.tween :}.ongevity measured as 

mnnber of lactations and first lactation yields (. 20 and . 21) than the 

present study obtained using DHL and DLDM to measure longevity. However, 

Hargrove, ~al. (35) found correlations of .38 and .43 between first 

~la'ctation milk and number of lactations and productive life. 

No -single first lactation trait studied had a large enough corre-

lati.on with any lifetime trait to accurately predict longevity. However, 

DFLM, DFLF, FS, and several descriptive type subtraits had sizable pheno-

typic correlations with lifetime traits and may have acceptable predic-

tive value when used jointly. 

Lifetime traits were highly related to one another, although DHL 

was the least related to the other traits. Days dry would affect DHL 

less than the other three lifet:iJ:ne traits. Because the phenotypic 

correlations among DLDM, DLM and DLF were so close to unity, any one 

of these traits should serve as a satisfactory measure of l'ifetime 

production. Hargrove, ~ al. (35) reported phenotypic correlations of 

.98 and .97 between lifet:iJ:ne days in milk and lifetime milk and fat 

yields, and a correlation of .99 between lifetime yields. Norman and 

Van Vleck (60) found a similar correlation of .95 between number of 

lactations and lifetime milk production. 

Genetic correlations between descriptive type subtraits and other 

first lactati.on traits are in Table 17. Type subtraits which had large 

positive genetic correlations (_). 40) vrith both DFLM and DFLF included 
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Table 17. Genetic correlations and standard errors between descriptive 
type sub traits and first lactation traits. 

Sub trait DFLM DFLF DCil 

ST-1 .05 + .07 -.04 + .08 .05 + .33 
ST-2 -.04 + .15 -.35 + .17 .16 + .80 
ST-3 .03 + .08 • '24 + .08 -.17 + .35 

HD-1 a a a 
HD-2 a a a 

· HD-3 -.30 + .09 -.27 + .10 -.34 + .39 -
HD-4-. -.12 + .15 -.12 + .17 -.38 + .61 
HD-5 .61 + .15 • 54 + .20 .20 + 1.10 
FE-1 .62 + .18 .55 + . 24 .16 + 1. 36 
FE-2 a a a 

FE-3 a a a 

FE-4 • 38 + .12 .28 + .15 .43 + .53 
BK-1 -.30 + .12 -.26 + .13 .24 + .56 
BK-2 -.20 + .15 -.28 + .17 .61 + .46 
BK-3 .49 + .09 .41 + .11 -. 76 + .24 
BK-4 .14 + .11 .19 + .12 -.27 + .4 7 
RP-1. .13 + .15 -.18 + .17 -.39 + .60 
RP-2 .02 + .11 -.15 + .13 .77 + .22 
RP-3 -.19 + .13 .12 + .15 -1. 21 + * 
RP-4 .27 + .12 .29 + .13 - .67 + .33 
RP-5 -.12 + .08 -.05 + .09 .57 + . 25 
HL-1 • 23 + .24 . 34 + .26 -.83 + .38 
HL-2 -.26 + .18 -.08 + .22 -.12 + .91 
HL-3 .22 + .12 .26 + .13 -.30 + .54 
HL-4 .05 + .13 .12 + .15 .19 + .59 
HL-5 -.31 + .14 -.53 + .13 .87 + .18 
FT-1 a a a 

FT-2 -.22 + .17 -.51 + .15 -.12 + .82 
FT~3 a a a 

FT-4 .01 + .16 .03 + .18 .00 + .73 
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Table 17. (continued). 

Sub trait DFLM DFLF DCil 

FU-1 -.01 + .17 .24 + .18 . 79 + .30 

FU-2 -.49 + .15 -.93 + .03 .18 + .87 
FU-3 -1 .00 + * -.56 + .29 -. 93 + .23 
FU-4 .57 + .09 • 71 + .07 -.15 + .59 
FU-5 .64 + .15 .65 + .18 -2.28 + * 
RU-1 .21 + .17 .21 + . 20 .49 + .64 
RU-2 -.03 + .19 .23 + .20 -.27 + . 81 
RU-3 -.41 + .15 -.61 + .13 .58 + .58 
RU-4 .29 + .15 .15 + .18 -.33 + .66 
RU-5 a a a 

US-1 -. 38 + .10 -.24 + .12 -.38 + .4 7 
US-2 • 35 + .21 -.02 + .27 2.03 + * 
US-3 • 33 + .19 .37 + .21 -.43 + . 82 
US-4 .29 + .14 .05 + .17 -.50 + .54 
US-5 a a a 
TT-1 -.21 + .12 -.11 + .14 -.10 + .59 
TT-2 .13 + .13 .14 + .15 -.18 + .61 
TT-3 • 21 + .17 .44 + .16 .80 + . 30 
TT-4 .13 + .10 .08 + .11 .32 + .41 
TT-5 -.27 + .11 -.38 + .12 -.14 + .56 
MC-0 -.38 + .12 -.47 + .13 -1.21 + * 
MC-1 .13 + .20 .19 + .22 -.01 + .97 
MC-2 • 23 + .17 .15 + .20 .63 + .51 
MC-3 1.45 + * 1. 73 + * 4.31 + * 
MC-4 a a a 
MC-5 .00 + .20 -.14 + .22 -.20 + .91 
FS -.05 + .07 -.05 + .07 . 29 + .28 
DFLM .83 + .03 .51 + .11 
DFLF .32 + .15 

a Not computed due to zero heritability estimate •. 
* Standard errors not computed for correlations exceeding 1.0 in absolute 

value. 
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weak head (HD-5), strong front end (FE-1), low front end (BK-3), bulgy 

fore udder (FU-4), broken fore udder ('FTJ-5), and weak pasterns (MC-3). 

Seven other type subtraits: (JE-4, RP-4, HL-1, HL-3, RU-1, US-3, and TT-3) 

had genetic correlations with both DFU1 and DFLF which exceeded . 20. 

R.egrettably, there were nine subtraits with zero heritabilities for 

~hich genetic correlations could not bE: computed. However, genetic 

correlations with first lactation production were of interest for these 

nine type subtraits. Consequently, the unadjusted heritabilities for 

.: these subtraits obtained by La Salle, ~ al. (41) were substituted for 

values computed in this study. Although these results are not in Table 

17, and none of La Salle's heritability values exceed .04, several inter-

esting findings were observed. Spread toes (FT-3) would have had genetic 

correlations with first lactation production near .5. Medium strength 

front end (FE-2) and coarse shoulder and neck (FE-3) would have had 

genetic correlations near -.5 and -.6 with both DFLM and DFLF if these 

subtraits had been as heritable as found by La Salle,~ al. (41). 

Genetic correlations between type subtraits and first lactation 

yields tended to agree with Catron (17) and Grantham, et al. (33) who 

reported negative genetic correlations between all twelve descriptive 

type traits (ST, HD, etc.) and sire merit for milk production (PDM). 

However, direct comparisons were not possible because these studies 

combined type subtraits within each type trait into two groups, and 

termed one group of subtraits "desirable" and the other "undesirable. 11 

Desirable subtraits were codes 1 and 2 for all descriptive traits 

except udder support (US), for which only code 1 was considered 
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desirable. 

Type subtraits in the present study which had negative genetic 

correlations exceeding -.40 with both DF:i.11 and DFLF were slightly bulgy 

fore udder (FU-2), short fore udder (FU-3), a.~d low rear udder (RU-3). 

Eight additional subtraits (HD-3, BK-1, BK-2, HL-5, FT-2, US-1, TT-5, 

~nd MC-0) had negative genetic correlations greater than -.20 with both 

:DFLM and DFLF. As previously mentioned, FE-2 and FE-3 would have had 

large n~gative genetic correlations with first lactation yields if these 

··traits had been about 3% heritable. 

Of the 56 type subtraits, 24 had genetic correlations greater 

than .20 in absolute value with both DFLM and DFLF. Two correlations 

lacked precision and were estimated to be greater than one. Only five 

of the other 46 correlations greater than .20 had standard errors 

larger than .20. Therefore, numerous descriptive type subtraits 

appeared to be genetically related to first lactation milk and fat 

yields. 

Several descriptive type traits had large genetic correlations 

with first calving interval (DCil). Standard errors of genetic correla-

tions with DCI were considerably larger than corresponding values 

between type subtraits and first lactation production traits. Type 

subtraits which had positive correlations larger than .50 and also 

larger than their standard errors included BK-2, RP-2, RP-5, HL-5, FU-1, 

TT-3, and MC-2. Daughters of cows with these type subtraits may have 

slightly longer calving intervals than their contemporaries. 

Type subtraits which had genetic correlations exceeding -.50 with 

DCil with standard errors. smaller than the correlation in absolute 
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value included BK-3, RP-4, H! ... -1, and FU-3. Selection for these type 

subtraits might poss.ibly lead to shorter first calving interval, but 

relationships between these type subtraits and other economically impor-

tant traits also need to be considered. For example, FU-3 had large 

negative genetic correlations with DFLM and DFLF. 

Final score (FS) appeared to be genetically unrelated to first 

. lactation production and· slightly related to longer first calving inter-

. vals. First lactation milk and fat yields (DFLM and DFLF) were highly 

related genetically to one another as expected. The genetic correla-

tions between DCil and first lactation milk and fat were .51 and .32 

indicating that longer first calving intervals were genetically related 

to higher first lactation production. Everett, et al. (23) found a 

genetic correlation of .46 + .13 between calving interval and 120 day 

milk production. Miller, et al. (52) reported a genetic correlation of 

.43 between milk production and average calving interval for cows with 

2 calving intervals. 

Genetic correlations between descriptive type subtraits and four 

longevity traits are in Table 18. Correlations between each subtrait 

and all longevity traits were generally similar. Differences in a sub-

trait' s correlations with herd life (DHL) and days in milk (DLDM) might 

indicate genetic factors affecting days dry. A large difference between 

a subtrait 1 s genetic correlation with DLDM and lifetime yields (DLM and 

DLF) suggested that subtrait was genetically related to daily yields 

different from the population mean. Sizable differences in correlations 

with DLM and DLF would indicate a subtrait was genetically associated 

with a butterfat percentage different from the population average. 
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Table 18. Genetic correlations a::.d standard errors between descriptive 
type sub traits and longevity i:raits. 

Subtrait DHL ::::JLDM DLM DLF 

ST-1 .27 + .06 .29 + . 0 7 .27 + .07 . 24 + .07 

. ST-2 -. 25 + .15 -.32 + .07 -. 29 + .17 -. 24 + .17 
ST-3 -. 24 + .07 -. 24 + .08 -.21 + .08 -.20 + .07 

HD-1 a a a a 

HD-2 a a a a 

HD-3 -.04 + .09 -.01 + .10 -.01 + .10 -.04 + .10 - - - -
H~4 -. 32 + .12 -.38 + .14 -.22 + .15 -.10 + .15 

HD-5 -.42 + .18 .01 + .27 .00 + .26 -.05 + .25 

FE-1 . 93 + .03 .96 + .02 • 72 + .15 .68 + .17 
FE-2 a a a a 

FE-3 a a a a 

FE-4 -.10 + .13 -.10 + .15 -.14 + .14 -.15 + .14 - - -
BK-1 -.06 + .12 -.01 + .14 -.09 + .13 -.07 + .13 
BK-2 .03 + .14 .22 + .17 .14 + .16 .15 + .16 
BK-3 . 33 + .10 -.00 + .13 .09 + .13 .11 + .12 
BK-4 -.23 + .09 -.23 + .11 -.13 + .11 -.17 + .11 

RP-1 .11 + .14 .22 + .16 .22 + .15 .19 + .15 
RP-2 .07 + .10 -.10 + .12 -.20 + .12 -.20 + .11 

RP-3 -.05 + .12 .03 + .15 .08 + .14 .08 + .13 
RP-4 .12 + .12 .46 + .11 .46 + .11 .48 + .10 
RP-5 -.17 + .07 -.38 + • 07 -.30 + .08 -.29 + .07 
HL-1 .73 + .11 1.35 + ";'\ 1.29 + * 1.31 + * 
HL-2 .64 + .11 .12 + . 21 .05 + .21 .00 + .20 
HL-3 -.45 + .09 -.23 + .13 -.14 + .13 -.23 + .12 
HL-4 .11 + .12 .23 + .14 .24 + .13 .25 + .13 
HL-5 .07 + .14 -.02 + .17 -.05 + .17 .03 + .16 

FT-1 a a a a 

FT-2 .54 + .11 .59 + .13 .40 + .15 .46 + .14 

FT-3 a a a a 

FT-4 -.48 + .11 -.48 + .13 -.13 + .16 -. 25 + .15 
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Table 18. (_continued). 

Sub trait DHL DLDM DLM DLF 

FU-1 .12 + .15 .13 + .18 .05 + .18 .04 + .17 
FU-2 • 34 + .15 .06 + . 21 -.07 + .20 -.05 + .20 

' FU-3 -.29 + • 31 -.06 + .41 -.07 + .39 -.06 + . 39 
FU-4 -.17 + .11 -.05 + .14 .08 + .13 .08 + .13 
FU-5 -. 23 + . 24 -.07 + .31 .00 + .29 -.29 + .27 
'RU~l .54 + .12 .53 + .14 .44 + .15 .39 + .16 
RU.;...2 .34 + .15 .27 + .19 .42 + .16 .18 + .19 
RU-3 -.76 + .07 -1.02 + * -.93 + .03 -.87 + .05 
RU-4 -.05 + .14 .04 + .17 .12 + .16 .07 + .16 
RU-5 a a a a 
US-1 .30 + .10 .30 + .12 .22 + .12 .24 + .11 
US-2 -.51 + .17 -. 72 + .13 -.60 + .16 -.65 + .14 
US-3 -.09 + .19 .15 + .23 .30 + . 20 .22 + • 21 
US-L1 -.10 + .14 -.00 + .17 .oo + .16 .02 + .16 
us-5 ·a a a a 
TT-1 -.23 + .11 -.24 + .13 -.26 + .12 -.28 + .12 
TT-2 .64 + .07 .51 + .11 .48 + .11 .47 + .11 
TT-3 .47 + .13 .54 + .14 .45 + .15 .45 + .15 
TT-4 -.37 + .08 -.09 + .11 -.06 + .10 -.06 + .10 
TT-5 -.12 + .11 -.09 + .13 -.12 + .12 -.13 + .12 
MC-0 .29 + .12 .08 + .16 .11 + .15 .04 + .15 
MC-1 -.07 + .19 -.08 + .22 .oo + .21 -.08 + .21 
MC-2 -.12 + .16 .35 + .17 .21 + .18 .20 + .18 
MC-3 -1.29 + * -.62 + .23 -.52 + .26 -.49 + .27 
MC-4 a a a a 
MC-5 -.14 + .12 -.08 + .22 -.05 + .21 -.03 + . 21 
FS .48 + .05 .53 + .08 .47 + .08 .45 + .08 
DFLM .66 + .04 .43 + .04 • 71 + .02 .54 + .03 
DFLF ,59 + .06 .47 + .04 .62 + .03 . 69 + .02 
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Table 18. (continued). 

Subtrait DHL DLDM DLM DLF 

DCil .61 + .23 -.00 + .45 .18 + .41 .16 + .40 

DHL .60 + .06 .58 + .05 .57 + .05 

DLDM .97 + .01 .96 + .01 

DLM ·· . 96 + . 01 

a Not computed due to zero heritability estimates. 

* Standard errors not computed for correlations exceeding 1.0 in absolute 
value. 
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Type subtraits which possessed large positive genetic correlations 

(}.50) with DHL were strong front end (FE-1), strong, clean hind legs 

(HL-1), acceptable hind legs (HL-2), acceptable feet (FT-2), high and 

wide rear udder (RU-1), and acceptable te2x.s (TT-2). These same type 

subtraits except HL-2 had large genetic correlations with DLDM. Rear 

. teats back too far (TT-3) was also highly related to both longevity 

: traits. These type subtraits (_FE-1, HL-1, FT-2, RU-1, TT-2, and TT-3) 

·,plus narrow rump (].\P-4) and intermediate rear udder (RU-2) had genetic 

correlations greater than .40 with either or both DLM and DLF. These 

findings, although not directly comparable, were similar to results 

reported by Catron (17) who studied age at last calving and grouped 

subtraits. 

Type subtraits which had negative genetic correlations less than 

-.SO with DHL were low rear udder (RU-3), lack of defined udder halving 

(US-2), and weak pasterns (MC-3). These three subtraits were also 

highly negatively related to DLDM, DLM, and DLF. Unforturnately, sever-

al of the type subtraits with zero heritability estimates had the 

greatest negative means of the lifetime traits. Genetic correlations 

which were computed using the heritability estimates (all less than . 04) 

obtained by La Salle, et al. (41) for these descriptive type subtraits 

indicated that coarse shoulder and neck (FE-3), broken suspensor.Y liga-

ment (US-5), and crampy hind legs (MC-4) were also negatively related 

to lifetime performance. 

Final score (FS) had positive genetic correlations ranging from 

.45 to .53 with lifetime traits inflated by selection for final score. 

This agreed with Schaeffer and Burnside (69) who reported a genetic 
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correlation of .34 between Canadian sire type proofs and percent of 

2-year-old daughters completing a 3-year-old record. However, Catron 

(17) found a much smaller gene tic correlation of . 04 between a sire's 

type proof (~DT) and the average age of a sire's daughters at last 

~calving. Daughters of high scored cows apparently lived longer and con-

• sequently had greater lifetime yields than daughters of lower scored 

cows. 

Age at first calving (DAFC) had a heritability estimate of zero 

computed from the daughter-dam file in which both members were classi-

fied during first lactation. Therefore, genetic correlations between 

descriptive type subtraits and DAFC were zero. 

First lactation yields (DFLM and DFLF) were highly related to all 

lifetime traits, especially lifetime yields. Hargrove, ~ al. (35) and 

Miller, et al. (52) found values similar to genetic correlations comput-

ed in this study between first lactation and lifetime yields. 

Reproductive performance during first lactation was highly related 

genetically to DHL, but not to DLDM. This-suggests that longer calving 

intervals are genetically associated with longer dry periods. DCil was 

also positively related genetically to higher lifetime yields, probably 

for the same reasons DCil was genetically related to higher first lac-

tation yields. 

DHL was highly related to other lifetime traits, but not as highly 

correlated genetically to the others (DLDM, DLM, and DLF) as they were 

among themselves. This occurred because lifetime yields are determined 

more by lifetime days in milk than by herd life which includes days dry. 

Other studies (35, 60) have reported genetic correlations of .95 and .98 
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between lifetime production an:i ot:her longevity traits.. Hargrove, et 

al. (35) also reported a genetic correla'Cion of . 98 between lifetime 

milk and fat yield, similar to the value found in this study. 

Phenotypic correlations greater than .50 in absolute value among 

descriptive type subtraits are shown in Table 19. Numerous subtraits 

were positively related to one another. ST-1, HD-1, FE-1, BK-1, RP-1, 

and HL~l were moderately to highly correlated phenotypically to one 

another. ST-3, HD-5, FE-4, HL-4, and MC-5 were another group of sub-

traits highly related to one another. Tall cows tend to have strong 

heads and front ends, straight backs, level rmnps, and strong, hind 

legs. Small cows tend to have weaker heads and front ends, and more 

refined hind legs. A third group of subtraits which were highly corre-

lated to one another were FU-5, RU-5, and US-5. Cows with faulty sus-

pensory ligaments also had broken udder attachments. Phenotypic and 

genetic correlations between all pairs of subtraits are presented in 

Tables 1-56 in the appendix. 

ST-3 and MC-5 are phenotypically hi.ghly related, and MC-5 would 

probably fit well into the stature trait as ST-4. 

Genetic correlations between type subtraits greater than or equal 

to .50 in absolute value have been summarized in Table 20. Standard 

errors of genetic correlations between infrequent subtraits tended to 

be large and some genetic correlations were estimated to exceed one 

in absolute value. Therefore, genetic relationships between lowly 

frequent type subtraits should not be evaluated without considering 

their standard errors. 

Numerous pairs of type subtraits were highly related genetically 
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Table 19. Phenotypic correlations equal to or greater than .30 in 
absolute value among descriptive type subtraits.a 

Subtrait Other Subtraits and Phenoty-pic Correlations 

ST-1 HD-1 .34, HD-3 -.37, FE-1 .65, FE-4 -.36, BK-1 .41, BK-3 
-.34, RP-1 .39, HL-1 .35, MC-5 -.45 

ST-2 FE-1 -.37, MC-5 -.55 
ST-3 HD-3 .S6, HD-S .36, FE-1 -.34, FE-4 .SS, BK-1 -.33, BK-3 

.42, HL-4, .31, MC-0 -.49, MC-5 1.57 
. HD-1 -

HD-2 

HD-3 
HD-4 
HD-5 
FE-1 

FE-2 
FE-3 

FE-4. 

ST-1 .34, FE-1 .58, BK-1 .35, RP-1 .64, HL-1 .85, FT-1 .40, 
FU-1 . 37, RU-1 . 37 . 
FE-1 .32, FE-4 -.31 
ST-1 -.37, ST-3 .S6, MC-5 .SO 
None 
ST-3 .36, FE-2 -.40, FE-4 .93, HL-4 .62, MC-5 .57 
ST-1 .65, ST-2 -.37, ST-3 -.34, HD-1 .58, HD-2 .32, BK-1 
.52, BK-3 -.31, RP-1 .56, HLOl .49; FT-1 .34, FU-1 .43, 
RU-1 .44, MC-S -.31 
HD-S -.40 
None 

ST-1 -.36, ST-3 .55, HD-2 -.31, HD-S .93, BK-1 -.4S, RP-2 
-.31, RP-4 .32, HL-2 -.31, HL-4 .61, MC-0 -.45, MC-1 .36, 
MC-5 . 76 

BK-1 ST-1 .41, ST-3 -.33, HD-1 .35, FE-1 .52, FE-4 -.45, RP-1 
.69, RP-2 .41, HL-1 .33, FU-1 .34, MC-S -.31 

BK~2 RP-1 -.31 
BK-3 ST-1 -.34, ST-3 .42, FE-1 -.31, RP-S .31, MC-5 .36 
BK-4 RP-3 .59 
RP-1 ST-1 .39, HD-1 .64, FE-1 .S6, BK-1 .69, BK-2 -.31, HL-1 

.61, FU-1 .SO, RU-1 .62 
RP-2 FE-4 -.31; BK-1 .41 
RP-3 BK-4 .59 
RP-4 FE-4 .32, HL-4 .30 



Table 19. 

Subtrait 

RP-5 
. HL-1 

HL-2 
- HL-3 

· HL..,-4 

HL-5 
FT-1 

FT-2 
Fr-3 

FT-4 
FU-1 

FU-2 
FU-3 
FU-4 
FU-5 

RU-1 

RU-2 
RU-3 
RU-4 
RU-5 

US-1 
US-2 
US-3 
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(continued). 

Other Subtraits and Phenotypic Correlations 

BK-3 .31 
ST-1 .35, HD-1 .8S, FE-1 .49, BK-1 .33, RP-1 .61, FT-1 
1.20, FU-1 .45, RU-1 .6S 
FE-1 -.31, FT-1 .38, FT-2 .34, FT-4 -.40 
None 
ST-3 .31, HD-S .62, FE-4 .61, RP-4 .30, MC-S .44 
None 
HD-1 .4-, FE-1 .34, HL-11.20, HL-2 .38, FU-1 .32, RU-1 
.30 
HL-2 .34, MC-0 .31, MC-3 -.S6 
MC-3 .S7 

HL-2 -.40, MC-3 .46 
HD-1 .37, FE-1 .43, BK-1 .34, RP-1 .SO, HL-1 .4S, FT-1 .32, 
RU-1 .37, TT-1 .44, TT-4 -.31 
RU-5 -.42, US-1 .3S, US-3 -.44, US-4 -.34, TT-4 -.36 
US-4 .53 
RU-1 -.30, RU-S .30, US-3 .48, TT-4 .45 
RU-2 -.34, RU-S 2.98, US-1 -.57, US-3 1.32, US-S 3.16, TT-4 
.44, TT-S .31 
HD-1 .37, FE-1 .44, RP-1 .62, HL-1 .6S, FT-1 .30, FU-1 .37, 
FU-4 -.30 
FU-5 -.34, US-4 -.33 
US-4 . 34 
None 
FU-2 -.42, FU-4 .30, RU-S 2.98, US-1 -.61, US-3 1.36, US-4 
.ss, us-s 2.17 
FD-2 .3S, FU-S -.57, RU-S -.61, TT-4 -.42 
TT-4 .32 
FU-2 -.44, FU-4 .48, FU-S 1.32, RU-5 1.36 
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Table 19. (continued). 

Subtrait Other Subtraits and Phenotypic Correlations 

US-4 
, US-5 
TT-1 
TT-2 

- TT-3 
-TT'.""4 

TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

FU-2 -.34, FU-3 .53, RU-2 -.33, RU-3 .34, RU-5 .55 
FU-5 3.16, RU-5 2.17, TT-4 .40 
FU-1 .44, FU-4 -.31 
None 
None 
FU-1 -.31, FU-2 -.36, FU-4 .45, FU-5 .44, US-1 -.42, US-2 
.32, us-5 .40 
FU-5 .31 
ST-3 -.49, FE-4 -.45, FT-2 .31 
FE-4 • 36 
None 
FT-2 -.56, FT-3 .57, FT-4 .46 
None 
ST-1 -.45, ST-2 -.55, ST-3 1.57, HD-3 .50, HD--5 .57, FE-1 
-.31, FE-4 .76, BK-1 -.31, BK-3 .36, HL-4 .44 

a Adjuated for diacontinuity according to Vinson (84). 
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Table 20. Genetic correlations equal to or greater than .SO in 
B:bsolute value among descriptive type subtraits. 

Subtrait Other Subtraits and Genetic Correlations 

·ST-1 ST-2 -.82, ST-3 -.93, FE-11.33, FE-4 -.S2, RP-4 -.S3, FU-1 
.S8, FU-3 -. 71, MC-2 -.S3, MC-S -.93 

ST-2 ST-1 -.82, ST-3 .SS, FE-1 -.9S, RP-4 .63, HL-1 .87, HL-2 
-.97, FT-2 -.66, YU-1 -.S9, FU-2 -.SS, FU-3 1.27, RU-1 
-.SO, RU-4 .SS, TT-1 -.S3, MC-2 -.SO, MC-3 -.60 

ST-3 ST-1 -.93, ST-2 .SS, HD-3 .Sl, FE-1 -.32, MC-2 -.S7, MC-S 
1.04 

HD-1 a 

HD-2 a 

HD-3 ST-3 .Sl, HD-4 -1.13, HD-S -.78, FE-1 -.SS 
HD-4 HD-3 -1.13, HD-S -1.22, FU-1 -.S4, FD-S .63, RU-4 .S8 

HD-S HD-3 -.78, HD-4 -1.22, RP-1 .SS, HL-1 -1.08, HL-2 -1.33, 
HL-3 1.08, FU-2 -.81, YU-3 -.S7, FU-4 .77, RU-2 -.79, RU-4 
.7S, US-1 -1.41, US-2 2.38, US-3 1.40, US-4 .71 

FE-1 ST-1 1.33~ ST-2 -.95, ST-3 -1.32, HD-3 -.SS, FE-4 -2.S3, 
BK-1 l.9S, BK-2 -1.48, BK-3 -.89, RP-1 1.17, RP-2 .S7, 
RP-4 -.67, HL-2 .S7, HL-3 -.S8, HL-S 1.15, FT-2 .80, FU-2 
1.13, FU-S .SS, RU-1 .64, RU-2 .. S4, RU-3 -.62, Ru..:.4 -.S9, 
US-1 .S4, US-2 -1.37, US-3 .SS, TT-1 .63, MC-2 .92, MC-S 
-1.43 

FE-2 a 

FE-3 a 

FE-4 ST-1 -.S2, FE-1 -2.S3, BK-1 -.91, BK-2 .70, HL-2 -1.18, 
HL-3 .60, FU-S -.76, US-1 -.S2, US-2 .8S, MC-1 .S4 

BK-1 FE-1 1. 9S, FE-4 -. 91, RP-1 . 71, RP-2 . 71 

BK-2 FE-1 -1.48, FE-4 .70, HL-1 -.94, HL-4 .78, US-2 .80, MC-3 
-.63 

BK'.'"'3 FE-1 -.89, HL-S .68, FU-3 .70, US-2 -.70, MC-1 .51, MC-2 
- . 51, MC- 3 1. 30 
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Table 20. (continued) . 

Subtrait Other Subtraits and Genetic Correlations 

BK-4 RP-3 .79, HL-1 .95, RU-3 -.51 
· RP-1 HD-5 .55, FE-1 1.17, BK-1 .71, RP-2 .76, RP-4 -.62, HL-2 

.87, FT-2 .79, FT-4 -.70, FU-3 .96, FU-4 -.64, MC-2 .72 
RP-2 FE-1 .57, BK-1 .71, RP-1 .76, RP-4 -.89, RP-5 -.55, HL-1 

.53, RU-2 .52, RU-4 -.61, MC-3 .75 
. ··RP--3 BK-4 .79, RP-5 -.75, HL-2 .62, FU-3 -1.01, RU-1.50, US-2 

-.65, MC-0 .54, MC-3 -1.14 
·RP-4 ST-1 -.53, ST-2 .63, FE-1 -.67, RP-1 -.62, RP-2 -.89, RU-1 

-.69 
RP-5 RP-2 -.55, RP-3 -.75, RU-2 -.58, RU-3 .55 
HL-1 ST-2 -.87, HD-5 -1.08, BK-2 -.94, BK-4 .95, RP-2 .53, HL-5 

.67, FT-2 .52, FU-1 .58, FU-2 .54, FU-4 -.79, FU-5 .93, 
RU-1 1.68, RU-3 -1.08, US-2 .68, MC-2 .72 

HL-2 ST-2 -.97, HD-5 ..:.1.33, FE-1 .57, FE-4 -1.18, RP-1 .87, 
RP-3 .62, HL-3 -.80, HL-5 1.08, FT-2 .65, FT-4 -.76, FU-3 
-1.26, RU-1 .70, US-1 .76, US-2 -1.07, TT-2 .71, MC-3 -.54 

HL-3 HD-5 1.08, FE-1 -.58, FE-4 .60, HL-2 -.80, HL-5 -.93, FT-2 
-.69, FT-4 .61, FU-3 .90, RU-1 -.82, RU-3 .88, us~1 -.53, 
US-2 .57, MC-3 .66 

HL-4 BK-2 .78, FU-4 .61, US-3 .74, TT-1 .74 
HL-5 FE-1 1.15, BK-3 .68, HL-1 .67, HL-2 1.08, HL-3 -.93, FU-3 

. 76, FU-5 -.64, US-4 -.53, MC-0 .52 
FT-1 a 

FT-2 ST-2 -.66, FE-1 .80, RP-1 .79, HL-1 .52, HL-2 .65, HL-3 
-.69, FT-4 -1.10, FU-2 .50, FU-3 1.05, FU-4 -.70, FU-.5 
-.57, FU -2.55, RU-3 -.71, US-2 -.59, MC-3 -1.39 

FT-3 a 

FT-4 RP-1 -.70, HL-2 -.76, HL-3 .62, FT-2 -1.10, FU-3 -.63, 
FU-5 .50, MC-2 -.58, MC-3 .88 
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Table 20. (continued}. 

Subtrait Other Subtraits and Genetic Correlations 

FU-1 ST-1 .58, ST-2 -.59, HD-4 -.54, HL-1 .58, FU-2 1.01, FU-4 
-1.43, RU-2 .53, RU-3 -.89, US-4 -. 70, TT-1 .99, TT-4 -.92 

'FU-2 ST-2 -.55, HD-5 -.81, FE-1 1.13, HL-1 .54, FT-2 .50, FU-1 
1. 01, FU-3 -1.14, FU-4 - • 83, FU-5 -1.11, RU-1 1.13, RU-2 
1.0~, RU-3 -1.15, RU-4 -.63, US-1 .95, US-2 -1.27, US-4 
-.87, MC-0 .60, MC-3 .72 
ST~l -.71, ST-2 1.27, HD-5 -.57, BK-3 .71, RP-1 .96, RP-3 
-1. 01, HL-2 -1.26, HL-3 . 91, HL-5 -. 76, FT-2 1.05, FT-4 
-.63, FU-2 -1.14, FU-4 .88, FU-5 -1.19, RU-2 -.78, RU-3 
.80, US-2 -1.17, US-3 -.75, US-4 1.70, TT-5 .66, MC-0 
-.50, MC-1 -.98, MC-2 .81, MC-3 -1.22, MC-4 .77 

FU-4 HD-5 .77, RP-1 -.64, HL-1 -.79, FT-2 -.70, FU-1 -1.43, 
FU-2 -.83, FU-3 .88, FU-5 1.84, RU-1 -1.18, RU-2 -.85, 
RU-3 1.0.0, RU-4 .63, US-1 -.87, US-2 1.20, TT-4 .58, 
MC-3 • 88 

FU-5 HD-4 .• 63, FE-1 .85, FE-4 -.76, HL-1 .93, HL-4 .61, HL-5 
-.64, FT-2 -.57, FT-4 .50, FU-2 -1.11, FU-3 -1.19., FU-4 
1.84, RU-3 1.09, US-2 .83, US-3 1.23, US-4 .82, TT-2 -1.28, 
TT-3 1.05, TT-4 .75, TT-5 .70 

RU-1 ST-2 -.50, FE-1 .64, RP-3 .50, RP-4 -.69, HL-1 1.68, HL-2 
.70, HL-3 -.82, FU-2 1.13, FU-4 -1.18, RU-2 1.92, RU-3 
-2.08, RU-4 -.74, US-1 .84, US-2 -1.01, US-3 -.65, US-4 
-.52, TT-1 .71, TT-4 -.57 

RU-2 HD-5 -.79, FE-1 .54, RP-2 .52, RP-5 -.58, FT-2 .55, FU-1 
.53, FU-2 1.09, FU-3 -.78, FU-4 -.86, RU-1 1.92, RU-3 -.77, 
RU-4 -1.49, US-1 .55, US-2 -.50, US-3 -.97, MC-3 -.64 

RU-3 FE-1 -.62, BK-4 -.51, RP-5 .55, HL-1 -1.08, HL-3 .88, 
FT-2 - • 71, FU-1 - • 89, FU-2 -1.15, FU-3 • 80, FU-4 1. 01, 
FU-5 1.09, RU-1 -2.08, RU-2 -.77, RU-4 1.09, US-1 -.62, 
US-2 1.07, US-3 1.19, MC-3 1.00, MC-5 .69 
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Table 20. (continued). 

Subtrait Other Subtraits and Genetic Correlations 

RU-4 ST-2 .5S, HD-4 .SS, HD-S .75, FE-1 -.59, RP-2 -.60, FU-2 
-.63, FU-4 .63, RU-1 -.74: RU-2 -1.49, RU-3 1.09, US-2 
.S2, US-4 .63, TT-1 -.82 

RU-S a 
US-1 HD-S -1.41, FE-1 .S4, FE-4 -.S2, HL-2 .76, HL-3 -.53, FU-2 

.9S, FU-4 -.87, FU-S -.66, RU-1 .84, RU-2 .SS, RU-3 -.62, 
US-2 -1.08, US-3 -.69, US-4 -.88, TT-1 .6S, TT-4 -.69 

US-2 HD-S 2.38, FE-1 -1.37, FE-4 .8S, BK-2 .80, BK-3 -.70, 
RP-3 -.6S, HL-1 .68, HL-2 -1.07, HL-3 .S7, FT-2 -.S9, 
FU-2 -1.27, FU-3 -1.17, FU-4 1.20, FU-S .83, RU-1 -1.01, 

1 

RU-2 -.SO, RU-3 1.07, RU-4 .S2, US-1 -1.08, US-3 1.18, 
US-4 .78, TT-2 -.7S, TT-4 .8S, TT-S .66, MC-3 .94 

US-3 HD-S 1.39, FE-1 .SS, HL-4 .74, FU-3 ~.7S, FU-S 1.23, RU-1 
-.6S, RU-2 -.96, RU-3 1.19, US-1 -.69, US-2 1.19, US-4 .SO, 
MC-1 .S6, MC-2 -.93, MC-3 -1.21 

US-4 HD-S . 71, HL-5 -.S3, FU-1 -.70, FU-2 -.87, FU-3 1.70, FU-S 
.82, RU-1 -.S2, RU-4 .63, US-1 -.88, US-2 .78, US-3 .SO, 
TT-1 -.93, TT-4 .S4, MC-3 -.88 

US-S a 
TT-1 ST-2 -.S3, FE-1 .63, HL-4 .74, FU-1 .99, RU-1 .71, RU-4 

-.82, US-1 .6S, US-4 -.93, TT-4 -.S7, MC-2 .69, MC-3 .78 
TT-2 HL-2 .71, FU-S -1.28, US-2 -.75, TT-4 -.70 
TT-3 FU-S l.OS 
TT-4 FU-1 - . 92, FU-4 .S8, FU-S . 75' RU-1 -.S7, US-1 -.69, US-2 

. 8S' US-4 .S4, TT-1 - . S 7, TT-2 -. 70 
FU-3 .66, FU-S .70, US-2 .66 
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Table 20. (continued}. 

Subtrait Other Subtraits and Genetic Correlations 

MC-2 ST-1 • 53' ST-2 -.50, ST-3 -.57, FE-1 .92, BK-3 -.51, RP-1 

. 72' HL-1 • 72' FT-4 -. 58' FU " -_J .81, TT-1 .69, MC-3 -. 79 
MC-3 ST-2 -.60, BK-2 • 63 ~ BK-3 1.30, RP-2 . 75' RP-3 -1.14, HL-2 

-.54, HL-3 .66, FT-2 -1.39, FT-4 .88, FU-2 -.72, FU-3 
-1.22, FU-4 .88, RU-2 -.64, RU-3 1.00, US-2 .94, US-3 
-1.21, US-4 -.88, TT-1 .78, MC-1 -.56, MC-2 -.80, MC-5 1.27 

MC-4 a . 

MC-5 ST-1 -.93, ST-3 1.04, FE-1 -1.43, FU-3 .77, RU-3 .69, MC-0 
- • 9 2 , MC-3 1. 2 7 

a Genetic correlations not computed due to zero heritability. 
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as anticipated. Tallness and stre~gth of front end appeared to be 

affected by connnon genes. Strong front end (FE-1) was also highly re-

lated to straight back (BK-1), level rUr.lp (RP-1), too straight hind 

legs (HL-5), acceptable feet (FT-2), slightly bulgy fore udder (FU-2), 

very faulty fore udder (FU-5) , high and wide rear udder (RU-1) , strong 

median suspensory ligament (US-1), too low udder floor (US-3), desirably 

shaped and placed teats (TT-1), and surprisingly to front legs which toe 

out (MC-2). Weak front end (FE-4) had large negative genetic correla-

~·tions with several of these same subtraits, plus sizable positive gene-

tic relationships with medium strength back (BK-2), sickled hind legs 

(HL-3), lack of defined udder halving (US-2), and winged shoulder (MC-1). 

The positive genetic relationship between strength of front end and 

strength of median suspensory ligament was especially interesting. 

However, FE-1 was found to be only 3% heritable. If strength of front 

end is an economically important trait, as its large genetic correla-

tions with lifetime traits indicated, an alternative method of measure-

ment needs to be found which would reduce the error of measurement and 

thereby increase the heritability estimate. 

Strong hind legs (HL-1) were highly related genetically to hind 

legs which were too straight (HL-5). This suggested that hind legs 

coded 1 may have been too straight also. Surprisingly, HL-1 was also 

highly related to weak back and/or loin (BK-4), very faulty fore udder 

(FU-5), lack of clearly defined udder halving (US-2), and front legs 

which toed out (MC-2). 

Sickled hind legs (HL-3) was positively correlated genetically 

with weak front end (FE-4), shallow heel (FT-4), short fore udder (FU-3), 
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low rear udder (RU-3), lack of clearly defined udder halving (US-2), and 

weak pasterns (MC-3). As expected, acceptable feet (FT-2) was negative-

ly related to weak pasterns (MC-3), and shallow heel (FT-4) was posi-

tively related to MC-3. 

Fore udder subtraits were highly co~related genetically with teat 

size and placement traits; firmly attached fore udder (FU-1) with 

:desirable teats (TT-1), short fore udder (FU-3) with undesirably shaped 

· _t_eats __ (TT..,.5), bulgy fore udder (FU-4) with wide front teats (TT-4), and 

very faulty fore udder (FU-5) with rear teats back too far (TT-3), and 

TT-4 and TT-5. Slightly bulgy fore udder (FU-2) had larger positive 

genetic correlations with RU-1 and US-1 than any other fore udder sub-

trait. FU-5 was highly related to low rear udder (RU-3), lack o.f clear-

ly defined udder halving (US-2), udder floor too low (US-3), tilted 

udder floor (US-4), and TT-3, 4, and 5. 

High and wide rear udder (RU-1) was related positively to other 

desirable udder subtraits, and negatively related to undesirable udder 

subtraits. RU-3 and RU-4 were positively correlated genetically with 

other undesirable udder subtraits. Strong suspensory ligament (US-1) 

v..-:as positively related to strong front end (FE-1), acceptable hind legs 

(HL-2) and other desirable udder subtraits (FU-2, RU-1, RU-2, and TT-1). 

US-2, US-3, and US-4 were highly related to other undesirable udder 

sub traits. Regrettably, RIJ-5 and US-5 had zero heritability estimates 

and genetic correlations were not computed for these subtraits. 

Desi.rably sized and placed teats (TT-1) was positively related to 

:FU-1, RU-1, and US-1. Undesirable teats sub traits (TT-3, TT-4, and 
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TT-5) had positive genetic correlations with other undesirable udder 

subtraits, especially fore udder and udder support subtraits. As 

anticipated, udder subtrai.ts tended to be more highly related to other 

udder subtraits than to body subtraits. 

Winged shoulders (MC-1) was genetically related to weak front end 

~ (FE-4) and low front end (BK-3). Front legs toe out (MC-2) was posi-

tively related to tallness (_ST-1}., strong front end (FE-1), level rump 

(RP-l), straight hind legs (HL-ll, short fore udder (FU-3) and desirable 

teats (TT-1). Weak pasterns (MC-3) were genetically related to sickled 

hocks (HL-3) and shallow heel (FT-4) among other subtraits. Small for 

age (MC-5) was positively correlated with short stature (ST-3), short 

fore udder (FU-3), low rear udder (RU-3) and weak pasterns (MC-3). 

Phenotypic and genetic correlations between the descriptive type 

subtraits and final score are presented in Table 21. Subtraits which 

had positive phenotypic correlations greater than .20 with final score 

included all the code 1 subtraits except MC-1. Additionally, HD-2, RP-2 

HL-2, FT-2, FU-2, RU-2, and MC-0 were also positively related to final 

score. Most of the subtraits with larger numbered codes were moderately 

to highly negatively related to final score. Subtraits which had nega-

tive phenotypic correlations greater than -.50 with final score were 

ST-3, FE-4, FU-5, RU-5, US-5 and MC-5. Small, frail cows with broken 

udder attachments classified the lowest. 

Subtraits which possessed large positive genetic correlations 

G>. 50) with final score included all the code 1 subtraits except MC-1, 

and several subtraits with zero heritabilities (HD-1 and FT-1). Ten 

subtraits had negative genetic correlations greater than -.50. 
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Table 21. Phenotypic and gene~ic correlations between final score and 
descriptive type subtraits. 

Sub trait r r + SE Sub trait r r +SE p g- p g-

ST-1 .49 • 74 + .02 FT-3 -.08 a 
ST-2 -.09 -.67 + .07 I"I-4 -.28 -.48 + .09 
.ST-3 -.57 -.63 + .04 .FU-1 .49 .74 + .06 
'HD-1 .37 a FU-2 .35 .59 + .10 

-HD-2 .32 a TIJ-3 -.28 -.48 + .22 
: HD-3 -. 20 -.20 + .07 FU-4 -.36 -.66 + .06 -

HD-4 -.14 -.41 + .10 FU-5 -.79 -.12 + .21 
HD...:5 -.39 -.70 + .09 RU-1 .53 • 85 + .04 
FE-1 .48 1.53 + .b RU-2 .41 .69 + .08 
FE-2 .09 a RU-3 -.31 -.80 + .05 
FE-3 -.22 a RU-4 -.40 -.49 + .09 
FE-4 -.52 -.62 + .07 RU-5 -. 77 a 
BK-1 .45 .64 + .06 US-1 .42 .53 + .06 
BK-2 -.11 -.33 + .11 US-2 -.18 -.58 + .13 
BK-3 -.27 -.42 + .08 US-3 -.44 -.34 + .14 
BK-4 -.23 .05 + .08 US-4 - .42 -.47 + .09 
RP-1 .4 7 .55 + • 08 US-5 -.57 a 
RP-2 .36 .48 + .07 TT-1 .35 .58 + .06 
Rl,'-3 -.05 .32 + .09 TT-2 .04 .01 + .10 
RP-4 -.20 -.37 + .08 TT-3 .01* -.02 + .14 
RP-5 -.42 -.53 + .04 TT-4 -.30 -.39 + .06 
HL-1 .43 .54 + .14 TT-5 -.31 -.09 + .09 
HL-2 .40 .73 + .07 MC-0 • 30 .13 + .11 
HL-3 -.26 -.55 + .07 MC-1 -.10 .11 + .16 
HL-4 -.23 -.10 + .10 MC-2 -.01* .35 + .12 
HL-5 -.10 .15 + .12 MC-3 -.12 -.04 + .26 
FT-1 .27 a MC-4 -.06 a 
FT-2 .22 .42 + .11 MC-5 -.58 -. 77 + .04 

* Not significantly different from zero (P).01). All others significant 
~ot computed due to zero heritability. (P(. 01) . 
b Not computed for lrgjt_ i. 
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Phenotypic and genetic correlations between final score and descriptive 

type subtraits indicated that final score was highly related to most of 

the 56 ty1?e subtraits. Therefore, cow selection for final score would 

have greatly affected longevity parameters analyzed by descriptive type 

sub trait. 

To determine th.e effect of each type subtrait independent from the 

effects of all other subtraits; production, reproduction, and longevity 

trait means were adjusted by simultaneously regressing each trait on 

the descriptive type traits (ST, HD, etc.) Adjusted means were in the 

form of least squares constants, that theoretically represented the 

effect of each subtrait with all other type traits at population aver-

ages. Additionally, means were adjusted for differences in final score, 

to remove the effects of possible preferential treatment given to higher 

scored cows. Means were further adjusted for differences in age and 

stage of lactation when classified. FU1 and FLF means were regressed 

on DCil to remove effects due to calving interval or days open. DCil 

means were conversely regressed on DFLM and DFLF to remove differences 

in first calving interval due to first lactation product~on. -:-' ':I. 

Least squares constants or adjusted means for DFLM, DFLF, and DCil 

are in Table 22. Constants for first lactation production traits: indi-

cated that sh.art stature (ST-3) cows would have produced significantly 

more milk and fat during first lactation than their taller contempor-

aries, if th.ey had been identical for other type traits, FS, etc. This 

was contrary to the unadjusted means in Table 13, probably due to the 

adjustment for FS. ST-3 cows averaged 3.0 points less for FS than ST-2 

cows, and 5.4 points less than ST-1 cows. Whether higher scored cows 
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Table 22. Least squares constants of first lactation traits by 
descriptive type subtrait. a 

Type DFLM DFLF DCil 
Sub trait (kg.) (kg.) (days) 

ST-1 - 85** - 3>~* 1. 22** 
ST-2 5 0 .00 
ST-3 80** 3** -1. 22* 
HD-1 - 19 0 -1. 75 
HD-2 32** l** .31 

HD-3 38* - 1 .16 
HD-4 2 - 0 .48 
Hb-5 26 0 .80 
FE-1 29* 2** - .87 
FE-2 133** 5** - .92* 
FE-3 -456** -15** 1. 73 
FE-4 293** 8** .06 
BK-1 -120** - 5** .75 
BK-2 9 - 0 .27 
BK-3 145** 5** - .29 
BK-4 - 34* l* - . 73 
RP-1 -175** - 6** 1. 82 
RP-2 - 63** - 2>~* .12 
RP-3 19 1 .38 
RP-4 35** l** . --· ·:07 .. 

RP-5 184** 6** -2.25*"! 
HL-1 - 61 - 2 2.74 
HL-2 - 11 - l* - .67 
HL-3 28* l** -1.16* 
HL-4 34* 2** -1.51* 
HL-5 10 0 . 60 

FT-1 - 65** - 2 .L.L "" 2.95** 

FT-2 16 0 - .97* 
FT-3 8 0 .83 
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Table 22. (continued). 

Type DFLM DFLF DCil 
Sub trait (kg.) (kg.) (days) 

FT-4 58** 2** -1.15* 
FU-1 -426** -13** - .58 
FU-2 -161** - 5** .26 
FU-3 -207** - 7** 4.18** 
FU-4 268** 8** -1.81* 
FU-5 527** 17** -2.05 
RD-1 156"~* 3** .61 
RU-2 23 0 .17 
RU-3 -106** - 3** 1.09 
RU-4 -137** - 4** - .62 
RU-5 63 3 -1.25 
US-1 -223** - 6** 3.05** 
US-2 -210*i~ - 6** 2. 21* 
US-3 351** 11** .66 
US-4 16 1 . 85 
US-5 66 0 -6. 77 
TT-1 - 11 0 .76 
TT-2 - 23 - 1 - .21 .. , . 
TT-3 86* 1 1.36 
TT-4 26 l** -1:33* 

. 
TT-5 - 78** - 2** - ;58 
MC-0 - 56* - 2* - .30 . 

MC-1 70 5** - .. 67 

MC-2 -109** - 5** .. 74 

MC-3 49 1 -1.57 
MC-4 106 4 1.96 
MC-5 - 56** - 3** - .16 

a Cons.tauts represent means adjusted for all other descriptive type sub-
traits and the following variables in linear and quadratic terms; final 
score, days in milk when classified, age when classified, and deviated 
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Table 22. (continued). 

age at first calving. DFLM and DTI..M constants were also adjusted for 
DCil, and DCil constants were adjusted for DTI..M and DFLM, all in linear 
and quadratic terms. 

* < Significantly different from zero (P .05) by t test. 

** . Significantly different from zero (P(.01) by t test. 
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actually received enough preferenti~l treatment to account for the 291 

kg. difference between the unadjusted means and constants for ST-1 vs. 

ST-3 cows was highly questionable. Nonetheless, this was assumed to be 

true and constants were considered to accurately reflect the effect of 

each type subtrai~. Of course, part of the difference between means 

and constants was also due to removing effects due to other type traits, 

age and stage of lactation when classified, and first calving interval. 

First lactation production constants for the head subtraits sug-

gested that cows with differently coded heads varied only slightly in 

adjusted mean yields of milk and fat. However, very large differences 

were observed among the front end subtraits in DFLM and DFLF constants. 

FE-3 cows produced substantially less milk than contemporaries accord-

ing to the constants and the means. This agrees with other studies 

(3, 9, 33, 60, 61, 80) which have found sharpness to be more highly 

related to milk yield than any other type trait. Although FE-4 had 

the largest positive constants for DFLM and DFLF, the largest unadjust-

ed means were from FE-1 cows. Again the results were altered in favor 

of the lower scored cows by adjusting for final score. 

Low front end (BK-3) had the largest positive means and constants 

of the back subtraits for DFLM and DFLF. Sloping rump (RP-5) had:the 

greatest constants and unadjusted means for first lactation production 

traits of the alternative rump subtraits. Least square constants 

indicated RP-1 cows were the poorest producers during first lactation, 

whereas the unadjusted mean was slightly positive for DFLM. 

Although there were relatively small differences in first lactation 

production among cows with different hind legs subtraits, constants 
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for DFI.i."'1 ranked HL-1 as the poorest subtrait, and means ranked HL-1 as 

the best hind legs subtrait. Both constants and means suggested that 

cows wi.th_ shallow heel (FT-42 were the highest milk producers in first 

lactation, of cows: with alternative feet sub traits. 

Cows wi.th broken or very faulty fore udders (FU-5) had the greatest 

positive constants for DFLM and DFLF of all type subtraits. Bulgy fore 

udder (FU-4) had the second highest positive constants and means of the 

fore udder subtraits. Firmly attached fore udder (FU-1) had the second 

largest negative DFLM constant of all 56 descriptive type subtraits. 

Cows with short fore udders (FU-3) were also substantially inferior for 

DFLM and DFLF according to both constants and unadjusted means. 

High and wide rear udder (RU-1) was associated with superior milk 

production in first lactation according to constants, means, and corre-

lations. This trait was undoubtedly an indirect measurement of udder 

capacity, which has been found to be positively related to milk yield 

in several other studies. Low rear udder (RU-3) and narrow and pinched 

rear udder (RU-4) had significant negative constants for DFLM and DFLF, 

and sizable negative means for DFLM. 

Strong median suspensory ligament (US-1) and lack of clearly' 

defined udder halving (US-2) had large negative constants for DFLM and 

DFLF. US-3 (floor too low) was a direct measurement of udder capacity 

and had the second largest positive constants and means of all descrip-

tive type subtraits for first lactation production variables. Udder 

capacity was positively related to milk yield. 

Rear teats back too far (TT-3) and undesirably shaped teats (TT-5) 

were the best and the worst teat subtraits for DFLM according to both 
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cons.tauts and means. Rear teats were probably positioned further back 

on larger udders than on smaller, less capacious udders. 

First lactation yields were negative for cows with front legs that 

toed out (MC-22 and cows too small for their age (MC-5) by both least 

square constants and unadjusted means. 

Least squares constants for DCil from Table 22 indicated that 

sloping rum~ (RP-5) was the only type subtrait associated with a highly 

significant (P (. 01) shortened first calving interval. One possible ex-

planation for this result was that the reproductive tracts of cows with 

sloping rumps tended to drain more effectively than contemporaries with 

higher pins. Perhaps this resulted in fewer uterine infections and 

'higher conception rates for sloping rumped cows. Proponents of this 

theory believe that natural selection has favored sloping rumps, as 

evidenced by certain wild populations, and that breeders have applied 

intense artificial selection for higher pins and more nearly level 

rumps. Other type subtraits with significant (P(.05) negative constants 

for DCil (which indicated shortened first calving interval) included 

ST-3, FE-2, HL-3, HL-4, FT-2, FT-4, FU-4, and TT-4. Reasons why t_hese 

subtraits may have favorably affected reproductive performance were not 

apparent. Neither were there obvious explanations for ST-1, FT-1~ FU-3, 

US-1, and US-2 having significant positive constants for DCil. However, 

antagonisms between depth of heel and reproductive performance were 

possible as mentioned earlier. 

Least squares constants: for the longevity traits are shown in 

Table 23. Values of the longevity variables were ~egressed on the 

descriptive type traits, final score, age at classification, and stage 
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Table 23. Le'as t squares constants of longevity traits by descriptive 
type subtrait. 

.. -· 
Type DHL DLDM DLM DLF 

Subtrait (days) (days) (kg.) (kg.) 

ST-1 -16** -15** -423** -16** 
ST-2 8** 3 34 2 
ST-3 8 11** 389** 15** 
HD-1 17 7 207 9 
HD-2 - 7 - 6 -123 - 4 
HD-3 - 5 - 8 -282* -10* 
HD-4 -·3 2 48 2 
HD-5 2 5 150 4 
FE-1 - 5 - 5 -153 - 5 
FE-2 27** 25** 682** 25** 
FE-3 -76** -66** -1892** -68** 
FE-4 54** 47** 1363** 61** 
BK-1 7 6 292** -12** 
BK-2 5 3 64 1 
BK-3 15** 13** 451** 19** 
BK-4 -13** -10* -223* - 8* 
RP-1 -23** -25** -799** -30** 
RP-2 - 6 - 3 -170* - 6* 

-:-• "l • 

RP-3 5 3 . . ...: 33 - o~ 

RP-4 15** 14** 366** 14** 
RP-5 20** 17** 637** 2i** 
HL-1 - 4 - 7 -140 - 9 
HL-2 - 3 - 3 -115 - '"4 

HL-3 1 - 0 25 -2 
HL-4 13 13* 327* 15** 
HL-5 - 5 - 4 - 98 - 4 
FT-1 - 1 - 5 -181 - 7 
FT-2 8 5 93 4 
FT-3 -14* - 6 -134 - 4 



99 

Table 23. (continued). 

Type DHL DLDM DLM DLF 
Sub trait (days) (days) (kg.) (kg.) 

FT-4 7 7 221* 8* 
FU-1 8 2 -461** -12 
FU-2 29** 12* 117 6 
FU-3 - 7 -11 -392** -14* 
FU-4 31** 22** 871** 29** 
FU-5 -60** -26 -135 -10 
RU-1 31** 33** 1045** 36** 
RU-2 25** 17** 391** 14** 
RU-3 - 7 - 5 -249* - 8 
RU-4 - 8 -16** -562** -20** 
RU-5 -41** -29* -626 -23 
US-1 34** 30** 335* 15* 
US-2 7 5 -136 - 4 
US-3 5 13 728* 25* 
us-4 14 17* 356* 13* 
US-5 -61* -65** -1283** -48** 
TT-1 34** 24** 568** 21** 
TT-2 - 1 - 2 -103 - 5 
TT-3 14 20 . 460 19._-· 

TT-4 - 2 - 1 31 ... · .• . ·o 
TT-5 -46** -41** -956** .:..35** 
MC-0 36** 17* 344 12 

-
MC-1 4 - 9 - 99 - ~2 

MC-2 45** 24** 495* 16* 
MC-3 37** 23* 511* 18* 
MC-4 -141** -70* -1491* -54 
MC-5 19 15 239 9 

a Constants represent means adjusted for all other descriptive type sub-
traits, and the following variables in linear and quadratic terms; 
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Table 23. (continued). 

* 

final score, days in milk when classified, deviated age at first calvin~ 
and herd life opportunity. 

Significantly different from zero (P(.05) by t test. 

** Significantly different from zero (P~.01) by t test. 
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of lactation when classified similarly to first lactation traits. Addi-

tionally, longevity traits were also regressed on herd life opportunity 

to remove effects due to di.J;ferences in opportunity present because not 

all cows. were allowed to reach a given age. 

Constants. of all four longevity traits indicated that tall (ST-1) 

cows would haye had significantly shorter herd lives and less lifetime 

milk and fat production than shorter contemporaries if they had been 

identical for other traits, including final score. However, unadjusted 

means from Table 13 show that ST-1 cows actually outlived and outpro-

duced their shorter contemporaries. Nonetheless, if ST-1 cows had been 

equal in final score, and other descriptive type traits, they would 

have theoretically had shorter herd lives and consequently less life-

time production than ST-2 and ST-3 cows. Preferential treatment accord-

ing to FS was considered to have been the major factor for the differ-

ence in unadjusted means and constants. Dairymen probably allowed 

high.er scored cows to remain in their herds longer than lower scored 

cows due to the higher sale value of their progeny. 

There were no significant differences among the head subtrait:s in 

DHL or DLDM. However, large highly significant differences in.l~ngevity 

constants were apparent among the front end subtraits. In agreement 

with unadjusted means, cows with coarse necks and shoulders (FE-3) had 

much shorter herd lives and lower lifetime yields than contemporaries 

with alternative front end subtraits. First lactation yield constants 

were more highl:t negative for FE-3 than any other type sub trait, which 

must have been responsible for the large negative longevity constants. 

Narrow and weak front end (FE-4) had the largest positive constants of 
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all s:ubtraits for the four longevity traits. This agrees with other 

studies which. have found sharpness to be more highly related to life-

time production than any other type trait appraised during first lacta-

tion. 

Low· front end (BK-3) had the largest positive constants for the 

longevity traits among the back subtraits. BK-3 also had the largest 

positive constants for.DFLM and DFLF among the back subtraits. Both 

constants and unadjusted means identified weak loin and/or back (BK-4) 

as the back subtrait associated with the shortest herd life. 

Longevity trait constants for the r1.llD.p subtraits indicated sloping 

rump (RP-5) cows would have had longer herd lives and higher lifetime 

yields than contemporaries with other rump subtraits if they had been 

equal to contemporaries. in final score, etc.. Code 5 rtnnp cows averaged 

6.2 points less in final score than code 1 rump cows which had the larg-

est positive unadjusted means for all longevity traits of the r1.llD.p sub-

traits. Adjusting longevity traits for FS reversed the ranking of the 

rump subtraits. RP-5 had the largest positive means and constants of 

the rump subtraits for DFLM and DFLF, therfore, it seems"log~~al _that 

sloping rump cows. should have had longer herd lives than RP-1 cows if 

there was no selection ;for final score. 
. 

Relatively Slllall differences existed in longevity trait constants 

among the hind legs sub traits, although cows with. too refined bone (HL-4) 

had the largest positive constants. Only minor differences were found 

among feet subtraits in longevity trait constants. 

Fore. udder sub traits varied considerably in longevity constants. 

Bulgy fore udder (FU-4) had significant positive constants for all 
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longevity traits. Slightl¥· bulgy fore udder (FU-2) had significant 

positive constants. for DHL and DLDM, but not for DLM or DLF. This 

s;uggested that :FU-2 cows would have lived considerably longer th.an con-

temporaries ~thout producing much more. Very faulty fore udder (FU-5) 

had a large negative constant for DHL, and smaller nonsignificant nega-

tive constants for other longevity traits. 

Rear udder constants agreed with unadjusted means in ranking rear 
.. 

udder subtraits 1 to 5 for longevity traits. In spite of an 11.4 differ-

ence in FS between RU-1 and RU-5 cows, constants indicated high and wide 

rear udder (RU-1) was related to significantly longer herd life and 

higher lifetime yields. Th.is trait's DLM and DLF constants were 

exceeded only by constants for FE-~. 

Strong median suspensory ligament (US-1) had the largest positive 

DHL and DLDM constants of the udder support subtraits, but udder floor 

too low (US-3) had larger DI..i.~ and DLF constants. Broken suspensory 

ligament (US-5) had the third largest negative constants for the longev-

i~y traits of all type subtraits. This condition severely reduces 

longevity without compensatory increases in daily production • 
.•.. -·· 

Cows with desirably shaped and placed teats (TT-1) had signi!icant 

positive least squares constants for all four longevity traits, even 

though. the DFLM constant was slightly negative. Teat size, shap~, and 

placement appeared to be an economically important trait because cows 

wi..th undesirably shaped teats (TT-5) had significantly shorter herd 

lives and consequently much less lifetime production than their contem-

poraries. 

One of the most surprising findings of this study was th.at cows 
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with front legs that toed out (MC-2) would have had significantly 

longer herd lives and higher lifetime yields than contemporaries if 

·they had been identical in other type traits, final score, etc. The 

same was true for cows with. weak pasterns (MC-3). However, cows without 

a miscellaneous code (MC-0) also had significant positive constants for 

DHL and DLDM. In fact, crampy hind legs (MC-4) was the only miscellan-

eous s:ubtrai.t with. a negative constant for DHL. Unadjusted means 

suggested that MC-0 and MC-2 were the only two miscellaneous subtraits 

positive for herd life, Means and constants of DFLM indicated that 

MC-2 cows were below average for first lactation production. However, 

MC-2 had positive longevity constants in spite of this. 

Multiple correlation coefficients in Table 24 showed that neither 

herd life (DHL) nor lifetime milk production (DL1'1) could be predicted 

with reasonable accuracy using the first lactation traits investigated 

in this study. However, these analyses did identify the more important 

descriptive type subtraits. The multiple correlation coefficient (R) 

between herd life (DHL) and first lactation production traits (DFLM and 
'. 

DFLF) in linear and quadratic terms was .275. This was in_ agreement 

with Norman and Van Vleck (60) who reported a multiple correlation coef-

ficient of .23 between number of lactations and first lactation milk and 

fat yields, deviated from herdmates, in linear and quadratic terms. 

Catron (17) found an R of • 26 between sire progeny tests for milk pro-

duction (PDM) and average age of daughters at last calving (AGE). Adding 

age at first calving (DAFC) in the present study as an independent vari-

able (Model 2) resulted in only a slightly larger R. Further addition 
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Table 24. Multiple correlation coefficients between longevity traits 
and other traits. 

Model* DHL DLM 

1 • 275 .354 

2 .278 .355 

3 . 224 .330 

4 .245 .230 

5 .334 . 390 

6 .334 .390 

7 .265 . 354 

* Models are defined in Figure 1. 



106 

of first calving interval (DCil) to the predictive equation reduced the 

number of observations: bymore than 6,000 cows and also caused R to de-

cline to • 224. 

Using only first lactation evaluated type traits yielded an R of 

.245, slightly smallel;" tnan the R between DHL and first lactation pro-'-

duction traits. Norman and 'Van Vleck (60) found an R of . 27 between 

number o,f lactations; and 69 type and management traits appraised during 

first lactation. Catron (17) reported that sire progeny tests for final 

score (PDT) and descriptive type traits had an R of .32 with AGE. Sire 

progeny tests were apparently more accurate indicators of average 

daughter longevity than the same traits were of longevity on an individ-

ual cow basis. 

The best equation for predicting DHL was Model 6, which included 

first lactation production and type traits as independent variables. 

DAFC was also included, and was highly significant (P<.01) in linear 

and quadratic terms. Age-adjusted final score (FS), age when classi-

fied (AWC), days. in milk when classified (DMWC), first lactation milk 

(DFLM) and fat (DFLF) were also significant (P< .. OS) pred-ictors of·-DHL 

in both linear and quadratic terms. 

Descriptive type subtraits with significant CP<.OS) t values for 

DHL were desirable teat size, shape, and placement (TT-1) and front 

legs which toe out (MC-2). These subtraits had positive regression 

coefficients which indicated that cows with either or both of these 

type characteristics had long herd lives. Type subtraits detrimental 

to long herd life included tallness (ST-1), coarse.shoulder and neck 
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(FE-3), spread toes (FT-3), shallow heel (FT-4), short fore udder (FU-3), 

bulgy fore udder (FU-4) , broken fore udder (FU-5), low rear udder (RU-3), 

loose rear udder (RU-5), lack of clearly defined udder halving (US-2), 

udder floor too low (US-3), tilted udder floor (US-4), broken median 

suspensory ligament (_US'-5L and crmnpy hind legs (MC-4). FU-4 had a 

signifi~ant (P<(.05) positive regression coefficient for DHL when first 

lactation production variables we.re not included in the predictive 

equation (Model 4), but a significant negative coefficient whenever 

DFLM and DFLF were included as independent variables. This suggested 

that FU-4 was associated with superior milk production but decreased 

herd life if milk yield was held constant. 

The best predictive equation (_Model 6) explained 11% of the varia-

tion in DHL (R=.334). Norman and Van Vleck (60) found an R of .35 

between number of lactations and 73 first lactation management, type, 

and production traits. Catron (17) reported an R of .42 between AGE 

and sire progeny tests for milk yield (PDM), final score (PDT), and 

descriptive type traits. In the present study, the value of R declined 

when DCI1 was added as an independent variable. 

The multiple correlation coefficients for lifetime milk production 

(DLM) were larger than corresponding values with DHL, except for Model 

4. As anticipated, first lactation traits more accurately predicted 

DLJ.'f than DHL, whenever first lactation production traits were included. 

This was due to the part-whole relationship between first lactation and 

lifetime milk yields. 

The R between DLM and first lactation production traits only 
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(Model l} was identical to the .• 35 reported by Norman and Yan Vleck (_601 

between actual lifetime milk production and first lactation milk and ,tat 

yields in linear and quadratic terms. Catron (17) found an R of .53 

between PDM and AGE. Again, progeny tests were more accurate indicators 

of aye.rage daugh.ter longevity. Adding DAFC did not increase the value 

of R, and ;further adding DCTl resulted in a smaller R. 

All type traits: together explained only 5% of the variation in 

DLM (R=. 23), Howeve'.r, the linear and quadratic effects of first lacta-

tion production and type traits accounted for 15% of the variation in 

lifetime milk yield (R=.39). Variables with significant (P(.05) t 

values were FS, AWC, and DFLF in both linear and quadratic terms. DMWC 

and DFLM were also significant predictors of DLM in linear form. De-

scriptive type subtraits which had highly significant (P<.01) positive 

regression coefficients were high, wide, firmly attached rear udder 

(RU-1) and desirably sized, shaped, and placed teats (TT-1). The same 

subtraits (FU-4, RU-5, US-2, US-4, and US-5) which were detrimental to 

DHL also had highly significant negative regression coefficients for 

DLl.'1. All seven descriptive type subtraits with .highly s·ignifican~ t 

values for lifetime milk production were udder subtraits. These results 

emphasized th.e importance of functional udder traits. Similar R of .43 

was found by Norman and Van VI.eek (60) between actual lifetime milk 

production and 73 management, type, and production traits appraised 

during first lactation. 

Weights of components: from multiple regression equations used to 

predict DHL are Table 25. Each Weight represents the percentage of 
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Table 25. Weights of components for predicting herd life (DHL). 

Independent Model 
Variables 1 2 3 4 5 6 7 

HLO 40.50 38. 85 32. 72 14.29 14.65 14.01 9.22 
HL02 33.83 32.4 7 27.10 11.25 11.80 11.32 7.45 
DFLM 9.73 9.29 10.33 4.09 3.86 3.52 
DFLli 2.91 2. 81 4.67 1.22 1.15 1.57 
DFLF 10.95 10. 76 12.53 4.68 4.46 4.37 
DFLF2 2.08 1. 91 1.29 .98 .92 .66 

:DAFC 2.68 4.94 • 75 1.81 
DAFC2 1.23 1.26 .55 .53 
DCil 5.04 1.83 
DCI12 .12 .06 
AWC 3.19 4.34 5.52 4. 72 

? 
AWC"" 2.78 3.22 5.37 5.46 
DMWC 5.09 4.26 3.67 1.38 
DMWC 2 1.86 1.54 1.68 2.01 
FS 19.17 14. 34 13.73 17.75 
FS 2 25.59 19.12 18.24 21.57 
ST-1. •• MC-5 16.78 15.76 14. 77 16.09 
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the sum o:f the abs.olute value of all standard partial regression coeffi-

cients attributable to each independent variable. Herd life opportunity 

(HLO). in linear and quadratic terms accounted for much (17 to 74%) of 

the explained variation in DHL. First lactation milk (DFLM) and fat 

(DFLFl yields in linear and quadratic terms explained approximately 

equal percentages of the variation in DHL. First lactation milk (DFLM) 

and fat (DFLF) yields in linear and quadratic terms explained approxi-

mately equal percentages of the variation in DHL. Age at first calving 

(DAFC) explained less than one-half as much variation in DHL as either 

DFLM or DFLF in all models. First calving interval (DCil) was nearly 

as useful for predicting DHL as DAFC. 

When type traits were included as independent variables, from 6 to 

11% of the explained variation in DHL was attributable to age when 

classified (AWC) in linear and quadratic terms. From 3 to 7% of the 

explained variation in DHL was due to the linear and quadratic effects 

of days in milk when classified (DMWC). Age-adjusted final score (FS), 

in linear and quadratic terms, was responsible for 32 to 45% of the 

variation in DHL explained by the predictive equations in which i( was 

contained. More variation in DHL was attributable to FS than tQ ~ny 

other covariate used to predict herd life. Selection for final score 

was a large influence on which cows lived the longest. 

Descriptive type subtraits accounted for from 15 to 17% of the 

variation in DHL explained by models 4 through 7. The relative i.inpor-

tance of the individual type subtraits for predicting DHL are shown 

in Table 26. These weights express the percentage of the sum of the 

absolute value of all subtraits' standard partial regression 
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Table 26. Relative weights of descriptive type subtraits for 
predicting herd life (DHL). 

Type Model 
Sub traits 4 5 6 7 

ST-1 5.14 3. 77 3.76 2. 89 
ST-3 1.14 .21 .18 1. 79 
HD-1 .51 .57 .54 1.40 
HD-3 .18 1.18 1.22 .4 7 
HD-4 1.08 1. 79 1. 78 .16 
HD-5 6.09 • 21 .21 .03 
FE-1 4.25 2.18 2.18 2.76 
FE-3 6.67 2.69 2.64 1.07 
FE-4 3. 74 2.28 2.22 4.73 
BK-1 2.68 .48 .so 2.04 
BK-3 .94 1.04 1.04 .25 
BK-4 2.85 2.61 2.57 1.91 
RP-1 2.99 2.37 2.42 2.27 
RP-3 .18 1.56 1.52 1. 77 
RP-4 3.55 1. 76 1. 71 2.12 
RP-5 4.50 .98 .99 1.91 
HL-1 .06 .07 .09 1.58 
HL-3 .33 1.26 1.34 .93 
HL-4 2.62 2.16 2.12 3.41 

., ·' ·- -· 
HL-5 1.47 2.27 2.25 3. 72 

. 
FT-1 1.15 1.01 1.02 . 98 
FT-3 2.94 3.43 3.53 3.40 
FT-4 1.42 2.87 2.87 1. 97 -
FU-1 1.48 .65 .64 .49· 
FU-3 3.36 2.94 2.98 3.22 
FU-4 .44 7.16 7.19 5.94 
FU-5 • 93 3.31 3.32 3.18 
RU-1 2. 97 2 .17 2.26 3.07 
RU-3 4.99 3.19 3.14 3.09 
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Table 26. (continued) . 

Type Model 
Sub traits 

4 5 6 7 

RU-4 4.03 2.30 2.27 .05 
RU-5 3.30 3.85 3.88 4.55 
US-2 4.23 4.99 4.99 5.19 
US-3 .78 3.92 3.90 3.61 
US-4 2.70 5.69 5. 72 4.04 
US-5 2 .4 7 3.70 3.68 3.82 
TT-1 3.73 3.03 3.12 3.91 
TT-3 .53 .28 .24 .69 
TT-4 2. 71 1.29 1.26 .21 
TT-5 1. 73 1. 72 1. 75 2.22 
MC-1 .99 1.80 1.80 1.01 
MC-2 2.08 3.08 3.09 2.35 
MC-3 1.54 1.51 1.53 .68 
MC-4 2. 85 3.56 3.55 3.52 
MC-5 1. 22 1.06 1.05 1.40 

.... -- .·· 
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coefficients derived from each type subtrait. One subtrait within each 

descriptive type trait had to be omitted to prevent confounding. Code 2 

subtraits were omitted for all type traits (except udder support for 

whi.ch code 1 was omitted)_ because code 2 subtraits generally represented 

intermediate ph_enotypes and had the greatest frequency of any sub trait. 

Relative weights for predicting DBL indicated that FU-4, US-4, US-2, 

US-3, RU-5, and US-5 had the largest influence on DHL of all descriptive 

type subtraits included in thi..s. analysis when first lactation yields 

we-re covariates: (1nodels 5 and 6)_. The regression coefficients of these 

subtraits were all negative, which suggested these subtraits were 

detrimental to long herd life. 

Weights of components used to predict lifetime milk production 

(DLM) in Table 27 were similar to corresponding values used to predict 

DHL. First lactation yields were more important for predicting DLM 

than DHL, due to the part-whole relationship between DFLM and DLM. 

Consequently, FS and the descriptive type subtraits as a group were less 

important for predicting DLM than DHL. Relative weights of the subtraits 

from Table 28 suggested that desirable teat size, shape, a~d pla_c.ement 

(TT-1) and high, wide firmly attached rear udder (RU-1) were the most 

important type subtraits for high lifetime milk production when first 

lactation yields. were covariates (models 5 and 6). Type subtraits with 

relatively large detrimental influences on DL.'1 included bulgy fore 

udder (FU-4), lack of clearly defined udder halving (US-2), loosely 

attached rear udder (RU-5), broken median suspensory ligament (US-5), 

and tilted udder floor (US-4). Again the udder subtraits were the most 

important with regard to lifetime production. 
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Table 27. Weights of components for predicting lifetime milk produc-
tion (DLM). 

Independent Model 
Variables 1 2 3 4 5 6 7 

HLO 36.33 35.46 31.89 11. 85 13.07 12.74 9.90 
HL02 31. 77 30.63 27.94 9.61 10.98 10. 72 8.62 
DFLM 21.67 21.18 25. 71 9.29 9.01 9.41 
DFLM2 .37 • 36 1.11 .07 .07 .35 
DFLF 8.88 8.83 8.11 3.67 3.56 2.91 
DFLF2 1. 38 1.30 .4 7 .68 .65 .37 
DAFC 1.62 2.26 .21 .65 
DAFC2 .60 • 72 • 29 .36 
DCU 1.56 .63 
DCI12 .22 .08 
AWC 3.50 5.20 5.90 6.19 
AWC 2 3.86 4.61 5.63 6.43 
DMWC 4.42 3.59 3.41 . 1. 65 
DMWC2 1.89 1.57 1.63 1.68 . 
FS 20.14 13.95 13.63 16.92 
FS2 26.53 18.47 18.01 20.69 
ST-1. •• MC-5 18.20 14.85 14.54 13.16 
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Table 28. Relative weights of descriptive. type subtraits for 
predicting lifetime mil~ production (DLM) • 

Type Model 
Sub traits 4 5 6 7 

ST-1 3.68 2.54 2.50 1.24 
ST-3 2.52 1.42 1.41 3.61 
HD-1 .49 .58 .56 2.17 
HD-3 .65 • 71 • 71 .45 
HD-4 1.49 3.24 3.20 .51 
HD-5 .63 • 30 .29 .oo 

, FE-1 4.62 2.63 2.60 2.42 
FE-3 6.66 2.58 2.52 • 80 
FE-4 3.96 2.57 2.52 4.53 
BK-1 3. 84 1. 60 1.60 4.41 
BK-3 1.62 .90 . 89 1.46 
BK-4 2.10 1. 98 1.94 1.37 
RP-1 2.86 2.52 2.50 2.95 
RP-3 .42 1.41 1.37 .91 
RP-4 3.45 1.63 1.59 1.83 
RP-5 5.06 .92 .91 1.53 
HL-1 .08 .13 .14 1.33 
HL-3 .26 1. 74 1. 75 1.67 
HL-4 2.45 2.70 2.65 - 3.·67 .. 
HL-5 1.08 2.49 2.45 4 ~48-
FT-1 1.42 1.60 1.59 1. 71 
FT-3 1. 77 2. 71 2. 72 2.97 -

FT-4 .94 • 85 .83 .76 
FU-1 2.03 1.02 1.00 .05 
FU-3 1.99 1.90 1.88 2.86 
FU-4 4.67 5.84 5.78 3.37 
FU-5 • 80 2.32 2.29 2.06 
RU-1 4.03 3. 57 3. 56 5.47 
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Table 28. (continued). 

Type Model 
Sub trait 4 5 6 7 

RU-3 4. 77 3.04 2.97 3.39 
RU-4 5.07 3.68 3.62 1. 72 
RU-5 2. 75 4.24 4.20 4.35 
US-2 2.91 4.89 4. 84 5.04 
US-3 1.37 3.21 3.16 1.23 
US-4 .29 3.89 3.85 1.12 
US-5 1.64 4.00 3.95 5.00 
TT-1 4.08 4.18 4.17 4.08 
TT-3 1.07 1.02 1.00 .15 
TT-4 2.83 1.30 1.28 .51 
TT-5 1.63 1.98 1.96 2.20 
MC-1 1. 23 2.70 2.67 1.99 
MC-2 1.13 2.66 2.63 1.99 
MC-3 1. 72 1.97 1.96 1.19 
MC-4 1.15 2.25 2.21 2.74 
MC-5 • 82 .61 .59 2.78 

· .. 



SUMMARY AND CONCLUSIONS 

Descriptive type data and production records were obtained from 

the Holstein-Friesian Association of America for all Registered Holstein 

cows descriptively classified from January 1, 1967, through June 1, 1976. 

First lactation production records were provided by the Animal Improve-

ment Program Laboratory, United States Department of Agriculture and 

adjusted to a twice daily milked, mature equivalent basis. Lifetime 

production records were computed from DHIR records supplied by the 

Holstein-Friesian Association of America. 

First lactation milk and fat yields (DFLM and DFLF), age at first 

calving (DAFC), herd life (DHL), lifetime days in milk (DLDM), lifetime 

milk and fat production (DLM and DLF), and the first six calving inter-

vals (DCil through DCI6) of each cow were expressed as deviations from 

the contemporary average to remove herd effects. More than 500,000 

cows had valid observations for DAFC, DFLM, DFLF, and DHL. There were 

377,414 cows with a usable DCil, and less for each successive calving 

interval. A total of 184, 756 cows had lifetime production records_ , . 
· .. 

deviated from contemporaries. Restricting the data set to· cows ·classi-

fied during the first 305 days of first lactation left 219,356 cows 

with descriptive type data and at least one completed lactation. ~ 

Reritabilities were computed for all traits studied by doub~ing the 

within-herd regression of daughter on dam. Descriptive type subtrait 

heritabilities adjusted for the effects of discontinuity ranged from .00 

to .45. Only ten subtraits were at least 20% heritable, and nearly all 

subtraits were less heritable than previously reported for cows of all 
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ages. DAFC was estimated to be less than 1% heritable. DFLM and DFLF 

were 32 and 29% heritable. DHL, DLDM, DLM, and DLF had estimated heri-

tabilities of .07, .09, .11, and .11. DCil and DCI2 were approximately 

4% heritable. DCI3 had a heritability estimate of .01, and DCI4-6 had 

zero heritability estimates. 

Phenotypic correlations suggested that high, wide, firmly attached 

rear udder (RU-1) and udder floor too low (US-3) were the type subtraits 

most highly related phenotypically to high first lactation yields. 

Coarse shoulder and neck (FE-3) and short fore udder (FU-3) had the 

largest negative phenotypic correlations with DFLM and DFLF. 

Herd life (DHL) had phenotypic correlations greater than .10 with 

firmly attached fore udder (FU-1), high, wide, firmly attached rear 

udder (RU-1), intermediate rear udder (RU-2) and strong median suspen-

sory ligament (US-1). These same type subtraits also had the largest 

positive phenotypic correlations with DLDM, DLM, and DLF. 

The largest negative phenotypic correlations were found between 

the lifetime traits (DHL, DLDM, DLJ."I, and DLF) and coarse shoulder and 
) . 

neck (FE-3), broken fore udder (FU-5), loosely attached-rear udde:r 

(RU-5), udder floor too low (US-3), tilted udder floor (US-4),.a~d 

broken median suspensory ligament (US-5). Udder floor too low (US-3) 

had relatively large negative correlations with the lifetime traits 

in spite of having the greatest positive relationship with DFLM. 

Age-adjusted final score (FS) was positively related to first 

lactation yields and all lifetime traits. Age at first calving (DAFC) 

was positively correlated phenotypically with DFLM, DFLF, and DCil, 

although negatively related to DHL and DLDM. First lactation yields 
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(DFLl'f and DFLF) were highly related to one another and moderately 

correlated (r =.2) with DCil. Phenotypic correlations between first p 

lactation yields and lifetime yields were near .3. DCil was positively 

related phenotypically to all lifetime traits, which were highly relat-

ed to one another. 

Genetic correlations between type subtraits and first lactation 

yields suggested that weak head (HD-5), strong front end (FE-1), low 

front end (BK-3), bulgy fore udder (FU-4), broken fore udder (FU-5), 

and weak pasterns (MC-3) were genetically related to high production 

during first lactation. Type subtraits with large negative genetic 

correlations with first lactation yields included slightly bulgy fore 

udder (FU-2), short fore udder (FU-3), and low rear udder (RU-3). 

Coarse shoulder and neck (FE-3) would have had a large negative genetic 

relationship with DFLM and DFLF if it had been 3% heritable as previous-

ly reported. 

Type sub traits which had large 0. 5) positive genetic correlations 

at least twice as large their standard errors with DFLM and DFLF in-

eluded intermediate rump (RP-2), sloping rump (RP-5), to·o straight hind 

legs (HL-5), firmly attached fore udder (FU-1), and rear teats_b~ck too 

far (TT-3). Subtraits genetically related to shorter first calving 

intervals were low front end (BK-3), narrow rump (RP-4), strong hind 

legs (HL-1), and short fore udder (FU-3). Both DFLM and DFLF were pas-

itively correlated genetically with DCil, indicating that high first 

lactation production and long first calving interval were affected by 

conunon genes. 

Genetic correlations between longevity traits and type subtraits 
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indicated that strong front end (FE-1), strong hind legs (HL-1), 

acceptable feet (FT-2), high, wide firmly attached rear udder (RU-1), 

acceptable teats (TT-2), and rear teats too far back (TT-3) were all 

positively related to long herd life and high lifetime production. 

Type subtraits found to be negatively related genetically to longevity 

traits included low rear udder (RU-3), lack o~ clearly defined udder 

halving (US-2), and weak pasterns (MC-3). Genetic correlations computed 

using previously reported heritability estimates for type subtraits 
, 

which had zero heritabilities in this study indicated that coarse 

shoulder and neck (FE-3), broken median suspensory ligament (US-5), and 

crampy hind legs (~C-4) were also genetically related to shortened herd 

life and reduced lifetime production. FS, DFLM, and DFLF were highly 

related genetically to superior performance in all longevity traits. 

Phenotypic and genetic correlations among type subtraits showed 

that strong front end (FE-1) was related to high, wide rear udder (RU-1), 
• 

strong median suspensory ligament (US-1), and desirable teat size, shape, 

and placement (TT-1) among other traits. 
":'', '). 

Mean performance of cows with each descriptive type· subtrait:~ 

adjusted for the effects of all other type traits, FS, AWC,·DMwC~ and 

DAFC indicated that short stature (ST-3), medium strength head (HD-2), 

medium strength front end (FE-2), narrow and weak front end (FE~4), low . 
front end (BK-3), narrow rump (RP-4), sloping rump (RP-5), shallow heel 

(FT-4), bulgy fore udder (FU-4), broken fore udder (FU-5), high, wide 

rear udder (RU-1), and udder floor too low (US-3) were all related to 

highly significant (P<.01) superior DFLM and DFLF •. Type subtraits with 

highly significant inferior adjusted mean DFLM and DFLF included tall 
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stature (ST-1), coarse shoulder and neck (FE-3), straight back (BK-1), 

long, wide, nearly level rump (RP-1), intermediate rump (RF-2), deep 

heel (FT-1), firmly attached fore udder (FU-1), intermediate fore udder 

(FU-2), short fore udder (FU-3), low rear udder (RU-3), narrow and 

pinched rear udder (RU-4), strong median suspensory ligament (US-1), 

lack of defined udder halving (US~2), undesirably shaped teats (TT-5), 

front legs toe out (MC-2), and too small for age (MC-5). 

The only type subtrait with a highly significant negative adjusted 

mean for DCil was sloping rump (RP-5), which suggested that cows with 

sloping rumps were reproductively more efficient during first lactation. 

Type subtraits with highly significant longer first calving intervals 

were tallness (ST-1), deep heel (FT-1), short fore udder (FU-3), and 

strong median suspensory ligament (US-1) • 

Adjusted means of the longevity traits were also regressed on herd 

life opportunity to remove effects due to differences in opportunity to 

express longevity. Subtraits with superior performance in all four 

longevity traits (DHL, DLDM, DLM, and DLF) included short stature 
--· 

(ST-3), medil.llll strength front end (FE-2), narrow and weak front end 

(FE-4), low front end (BK-3), narrow rump (BP-4), sloping rump_ (RP-5), 

bulgy fore udder (FU-4), high, wide rear udder (RU-1), intermediate rear 

udder (RU-2), and desirable teat size, shape, and placement (TT..::l). 

Type subtraits with highly significant inferior adjusted means for DLDM, 

DLM, and DLF were tallness (ST-1), coarse shoulder and neck (FE-3), long 

wide, nearly level rump (RP-1), narrow and pinched rear udder (RU-4), 

broken median suspensory ligament (US-5), and undesirably shaped teats 

(TT-5). 
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Multiple regression analysis indicated that high, wide rear udder 

(RU-1), and desirable teat size, shape, and placement (TT-1) were the .. 

most important type subtraits enhancing lifetime production. Type sub-

traits found to be the most detrimental to lifetime production when 

first lactation yields were held constant included bulgy fore udder 

(FU-4), loosely attached rear udder (RU-5), lack of clearly defined 

udder halving (US-2), tilted udder floor (US-4), and broken median 

suspensory ligament (US-5). 

In conclusion, most of the body subtraits were relatively unimpor-

tant compared to the udder subtraits with regard to production and 

longevity. Front end subtraits were notable exceptions, especially 

FE-3 and FE-4. High first lactation production was generally associ-

ated with long herd life and high lifetime yields, except when accom-

panied by functionally important type problems. Descriptive type sub-

traits which were identified as the most functionally important were 

strong median suspensory ligament (US-1), desirable teat size, shape, 

and placement (TT-1), and high wide rear udder (RU-1). Selection for 

these.descriptive type subtraits, in addition to high milk produC-tion, 
-·. - . . . . ~-

should lead to genetically superior dairy cows for lifetime·prod~ction 

and profitability. 
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Table 1. Phenotypic and genetic correlations between ST-1 
and all other descriptive t7pe subtraits. 

Sub trait r 
p 

-1.19 
.56 
.34 

.25 

- .37 
- .02 
- .25 

.65 
- .16 
- .06 
- .36 

.41 
- .11 

- .34 

- .11 

.39 

.19 
- .02* 
- .24 

r ± SE 
g 

- .82 ± .05 
.93 ± .01 

a 

a 

- .48 ± .06 
- .10 ± .12 

- .27 ± .19 
1.33 ± b 

a 

a 

- .52 ± .08 
.40 ± .09 

- .28 ± .12 
- .32 ± .09 

.13 ± .09 

.31 ± .11 

.27 ± .09 

.21 ± .10 
- .53 ± .07 

Sub trait 

FT-3 
FT-4 

r 
p 

-.05 
-.15 

.28 

.08 

-.05 
-.15 
-.09 

.29 

.09 
-.11 
-.12 
-.08 -

.07 
-.04 
-.12 
-.04 
-.04 

.05 

.04 
. -.03* 

r ± SE -g 

a 
-.37 ± .11 

.58 ± .09 

.09 ± .16 
-. 71 ± .15 
-.26 ± .10 

.21 ± .22 

.41 ± .12 

.07 ± .15 
-.31 ± .14 
-.07 ± .13 

a 

.12 ± .09 
-.12 ± .20 
-.10 ± .17 
-.08 ± .12 

a 

.22 ± .10 

.01 ± .11 
- . 03 ± .. ·.is 

ST-1 
ST-2 

ST-3 
BD-1 
BD-2 
HD-3 
HD-4 
HD-5 
FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 

BK-3 
BK-4 
RP-1 

RP-2 
RP-3 

RP-4 

RP-5 
HL-1 
HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

- .10 - .06 ± .06 

FU-1 
FU-2 
FU-3 
FU-4 

FU-5 

RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 
US-2 

US-3 

US-4 
US-5 

TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

-.09 - ..: ~ 09 · ± .. 08 

* 

.35 

.20 
- .13 
- .22 

.08 

.25 

.09 

.46 ± .16 

.43 ± .13 
-.40 ± .09 
-.08 ± .11 

.16 ± .13 

a 

.42 ± .12 

Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
b Not computed for lrgJ ~ 1. 

-.03 
.14 

-.08 

.11 

-.OS 
.01* 

-.45 

-.18. ±~ .10 

.21 ± .11 
-.19 ± .16 
-.53 .± .10 
-.01 ± .28 

a 

-.93 ± .02 
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Table 2. Phenotypic and genetic correlations between ST-2 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 

ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 

FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 

RP-1 
RP-2 
RP-3 

RP-4 
RP-5 
HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

r 
p 

-1.19 

- .90 
- .17 

- .05 
- .01* 

.07 

.00* 

.37 

.24 

- .02* 
- .02 
- .. 17 

.08 

.05 

.05 
- .20 

- .04 
.01* 
.06 

.05 
- .19 

- .OS 
.06 

.01* 
- .00* 

- .11 

- .02 

r ±SE 
g 

-.82 ± .05 

. 55 ± .12 

a 

a 

. 28 ± .18 

.19 ± .30 

- . 09 ± • 49 
-.95 ± .06 

a 

a 

.13 ± • 28 
-.20 ± .25 

.26 ± .30 

.15 ± .24 
-.19 ± . 21 

-.44 ± .25 

- . 29 ± • 21 

-.17 ± .26 

.63 ± .16 

.03 ± .16 
-.87 ± .13 

-.97 ± .02 

.49 ± .19 

.35 ± .23 

-.14 ± .32 

a 

-.66 ± .20 

Sub trait 

FT-3 
FT-4 
ru-1 
FU-2 

FU-3 
FU-4 
FU-5 
RU-1 

RU-2 

RU-3 

RU-4 

~U-5 

US-1 
US-2 
US-3 

us-4 
US-5 

TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 

MC-2 

MC-3 

MC-4 
MC-5 

Not significantly different from zero (P >.01). 
aNot computed due to zero heritability. 
bNot d f I [ 1 compute or r > • g -

r 
p 

.01* 

.04 

-.14 
-.01* 

.02 

.05 

-.01* 
-.14 

-.00* 

.03 

.04 

r ±SE 
g 

a 

.33 ± . 28 

. 59 ± . 22 
- . 55 ± • 27 

1. 27 ± b 

.48 ± .20 

- .45 ± .46 
- . 50 ± • 28 

. 25 ± • 35 

.45 + .30 

.55 ± .22 

-. 01* a 

-.01* .00 ± .24 
.00* - .34 ± .44 

-.01* 
. 02~~ 

.01* 

-.02 

-.02 

.02* 

.04 

.00* 

.18 

.05 

.02 

.06 

.01* 

- .55 

- . 05 ± • 43 

. 21 ± • 30 

a 

- .53 ± .19 

.08 ± .27 

. 26 ± ·.0• 3'4 

.18 ·± .. 20 

.06 ±~ .24 

.15 ± .29 

.23 ± .39 

- .50 ± .27 

- • 60 ± • 44 
a 

.46 ± .21 
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Table 3. Phenotypic and genetic correlations between ST-3 
and all other descriEtive type subtraits. 

Sub trait r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.56 - .93 ± .01 FT-3 .05 a 
ST-2 -.90 .55 ± .11 FT-4 .15 .22 ± .13 
ST-3 FU-1 - .18 - .45 ± .12 
HD-1 -.21 a FU-2 - .09 .34 ± .17 
HD-2 -.28 a FU-3 .03 .19 ± .32 
HD-3 .56 .51 ± .06 FU-4 .14 .12 ± .11 

HD-4 -.10 - .09 ± .13 FU-5 .15 .05 ± .25 

HD-5 .36 .45 ± .17 RU-1 - .19 - .05 ± .16 

FE-1 -.34 -1.32 ± b RU-2 - .12 .00 ± .16 

FE-2 -.17 a RU-3 .11 .16 ± .16 

FE-3 .12 a RU-4 .11 - .12 ± .14 

FE-4 .55 .42 ± .10 RU-5 .13 a 
BK-1 -.33 - .44 ± • 09 US-1 - .08 - .16 ± .10 
BK-2 .02 .23 ± .13 US-2 .06 .38 ± .19 
BK-3 .42 .37 ± .09 US-3 .19 . 20 ± .18 

BK-4 .07 - .08 ± • 09 US-4 .03 - .02 ± .14 
RP-1 -.22 - .16 ± .13 US-5 .05 a 

RP-2 -.21 - . 20 ± .10 TT-1 - .04 . 01 ± .11 
RP-3 .02* - .13 ± .11 TT-2 - .03 - . 06 ± .12 

_, ':: . 
RP-4 .25 . 37 ± .10 TT-3 .01*- - .11 ± ·-·.16 
RP-5 .07 .06 ± .07 TT-4 • 07 .. - ~01 ·± .. 09 

HL-1 -.21 - . 21 ± • 22 TT-5 .04 .15· ±: .10 

HL-2 -.20 - .13 ± .17 MC-0 - .49 - . 38 ± .. ll 
HL-3 .09 .19 ± .11 MC-1 .03* .12 i .18 

HL-4 .31 .00 ± .12 MC-2 - .19 - .57 .± .11 

HL-5 -.11 - .06 ± .14 MC-3 - .02* .45 ± .24 

FT-1 -.17 a MC-4 -. 03 a 
FT-2 -.11 - .19 ± .15 MC-5 1.57 1.04 ± b 

* Not significantly different from zero (P >,Ol). 
aNot computed due to zero heritability. 
bNot computed for lrg I ~ 1. 
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Table 4. Phenotypic and genetic correlations between HD-1 
and all other descriEtive tyEe subtraits. 

Sub trait r r ± SE Sub trait r r ± SE - .. 
p g p g 

ST-1 -.34 a FT-3 -.03* a 
ST-2 -.17 a FT-4 -.13 a 
ST-3 -.21 a FU-1 .37 a 
HD-1 FU-2 .02* a 
HD-2 -.43 a FU-3 -.08 a 
HD-3 -.28 a FU-4 -.09 a 
HD-4 -.38 a FU-5 -.07* a 
HD-5 -.19 a RU-1 .37 a 
FE-1 .58 a RU-2 .10 a 
FE-2 -.18 a RU-3 -.11 a 

FE-3 -.11 a RU-4 -.16 a 
FE-4 -.23 a RU-5 -.09 a 
BK-1 .35 a US-1 .03* a 
BK-2 -.14 a US-2 .00* a 
BK-3 -.15 a US-3 -.07* a 
BK-4 -.12 a US-4 -.04* a 
RP-1 .64 a us-5 -.02* a 
RP-2 .14 a TT-1 .18 a 
RP-3 -.02* a TT-2 -.10 a 
RP-4 -.20 a TT-3 -.01*- a·· 
RP-5 -.15 a TT-4 -.05 a· 
HL-1 .85 a TT-5 -.07 a. 
HL-2 .17 a MC-0 .14 a 
HL-3 -.12 a MC-1 .02* a 
HL-4 -.16 a MC-2 -.07 -a 
HL-5 -.06 a MC-3 -.05* a 

FT-1 .40 a MC-4 -.04* a 

FT-2 .04 a MC-5 -.18 a 

* Not significantly different from zero (P >. 01). 
aNot computed due to zero heritability. 
bNot computed for Ir I > 1. g -
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Table s. Phenotypic and genetic correlations between HD-2 
and all other descriEtive tzEe subtraits. 

Subtrait r r ± SE Sub trait r r ± SE p g p g 

ST-1 .2S a FT-3 -.07 a 
ST-2 .OS a FT-4 -.13 a 
ST-3 - .28 a FU-1 .18 a 
HD-1 - .43 a FU-2 .13 a 
HD-2 FU-3 -.09 a 
HD-3 - • 77 a FU-4 -.16 a 
HD-4 -1.05 a FU-5 -.13 a 

HD-5 - .54 a RU-1 .16 a 
FE-1 .32 a RU-2 .12 a 
FE-2 .05 a RU-3 -.12 a 
FE-3 - .21 a RU-4 -.10 a 

FE-4 - .31 a RU-5 -.13 a 
BK-1 .26 a US-1 .09 a 
BK-2 - .07 a US-2 -.05 a 

BK-3 - .13 a US-3 -.09 a 

BK-4 - .13 a US-4 -.07 a 
RP-1 .18 a US-5 -.07 a 
RP-2 .17 a TT-1 .12 a 
RP-3 - .01* a TT-2 .01* a 
RP-4 - .14 a TT-3 - . 02*- a·. 

.·· 
RP-5 .14 a TT-4 -.10 a· 
HL-1 .17 a TT-S -.11 -

a: 

HL-2 .20 a MC-0 .17 a 
-

HL-3 .11 a MC-1 -.06 a 
HL-4 - .17 a MC-2 -.OS ·a 

HL-5 - .02* a MC-3 -.04 a 
FT-1 .13 a MC-4 .00* a 

FT-2 .11 a MC-5 -.29 a 

* Not significantly different from zero (P >. 01) . 
a Not computed due to zero heritability. 
b computed for Ir ! 1. Not > g -
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Table 6. Phenotypic and genetic correlations between HD-3 
and all other descri:etive ty2e subtraits. 

Sub trait r r ± SE Sub trait r r ±SE 
p g p g 

ST-1 -.37 - .48 ± .06 FT-3 .01* a 
ST-2 -.01* .28 ± .18 FT-4 .01* -.21 ± .16 
ST-3 .56 .51 ± .06 FU-1 -.10 -.08 ± .18 
HD-1 -.28 a FU-2 -.04 . 20 ± .20 
HD-2 -.77 a FU-3 .02* -.08 ± .41 
HD-3 FU-4 .06 -.14 ± .14 
HD-4 -.69 -1.13 ± b FU-5 .02* .36 ± .27 
HD-5 -.35 - .78 ± .10 RU-1 -.04 -.13 ± .20 
FE-1 -.22 - .55 ± .23 RU-2 -.05 -.15 ± .20 
FE-2 .04 a RU-3 .07 .22 ± .19 
FE-3 .17 a RU-4 -.01* -.04 ± .17 
FE-4 .09 .15 ± .15 RU-5 .04* a 
BK-1 -.12 - .11 ± .14 US-1 -.02 .03 ± .13 
BK-2 -.02* .16 ± .17 US-2 .02* .02 ± .27 
BK-3 .22 .08 ± .13 US-3 .OS -.12 ± .23 
BK-4 .01* - .10 ± .l:?. us-4 .00* -.10 ± .17 
RP-1 -.14 - .10 ± .16 US-5 .07 a 
RP-2. -.10 .02 ± .13 TT-1 -.01* .22 ± .13 

RP-3 .04 .17 ± .14 TT-2 -.03 -. 23 ± .14 
RP-4 .12 .06 ± .14 TT-3 .OS* - . 31 ± .:.18 
RP-5 .02* .14 ± .09 TT-4 . OS . ~· .. ~ 01 .±· .• 11 

HL-1 -.11 - .44 ± .23 TT-5 .01* .14·±~.13 

HL-2 -.03 .05 ± .22 MC-0 -.13 -.02 ± .16 
HL-3 -.01* .15 ± .14 MC-1 -.04* .15 ± .22 
HL-4 .11 .02 ± .14 MC-2 -.06 -.37 ± .17 
HL-5 -.02* - .33 ± .16 MC-3 -.05 .23 ± .35 
FT-1 -.08 a MC-4 -.02* a 
FT-2 .00* .05 ± .19 MC-5 .50 .16 ± .14 

* Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 

'b computed for Ir I ~1. Not g 
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Table 7. Phenotypic and genetic correlations between HD-4 
and all other descriEtive type subtraits. 

Sub trait r r ± SE Subtrait r r ± SE -· p g p g 

ST-1 - .02 - .10 ± .12 FT-3 .06 a 
ST-2 .07* .19 ± .30 FT-4 .09 .05 ± .27 

ST-3 - .10 - .09 ± .13 FU-1 -.13 -.54 ± .21 

HD-1 - .38 a FU-2 -.08 .13 ± .33 
HD-2 -1.05 a FU-3 .06 .12 ± .66 

HD-3 - .69 -1.13 ± b FU-4 .10 .05 ± .23 
HD-4 FU-5 .07 .63 ± .30 
HD-5 - .48 1.22 ± b RU-1 -.14 -.40 ± .27 

FE-1 - .19 - .48 ± .40 RU-2 -.07 -.24 ± .31 
FE-2 .06 a RU-3 .08 -.03 ± .33 
FE-3 .19 a RU-4 .07 .58 ± .19 
FE-4 .02 .17 ± .24 RU-5 .08 a 
BK-1 - .15 - . 05 ± .22 US-1 -.06 -.29 ± .19 
BK-2 .06 - .41 ± .23 US-2 .03 .21 ± .42 
BK-3 - .00* .19 ± .21 US-3 .06 -.01 ± .37 
BK-4 .12 .22 ± .18 us-4 .06 .32 ± .24 
RP-1 - .12 - .46 ± .21 US-5 .OJ* a 
RP-2 - .07 - .40 ± .17 TT-1 -.12 -.42 ± .19 
RP-3 .02* - .04 ± .23 TT-2 .03 .19 ± .23 

RP-4 .02 .07 ± .22 TT-3 -.00* .25 ± .. ~.29 
-

RP-5 .15 .41 ± .12 TT-4 .06 . ~ i6 ±' .. 17 

HL-1 - .15 .12 ± .44 TT-5 .09 -. 09' ± ~ . 21 

HL-2 - .14 .12 ± .34 MC-0 -.05 -.00 ± .25 
-

HL-3 .14 .12 ± .22 MC-1 .09 .40 ~ .30 
HL-4 - .04 - .19 ± .22 MC-2 .10 -.14 t .31 

HL-5 .07 - .21 ± . 27 MC-3 .05 -.01 ± .60 

FT-1 - .09 a MC-4 .01 a 

FT-2 - .08 - .02 :f .31 MC-5 -.11 .10 ± .23 

* Not significantly different from zero (P > .01). 
~ot computed due to zero heritability. 
b computed for Ir I 1. Not > g -



138 

Table 8. Phenotypic and genetic correlations between HD-5 
and all other descriptive type subtraits. 

Sub trait 

ST-1 
ST-2 
ST-3 
HD-1 
HD-2 
HD-3 

HD-4 
HD-5 
FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 
RP-2 
RP-3 

RP-4 

RP-5 

HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

r p 

-.25 

r ± SE g 

- .27 ± .19 
.00* - .09 ± .49 
.36 .45 ± .17 

-.19 a 

-.54 a 

-.35 
-.48 

-.26 

-.40 
-.17 

.93 
-.28 

.14 

.12 

.07 
-.18 
-.23 
-.09 

.26 

.16 
-.13 
-.24 
-.02 

.62 

-.11 

-.14 
-.14 

- .78 ± .10 
1.22 ± b 

- .40 ± .70 
a 

a 

.40 ± .33 
- .05 ± .36 

.09 ± .45 
- .03 ± .35 
- .02 ± .30 

.55 ± .30 
.18 ± .31 

- . 28 ± • 35 
.43 ± .30 
.12 ± .22 

-1.08 ± b 
-1.33 ± b 

1.08 ± b 
.07 ± .37 

- .23 ± .43 
a 

- .31 ± .45 

Sub trait 

FT-3 
' FT-4 

FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 
RU-3 
RU-4 
RU-5 
US-1 
US-2 
US-3 
us-4 
us-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

* Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
bNot computed for Ir g [ .::_ 1. 

r 
p 

.04 

r ± SE g 

a 

.18 .28 ± .41 
-.15 - .16 ± .46 
-.12 - .81 ± .19 

.08 - .57 ± .72 

.12 

.24 
.77±.15 
. 31 ± • 72 

-.16 - .31 ± .47 
-.12 - .79 ± .20 

.07 

.17 

.15 

.47 ± .41 

.75 ± .19 
a 

-.08 -1.41 ± b 
.05 2.38 ± b 

.05* 1.40 ± b 

.08 

.04* 
• 71 ± • 22 

a 

-.04 - .06 ± .36 
-.03 

-.01*-· 
. 06· 

.07 
-.24 
-.02* 
-.01* 

.06 

-.01* 
.57 

- .08 ± .38 
.37 ± .:~4:3 

~23 ·± .. 26 

- .31"±~.31 

- .18 ± .40 
. 04 ::!: • 58 
.10 ± .50 

- .25 ± .91 
a 

.15 ± .37 
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Table 9, Phenotypic and genetic correlations between FE-1 
and all other descri.12tive ty_Ee subtraits. 

Sub trait r r ± SE Subtrait r r ± SE p g p g 

ST-1 .65 1.33 ± b FT-3 -.02* a 

ST-2 - .37 - .95 ± .06 FT-4 -.19 - .49 ± .40 
ST-3 - .34 -1. 32 ± b FU-1 .43 - . 05 ± .58 
HD-1 .58 a FU-2 .06 1.13 ± b 
HD-2 .32 a FU-3 -.05 - .11 ± 1.28 
HD-3 - .22 - . 55 ± .23 FU-4 -.18 - .41 ± .37 
HD-4 - .19 - .48 ± .40 FU-5 -.12 .85 ± .26 
HD-5 - .26 - .40 ± .70 RU-1 .44 .64 ± .37 
FE-1 RU-2 .13 .54 ± .46 
FE-2 -1.16 a RU-3 -.16 - . 62 ± .39 
FE-3 - .29 a RU-4 -.16 - . 59 ± .35 
FE-4 - .41 -2. 53 ± b RU-5 -.15 a 

BK-1 .52 1.95 ± b US-1 .07 .54 ± .28 ... 
BK-2 - .22 -1.48 ± b US-2 .00* -1. 37 ± b 
BK-3 - .31 - .89 ± .09 US-3 -.14 .55 ± .51 
BK-4 - .22 .24 ± .35 us-4 -.10 - .14 ± .51 
RP-1 .56 1.17 ± b US-5 -.06 a 
RP-2 .23 .57 ± .27 TT-1 .09 .63 ± .26 
RP-3 - .01 .13 ± .45 TT-2 .01* - .20 ± .45 
RP-4 - .23 - .67 ± .24 TT-3 .04* .32 ± .:· .'55 
RP-5 - .23 - .46 ± . 21 TT-4 -.07 . - . ; 46 ·::!: .26 
HL-1 .49 . 03 ± .87 TT-5 -.11 .12· ±~ .41 
HL-2 .26 .57 ± .46 MC-0 .25 .39 ± .42 
HL-3 - .16 - . 58 ± .29 MC-1 -.18 - .39 :!; .60 
HL-4 - .24 - . 36 ± .39 MC-2 -.17 . 92 :t .09 
HL-5 .00* 1.15 ± b MC-3 .00* .4 7 ± .91 
FT-1 .34 a MC-4 -.01* a 

FT-2 .11 .80 ± .22 MC-5 -.31 -1.43 ± b 

* Not significantly different from zero (P >.01). 

aNot computed due to zero heritability. 
0Not computed for Ir I > 1. g -
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Table 10. Phenotypic and genetic correlations between FE-2 
and all other descriEtive type subtraits. 

Subtrait r r ± SE Sub trait r r ± SE -· .. p g p g 

ST-1 - .16 a FT-3 -.01* a 
ST-2 .24 a FT-4 -.06 a 
ST-3. - .17 a FU-1 -.11 a 
HD-1 - .18 a FU-2 .05 a 
HD-2 .05 a FU-3 -.04 a 
HD-3 .04 a FU-4 .01* a 

HD-4 .06 a FU-5 -.09 a 
HD-5 - .40 a RU-1 -.11 a 
FE-1 -1.16 a RU-2 .06 a 
FE-2 RU-3 .01* a 
FE-3 - .85 a RU-4 -.07 a 
FE-4 -1.19 a RU-5 -.03* a 
BK-1 - .07 a US-1 .04 a 
BK-2 .06 a US-2 -.04 a 
BK-3 - .02* a US-3 .01* a 
BK-4 .02* a US-4 -.02* a 
RP-1 - .16 a US-5 -.02* a 
RP-2 .06 a TT-i .01* a 
RP-3 .05 a TT-2 -.01* a 
RP-4 . 04 a TT-3 .02* a·~-

RP-5 .03 a TT-4 .01* - -· .. · ·a. 
HL-1 .15 a TT-5 -.02* a·-
HL-2 .04 a MC-0 .13 q: 

HL-3 .07 a MC-1 -.18 a 
HL-4 - .20 a MC-2 -.00* .a 
HL-5 - .01* a MC-3 -.01* a 
FT-1 - .08 a MC-4 .01* a 
FT-2 .07 a MC-5 -.29 a 

* Not significantly different from zero (P > .01). 
~fot computed due to zero heritability. 
bNot computed for Ir I >l. g -
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Table 11. Phenotypic and genetic correlations between FE-3 
and all other descriEtive type subtraits. 

Sub trait r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.06 a FT-3 .08* a 
ST-2 -.02* a FT-4 -.04 a 
ST-3 .12 a FU-1 -.04* a 
lID-1 -.11 a FU-2 -.07 a 
lID-2 -.21 a FU-3 .13 a 
lID-3 .17 a FU-4 .01* a 
lID-4 .19 a FU-5 .02* a 
lID-5 -.17 a RU-1 -.08 a 
FE-1 -.29 a RU-2 -.09 a 
FE-2 -.85 a RU-3 .13 a 
FE-3 RU-4 -.00* a 
FE-4 -.30 a RU-5 -.02* a 
BK-1 -.03 a US-1 -.20 a 
BK-2 -.09 a US-2 .22 a 

BK-3 .11 a US-3 .06* a 
BK-4 .11 a US-4 .05 a 
RP-1 -.04* a US-5 .10 a 
RP-2 -.01* a TT-1 -.08* a 
RP-3 .15 a TT-2 -.04 a 
RP-4 -.11 TT-3 -.03 a.:.· ) . a 
RP-5 .05 a TT-4 . as· ·a. 
HL-1 -.05* a TT-5 .14 a-

HL-2 .00* a MC-0 .02* a 
HL-3 .01 a MC-1 .28 a 

HL-4 -.20 a MC-2 -.05 a 
HL-5 .23 a MC-3 .04* a 

FT-1 .05 a MC-4 -.00* a 
FT-2 .00 a MC-5 -.07 a 

* Not significantly different from zero (P >. 01). 
a Not computed due to zero heritability. 
bNot computed for Ir l >l. g -
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Table 12. Phenotypic and genetic correlations between FE-4 
and all other descriptive type subtraits. 

Subtrait r r ± SE Subtrait r r ± SE 
g p g p 

* 

ST-1 
ST-2 
ST-3 
HD-1 

HD-2· 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
R.P-1· 

RP-2 

RP-3 
RP-4 

RP-5 

HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

- .36 
- .02 

.55 

- .23 

- . 31 

• 09 
.02 
• 93 

- .41 
-1.19 
- .30 

- .45 
.15 

.29 

.14 
- .26 

- .31 

- .11 

.32 

• 24 
- .22 
- .31 

.04 

.61 
- .08 
- . 21 
- .21 

- .52 ± .08 

.13 ± .28 

.42 ± .10 

a 

a 
.15 ± .15 

.17 ± • 24 

.40 ± .33 

-2.53 ± b 

a 

a 

- • 91 ± .03 

. 70 ± .13 

.17 ± .19 
- . 01 ± .-17 
- • 35 ± • 21 
- . 22 ± .18 

- .07 ± • 21 

• 30 ± .19 
.13 ± .13 

- . 24 ± • 39 

-1.18 ± b 

.60 ± .13 

.48 ± .16 
- .36 ± .22 

a 

- .01 ± .28 

FT-3 
FT-4 
FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 
RU-3 
RU-4 
RU-5 
US-1 

US-2 
US-3 
US-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 

~ot computed due to zero repeatability. 

bNot computed for lrgl ::_ 1. 

.01* 

.28 
a 

.23 ± .24 

-.22 - .08 ± .27 

- . 11 - .19 ± • 30 

.06 .24 ± .57 

.14 .29 ± .19 

. 26 - . 76 ± .19 

-.22 - .18 ± .28 

- .18 . 0 5 ± • 30 

.09 

.26 

.18 

- . 29 ± • 2 7 

.29 ± .23 

a 
-.05 - .52 ± .14 
-.03 

.11 

. 85 ± .11 

.11 ± • 34 

.11 . 37 ± • 21 

.06 a 

-.07 - .24 ± .19 

.01* .37 ± .19 
- . 05* -. - .12 ± .:~ 2'8 

.04 .• ·;10 ~ .. 16 

.08 - .12· ±~ .19 

-.45 - .30 ±· .21 
.36 .54 ~ .24 
.19 .14 ~ .28 

-.01* - .33 ± .49 

-.00* 

.76 
a 

.16 ± .21 
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Table 13. Phenotypic and genetic correlations between BK-1 
and all other descriEtive tyEe subtraits. 

Subtrait r r ± SE Sub trait r r ± SE .. 
p g p g 

ST-1 .41 .40 ± • 87 FT-3 -.04 a 

ST-2 -.17 - .20 ± .2S FT-4 -.16 -.41 ± .19 

ST-3 -.33 - .44 ± .90 FU-1 .34 .20 ± .24 

HD-1 • 3S a FU-2 .10 -.32 ± .2S 

HD-2 .26 a FU-3 -.10 .22 ± .S3 

HD-3 -.12 - .11 ± .14 FU-4 -.16 .11 ± .19 

HD-4 -.lS - .OS ± .22 FU-5 -.11 -.09 ± .41 

HD-5 -.28 - .OS ± .36 RU-1 .29 .13 ± .26 

FE-1 .S2 1. 9S ± b RU-2 .13 .06 ± .27 

FE-2 -.07 a RU-3 -.10 .10 ± .27 

FE-3 -.03 a RU-4 -.19 -.17 ± .22 

FE-4 -.4S - .91 ± .03 RU-S . -.10 a 

BK-1 US-1 .08 .13 ± .17 

BK-2 -.96 - .40 ± .20 US-2 -.03 .04 ± .36 

BK-3 - .49 - .40 ± .lS US-3 -.14 .10 ± .31 

BK-4 -.Sl - .29 ± .14 US-4 -.09 -.21 ± .22 

RP-1 .69 .71 ± .11 US-5 -.03* a 

RP-2 .41 . 71 ± .08 TT-1 .17 .44 ± .lS 

RP-3 -.29 - .21 ± .19 TT-2 -.06 -.18 ± .19 

RP-4 -.28 - .42 ± .16 TT-3 -.01*- • 24 ± -~~ 2'5 

RP-5 -.28 - .48 ± ·.09 TT-4 -.09 .. -.:.;·;24 ·± .. 13 

HL-1 .33 - .05 ± .37 TT-5 -.06 .2s· ±~ .17 

HL-2 .26 .46 ± .23 MC-0 . 20 .04 ± .21 

HL-3 -.18 .14 ± .18 MC-1 -.19 -.17 ± .29 

HL-4 -.22 - .28 ± .18 MC-2 -.08 .36 ± .23 

HL-S .OS .03 ± .23 MC-3 -.03 -.07 ± .so . 
FT-1 • 22 a MC-4 -.01* a 

FT-2 .10 .35 ± .23 MC-S -.31 -.46 ± .16 

* Not significantly different from zero (P >.01). 
a computed due heritability. Not to zero 
bNot computed for Ir I > 1. g -
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Table 14· Phenotypic and genetic correlations between BK-2 
and all other descriEtive ty:ee subtraits. 

Sub trait r r ± SE Sub trait r r ± SE -p g p g 

ST-1 -.11 - . 28 ± .12 FT-3 -.00* a 
ST-2 .08 .26 ± .30 FT-4 .10 -.18 ± .28 

ST-3 .02 .23 ± .13 FU-1 -.15 .03 ± .31 

HD-1 -.14 a FU-2 -.02 .40 ± .30 

HD-2 -.07 a FU-3 .06 -.49 ± .53 

HD-3 -.02* .16 ± .17 FU-4 .04 -.22 ± .22 

HD-4 .06 - .41 ± .23 FU-5 .00* .33 ± .46 

HD-5 .14 .09 ± .45 RU-1 -.13 .06 ± .33 

FE-1 -.22 -1.48 ± b RU-2 '-.03 -.09 ± .34 

FE-2 .06 a RU-3 .03 .37 ± .30 

FE-3 -.09 a RU-4 .08 .14 ± .28 

FE-4 .15 .70 ± .13 RU-5 .00* a 
BK-1 -.96 - .40 ± .20 US-1 -.02 -.30 ± .19 

BK-2 US-2 -.00* .80 ± .16 

BK-3 -. 71 - .19 ± .22 US-3 .03* -.41 ± .32 

BK-4 -.75 - .40 ± .17 US-4 .03 .06 ± .28 

RP-1 -.31 - .43 ± .23 US-5 -.01* a 

RP-2 -.08 - • 26 ± .20 TT-1 -.09 -.18 ± .23 

RP-3 -.12 - .44 ± .19 TT-2 .08 .11 ± .24 

RP-4 .21 .46 ± .18 TT-3 -.05 -.07 ± ·.~.32 

RP-5 .04 .33 ± .13 TT-4 .oo* -· ·" .22 '±· .17 

HL-1 -.16 - .94 ± .06 TT-5 -.02* -.19 ±~ .21 

HL-2 -.12 - .29 ± .33 MC-0 -.07 -.01 ± .27 

HL-3 .05 - .04 ± .23 MC-1 -.05 -.22 ± .36 

HL-4 .15 .78 ± .09 MC-2 .06 -.04 ·± .33 

HL-5 -.02* - .26 ± .27 MC-3 .05 -. 63 ± .38 

FT-1 -.12 a MC-4 .01* a 
FT-2 -.07 - .29 ± .30 MC-5 .04 .40 ± .21 

* Not significantly different from zero (P >.01). 

~ot computed due to zero heritability. 
bNot computed for Ir I > 1. g -
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Table 15· Phenotypic and genetic correlations between BK-3 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 

ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 

FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 
RP-2 
RP-3 
RP-4 

RP-S 
HL-1 
HL-2 
HL-3 
HL-4 

HL-S 

FT-1 
FT-2 

r p 

-.34 
.OS 
.42 

-.lS 

-.13 
.22 

-.00* 
.12 

-.31 
-.02* 

.11 

.29 

-.49 

-. 71 

-.38 
-.24 
-.2S 

.OS 

.10 

.31 
-.10 
-.03 

.00* 

.06 

.01* 

-.OS 
.01* 

r ± SE g 

-.32 ± .09 
.lS ± .24 
.37 ± . 94 

a 

a 

.08 ± .13 

.19 ± • 21 

-.03 ± .35 
-.89 ± .86 

a 

a 

.17 ± .19 

-.40 ± .15 
-.19 ± .22 

-.23 ± .14 
-.23 ± .20 
-.39 ± .14 
-.05 ± .19 

.15 ± .18 

.3S ± .10 

.29 ± .33 
-.30 ± .25 

.11 ± .18 
-.14 ± .18 

.68 ± .12 

a 

.02 ± .25 

Sub trait 

FT-3 
FT-4 
FU-1 
FU-2 

FU-3 
FU-4 
FU-S 
RU-1 

RU-2 

RU-3 

RU-4 

RU-S 

US-1 

US-2 
US-3 

US-4 
US-5 
TT-1 
TT-2 

TT-3 
TT-4 
TT-S 
MC-0 
MC-1 
MC-2 

MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 

aNot computed due to zero heritability. 

bNot computed for lrgl .:::_l. 

r p 

.03 
-.01* 

r ± SE . g 

a 

.09 ± .22 

-.ls - .19 ± .23 
-.06 

.01* 

.00 ± .27 

.70 ± .27 
.10 - .09 ± .18 
.10 .32 ± .36 

-.10 - .3S ± .23 
-.06 .15 ± .26 

.02 .09 ± .26 

.11 - .08 ± .22 

.04* a 

-.05 .13 ± .16 

.02* 

.12 

.04 

.01* 
-.09 
-.01* 

.12 

.08 

.06 
-.12 

.22 
-.02* 
-.06 

-.01* 
.36 

.70 ± .18 

.19 ± .29 

.18 ± • 21 

a 

- .17 ± .18 
.16 ± .19 

.19 ± .:. 24 
:18 ± .. 13 
.lZ ±~ .17 

- .11 ± .20 
.51 ± .22 
.51 .± .19 

1.30 ± b 

a 
.09 ± .19 



146 

Table 16. Phenotypic and genetic correlations between BK-4 
and all other descriptive t}-rpe subtraits. 

Sub trait r r ± SE Sub trait r r ± SE -· p g p g 

ST-1 -.11 .13 ± .09 FT-3 -.02* a 
ST-2 .OS -.19 ± .21 FT-4 .06 .03 ± .19 
ST-3 .07 -.07 ± .09 FU-1 -.09 -.09 ± .21 

HD-1 -.12 a FU-2 -.06 -.06 ± .24 

HD-2 -.13 a FU-3 .03 -.41 ± .39 

HD-3 .01* -.10 ± .12 FU-4 .08 .21 ± .lS 

HD-4 .12 .22 ± .18 FU-S .07 .09 ± .3S 

HD-S .07 -.02 ± .30 RU-1 -.11 .06 ± .22 
·FE-1 -.22 .24 ± .35 RU-2 -.08 .OS ± .23 
FE-2 .02* a RU-3 .08 -.Sl ± .17 

FE-3 .11 a RU-4 .06 .28 ± .18 

FE-4 .14 -.01 ± .17 RU-S .11 a 
BK-1 -.Sl -.29 ± .14 US-1 -.OS .10 ± .14 

BK-2 -.7S -.40 ± .17 US-2 .03 -.19 ± .30 

BK-3 -.38 -.23 ± .14 US-3 .06 .lS ± .26 

BK-4 us-4 .04 -.13 ± .19 

RP-1 -.2S -.21 ± .18 US-5 .OS a 

RP-2 -.2S -.10 ± .14 TT-1 -.02 -.04 ± .16 

RP-3 .59 .79 ± . 06 TT-2 -.OS .02 ± .17 

RP-4 -.OS -.13 ± .16 TT-3 -.01*- -.33 ± -~. 20 
RP-S .06 -.01 ± .10 TT-4 .05 ~ lS ± - .12 

HL-1 -.10 .9S ± .03 TT-S .07 -.21 ±~ .14 

HL-2 -.ls .07 ± .24 MC-0 -.06 .07 ± .18 

HL-3 .16 .09 ± .16 MC-1 .16 .07 :§ .2S 

HL-4 .00* -.24 ± .lS MC-2 .03 .07 ± .22 

HL-S -.OS -.12 ± .19 MC-3 .00* -.41 ± .3S 

FT-1 -.07 a MC-4 -.01* a 

FT-2 -.04 -.07 ± .22 MC-S .06 -.04 ± .17 

* Not significantly different from zero (P >. 01) . 
~ot computed due to zero heritability. 
bNot computed for Ir I > 1. g 
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Table 17. Phenotypic and genetic correlations between RP-1 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 

ST-3 
HD-1 

HD-2 
HD-3 

HD-4 
HD-5 
FE-1 

FE-2 
FE-3 
FE-4 
BK-1 
BK-2 

BK-3 
BK-4 
RP-1 

RP-2 

RP-3 
RP-4 

RP-5 
HL-1 

HL-2 

HL-3 
HL-4 
HL-5 

FT-1 

FT-2 

r 
p 

_3q 

-.20 

-.22 
. 64 
.18 

-.14 
-.12 
-.18 

.56 

-.16 

-.04* 
-.26 

.69 
-.31 

-.24 

-.25 

-.49 
-.28 
-. 37 
-.30 

.61 

.29 

-.20 
-.18 
-.07 

.22 

.11 

r ± SE g 

.31 ± .11 

.44 ± .25 

- .16 ± .13 
a 

a 
- .10 ± .16 
- .46 ± .21 

.55 ± .30 

1.17 ± b 

a 

a 

- .35 ± .22 
.71 ± .11 

- .43 ± .23 
- .23 ± .20 

- .21 ± .18 

.76 ± .09 
- .23 ± .22 
- .62 ± .14 
- .40 ± .12 

.31 ± .40 

.87 ± .08 

.35 ± .19 
- .21 ± .22 
- .20 ± .27 

a 

.79 ± .12 

Sub trait 

FT--3 
FT-4 
FU-1 
FU-2 
FU-3 

FU-4 
FU-5 
RU-1 
RU-2 
RU-3 
RU-4 
RU-5 
US-1 
US-2 

US-3 

US-4 
US-5 

TT-1 
TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 

MC-4 
MC-5 

Not significantly different from zero (P >.01). 

aNot computed due to zero heritability. 
b Not computed for Jrgl ~ 1. 

r 
p 

-.03 
-.16 

.50 

.07 
-.08 
-.20 
-.09 

.62 

.11 

-.18 
-.19 
-.14 

.08 
-.04 

-.10 

-.09 

-.04* 

.19 
-.05 

. - . 06* 
-.11 
-.09 

.14 

-.05* 
-.04 
-.07 

-.03* 
-.20 

r ± SE g 

a 
- . 70 ± .14 

. 04 ± • 29 

.43 ± .27 

.96 ± .05 
- . 64 ± .13 
-.06 ± .49 

. 23 ± • 30 

.36 ± .29 

-.40 ± .28 
-.20 ± .27 

a 
.19 ± .20 

-.30 ± .40 
.12 ± .37 

-.28 ± .25 
a 

.25 ± .21 
-.05 ± .24 

.16 ± -· 30 
,..,. .21 _± -.16 

. 06. ±: • 21 
- . 27 ±; . 24 

.48 f .28 

. 72 ± .15 
-.36 ± .52 

a 
-.26 ± .22 
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Table 18. Phenotypic and genetic correlations between RP-2 
and all other descriEtive type subtraits. 

Sub trait r r ± SE Subtrait r r ± SE p g p g 

ST-1 .19 .27 ± .09 FT-3 -.03 a 
ST-2 -.04 -.30 ±. 21 FT-4 -.11 . 22 ± .20 
ST-3 -.21 -.20 ±.10 FU-1 .18 .09 ± .22 
HD-1 .14 a FU-2 .13 .09 ± .29 
HD-2 .17 a FU-3 -.06 -.19 ± .48 
HD-3 -.10 .02 ±.13 FU-4 -.16 -.07 ± .17 
HD-4 -.07 -.40 ± .17 FU-5 -.15 .00 ± .37 
HD-5 -.23 .18 ± .31 RU-1 .16 .21 ± .23 
FE-1 .. 23 .57 ± . 27 RU-2 .17 . 52 ± .18 
FE-2 .06 a RU-3 -.09 -.44 ± .20 
FE-3 -.01* a RU-4 -.23 -.61 ± .13 
FE-4 -.31 -.22 ± .18 RU-5 -.13 a 
BK-1 .41 . 71 ± .08 US-1 .09 .01 ± .15 
BK-2 -.08 -.26 ±.20 US-2 -.05 .14 ± .32 
BK-3 -.25 -.39 ± .14 US-3 -.12 -.02 ± .28 
BK-4 -.25 -.10 ±.14 us-4 -.09 .00 ± .20 
RP-1 -.49 .76 ± .09 US-5 -.04 a 
RP-2 TT-1 .14 -.17 ± .16 
RP-3 -.64 .08 ± .17 TT-2 -.03 .20 ± .17 
RP-4 -.86 -.89 ± .34 TT-3 -.02* • 36 ± .. • 41 

.. 
RP-5 -.70 -.55 ± .. 07 TT-4 - . 09. "'.'.'.13 .=t - .13 
HL-1 .20 .53 ± .24 TT-5 -.06 -.17_± .. 16 
HL-2 .19 .19 ± .25 MC-0 .12 -.18 ±: .19 
HL-3 -.10 -.33 ± .15 MC-1 -.04* -.17 ±- .27 

~ 

HL-4 -.17 .18 ±.17 MC-2 -.03 .39 ± .20 
HL-5 -.03 . 04 ±. 21 MC-3 -.03 . 75 ± .20 
FT-1 .16 a MC-4 -.01* a 
FT-2 .07 -.24 ±. 22 MC-5 -.23 -. 09 ± .18 

* Not significantly different from zero (P > • 01) . 
~ot computed due to zero heritability. 
bNot computed for Ir I > 1. g -
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Table 19. Pheno typ ic and genetic correlations between RP-3 
and all other descriEtive type sub traits. 

Sub trait r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.02* .21 ± .10 FT-3 -.01* a 
ST-2 .01* -.17 ± .26 FT-4 -.05 - .08 ± .24 

ST-3 .02* -.13 ± .11 FU-1 -.02* .20 ± .25 

HD-1 -.02* a FU-2 -.01* .08 ± .29 

HD-2 -.01* a FU-3 .08 -1. 01 ± b 

HD-3 .04 .17 ± .14 FU-4 -.03 .05 ± .20 

HD-4 .02* -.04 ± .23 FU-5 .00* - .07 ± .43 

HD-5 -.09 -.28 ± .35 RU-1 .02* .50 ± .21 

FE-1 -.01* .13 ± .45 RU-2 .02* - .05 ± .29 

FE-2 .05 a RU-3 -.03 - .29 ± .26 

FE-3 .15 a RU-4 -.01* .08 ± .24 

FE-4 -.11 -.07 ± .21 RU-5 .04* a 
BK-1 -.29 -.21 ± .19 US-1 -.02* .43 ± .15 
BK-2 -.12 -.44 ± .19 US-2 .02* - .65 ± .22 
BK-3 .05 -.OS ± .19 US-3 .07 - .48 ± .25 

BK-4 .59 .79 ± .06 US-4 -.01* - .27 ± .22 

RP-1 -.28 - .23 '± .22 US-5 -.02 a 
RP-2 -.64 .08 ± .17 TT-1 -.06 .08 ± .19 

RP-3 TT-2 .04 .20 ± .20 

RP-4 -.49 .16 ± .19 TT-3 .02* - .43 ± _.22 
· .. 

RP-5 -.40 -. 75 ± .05 TT-4 .01* • 04 .± - .15 

HL-1 -.05* -.16 ± .38 TT-5 .03* - .49. ±~ .14 
HL-2 .04 .62 ± .19 MC-0 .01* .54 ±: .16 

HL-3 .04 -.01 ± .19 MC-1 .10 .05 £ .31 

HL-4 -.11 -.28 ± .18 MC-2 .01* - .13 ± .27 

HL-5 -.05 -.35 ± .21 MC-3 -.02* -1.14 ± b 

FT-1 .03* a MC-4 -.01* a 
FT-2 .04 .27 ± .25 MC-5 -.04 - .15 ± .20 

* Not significantly different from zero (P >.01) •. 

~ot computed due to zero heritability. 
b computed for Jr [ > 1. Not g -
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Table 20. Phenotypic and genetic correlations between RP-4 
and all other descriEtive tyEe subtraits. 

Sub trait r r ± SE Subtrait r r ± SE 
p g p g 

ST-1 -.24 -.53 ± .07 FT-3 .00* a 

ST-2 .06 .63 ± .16 FT-4 .11 -.20 ± .22 

ST-3 .25 .37 ± .10 FU-1 -.17 -.29 ± .23 

HD-1 -.20 a FU-2 -.04 .24 ± .27 

HD-2 -.14 a FU-3 .02* .23 ± .53 
HD-3 .12 .06 ± .14 FU-4 .08 -.21 ± .18 

HD-4 .02 .07 ± . 22 FU-5 .01* -.42 ± .35 
HD-5 .26 -.43 ± .30 RU-1 -.20 -.69 ± .14 
FE-1 -.23 -.67 ± .24 RU-2 -.10 -.23 ± .26 
FE-2 -.04 a RU-3 .03 .29 ± .25 
FE-3 -.11 a RU-4 .24 .46 ± .18 
FE-4 .32 .30 ± .19 RU-5 -.01* a 

BK-1 -.28 -.42 ± .16 US-1 • 02· -.19 ± .17 ... 
BK-2 .21 .46 ± .18 US-2 -.01* .41 ± .31 
BK-3 .10 .15 ± .18 US-3 .02* .04 ± .31 
BK-4 -.05 -.13 ± .16 US-4 -.03 .06 ± .23 
RP-1 -.37 -. 62 ± .14 us-5 -.02* a 

RP-2 -.86 -.89 ± .03 TT-1 -.09 .19 ± .18 
RP-3 -.49 .16 ± .19 TT-2 . 04 .08 ± .20 
RP-4 TT-3 .07 -. 23 ± .:. 25 

-
RP-5 · -. 53 . .14 ± .12 TT-4 .03 ~~07.:r·.14 

HL-1 -.22 -.32 ± .34 TT-5 .02* '. ll· ±~ .18 

HL-2 -.15 -.45 ± .23 MC-0 -.11 .oo ±: .22 

HL-3 .02 .09 ± .19 MC-1 -.03* .30 t .28 

HL-4 .30 .16 ± .19 MC-2 -.01* -.32 :±: .24 

HL-5 -.02* .23 ± .22 MC-3 .00* -.22 ± .48 

FT-1 -.17 a MC-4 -.00* a 

FT-2 -.06 .21 ± .25 MC-5 .28 .46 ± .16 

* Not significantly different from zero (P >.01). 

~fot computed due to zero heritability. 
b computed for Ir I 1. Not > 

g -
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Table 21. Phenotypic and genetic correlations between RP-5 
and all other descriEtive tyEe subtraits. 

Sub trait r r ± SE Subtrait r r ± SE p g p g 

ST-1 -.10 -.06 ± .06 FT-3 .07 a . 
ST-2 .05 .03 ± .16 FT-4 .12 .06 ± .14 
ST-3 .07 .06 ± .07 FU-1 -.21 -.12 ± .15 
HD-1 -.15 a FU-2 -.17 -.47 ± .14 
HD-2 -.14 a FU-3 .05 .32 ± .31 
HD-3 .02* -.14 ± .08 FU-4 .23 .34 ± .10 
HD-4 .15 .41 ± .12 FU-5 .25 .45 ± .20 
HD-5 .16 .12 ± .22 RU-1 -.21 -.30 ± .15 

; 

FE-1 -.23 -.46 ± .21 RU-2 -.19 -.58 ± .11 
FE-2 -.03 a RU-3 .18 .55 ± .12 
FE-3 .05 a RU-4 .12 .22 ± .14 
FE-4 .24 .13 ± .13 RU-5 .24 a 
BK-1 -.28 -.48 ± .09 US-1 .19 -.14 ± .10 
BK-2 .04 .33 ± .13 US-2 .08 -.00 ± .22 
BK-3 .31 .35 ± .10 US-3 .15 .21 ± .19 
BK-4 .06 -.01 ± .10 US-4 .22 .20 ± .14 
RP-1 -.30 -.40 ± .12 US-5 .11 a 
RP-2 -.70 -.55 ± .07 TT-1 -.11 -.04 ± .12 
RP-3 -.40 -. 75 ± .05 TT-2 -.03 -.38 ± .11 
RP-4 -.53 .14 ± .12 TT-3 . -.07 .12 ± .. -·.16 

-
RP-5 TT-4 .13 · ~·38 £ . . 08 
HL-1 -.18 -.34 ± .21 TT-5 .06 ...:. 02 ± ~ .11 
HL-2 -.24 -.49 ± .14 MC-0 -.10 -. 02 ±' .13 

. 
HL-3 .17 .35 ± .10 MC-1 .05* -. 22 :!;: .18 
HL-4 .03 .02 ± .12 MC-2 .04 -.16 ~ .16 
HL-5 .14 -.01 ± .15 MC-3 .08 .42 ± .26 
FT-1 -.14 a MC-4 .03 a 
FT-2 -.11 -.24 ± .15 MC-5 .10 .15 ± .12 

* Not significantly different from zero (P > • 01). 
a Not computed due to zero heritability. 
b for Ir I 1. Not computed > g -
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Table 22. Phenotypic and genetic correlations between HL-1 
and all other descriptive t:zEe subtraits. 

Sub trait r r ± SE Sub trait r r ± SE p g p g 

ST-1 .35 .46 ± .16 FT-3 -.16 a 
ST-2 - .19 - .87 ± .13 FT-4 -.27 - .32 ± .41 
ST-3 - .21 - .21 ± .22 FU-1 .45 .58 ± .33 
HD-1 .85 a FU-2 .06 .54 ± .40 
HD-2 .17 a FU-3 -.12 .18 ± 1.08 
HD-3 - .11 - .44 ± .23 FU-4 -.15 - • 79 ± .15 
HD-4 - .15 .12 ± .44 FU-5 -.11* • 93 ± .11 
HD-5 - .13 -1.08 ± b RU-1 .65 1.68 ± b 
FE-1 .49 .03 ± .87 RU-2 .08 .22 ± .52 
FE-2 - .15 a RU-3 -.17 -1.08 ± b 
FE-3 - .05* a RU-4 -.16 - .05 ± .4 7 
FE-4 - .22 - . 24 ± .39 RU-5 -.12 a 
BK-1 .33 - .05 ± .37 US-1 .10 - .12 ± .34 ... 
BK-2 - .16 - • 94 ± .06 US-2 -.06 .68 ± .40 
BK-3 - .10 .29 ± .32 US-3 -.11 - .10 ± .62 
BK-4 - .10 .95 ± .03 US-4 -.09 - .29 ± .41 
RP-1 .61 .31 ± .40 us-5 -.05* a 
RP-2 .20 .53 ± .24 TT-1 .16 - .01 ± .38 
RP-3 - .05* .16 ± .38 TT-2 -.04* .35 .± .35 
RP-4 .22 .32 ± .34 TT-3 -.11*. -· .13 ± ·-~· : 52 
RP-5 - .18 - .34 ± .21 TT-4 -.07 . . ··...:. :·38 ·±. .25 
HL-1 TT-5 -.09 .20 ±: .34 
HL-2 - .36 - .05 ± .58 MC-0 .19 - .31 ±: .39 
HL-3 - .42 - .26 ± .35 MC-1 -.06* - .10 :!: .60 
HL-4 - .22 - .18 ± .37 MC-2 -.08 • 72 ± .25 
HL-5 - .20 .67 ± .26 MC-3 -·.16 - .29 ± .92 
FT-1 1.20 a MC-4 -.03* a 
FT-2 .05 .52 ± .38 MC-5 -.18 - .13 ± .39 

* Not significantly different from zero (P >. 01). 
a computed due to heritability. Not zero 
bNot computed for Ir l > 1. g -
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Table 23. Phenotypic and genetic correlations between HL-2 
and all other descriEtive tzEe subtraits. 

Sub trait r r ± SE Sub trait r r ± SE -- .-

p g p g 

ST-1 .20 .43 ± .13 FT-3 -.19 a 

ST-2 - .05 - . 97 ± .02 FT-4 -.40 - . 76 ± .15 

. ST-3 - .20 - .13 '± .17 FU-1 .19 .49 ± .29 

HD-1 .17 a FU-2 .11 .11 ± .43 

HD-2 .20 a FU-3 -.07 -1. 26 ± b 

HD-3 - .03 .05 ± .22 FU-4 -.15 .02 ± .29 

HD-4 - .14 .12 ± .34 FU-5 -.11 - . 07 ± .64 

HD-5 - .24 -1. 33 ± b RU-1 .27 . 70 ± .21 

FE-1 .26 . 57 ± .46 RU-2 .20 .17 ± .41 

FE-2 .04 a RU-3 -.19 - . 47 ± .33 

FE-3 .00* a RU-4 -.18 - . 06 ± .36 

FE-4 - .31 -1.18 ± b RU-5 -.16 a 

BK-1 .26 .46 ± .23 US-1 .08 . 76 ± .11 

BK-2 - .12 - . 29 ± .33 US-2 -.02* -1.07 ± b 

BK-3 - .03 - .30 ± .25 US-3 -.08 - .04 ± .48 

BK-4 - .15 .07 ± .24 US-4 -.12 - .47 ± .27 

RP-1 .29 .87 ± .08 US-5 -.04 a 

RP-2 .19 .19 ± . 25 TT-1 .13 - . 38 ± .25 

RP-3 . 04 . 62 ± .19 TT-2 -.01* . 71 ± .15 

RP-4 .15 .45 ± . 23 TT-3 - . 02* - .21±.:·,39 

RP-5 . 24 .49 ± .14 TT-4 -.08 " .. -· .. • .11 ·±. .22 

HL-1 - .36 .05 ± .58 TT-5 -.10 - .04 ±~ .28 

HL-2 MC-0 .24 .10 ±' .33 

HL-3 -1.07 - . 80 ± .10 MC-1 -.06 . 22 ::!: .45 

HL-4 - .57 - .48 ± .23 MC-2 -.07 .19 '.± .39 

HL-5 - .51 1.08 ± b MC-3 -.26 - .54 ± .55 

FT-1 .38 a MC-4 -.05 a 

FT-2 .34 .65 ± .23 MC-5 -.21 - . 39 ± .26 

* Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
b computed for Ir I Not '.::.. l. g 
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Table 24. Phenotypic and genetic correlations between HL-3 
and all other descriutive t:zEe subtraits. 

Sub trait r r ± SE Subtrait r r ± SE -- .. 
p g p g 

ST-1 - .13 - .40 ± .09 FT-3 .17 a 

ST-2 .06 .49 ± .19 FT-4 .25 .61 ± .14 

ST-3 .09 .19 ± .11 FU-1 -.16 -.48 ± .19 

HD-1 - .12 a FU-2 -.09 -.38 ± .24 

HD-2 - .11 a FU-3 .09 .90 ± .10 

HD-3 - .01* .15 ± .14 FU-4 .11 .28 ± .17 

HD-4 .14 .12 ± .22 FU-5 .07 -.04 ± .41 

HD-5 - . 02 1.08 ± b RU-1 -.23 -.82 ± .08 

FE-1 - .16 - .58 ± .29 RU-2 -.15 -.39 ± .23 

FE-2 .07 a RU-3 .18 .88 ± .06 

FE-3 .01* a RU-4 .09 .02 ± .23 

FE-4 . 04 .60 ± .13 RU-5 .13 a 
BK-1 - .18 - .14 ± .18 US-1 -.06 -;-.53 ± .12 

BK-2 .05 - .04 ± .23 US-2 .01* . 57 ± .24 

BK-3 .00* .11 ± .18 US-3 .06 -.31 ± .28 

BK-4 .16 .09 ± .16 US-4 .10 .45 ± .18 

RP-1 .20 - .35 ± .19 US-5 .04 a 

RP-2 - .10 - .33 ± .15 TT-1 -.09 -.10 ± .18 

RP-3 .04 - .01 ± .19 TT-2 -.01* -.25 ± .18 

RP-4 .02 .10 ± .19 TT-3 .03* .10 ± .>26 

RP-5 .17 .35 ± .10 TT-4 .08 ... -· .•" :·25 ·£ .• 13 

HL-1 - .42 - .26 ± .35 TT-5 .06 .07±~.18 

HL-2 -1.07 - .80 ± .10 MC-0 -.10 -.34 ±· .19 
-

HL-3 MC-1 .OS .09 ± .30 

HL-4 - .66 - .08 ± .19 MC-2 .02 -.11 ± .26 

HL-5 - .60 - .93 ± .33 MC-3 .17 .66 ± .28 

FT-1 - .29 a MC-4 .02 a 

FT-2 - .22 - .69 ± .13 MC-5 .03 .38 ± .17 

* Not significantly different from zero (P >.01). 
aNot computed due to zero heritability. 
bNot computed for Ir I > 1. g 



155 

Table 25. Phenotypic and genetic correlations between HL-4 
and all other descriEtive ti:ee subtraits. 

Sub trait r r ± SE Subtrait r r ± SE p g p g 

ST-1 -.22 -.08 ± .11 FT-3 .00* a 
ST-2 .01* .35 ± .23 FT-4 .28 .32 ± .21 

ST-3 .31 .00 ± .12 FU-1 -.10 -.24 ± .24 

HD-1 -.16 a FU-2 -.04 .19 ± .28 

HD-2 -.17 a FU-3 -.01* .45 ± .45 

HD-3 .11 .02 ± .14 FU-4 .08 -.16 ± .19 

HD-4 -.04 -.19 ± .22 FU-5 .09 .61 ± .27 

HD-5 .62 .07 ± .37 RU-1 -.12 -.06 ± .27 

FE-1 -.24 -.36 ± .39 RU-2 -.05 .31 ± .26 

FE-2 -.20 a RU-3 .01* -.26 ± .26 

FE-3 -.20 a RU-4 .13 .04 ± .24 

FE-4 .61 .48 ± .16 RU-5 .06 a 
BK-1 -.22 -.28 ± .18 US-1 .00* -.19 ± .17 

BK-2 .15 .78 ± .09 US-2 -.01* .06 ± .37 

BK-3 .06 -.14 ± .18 US-3 .02* .74 ± .15 

BK-4 .00* -.24 ± .15 US-4 .01* .17 ± .22 
• RP-1 -.18 -.21 ± .22 US-5 -.00* a 

RP-2 -.17 .18 ± .17 TT-1 -.03 .74 ± .09 

RP-3 -.11 -.28 ± .18 TT-2 .02 -.39 ± .17 

RP-4 .30 .16 ± .19 TT-3 .02* -.28 ± .:~t5 
RP-5 .03 .02 ± .12 TT-4 -. 00*" . - :.;;;i7 ·± .. 14 

HL-1 -.22 -.18 ± .37 TT-5 .03 -·. 00' ±~ .18 

HL-2 -.57 -.48 ± .23 MC-0 .23 .16 ±: .21 

HL-3 -.66 -.08 ± .19 MC-1 -.01* -.15 :? .30 

HL-4 MC-2 .03 -.25 ± .25 

HL-5 -.32 -.36 ± .21 MC-3 .09 -.13 ± .51 

FT-1 -.21 a MC-4 -.01* a 
FT-2 -.20 -.12 ± .26 MC-5 .44 .12 ± .20 

* Not significantly different from zero (P >.01): 
aNot computed due to zero heritability. 
bNot computed for [r I > 1. g 
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Table 26· Phenotypic and genetic correlations between HL-S 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HD-1 

HD-2 

HD-3 
HD-4 
ED-5 

FE-1 
FE-2 

FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 
RP-3 
RP-4 
RP-S 

HL-1 

HL-2 
HL-3 
HL-4 
HL-5 

FT-1 

FT-2 

r 
p 

.08 

-.00* 
-.11 
-.06 

-.02* 
-.02* 

.07 

-.11 
.00* 

-.01* 
.23 

-.08 
.OS 

-.02* 
.01* 

-.05 
-.07 
-.03 
-.05 
-.02* 

.14 
-.20 
-.51 
-.60 
-.32 

-.12 
-.03 

r ± SE 
g 

.16 ± .13 

- .14 ± • 32 
.06 ± .14 

a 

a 

- . 33 ± .16 
. 21 ± • 27 

- . 23 ± .43 
l.lS ± b 

a 

a 

- .36 ± .22 
.03 ± .23 

- .26 ± .27 
.68 ± .12 

- .12 ± .19 

- .20 ± .27 
.47 ± .21 

- .35 ± .21 
.23 ± .22 

- . 01 ± .ls 
.67 ± .26 

1. 08 ± b 

.93 ± .03 
- .36 ± .21 

a 

.42 ± .27 

Sub trait 

FT-3 
FT-4 
FU-1 

FU-2 

FU-3 
FU-4 
FU-5 

RU-1 

RU-2 

RU-3 
RU-4 
RU-5 
US-1 
US-2 
US-3 
US-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 

MC-5 

Not significantly different from zero (P >.01). 

8Not computed due to zero heritability. 
bNot computed for Ir I > 1. g -

r 
p 

. 04 

.05 
-.03* 

.02* 

-.01* 
-.00* 

-.00* 
-.01* 

-.05 
.02 

.06 

-.01* 
-.06 

.OS 

.02* 

.04 

-.00* 
-.05 

.03 
. -.03-l~ 

.00* 

.06 
-.09 

.05* 

.11 

.13 

.10 
-.ll 

r ± SE - · 
g 

a 

-.46 ± .23 
.48 ± .24 

.44 ± .29 

.76±.30 
-.42 ± .20 

-.64 ± .31 

.23 ± .32 

.19 ± .33 

-.43 ± .28 

.10 ± .29 
a 

.40 ± .18 

-.30 ± .42 
-.08 ± .39 
-.53 ± .20 

a 

. 04 ± • 23 

.13 ± .25 

.13 ± ·-.32 
.. •. 

-.09±-.18 

-.16 ±~ .22 

.S2 - .19 
-.23 ± .36 

' -.07 ± .33 

-.40 ± .53 
a 

-.30 ± .21 
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Table 27. Phenotypic and genetic correlations between FT-1 
and all other descriptive type subtraits. 

Subtrait r r ± SE Subtrait r r ± SE 
p g p g 

ST-1 .25 a FT-3 -.24 a 
ST-2 - .11 a FT-4 -.37 a 
ST-3 - .17 a FU-1 .32 a 
HD-1 .40 a FU-2 .06 a 
HD-2 .13 a FU-3 -.04 a 
HD-3 - .08 a FU-4 -.15 a 
HD-4 - .09 a FU-S -.11 a 

HP-S - .14 a RU-1 .30 a 
FE-1 .34 a RU-2 .07 a 
FE-2 - . 08 a RU-3 -.09 a 
FE-3 .OS* a RU-4 -.11 a 
FE-4 - .21 a RU-S -.12 a 
BK-1 .22 a US-1 .08 a 
BK-2 - .12 a US-2 -.06 a 
BK-3 - .OS a US-3 -.10 a 

BK-4 - .07 a US-4 -.OS a 
RP-1 .22 a us-s -.02* a 
RP-2 .16 a TT-1 .04 a 
RP-3 . 03~~ a TT-2 .01* a 
RP-4 .17 a TT-3 -.04* a 

RP-S - .14 a TT-4 -.OS a· 

HL-1 1. 20 a TT-S - . 02i~ a: 

HL-2 .38 a MC-0 .17 a 
HL-3 - .29 a MC-1 -.02* a 
HL-4 - .21 a MC-2 -.04 a 

HL-S - .12 a MC-3 -.21 a 
FT-1 MC-4 -.03* a 
FT-2 - .7S a MC-S -.lS a 

* Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
bNot computed for Ir I >L g -
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Table 28. Phenotypic and genetic correlations between FT-2 
and all other descriEtive ty:ee subtraits. 

Sub trait r r ± SE Sub trait r r ± SE -· .. p g p g 

ST-1 .09 .42 ± .12 FT-3 - .85 a 

ST-2 -.02 -.66 ± .20 FT-4 -1.34 -1.10 ± b 

ST-3 -.11 -.19 ± .15 FU-1 .06 .15 ± .34 

HD-1 .04 a FU-2 .09 .50 ± .29 

HD-2 .11 a FU-3 - .03 1.05 ± b 

HD-3 .00* .05 ± .19 FU-4 - .10 - .70 ± .14 

HD-4 -.08 -.02 ± .31 FU-5 - .08 - .57 ± .39 

HD-5 -.14 -.31 ± .45 RU-1 .08 .39 ± .31 

FE-1 .11 .80 ± .22 RU-2 .11 .55 ± .27 

FE-2 .07 a RU-3 - .08 - • 71 ± .19 

FE-3 .00* a RU-4 - .09 - .18 ± .31 

FE-4 -.21 -.01 ± .28 RU-5 - .12 a 
BK-1 .10 .35 ± .23 US-1 .05 .27 ± .22 

BK-2 -.07 -.29 ± .30 US-2 - .02* - .59 ± .33 

BK-3 .01* .02 ± .25 US-3 - .06 - .34 ± .38 

BK-4 -.04 -.07 ± .22 US-4 - .07 - .13 ± .31 

RP-1 .11 .79 ± .12 US-5 - .01* a 

RP-2 .07 -.24 ± .22 TT-1 .06 - .17 ± .25 

RP-3 .04 .27 ± .25 TT-2 - .01* .21 .± .26 

RP-4 -.06 .21 ± .25 TT-3 . 01*-· .10 ± .. ~·. 36 
RP-5 -.11 -.24 ± .15 TT-4 - .o4· ...... ~·12 ·± .. 20 

HL-1 .05 .52 ± .38 TT-5 - .06 - . 00 ±~ • 25 

HL-2 .34 .65 ± .23 MC-0 .31 .16 ± .29 

HL-3 -.22 -.69 ± .13 MC-1 - .08 .12 :t .41 

HL-4 -.20 -.12 ± .26 MC-2 - .03 .45 '.± .29 

HL-5 -.03 .42 ± .27 MC-3 - .56 -1.39 ± b 

FT-1 -.75 a MC-4 - .03 a 

FT-2 MC-5 - .14 - .12 ± .27 

* Not significantly different from zero (P >. 01). 
~ot computed due to zero heritability. 
b Ir I ~1. Not computed for 

g 
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Table 29. Phenotypic and genetic correlations between FT-3 
and all other descriptive type subtraits. 

Sub trait r r ± SE Subtrait r r ± SE p g p g 

ST-1 -.OS a FT-3 
ST-2 .01* a FT-4 -.43 a 
ST-3 .OS a FU-1 -.03* a 
HD-1 -.03* a FU-2 -.OS a 
HD-2 -.07 a FU-3 .07 a 
HD-3 .01* a FU-4 .04 a 
HD-4 .06 a FU-S -.02* a 
HD-S .04 a RU-1 -.01* a 
FE-1 -.02* a RU-2 -.02 a 
FE-2 -.01* a RU-3 .02* a 
FE-3 . 08 a RU-4 .01* a 
FE-4 .01* a RU-S .04* a 
BK-1 -.04 a US-1 -.OS a 
BK-2 .00* a US-2 .06 a 
BK-3 .03 a US-3 .02* a 
BK-4 .02* a us-4 .00* a 
RP-1 -.03* a US-S -.02* a 
RP-2 -.03 a TT-1 -.03 a 
RP-3 -.01* a TT-2 -.02* a 

-· ) . 

RP-4 .00* a TT-3 .11 a: 
RP-S .07 a TT-4 .04 a 
HL-1 -.16* a TT-S .03* a: 

HL-2 -.19 a MC-0 -.2S q: 

HL-3 .17 MC-1 .02* -a a 
HL-4 .00 a MC-2 .02* ·a 
HL-S .04 a MC-3 .S7 a 
FT-1 -.24 a MC-4 .01* a 

FT-2 -.85 a MC-5 .01* a 
* Not significantly d.ifferent from zero (P >.01). 
a~fot computed due to zero heritability. 
b computed for Ir I 1. Not > g -
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Table 30. Phenotypic and genetic correlations between FT-4 
and all other descriEtive tyEe subtraits. 

Subtrait r r ± SE Sub trait r r ± SE p g p g 

ST-1 - .15 - .37 ± .11 FT-3 -.43 a 
ST-2 .04 .33 ± .28 FT-4 
ST-3 .15 .22 ± .13 FU-1 -.13 -.23 ± .29 

HD-1 - .13 a FU-2 -.09 -.09 ± .34 

HD-2 - .13 a FU-3 .01 -.63 ± .41 

HD-3 .01* - .21 ± .16 FTJ-4 .14 .37 ± .20 

HD-4 .09 .05 ± .27 FU-5 .12 .50 ± .38 

HD-5 .18 .28 ± .41 RU-1 -.16 -.32 ± .29 

FE-1 - .19 - .49 ·± .40 RU-2 -.13 -.41 ± .28 

FE-2 - .06 a RU-3 .11 .26 ± .31 

FE-3 - .04 a RU-4 .12 .25 ± .27 

FE-4 .28 .23 ± .24 RU-5 .15 a 
BK-1 - .16 - .41 ± .19 US-1 -.06 -.31 ± .19 

BK-2 .10 .18 ± .28 US-2 .01 .41 ± .37 

BK-3 - .01* .09 ± .22 US-3 .08 .13 ± .37 

BK-4 .06 .03 ± .19 US-4 .09 .23 ± .26 

RP-1 - .16 - .70 ± .14 US-5 .03 a 

RP-2 - .11 .22 ± .20 TT-1 -.07 .31 ± .21 

RP-3 - .05 - .08 ± .24 TT-2 . 0:2 -.14 ± • 24 
-· ;, . 

RP-4 . 11 - .20 ± .22 TT-3 -.04 ... .21 ± .;. ~o 
. . ' . ... ·-· 

RP-5 .12 .06 ± .14 TT-4 .04 -. 21 "± .• 17 

HL-1 - .27 - .32 ± .41 TT-5 .06 .14 ±~. 21 

HL-2 - .40 - .76 ± .15 MC-0 -.29 .OS ± .26 
-

HL-3 .25 .62 ± .14 MC-1 .09 -.07 f .37 

HL-4 .28 .32 ± .21 MC-2 .04 -.58 :!: .21 

HL-5 .05 - .46 ± .23 MC-3 .46 .88 ± .13 

FT-1 - .37 a MC-4 .04 a 
FT-2 -1.34 -1.10 ± b MC-5 .19 .04 ± .24 

* Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
bNot computed for [r ! > 1. g 
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Table 31. Phenotypic and genetic correlations between FU-1 
and all other descriEtive type subtraits. 

Subtrait r r ± SE Subtrait r r ± SE p g p g 

ST-1 .28 .58 ± .09 FT-3 -.03* a 

ST-2 -.14 -.59 ± .22 FT-4 -.13 - .23 ± .29 
ST-3 -.18 -.45 ± .12 FU-1 
HD-1 .37 a FU-2 -.70 1.01 ± b 
HD-2 .18 a FU-3 -.30 .19 ± . 71 

HD-3 -.10 -.08 ± .18 FU-4 -.39 -1.43 ± b 

HD-4 -.13 -.54 ± .21 FU-5 -.16 - .27 ± .51 
HD-5 -.15 -.16 ± .46 RU-1 .37 .49 ± .27 

FE-1 .43 -.05 ± .58 RU-2 .24 .53 ± .26 

FE-2 -.11 a RU-3 -.21 - .89 ± .07 

FE-3 -.04* a RU-4 -.25 .05 ± .31 

FE-4 -.22 -.08 ± .27 Ru-5· -.19 a 

BK-1 .34 .20 ± .24 US-1 .24 .36 ± .20 

BK-2 -.15 .03 ± .31 US-2 -.13 - .07 ± .48 

BK-3 -.15 -.19 ± .23 US-3 -.20 - .12 ± .41 

BK-4 -.09 -.09 ± .21 US-4 -.23 - .70 ± .15 . 
RP-1 • 50 .04 ± . 29 us-5 -.11 a 

RP-2 .18 .09 ± .22 TT-1 .44 .99 ± .01 

RP-3 -.02* .20 ± .25 TT-2 -.08 .18 ± .25 
RP-4 -.17 -.29 ± .23 TT-3 -.05*-· - .41 ± .:.~29 

RP-5 -.21 -.12 ± .15 TT-4 -.31 .. - ·~·. .92 "±·.03 -
HL-1 .45 .58 ± .33 TT-5 -.16 .04 ±: .24 
HL-2 .19 .49 ± .29 MC-0 .11 .08 ± .28 
HL-3 -.16 -.48 ± .19 MC-1 -.01* .22 :t .38 . 
HL-4 -.10 -.24 ± .24 MC-2 -.05 .22 ct: .33 

HL-5 -.03* .48 ± .24 MC-3 -.05 - .32 ± .60 

FT-1 .32 a MC-4 -.02* a 

FT-2 .06 .15 ± .34 MC-5 -.14 - .27 ± .24 

* Not significantly different from zero (P >.01). 
a Not computed due to zero heritability. 
b computed for Ir I > 1. Not g 
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Table 32. Phenotypic and genetic correlations between FU-2 
and all other descriptive ty2e subt_r_a_i_t_s_·~~~~~~~~-

Subtrait 

* 

ST-1 

ST-2 
ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 

FE-2 
FE--3 
FE-4 

BK-1 

BK-2 
BK-3 
BK-4 

RP-1 

RP-2 

RP-3 

PJ?-4 
RP-5 

.HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

r 
p 

.08 

-.01* 
-.09 

.02* 

.13 
-.04 
-.08 
-.12 

.06 

.OS 
-.07 
-.11 

.10 

-.02 

-.06 
-.06 

.07 

.13 

-.01* 
-.04 
-.17 

. 06 

.11 

-.09 
-.04 

.02* 

.06 

.09 

r ± SE g 

.09 ± .16 

- . SS ± • 27 
.03 ± .17 

a 

a 
.20 ± .20 
.13 ± .33 

- .81 ± .19 
1.13 ± b 

a 

a 
- .19 ± .30 

- .32 ± .25 

.40 ± .30 

.00 ± .27 
- .06 ± .24 

.43 ± .27 

.00 ± .26 

.09 ± .29 

.24 ± .27 

.47 T .14 

.54 ± .40 

.11 ± .43 
- .38 ± .24 

.19 ± .28 

.44 ± .29 

a 
.so ± .29 

Subtrait 

FT-3 
FT-4 

FU-1 

FU-2 

FU-3 
FU-4 
FU-5 
RU-1 
RU-2 

RU-3 
RU-4 
RU-S 
US-1 
US-2 
US-3 
US-4 
US-S 
TT-1 

TT-2 

TT-3 
TT-4 
TT-5 
MC-0 

MC-1 

MC-2 

MC-3 
MC-4 

MC-5 

Not significantly different from zero (P >.01). 
a Not computed due to zero heritability. 

bNot computed for Jr g [ .'.':_ l. 

r 
p 

- .05 

- .09 

- .70 

r ± SE - · 
g 

a 

- .09 ± .34 
1.01 ± b 

- .86 -1.14 ± b 

-1.12 

- .47 
.23 

.16 
- .13 
- .13 

- .42 

- . 83 ± • 09 
-1.11 ± 

1.13 ± 

1.09 ± 

b 

b 

b 

-1.lS ± b 

- .63 ± .21 

a 
.35 .95 ± .02 
.16 -1.27 ± b 

- .44 - .28 ± .43 

- .34 
- .24 

.26 

.12 

- . 03*-
• 36 

- .20 
.06 

- .03* 
.01* 

- .87 ± .08 

a 
.02 ± .28 
.44 ± .24 
. 34 ± .. -~35 

. . . . 
.32 ·± .• 19 

- .3o· ±~ .25 
.60 ± .21 
.24 ± .43 
.38 ± .34 

- .OS - .72 ± .37 

- .02* a 

- .07 - .33 ± .27 
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Table 33. Phenotypic and genetic correlations between FU-3 
and all other descriptive ty?e subtraits. 

Sub trait 

* 

ST-1 

ST-2 

ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 

BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 
RP-5 

HL-1 

HL-2 

HL-3 

HL-4 
HL-5 

FT-1 
FT-2 

r p 

-.05 
.02 

.03 

-.08 

-.09 

r ± SE g 

- .71 ± .15 

1.27 ± b 

.19 ± .32 

a 

a 

.02* - .08 ± .41 

.06 .12 ± .66 

.08 - .57 ± .72 

-.OS 
-.04 

.13 

.06 

-.10 

.06 

.01* 

.03 

-.08 

-.06 

. 08 

.02* 

.OS 
-.12 

-.07 

.09 

-.01* 

-.01* 
-.04 
-.03 

- .11 ± 1.28 

a 

a 

• 24 ± • S7 

.22 ± .53 

- .49 ± .53 

.71 ± .27 

- . 41 ± • 39 

. 96 ± • 05 

.19 ± .48 

-1. 01 ± b 

. 23 ± • 53 

. 32 ± • 31 

.18 ±1.08 

-1.26 ± b 

.91 ± .10 

.4S ± .4S 

- . 76 ± . 30 

a 

1. OS ± b 

Sub trait 

FT-3 
FT-4 
FTJ-1 
FU-2 

FU-3 
FU-4 

FU-5 

RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 
US-2 

US-3 
US-4 
US-5 

TT-1 
TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 
MC-4 
MC-S 

Not significantly different from zero (P> .01). 
a Not computed due to zero heritability. 

bNot computed for Jr g I .:_ 1. 

r p 

.07 

.01* 

-.30 

-.86 

-.48 

-.20 

-.16 

-.08 

. 07 

.10 

.05 
-.29 

r ± SE · g 

a 

. 63 ± .41 

.19 ± • 71 

-1.14 ± b 

. 88 ± .13 

-1.19 ± b 

.12 ± . 78 

- . 78 ± • 32 

.80 ± .29 

. 39 ± • 59 

a 

- .13 ± • 50 

.06 -1.17 ± b 

. 03* - . 7 5 ± • 40 

.53 1.70 ± b 

-.01* a 

-.22 .38 + .48 

.05 .26 ± .55 
-· ) . 

- . 06 - . 40 ± ... 66 
'' 

.08 - .03 ± .43 

.24 .66 ±~ .30 

- • 0 5 - • so ± • 4 7 

-.01* - .98 ± .03 
' . 01 * . 81 .± . 2 7 

.07 

.03 

.03* 

-1.22 ± b 

a 

. 77 ± . 24 



164 

Table 34. Phenotypic and genetic correlations between FU-4 
and all other descriEtive type subtraits. 

Sub trait r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.15 -.26 ± .10 FT-3 .04 a 

ST-2 .05 .48 ± .20 FT-4 .14 .38 ± .20 

ST-3 .14 .12 ± .11 FU-1 - .39 -1.43 ± b 

HD-1 -.09 a FU-2 -1.12 .83 ± .09 

HD-2 -.16 a FU-3 - .48 .88 ± .13 

HD-3 .06 -.14 ± .14 FU-4 
HD-4 .10 .05 ± .23 FU-5 - .26 1.84 ± b 

HD-5 .12 • 77 ± .15 RU-1 - .30 -1.18 ± b 

FE-1 -.18 -.41 ± .37 RU-2 - .20 - .85 ± .08 

FE-2 .01* a RU-3 .19 1.00 ± b 

FE-3 .01* a RU-4 .17 .63 ± .14. 

FE-4 .14 .29 ± .19 RU-5 .30 a 
BK-1 -.16 .11 ± .19 US-1 - .28 - .87 ± .04 

BK-2 .04 -.22 ± .22 US-2 .20 1.20 ± b 

BK-3 .10 -.09 ± .18 US-3 .48 .40 ± .27 

BK-4 .08 .21 ± .15 US-4 .14 .40 ± .19 

RP-1 -.20 -.64 ± .13 US-5 .08 a 

RP-2 -.16 -.07 ± .17 TT-1 - .31 - .36 ± .17 

RP-3 -.03 .05 ± .20 TT-2 - .13 - • 28 ± .19 
' . . . 

RP-4 .08 -.21 ± .18 TT-3 .10 . 04 ± ~· 27 
· . 

RP-5 .23 .34 ± .10 TT-4 .45 . 58 ± .. 10 

HL-1 -.15 -.79 ± .15 TT-5 .12 - .oo ±~ .18 

HL-2 -.15 .02 ± .29 MC-0 - .07 - .41 ±· .18 

HL-3 .11 .28 ± .17 MC-1 .05 - .03 £ .31 

HL-4 .08 -.16 ± .19 MC-2 .03 .01 ± .27 

HL-5 -.00* -.42 ± .20 MC-3 .02 .88 ± .12 

FT-1 -.15 a MC-4 .01 a 
FT-2 -.10 -. 70 ± .14 MC-5 .10 .15 ± .20 

* Not significantly different from zero (P >.01). 

~ot computed due to zero heritability. 
bNot computed for Ir I > 1. g -
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Table 35. Phenotypic and genetic correlati~ns between FU-5 
and all other des crip tiv_e_tv_,_. p~~ e_::;_-u_b_t_r __ a_i_t_s_. ________ _ 

Sub trait 

* 

ST-1 

ST-2 
ST-3 

HD-1 

HD-2 

HD-3 

HD-4 
HD-5 

FE-1 
FE-2 
FE-3 

FE-4 
BK-1 

BK-2 

BK-3 

BK-4 
RP-1 

RP-2 
RP-3 
RP-4 
RP-5 
HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 

FT-2 

r 
p 

-.09 

-.01* 

.15 

-.07* 

-.13 

. 02* 

.07 

.24 
-.12 

-.09 

.02* 

.26 

-.11 
.00* 
.10 
.07 

-.09 

-.15 

.00* 

.01* 

.25 

-.11* 

-.11 
.07 
.09 

.00* 

-.11 

-.08 

r ± SE g 

. 21 ± • 22 

-.45 ± .46 
• OS ± • 25 

a 

a 

.36 ± .27 

. 63 ± • 30 

. 31 ± • 72 

.85 + .26 
a 

a 

-.76 ± .19 

- .09 ± .41 
.33 ± .46 

-.32 ± .36 
. 09 ± • 35 

-.OS ± .49 

. 00 ± . 37 

-.07 ± .43 

-.42 ± .34 
.45 ± .20 
.93 ± .11 

- .07 ± • 64 
-.04 ± .41 

.61 ± .27 

-. 64 ± • 31 

a 

-.57 ± .39 

Sub trait 

FT-3 

FT-4 

FU-1 

FU-2 

FU-3 

FU-4 
FU-5 
RU-1 
RU-2 
RU-3 

RU-4 
RU-5 

US-1 

US-2 

US-3 

us-4 
us-5 
TT-1 
TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

HC-3 

MC-4 

HC-5 

Not significantly different from zero (P >.01). 

aNot computed due to zero heritability. 
bNot computed for [r [ > 1. g -

r p 

- .02* 
.12 

- .16 

r ± SE · 
g 

a 

. so ± • 38 

- . 27 ± • 51 

- .47 -1.11 ± b 
- .20 -1.19 ± b 

- .26 

- .15 

.34 

.06 

1.84 ± b 

- .17 ± • 58 

.49 ± .46 

1.09 ± b 

.11 - .09 ± .51 

2. 98 a 

- .57* - .66 ± .22 
.03 .83 ± .25 

1.32 
.26 

3.16 
. 24 

- .23 

1. 23 ± b 

.82 ± .17 

a 

.07 ± .41 
-1.28 ± b 

- . 08*. 1. 05 ± ·. 
~· .... 

. 44 . 75 "± .• 14 

.31 . 70 (. 20 

- .08 .40 ± .40 

.04* - .15 ± .66 

.02* - .44 ± .47 

.03* .33 ± .99 

.01* 

.14 

a 

.15 ± .43 
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Table 36. Phenotypic and genetic correlations between RU-1 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HD-1 
HD-2 

HD-3 
HD-4 
HD-5 
FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 

RP-5 

HL-1 

HL-2 

HL-3 

HL-4 
HL-S 

FT-1 
FT-2 

r 
p 

.29 

-.14 
-.19 

.37 

.16 
-.04 

-.14 
-.16 

.44 
-.11 

-.08 
-.22 

.29 

-.13 
-.10 
-.11 

.62 

.16 

.02* 

-.20 
-.21 

.6S 

.27 
-.23 
-.12 
-.01* 

.30 

.08 

r ± SE g 

.41 ± .12 
- .so ± .28 

- • OS ± .16 

a 

a 

- .13 ± .20 
.40 ± .27 

- .31 ± .47 
.64 ± .37 

a 

a 
- .18 ± .28 

.13 ± .26 

.06 ± .33 
- .35 ± .23 

. 06 ± • 22 . 

. 23 ± • 30 

.21 ± .23 

.50 ± .21 

- .69 ± .14 
.30 ± .15 

1. 68 ± b 

• 70 ± • 21 
- .82 ± .08 

- .06 ± .27 
.23 ± .32 

a 

.39 ± .31 

Sub trait 

FT-3 
FT-4 
TIT-1 

FU-2 
FU-3 
FU-4 

FU-5 

RU-1 
RU-2 

RU-3 

RU-4 
RU-5 

US-1 
US-2 

US-3 
US-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-S 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 

HC-5 

Not significantly different from zero (P >.01). 
a Not computed due to zero heritability. 

bNot computed for Ir I > 1. 
C1 
0 

r 
p 

-.01 

r ± SE - · 
g 

a 
-.16 - .32 ± .29 

.37 

.23 
-.16 
-.30 

-.15 

.49 ± .27 
1.13 ± b 

.12 ± . 78 

-1.18 ± b 

- .17 ± .58 

-.64 1.92 ± b 
-.40 -2.08 ± b 

-.30 - .74 ± .15 
-.19 

.21 
a 

.84 ± .07 
-.12 -1.01 ± b 

-.18 
-.20 
-.10 

.27 

-.04 

.03 
-.18 
-.16 

- .65 ± .26 
.52 ± .24 

a 

. 71 ± .13 
- .03 ± .28 
- .13 ± .:~ 37 

.57 ·± .. 14 

.12 ±~ . 25 
.08 - .03 ± .30 
. 02 .12 :t • 43 

.00 
-.04 

-.03 

.34 ± .33 

. 02 ± • 71 

a 

-.16 - .32 ± .25 
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Table 37. Phenotypic and genetic correlations between RU-2 
and all other descriptive type subtraits. 

Sub trait 

ST-1 
ST-2 

ST-3 
HD-1 

HD-2 

HD-3 

HD-4 
HD-5 

FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 
RP-3 
RP-4 

RP-5 

HL-1 
HL-2 

HL-3 
HL-4 

HL-5 

FT-1 

FT-2 

r 
p 

.09 

-.00* 

-.12 
.10 
.12 

-.05 
-.07 

-.12 
.13 
.06 

-.09 

-.18 

.13 
-.03 
-.06 
-.08 

.11 

.17 

.02* 

-.10 
-.19 

.08 

.20 
-.15 

-.OS 
-.05 

.07 

.11 

r ±SE 
g 

.07 ± .ls 

-.2S ± .3S 

.00 ± .16 

a 

a 
-.lS ± .20 
- . 24 ± . 31 
-.79 ± .20 

. 54 + • 46 

a 

a 

.OS ± .30 

.06 ± .27 

-.09 ± .34 

.15 ± .26 

. OS ± • 23 
' .36 ± .29 

• S2 ± .18 

-.OS ± .29 
- • 23 ± • 26 

-.S8 ± .11 
.22 ± .S2 
.17 ± .41 

-.39 ± .23 

.31 ± • 26 

.19 ± .33 

a 

.S5 ± .27 

Subtrait 

FT-3 
FT-4 
FU-1 

FU-2 

FU-3 
FU-4 

FU-5 
RU-1 

RU-2 
RU-3 
RU-4 
RU-5 
US-1 
US-2 
US-3 
us-4 · 
US-S 

TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 

MC-S 

* Not significantly different from zero (P >.Oi). 
aNot computed due to zero heritability. 

bNot computed for Ir I > 1. g -

r 
p 

- .02 

- .13 
.24 

.16 

.08 

r ± SE g 

a 
.41 ± .28 

.S3 ± .26 

1. 09 ± b 

• 78 ± • 32 
- .20 - .8S ± .08 

.34 .49 ± .46 
- .64 1.92 ± 

-1.10 - .77 ± .17 
- .82 -1.49 ± b 
- .53 

.29 
- .11 

a 
• S5 ± .18 

- . so ± • 40 

- .29 - .97 ± .03 

- .33 - .41 ± .27 
- . 21 

.21 

.00* 

.03*-

.18 
- .14 

.09 

a 

.25 ± .26 

.30 ± .27 

. 4S ± -~~ 3'i 
. ~· .. : 40 ·± .. 18 

- .09 ±~ .26 
.49 ± .24 

.03* - .06 ! .44 
- .04 - .ls ~ .38 
- .02 - .64 ± .43 

- .01* a 

- .13 - .31 ± .26 
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Table 38. Phenotypic and genetic correlations between RU-3 
and all other descriptive tyoe subtraits. 

Sub trait 

* 

ST-1 

ST-2 
ST-3 
HD-1 

HD-2 
HD-3 
F.D-4 
HD-5 

FE-1 
FE-2 
FE-3 
FE-4 
BK-1 

BK-2 

BK-3 
BK-4 

RP-1 
RP-2 

RP-3 
RP-4 
RP-5 

HL-1 

HL-2 
HL-3 
HL-4 

HL-5 

FT-1 
FT-2 

T p 

-.11 
.03 

.11 
-.11 
-.12 

.07 

.08 

.07 

-.16 
.01* 
.13 
.09 

-.10 

.03 

. 02 

.08 

-.18 

-.09 
-.03 

.03 

.18 
-.17 
-.19 

.18 

.01* 

.02 

-.09 

-.08 

r ± SE g 

- .31 ± .14 
.45 ± .30 
.16 ± .16 

a 

a 

.22 ± .19 

.03 ± .33 

.47 ± .41 
- .62 ± .39 

a 

a 

.29 ± .27 

.10 ± .27 

.37 ± .30 

.09 ± .26 

.51 ± .17 
- .40 ± .27 

.44 ± .20 

.29 ± .26 

.29 ± .25 

.55 ± .12 
-1. 08 ± b 
- .47 ± .33 

.88 ± .06 
- .26 ± .26 

.43 ± .28 

a 

- .71± .19 

Subtrai t 

FT-3 
FT-4 
FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 

RU-3 

RU-4 
RU-5 

US-1 

US-2 
US-3 
US-4 
US-5 
TT-1 

TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 

aNot computed due to zero heritability. 
bNot d f I I > 1 compute or r . g -

r 
p 

.02 

.11 

.21 

- .13 
. 07 

r ± SE g 

a 

. 26 ± .• 31 

.89 ± .07 

-1.15 ± b 

.80 ± .29 

.19 1.01 ± b 

.06 1.09 ± b 

- .40 -2.08 ± b 

-1.10 

- .51 
.33 

- .25 
.10 
.13 
.34 
.00* 
.17 
.01* 

.08 

.14 

.12 
- .07 

-.77±.17 

1. 09 ± b 

a 

- .62 ± .15 
1.07 ± b 

1.19 ± b 

.13 ± .33 
a 

.06 ± .27 

.46 ± .23 

.44 ±~.31 

.48 ± .• 16 

.07 ±; .26 
- .49 ± .24 

- .03* - .42 £ .37 
.03 - .25 ± .36 

.02 

.00 

.10 

1.00 ± b 

a 

.69 ± .15 
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Table 39. Phenotypic and genetic correlations between RU-4 
and all other descriptive tvpe s~btraits. 

Subtrait 

ST-1 

ST-2 

ST-3 
HD-1 
HD-2 

HD-3 

HD-4 
HD-5 
FE-1 

FE-2 

FE-3 
FE-4 

BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 
RP-5 
HL-1 

HL-2 
HL-3 

HL-4 

1-i"L-S 

FT-1 
FT-2 

r 
p 

-.12 
.04 

.11 

-.16 
-.10 

-.01* 

. 07 

.17 
-.16 
-.07 

-.00* 

.26 
-.19 

. 08 

.11 

.06 

-.19 

-.23 

-.01* 
.24 
.12 

-.16 
-.18 

.09 

.13 

.06 

-.11 
-.09 

r ± SE g 

-.07 ± .13 

.SS ± .22 

-.12 ± .14 

a 

a 

-.04 ± .17 
.S8 ± .19 

.75 ± .19 

-.59 ± .35 

a 

a 

.29 ± .23 

-.18 ± .22 
.14 ± .28 

-.08 ± .22 

.28 ± .18 
-.20 ± .27 

-.60 ± .13 

. 08 ± • 24 
.46 ± .18 
.22 ± .14 

-.05 ± .47 
-.06 ± .36 

.02 ± .23 

.04 + • 24 

.10 ± .29 

a 

-.18 ± .31 

Sub trait 

FT-3 
FT-4 

FU-1 
FU-2 

FU-3 

FU-4 

FU-5 
RU-1 
RU-2 

RU-3 

RU-4 
RU-S 

US-1 

US-2 

US-3 

US-4 
US-5 

TT-1 

TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 

MC-S 
;~ 

Not significantly different from zero (P >.01). 

aNot computed due to zero heritability. 

bNot computed for [r I > 1. g -

r 
p 

.01* 
,.12 

-.25 

-.13 

r ± SE 
g 

a 

.25 ± .27 

.05 ± .31 

.63 ± .21 

.10 - .39 ± .59 

.17 . 63 ± .14 

.11 - .09 ± .51 

-.30 .74 ± .15 

-.82 
-.Sl 

-.25 

-.14 
.09 
.21 

.10 

.06 
-.22 

-1.49 ± b 

1.09 ± b 

a 

.37 ± .18 

.52 ± .33 

.08 ± .39 

.63 ± .17 

a 

- .82 ± • 07 

. 03 .16 ± • 24 
• o5~'<- - . 25 ± ·~~ 3i 
.15 .41 ± .• 15 

.11 - . 04 ±: . 22 

-.08 
-.01* 

.04 

.01* 

.01 ± .27 

.39 :!: .32 

.00 ± .33 

.01 ± .62 

.03* a 

.14 - .02 ± .25 
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Table 40. Phenotypic and genetic correlations between RU-5 
and all other descriptive type subtraits. 

Sub traits r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.08 a FT-3 .04* a 
ST-2 -.01* a FT-4 .15 a 
ST-3 .13 a FU-1 - .19 a 
HD-1 -.09* a FU-2 - .42 a 
HD-2 -.13 a FU-3 .05 a 

HD-3 .04* a FU-4 .30 a 
HD-4 .08 a FU-5 2.98 a 

HD-5 .15 a RU-1 - .19 a 
FE-1 -.15 a RU-2 - .53 a 

FE-2 -.03* a RU-3 - .33 a 
FE-3 .02* a RU-4 - .25 a 
FE-4 .18 a RU-5 

BK-1 -.lO a US-1 - .61 a 
BK-2 .00*· a US-2 .01* a 
BK-3 .04* a US-3 1.36 a 
BK-4 .11 a us-4 .55 a 
RP-1 -.14 a us-5 2.17 a 
RP-2 -.13 a TT-1 - .22 a 
RP-3 .04* a TT-2 - .13 a 
RP-4 -.01* a TT-3 .04* a - ' . 

RP-5 . 24 a TT-4 . 29 a 

HL-1 -.12 a TT-5 .28 . a· 

HL-2 -.16 a MC-0 - .05 a 
HL-3 .13 a MC-1 - . G4* a -
HL-4 .06 a MC-2 - .03* a 

HL-5 -.01* a MC-3 .08 a 

FT-1 -.12 a MC-4 .02* a 

FT-2 -.12 a MC-5 .11 a 

* Not significantly different from zero (P >.01). 
a computed due heritability. Not to zero 
b for Ir I 1. Not· computed > 

a 
b 
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Table 41. Phenotypic and genetic correlations between US-1 
and all other descriotive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 

FE-3 
FE-4 

BK-1 

BK-2 

BK-3 

BK-4 
RP-1 
RP-2 
RP-3 

RP-4 
RP-5 

HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

r 
p 

.07 
-.01* 
-.08 

.03* 

.09 

-.02 
-.06 
-.08 

.07 

.04 

-.20 

-.05 
.08 

-.02 

-.05 
-.05 

.08 

.09 
-.02* 

.02 

.19 

.10 

.08 

r ± SE 
g 

.12 ± • 09 

. 00 ± • 24 

.16 ± .10 

a 

a 

.03 ± .13 

.29 ± .19 

-1.41 ± b 

. 54 ± • 28 

a 

a 

- . 52 ± .14 
.13 ± .17 
. 30 ± .19 

.13 ± .16 

.10 ± .14 

.19 ± • 20 

.01 ± .15 

.43 ± .15 
- .19 ± .16 
- .14 ± .10 
- .12 ± • 34 

.76 ± .11 

-.06 - .53 ± .12 
.00* - .19 ± .17 

-.06 
.08 
.05 

. 40 ± .18 
a 

.27 ± .22 

Sub trait 

FT-3 
FT-4 

FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 
RU-3 

RU-4 

RU-5 

US-1 

US-2 

US-3 

us-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 

MC-5 

Not significantly different from zero (P >.01). 
a Not computed due to zero heritability. 
bNot d f [ I 1 compute or r g ~ . 

r 
p 

- .05 

r ± SE - . 
g 

a 

- .06 - .31 ± .19 
.24 . 36 + • 20 

.35 .95 ± .02 

- .29 - .13 ± .50 
.28 
.57 
.21 

.29 

.25 

.87 ± .04 

.66 ± .22 

.84 ± .07 

.55 ± .18 

.62 ± .15 

- .14 - .37 ± .18 

- .61 a 

-1.51 -1.08 ± b 
- .94 - .69 ± .15 
-1.26 - .88 ± .05 

- .52 
.29 

.13 

.00*' 

a 

.65 ± .10 

. 30 ± .17 

.07 ± ~~24 

- .42 - .69 ±·.07 
- .20 - .27 ±: .15 

.05 .00 ± .20 

.04* 
- .01* 

- .07 

- .02 

.14 £ .27 

.11 ± • 24 

.15 ± .45 
a 

.03 - .24 ± .17 
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Tao le 42. Phenotypi.c and genetic correlations between US-2 
and all other descriptive type subtraits. 

Sub trait r r ± SE Sub trait r r ± SE -· 

p g p g 

ST-1 -.04 - .12 ± .20 FT-3 .06 a 
ST-2 .00* - .34 ± .44 FT-4 .01* .41 ± .37 
ST-3 .06 .38 ± .19 FU-1 - .13 - .07 ± .48 
HD-1 .00* a FU-2 - .16 -1. 27 ± b 
HD-2 -.05 a FU-3 .06 -1.17 ± b 
HD-3 .02* .01 ± .27 FU-4 .20 1. 20 ± b 
HD-4 .03 .21 ± .41 FU-5 .03* . 83 ± .25 
HD-5 .05 2. 38 ± b RU-1 -.12 -1.01 ± b 
FE-1 .00* -1.37 ± b RU-2 -.11 - . 50 ± .40 
FE-2 -.04 a RU-3 .10 1.07 ± b 
FE-3 .22 a RU-4 .09 . 52 ± .33 
FE-4 -;03 . 85 ± .11 RU-5 .01* a 
BK-1 -.03 .04 ± .36 US-1 -1.51 -1. 08 ± b 
BK-2 -.00* .80 ± .16 US-2 

BK-3 .02* - .70 ± .18 US-3 - .26* 1.18 ± b 
BK-4 .03 - .19 ± .30 US-4. - .35 . 78 ± .17 
RP-1 -.04 - .30 ± .40 US-5 - .14 a 
RP-2 -.05 .14 ± .32 TT-1 - .18 - .40 ± .31 
RP-3 .02* - .65 ± .22 TT-2 - .12 - . 75 ± .17 
RP-4 -.01* .41 ± .31 TT-3 .03 .05 ± ... 51 
RP-5 .08 .01 ± .23 TT-4 .32 .8s±:.09 
HL-1 -.06 .68 ± .40 TT-5 .07 .66±~.20 

HL-2 -.02* -1.07 ± b MC-0 - .03 - .03 ± .42 
HL-3 . 01* .57 ± .24 MC-1 - .01* .03 :f .59 
HL-4 -.01* .06 ± .37 MC-2 .00* - .35 ± .45 
HL-5 .05 - .30 ± .42 MC-3 .07 .94 ± .12 
FT-1 -.06 a MC-4 .02* a 

FT-2 -.02* - .59 ± .33 MC-5 - .00* .29 ± .35 

* Not significantly different from zero (P>.01). 
aNot computed due to zero heritability. 
bNot computed for Ir I > 1. g 
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Table 43. Phenotypic and genetic correlations between US-3 
and all other descriptive type subtraits. 

Subtrait 

* 

ST-1 
ST-2 
ST-3 
HD-1 
HD-2 
HD-3 
HD-4 

HP-5 
FE-1 

FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 
RP-3 

RP-4 
RP-5 

HL-1 

HL-2 

HL-3 

HL-4 

HL-5 

FT-1 
FT-2 

r p r ±SE g 

-.12 - .10 ± .17 
-.01* - .04 ± .43 

.19 
-.07 
-.09 

.05 

.06 

.05* 
-.14 

.01* 

.06* 

.11 
-.14 

.03* 

.12 

.06 
-.10 
-.12 

.07 

.02* 

.15 
-.11 
-.08 

.20 ± .18 
a 

a 

- .12 ± . 23 
- . 01 ± • 37 
1. 39 ± b 

.55 ± .51 
a 

a 

.11 ± .34 

.10 ± .31 
- .41 ± .32 

.19 ± .29 

.15 ± .26 

.12 ± .37 
- .25 ± .28 
- .48 ± • 25 

. 04 ± • 31 

.21 ± .19 
- .10 ± .62 
- .04 ± .48 

.06 - .31 ± .28 

.02* .74 ± .15 

.02* - .08 ± .39 

-.10 a 

-.06 - .34 ± .38 

Sub trait 

FT-3 
FT-4 
FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 
RU-3 
RU-4 
RU-5 
US-1 
US-2 
US-3 
US-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
bNot computed for Ir g I ~ 1. 

r 
p 

.02* 

.08 

- .20 
- .44 

r ±SE 
~ 

a 
.13 ± .37 

- .13 ± .41 
- . 28 ± .43 

.03* - .75 ± .40 

.48 .40 ± .27 
1.32 1. 23 ± b 

- .18 - .65 ± .26 
- .29 - .96 ± .03 

.13 

.21 
1.19 ± b 

.08 ± .39 
1.36 a 

- .94 - .69 ± .15 
- .26 1.18 ± b 

- .22 .50 ± .28 
- .09 a 

- .17 - .00 ± .31 
- .10 - .25 ± .31 

c-'. "l. 

. 06* - . 25 ± ~. 41 
.. ··' 

.23 .16 ±·.23 

.22 - .27 ±: .28 
- .01* .43 ± .29 
- .01* - .56 £ .35 
- .04* - .93 ± .44 
- .00* -1.21 ± b 

.00* a 

.10 - .09 ± .33 
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Table 44. Phenotypic and genetic correlations between US-4 
and all other descriEtive tipe sub traits. 

Subtrait r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.04 -.08 ± .12 FT-3 .00* a 
ST-2 .02* .21 ± .30 FT-4 .09 .22 ± .26 

ST-3 .03 -.02 ± .14 FU-1 - .23 - .. 70 ± .15 
HD-1 -.04* a FU-2 - .34 - . 87 ± .08 
HD-2 -.07 a FU-3 .53 1. 70 ± b 
HD-3 .00* -.10 ± .17 FU-4 .14 .40 ± .19 
HD-4 .06 .32 ± .24 FU-5 . 26 .82 ± .17 
HP-5 .08 • 71 ± .22 RU-1 - .20 - . 52 ± .24 
FE-1 -.10 -.14 ± .51 RU-2 - .33 - .41 ± .27 
FE-2 -.02* a RU-3 .34 .13 ± .33 
FE-3 .05 a RU-4 .10 . 63 ± .17 

- FE-4 .11 . 37 ± .21 RU-5 .55 a 
BK-1 -.09 -.21 ± .22 US-1 -1.26 . 88 ± .05 
BK-2 .03 .06 ± . 28 US-2 - .35 . 78 ± .17 
BK-3 . 04 .18 ± .21 US-3 .22 .50 ± .28 
BK-4 .04 -.13 ± .19 US-4 
RP-1 -.09 -.28 ± .25 US-5 - .12 a 
RP-2 -.09 .00 ± .20 TT-1 - .28 - . 93 ± .03 
RP-3 -.01* -.27 ± .22 TT-2 - .04 .20 ± .23 

_, ' . 
RP-4· -.03 .06 ± .23 TT-3 .03*· . 23 ± >. 30 .. .. . .. -· 
RP-5 .22 .20 ± .14 TT-4 .25 . 54 ± , .12 

-HL-1 -.09 -.29 ± .41 TT-5 .23 .. 08 ±: • 21 
HL-2 -.12 -.47 ± .27 MC-0 - .OS - .06 ±~ .26 
HL-3 .10* .45 ± .18 MC-1 - .06* - .15 £ .36 
HL-4 .01 .17 ± .22 MC-2 .04 .23 ± .30 
HL-5 .04 -. 53 ± .20 MC-3 .03 - . 88 ± .14 
FT-1 -.05 a MC-4 .03* a 
FT-2 - 07 -.13 ± .31 MC-5 .03* .23 ± .23 

* Not significantly different from zero (P >.01). 
~ot computed due to zero heritability. 
bNot computed for Ir I > 1. g 
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Table 45. Phenotypic and genetic correlations between US-5 
and all other descriptive tyPe subtraits. 

Sub traits r r ± SE Sub trait r r ± SE p g p g 

ST-1 -.04 a FT-3 - .02* a 
ST-2 .01* a FT-4 .03* a 
ST-3 .05 a FU-1 - .11 a 
HD-1 -.02* a FU-2 - .24 a 

HD-2 -.07 a FU-3 - .01* a 

HD-3 .07 a FU-4 .08 a 

HD-4 O"* . .) a FU-5 3.16 a 

HD-5 . 04* a RU-1 - .10 a 

FE-1 -.06 a RU-2 - .21 a 

FE-2 -.02* a RU-3 .00* a 

FE-3 .10 a RU-4 .06 a 

FE-4 .06 a RU-5 2.17 a 
BK-1 -.03* a US-1 - .52 a 

BK-2 -.01* a US-2 - .14 a 

BK-3 .01* a US-3 - .09 a 
BK-4 . 05 a us-4 - .12 a 

RP-1 -.04* a US-5 
RP-2 -.04 a TT-1 - .16 a 

RP-3 -.02* a TT-2 - .22 a 

RP-4 -.02* a TT-3 - .OS*- a·-
RP-5 .11 a TT-4 .40 ·a 
HL-1 -.05* a TT-5 .17 a· 

HL-2 -.04 a MC-0 .01* a 

HL-3 .04 a MC-1 - .08 a 

HL-4 MC-2 .04* ' -.00* a - a 

HL-5 -.00* a MC-3 .03* a 

FT-1 -.02* a MC-4 - .00* a 

FT-2 -.01* a MC-5 .01* a 

* Not significantly different from zero (P >.01). 

~ot computed due to zero heritability. 
bNot computed for Ir I > 1. g -
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Table 46. Phenotypic and genetic correlations between TT-1 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 

ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 

FE-2 

FE-3 
FE-4 

BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 

RP-5 

HL-1 
HL-2 
HL-3 
HL-4 

HL-S 

FT-1 

FT-2 

r 
p 

.OS 
-.02 

-.04 

.18 

.12 
-.01* 

-.12 
-.04 

.09 

.01* 

-.08 

-.07 
.17 

...;. . 09 

-.09 
-.02 

.19 

.14 
-.06 

-.09 
-.11 

.16 

.13 

-.09 

-.03 

-.OS 
. 04 

.06 

r ± SE 
g 

.22 ± .10 

-.S3 ± .19 

.01 ± .11 

a 

a 

.22 ± .13 
-.42 ± .19 

-.06 ± .36 

.63 ± .26 

a 

a 

-.24 ± .19 

.44 ± • lS 
-.18 ± .23 

-.12 ± .18 

- . 04 ± .16 

. 25 ± • 21 

-.17 ± .16 

.08 ± .19 

.19 ± .18 
-. 04 ± .12 

-.01 ± .38 

-.38 ± .25 

-.10 ± .18 
. 7 4 ± • 09 
. 04 ± . 23 

a 

-.17 ± .25 

Subtrait 

FT-3 
FT-4 
FU-1 

FU-2 

FU-3 

FU-4 

FU-5 

RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 

US-2 
US-3 

us-4 
US-5 

TT-1 
TT-2 

TT-3 
TT-4 
TT-5 
MC-0 

MC-1 

MC-2 

MC-3 

MC-4 

MC-5 

Not significantly different from zero (P >.01). 

~·Tot computed due to zero heritability. 
b Not computed for jr g [ .:._ 1. 

r 
p 

-.03 

-.07 

.44 

.26 

-.22 

-.31 
-.24 

.27 

.21 
-.17 

-.22 

-.22 

.29 

-.18 
-.17 

-.28 
-.16 

r ± SE g 

a 

.31 ± .21 

.99 ± .01 

.02 ± .28 
-.38 ± .48 

-.36 ± .17 

.07 ± .41 

.71 ± .13 

.25 ± .26 

.06 ± .27 

-.82 ± .07 
a 

. 65 ± .10 

-.40 ± .31 

-.00 ± .31 

-.93 ± .03 

a 

-.90* -.02 ± .20 
_, ) . 

- . 31 . - . 35 ± · .• 23 

-.61 - :;_ .. 57 ±· .10 

-.41 -.31 ±: .16 
.02* -.25 ± .20 

.02* -.08 ± .30 

-.02 .69 ~ .14 
.03 

-.01* 
-.03 

• 78 ± .19 

a 

-.29 ± .18 
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Table 4 7. Phenotypic and genetic correlations between TT-2 
and all other descriptive type subtraits. 

Sub trait r r ±SE Sub trait r r ±SE p g p g 

ST-1 .04 .01 ± .11 FT-3 -.02* a 
ST-2 -.02 .08 ± . 27 FT-4 .02* - .14 ± . 24 
ST-3 -.03 -.06 ± .12 FU-1 -.08 .18 ± .25 
HD-1 -.10 a FU-2 .12 .44 ± . 24 
HD-2 .01* a FU-3 .05 .26 ± • 55 
HD-3 -.03 -.23 ± .14 FU-4 -.13 - .28 ± .19 
HD-4 .03 .19 ± . 23 FU-5 -.23 -1.28 ± b 

HD-5 -.03 -.08 ± • 38 RU-1 -.04 - .03 ± • 28 
FE-1 .01* -.20 ± .46 RU-2 .00* .30 ± • 27 
FE-2 -.01* a RU-3 .01* - .46 ± . 23 
FE-3 -.04 a RU-4 .03 .16 ± • 24 
FE-4 .01* .37 ± .19 RU-5 -.13 a 
BK-1 -.06 -.18 ± .19 US-1 .13 .30 ± .17 
BK-2 .08 .11 ± .24 US-2 -.12 - .75 ± .17 
BK-3 -.01* .16 ± .19 US-3 -.10 - .25 ± . 31 
BK-4 -.05 .02 ± .17 US-4 -.04 .20 ± .23 
RP-1 -.05 -.05 ± .24 us-5 -.22 a 

RP-2 -.03 .20 ± .17 TT-1 -.09 - .02 ± .20 
RP-3 .04 .20 ± .20 TT-2 
RP-4 .04 .08 ± .20 TT-3 -.42 .24 ± -~ Z.6 

-RP-5 -.03 -.38 ± .11 TT-4 -.83 - ."70 ·± .08 
HL-1 -.04* .35 ± .35 TT-5 -.55 - . 37· ±~ .16 
HL-2 -.01* . 71 ± .15 MC-0 .01* .15 ± .22 
HL-3 -.01* -.25 ± .18 MC·-1 -.01* .31 ± .29 
HL-4 .02 -.39 ± .17 MC-2 .01* .49 ± .21 
HL-5 .03 .13 ± .25 HC-3 -.03 - .10 ± .53 

FT-1 .01* a ~1C-4 .01* a 
FT-2 -.01* .21 ± .26 MC-5 -.03 .24 ± .20 

* Not significantly different from zero (P >. 01) . 

~ot computed due to zero heritability. 
b computed for [ r [ 1. Not > g -
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Table 48. Phenotypic and genetic correlations between TT-3 
and all other descriptive tyPe subtraits. 

Sub trait 

* 

ST-1 

ST-2 

ST-3 

HD-1 
HD-2 

HD-3 

HD-4 
HD-5 
FE-1 

FE-2 

FE-3 

FE-4 

BK-1 
BK-2 

BK-3 

BK-4 

RP-1 

RP-2 

RP-3 

RP-4 

RP-5 
HL-1 

HL-2 
HL-3 
HL-4 

HL-5 

FT-1 

FT-2 

r 
p 

-.03* 

.02* 

.01* 

-.01* 

-.02* 
.05* 

-.00* 

-.01* 

.04* 

.02* 

-.03* 

-.05* 
-.01* 

-.05 
.12 

-.01* 

-.06* 

-.02* 

.02* 

.07 
-.07 

-.11* 
-.02* 

.03* 

.02* 

-.03* 

-.04* 
.01* 

r ± SE 
g 

- . 03 ± .15 

. 26 ± • 34 

-.11 ± .16 

a 

a 
-.31 ± .18 

.25 ± .29 

.37 ± .43 

.32 ± .55 

a 

a 
- .12 ± • 28 

. 24 ± • 25 

-.07 ± .32 

.19 ± . 24 

-.33 ± .20 

-.16 ± .30 

.36 ± .21 

-.43 ± .22 

-.23 ± .25 
.12 ± .16 

.13 ± .52 
-.21 ± .39 

.10 ± .26 
-.27·± .25 

.13 ± .32 

a 
-.10 ± .36 

Sub trait 

FT-3 

FT-4 

FU-1 

FU-2 

FU-3 
FU-4 

FU-5 

RU-1 
RU-2 

RU-3 
RU-4 

RU-5 

US-1 

US-2 

US-3 

us-4 
US-5 

TT-1 

TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 
MC-5 

Not significantly different from zero (P >.01). 
a Not computed due to zero heritability. 
bNot computed for Ir I > 1. g -

r 
p 

.11 

r ± SE -
g 

a 
- . 04 . 21 ± • 30 

-.05* - .41 ± .29 

- . 03* . 34 ± • 35 
-.06 - .40 ± .66 

.10 

-.08* 

. 04 ± • 27 

1.05 ± b 
.03* - .13 ± .37 

.03* .45 ± .31 

-.08 - .44 ± .31 

.05* - .25 ± .31 

.04* 

.00* 
a 

.07 ± .24 

-.03* - .05 ± .51 

.06* .25 ± .41 

.03* - .23 ± .30 

-.05* a 

-.31 - .35 ± .23 
-.42 .24 ± .26 

-.29 
-.19 
-.01* 

.22 
- . 04i~ 

.06 

-.03* 

-.01* 

.. 04 "±· .20 

. li ±~ • 25 

.15 ± .29 
- .05 :t .42 

' . 21 ·± • 35 

- . 01 ± • 70 

a 

.08 ± .28 
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Table 49. Phenotypic and genetic correlations between TT-4 
and all other descriptive trpe subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HQ-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 

FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 

RP-5 
HL-1 
HL-2 
HL-3 
HL-4 
HL-5 
FT-1 

FT-2 

r 
p 

-.09 

.04 

.07 
-.05 
-.10 

.05 

.06 

.06 
-.07 

.01* 

.08 

.04 
-.09 

.00* 
.08 
.05 

-.11 
-.09 

.01* 

.03 

.13 
-.07 
-.08 

.08 
-.00* 

.00* 

-.05 
-.04 

r ± SE g 

- . 09 ± • 08 

.18 ± .19 

.01 ± .09 
a 

a 

.01 ± .12 

.16 ± .17 

.23 ± .27 

-.46 ± .26 

a 

a 

-.09 ± .16 
- . 25 ± .13 

. 22 ± .17 

-.18 ± .13 

.15 ± .12 

-. 21 ± .16 

-.13 ± .13 
. 04 ± .15 

-.07 ± .14 
.38 ± .08 

- . 38 ± • 25 

-.12 ± .22 

. 25 ± .13 
-.17 ± .14 
-.09 ± .18 

a 

.12 ± .20 

Sub trait 

FT-3 
FT-4 
FU-1 

FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 
RU-3 

RU-4 
RU-5 
US-1 

US-2 

US-3 

us-4 
US-5 
TT-1 
TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 

MC-4 

MC-5 

Not significantly different from zero (P >.01). 

~ot computed due to zero heritability. 
b Not computed for lr I > i. g -

r 
p 

.04 

.04 
-.31 
-.36 

.08 

.45 

.44 
-.18 
-.18 

.14 

.15 

.29 
-.42 

.32 

.23 

.25 

.40 
-.61 
-.83 
-.29 

-.38 
-.02 

-.06 
-.01* 

-.01* 

-.00* 

.05 

r ± SE - · 
g 

a 

- . 21 ± .17 

-.92 ± .03 

-.32 ± .19 

-.03 ± .43 

. 58 ± .10 

. 75 ± .14 

- . 57 ± .14 
-.40 ± .18 

.48 ± .16 

.41 ± .15 

a 

-.69 ± .69 

.85 ± .08 

.16 ± .23 

. 54 ± .12 

a 
-.57 ± .10 

-.70 ± .08 

-.04 ± ·-.20 

. 25 ±~ .13 

.02 ± .16 
-.21 ± .22 

. 03 .± • 20 

-.05 ± .38 
a 

- • OS ± .15 
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Table 50. Phenotypic and genetic correlations between TT-5 
and ail other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HD-1 
HD-2 
HD-3 

HD-4 
HD-5 
FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 
RP-5 

HL-1 
HL-2 
HL-3 
HL-4 
HL-5 

FT-1 
FT-2 

r p 

-.03 

.00* 

.04 
-.07 
-.11 

.01* 

. 09 

.07 

-.11 
-.02* 

.14 

.08 
-.06 
-.02* 

• 06' 

.07 

-.09 
-.06 

.03* 

.02* 

.06 

-.09 
-.10 

.06 
-.03 

.06 
-.02* 
-.06 

r ± SE g 

-.18 ± .10 

. 06 ± • 24 

.15 ± .10 

a 

a 

.14 ± .13 
- . 09 ± • 21 
-.31 ± .31 

.12 ± .41 
a 

a 

-.12 ± .19 
. 25 ± .17 

-.19 ± .21 
.12 ± .17 

-.21 ± .14 
.06 ± .21 
.17 ± .16 

-.49 ± .14 
.11 T .18 

-.02 ± .11 
.20 ± .34 

-.04 ± .28 
.07 ± .18 

-.00 ± .18 
-.16 ± .22 

a 

-.00 ± .25 

Subtrait 

FT-3 
FT-4 
FU-1 

FU-2 
FU-3 
FU-4 
FU-5 
RU-1 

RU-2 
RU-3 

RU-4 

RU-5 

US-1 
US-2 
US-3 

us-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 
a Not computed due to zero heritability. 
bNot computed for Ir I > 1. g -

r 
p 

.03* 

.06 
-.16 
-.20 

.24 

.12 

.31 
-.16 
-.14 

.12 

.11 

.28 
-.20 

.07 

.22 

.23 

.17 
-.41 
-.55 
-.19 

r ± SE -· 
g 

a 

.14 ± .22 

. 05 ± • 24 
-.30 ± .25 

.66 ± .30 

-.01 ± .18 
. 70 ± • 20 
.12 ± • 25 

-.09 ± .26 
. 07 ± • 26 

-.04 ± .22 
a 

-.27 ± .15 
. 66 ± • 20 

-.27 ± .28 
.08 ± .21 

a 

-.31 ± .16 
-.37 ± .16 
-.12 ± ·-.25 

...... , 
-.38 .25 ~-.13 

-.04 
.09 
.00* 

.03* 

.01* 

.OS 

.21 ± .19 

.02 ± .29 
-.38 ± .21 

.11 ± .47 
a 

.10 ± .19 



181 

Table 51. Phenotypic and genetic correlations between MC-0 
and all other descriptive tyne subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 
RP-2 
RP-3. 
RP-4 
RP-5 
HL-1 
HL-2 
HL-3 

HL-4 
HL-5 

FT-1 
FT-2 

r p 

.14 

.18 

-.49 

.14 

.17 

-.13 
-.05 
-.24 

.25 

.13 

.02* 

-.45 

.20 

-.07 

-.12 

-.06 

.14 

.12 

.01* 
-.11 
-.10 

.19 

.24 
-.10 

-.23 
.09 

.17 

.31 

r ± SE g 

.21 ± .11 

.15 ± .29 

-.38 ± .11 

a 

a 
-.02 ± .16 

-.00 ± .25 

-.18 ± .40 

.39 ± .42 

a 

a 
-. 30 ± • 21 

. 04 ± • 21 

-.oo ± .27 

-.11 ± .20 

. 07 ± .18 

-. 27 ± • 24 

-.18 ± .19 

.54 ± .16 

• 00 ± • 21 

-.03 ± .13 

-.31 ± .39 

.11 ± .33 

-. 34 ± .19 

.16 ± .21 

.52 ± .19 

a 
.16 ± .29 

Sub trait 

FT-3 
FT-4 
FU-1 
FU-2 
FU-3 
FU-4 
:ru-s 
RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 
US-2 

US-3 
US-4 
US-5 

TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 
aNot computed due to zero heritability. 

bNot computed for Ir g I .:_ i. 

r p 

- .25 

.29 

.11 

.06 

- .05 
- .07 

- .08 

.08 

.09 

- .07 

- .08 

- .05 
.OS 

- .03 

- .01* 

- . 05 
.01* 

r ± SE _ · 
g 

a 
.05 ± .26 
.07 ± .28 

.60 ± .21 

-.50 ± .4.7 

-.41 ± .18 

.40 ± .40 

-.03 ± .30 

. 50 ± • 24 
-.50 ± .24 

.00 ± .27 

a 
- .00 ± • 20 
-.02 ± .42 

.43 ± .29 

-.06 ± .26 

a 

.02* -.25 ± .20 

.01* .15 ± .22 

. - .01* -.15 ± .":2'9 

.02 '.02 ·£ .16 

- .04 

-
- .75 -.12 ± • 34 
-1.31 -.43 '± • 24 

-1.07 -.48 ± .44 

- .19 a 
-1.09 - . 92 ± • 04 
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Table 52. Phenotypic and genetic correlations between MC-1 
and all other descriptive type subtraits. 

Sub trait 

* 

ST-1 
ST-2 
ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 

FE-3 

FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 

RP-S 

HL-1 
HL-2 
HL-3 
HL-4 
HL-5 
FT-1 
FT-2 

r p 

-.08 
.OS 

.03* 

.02* 
-.06 
-.04* 

.09 
-.02* 
-.18 
-.18 

.28 

.36 
-.19 
-.05 

.22 

.16 
-.05* 
-.04* 

.10 
-.03* 

.OS* 

-.06* 
-.06 

.05 
-.01* 

.05* 
-.02* 
-.08 

r ± SE 
g 

-.19 ± .16 
. 23 ± • 40 
.12 ± .18 

a 

a 
.15 ± • 22 
.40 ± .30 

-. 04 ± • 58 
-.39 ± .60 

a 

a 
. S4 ± • 24 

-.17 ± .29 
-. 22 ± • 36 

. 51 ± • 22 

. 07 ± • 2S 

.48 ± .28 
-.17 ± .27 

. OS ± • 31 

. 30 ± • 28 
-.22 ± .18 

-.10 ± • 60 
.22 ± .45 

.09 ± .30 
-.15 ± .30 
-.23 ± .36 

a 
.12. ± .41 

Sub trait 

FT-3 
FT-4 
FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 
US-2 

US-3 
us-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 

TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 
8Not computed due to zero heritability. 
bNot computed for Ir g I :._ 1. 

r 
p 

.02* 

r ± SE 
g 

a 
.09 -.07 ± .37 

- . 01* . 22 ± • 38 
-.03* .24 ± .43 
-.01* -.98 ± .03 

.05 -.03 ± .31 

.04* -.15 ± .66 

.02* .12 ± .42 

.03* -.06 ± .44 
-.03* -.42 ± .37 
-.01* .39 ± .32 
-.04* 

.04* 
-.01* 

a 
.14 ± .27 
.03 ± .59 

-.01* -.56 ± .35 
-.06* -.15 ± .36 
-.08* a 

.02* -.07 ± .30 
-.01* .31 ± .29 

. 22 -. 05 ± -~4'2 · .. 
-.06- ... -.-21.±·.22 

.09 
-.75 

-.08 
-.18 

-.03* 
-.19 

·. 02· ±~ . 29 
-.12 ± . 34 

.32 '± .38 
-.56 ± .56 

a 
.14 ± .31 
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Table 53. Phenotypic and genetic correlations between MC-2 
and all other descriptive type. subtraits. 

Sub trait r p 

.11 

.02 

-.19 

r ± SE g 

.53 ± .10 

-.50 ± .27 
-.57 ± .11 

Sub trait r p 

.02* 

.04 

.05 

r ± SE 
g 

a 

-.58 ± .21 
.22 ± .33 

ST-1 
ST-2 

ST-3 
HD-1 
HD-2 
HD-3 
HD-4 
HD-5 
FE-1 
FE-2 
FE-3 

FE-4 

BK-1 
l3K-2 

BK-3 
BK-4 
RP-1 
RP-2 
RP-3 
RP-4 
RP-5 
HL-1 
HL-2 
HL-3 
HL-4 

HL-5 
FT-1 
FT-2 

-.07 a 

FT-3 
FT-4 
FU-1 
FU-2 
FU-3 
FU-4 
FU-5 
RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 
US-2 

US-3 

us-4 
US-5 

TT-1 
TT-2. 

.01* -.38 ± .34 

* 

-.05 
-.05 

.10 

-.01* 

-.17 

-.00* 
-.05 

.19 
-.08 

.06* 

-.02 
.03 

-.04 
-.03 

.01* 

.01* 

.04 
-.08 

-.07 
.02 

.03 

.11 

-.04 
-.03 

a 

-.37 ± .17 
-.14 ± .31 

.10 ± • 50 

. 92 ± • 09 

a 

a 

.14 ± • 28 

. 36 ± • 23 

-.04 ± .33 
-.51 ± .19 

.07 ± .22 

.72 ± .15 

.39 ± .20 

-.13 ± .27 
-.32 ± .24 
-.16 ± .16 

. 72 ± • 25 

.19 ± .39 
-.11 ± .26 
-.25 ± .25 
-.07 ± .33 

a 

.45 ± .29 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 
MC-5 

Not significantly different from zero (P >.01). 

~ot computed due to zero heritability. 
bNot computed for [r I > 1. g -

.01* 

.03 

.02* 

. 00>'~ 

- .04 
.03 
.04 

- .03* 
- .01* 

.00* 

.04* 

.04 
- .04* 

.02 

.01* 

- .04*. 

.01* 

.00* 

-1.31 
- .08 

- .18 
.03 

- .19 

.81 ± .27 

.01 ± .27 
-.44 ± .47 

. 34 ± • 33 
-.15 ± • 38 

- . 25 ± • 36 
- . 00 -'- . 33 

a 

.11 ± . 24 

-.35 ± .45 
-.03 ± .44 

.23 ± .30 

a 

.69 ± .14 
-.49 ± .21 

. 21 ± .:; 3'5 

.b3 ·± .. 20 
-.38'±~.21 

-.43 ± .24 
.32 ± .38 

-.79 ± .26 

a 

-.01 ± .28 
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Table 54. Phenotypic and genetic correlations between MC-3 
and all other descriptive type subtraits. 

Subtrait 

* 

ST-1 
ST-2 
ST-3 
HD-1 
HD-2 
HD-3 
HD-4 
HD-5 

FE-1 
FE-2 
FE-3 
FE-4 
BK-1 
BK-2 
BK-3 
BK-4 
RP-1 
RP-2 

RP-3 
. RP-4 

RP-5 
HL-1 

HL-2 
HL-3 

HL-4 

HL-5 

FT-1 

FT-2 

r p 

-.05 

.06 
-.02* 
-.05* 
-.Q4 
-.05 

.05 

.06 

.00* 
-.01* 

.04* 

r ± SE 
g 

- .01 ± .28 

- .60 ± .44 
.45 ± .24 

a 

a 

. 23 ± • 35 
- .01 ± .60 
- . 25 ± • 91 

.47 ± .91 
a 

a 

-.01* - .33 ± .49 
-.03 

.05 
- .07 ± .50 

.63 ± .38 
-.06 1.30 ± b 

.00* - .41 ± .35 
-.07 
-.03 

- . 36 ± • 52 
.75 ± .20 

-.02* -1.14 ± b 

.00* .22 ± .48 

.08 
-.16 
-.26 

.17 

.09 

.13 

-.21 
-.56 

.42 ± .26 

- '. 29 ± • 92 
- . 54 ± • 55 

. 66 ± • 28 
- .13 ± • 51 
- .40 ± • 53 

a 

-1.39 ± b 

Subtrait 

FT-3 
FT-4 
FU-1 

FU-2 
FU-3 
FU-4 
FU-5 
RU-1 
RU-2 
RU-3 
RU-4 
RU-5 
US-1 
US-2 
US-3 
US-4 
US-5 
TT-1 
TT-2 
TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 

Not significantly different from zero (P >.01). 
aNot computed due to zero heritability. 

bNot computed for lrgl .:_!. 

r 
p . 

.57 

.46 

r ± SE g 

a 

.88 ± .13 
- .05 - .32 ± .60 
- .05 - .72 ± .37 

.07 -1.22 ± b 

.02 

.03* 
- .04* 

. 88 ± .12 

. 33 ± • 99 

.02 ± • 71 

- .02 - .64 ± .43 
.02 
.01* 
.08 

- .07 
.07 

1.00 ± b 

.01 ± .62 

a 

.15 ± .45 

. 94 ± .12 
- .00* -1.21 ± b 

.03 - .88 ± .14 

.03* 

.03 
a 

• 78 ± .19 
- .03 - .10 ± .52 

. 06 . 01 ± -: 7'0 
- .01• - :as · ~ .38 

.03* .u· ± .47 

-1. 0 7 - . 4 8 ± • 44 
- .18 - .56 t .56 
- .31 - .80 ~ .26 

- .06 a 

- .33 1.27 ± b 



18S 

Table SS. Phenotypic and genetic correlations between MC-4 
and all other descriptive tvDe subtraits. 

Sub trait r r ± SE Subtn.it r r ± SE p g p g 

ST-1 .01* a FT-3 .01* a 
ST-2 . 01* a FT-4 .04 a 
ST-3 -.03 a FU-1 -.02* a 

HD-1 -.04* a FU-2 -.02* a 
HD-2 .00* a FU-3 .03 a 
HD-3 -.02* a FU-4 .01* a 
HD-4 .01* a FU-5 -.01* a 
HD-5 -.01* a RU-1 -.03* a 
FE-1 -.01* a RU-2 - . 01 ~~ a 
FE-2 .01* a RU-3 .00 a 
FE-3 -.00* a RU-4 .03* a 
FE-4 - . 00:'~ a RU-5 .02* a 
BK-1 -.01* a US-1 -.02 a 

BK-2 . 01* a US-2 .02* a 
BK-3 -.01* a US-3 .00* a 
BK-4 -.01* a US-4 . 03:'~ a 
RP-1 -.03* a US-5 -.00* a 

RP-2 -.01* a TT-1 -.01* a 

RP-3 -.01* a TT-2 .01* a 

RP-4 -.00* a TT-3 -.03* a·. 
RP-5 • 03 a TT-4 - . oo,~ . ·a. 

HL-1 -.03* a TT-5 .01* a-
HL-2 -.05 a MC-0 -.19 a 

HL-3 .02 a MC-1 -.03* a 

HL-4 -.01* a MC-2 -.06 a 
EL-5 .10 a MC-3 -.05 a 

FT-1 -.03* a MC-4 
FT-2 -.03 a MC-5 -.05 a 

* Not significantly different from zero (P > • 01) . 
aNot computed due to zero heritability. 
b computed for Ir I l. Not > g -
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Table 56. Phenotypic and genetic correlations between MC-5 
and all other descriptive tyPe subtraits. 

Sub trait 

7, 

ST-1 
ST-2 

ST-3 
HD-1 

HD-2 

HD-3 

HD-4 

HD-5 

FE-1 
FE-2 

FE-3 
FE-4 
BK-1 

BK-2 
BK-3 
BK-4 
RP-1 

RP-2 

RP-3 

RP-4 

RP-5 

HL-1 
HL-2 
HL-3 
HL-4 
HL-5 

FT-1 
FT-2 

r 
p 

- .45 
.55 

1.57 

- .18 

- .29 

.50 

- .11 

.57 

- .31 
.29 

- .07 

.76 

- .31 

.04 

.36 

.06 

- .20 

- .23 

- .04 

.28 

.10 

- .18 
- .21 

.03 

.44 

.11 

- .15 

- .14 

r ± SE g 

- .93 ± .02 

.46 ::::: .22 

1.04 ± b 

a 

a 

.16 ± .14 

.10 ± .23 

,15 T .37 

-1.43 ± b 

a 

a 

.16 ± .21 

- .46 ± .16 

. 40 ± • 21 

.09 ± .19 

- . 04 ± .17 

- . 26 ± • 22 

- . 09 ± .18 

- .15 ± • 20 
.46 ± .16 
.15 ± .12 

- .13 ± • 39 
- .40 ± • 26 

. 38 ± .17 

.12 ± .20 

. 40 ± . 21 

a 

- .12 ± .27 

Sub trait 

FT-3 

FT-4 
FU-1 

FU-2 

FU-3 

FU-4 
FU-5 

RU-1 

RU-2 

RU-3 

RU-4 

RU-5 

US-1 
US-2 

US-3 

us-4 
US-5 

TT-1 
TT-2 

TT-3 
TT-4 
TT-5 
MC-0 
MC-1 
MC-2 

MC-3 

MC-4 
MC-5 

Not significantly different from zero (P >.01). 
aNot computed due to zero heritability. 

bNot computed for Ir J > 1 . . g -

r p 

.03* 

.01 

.19 

r ± SE _ 
g 

a 

. 04 ± .24 

- . 27 ± • 24 

- .14 - .33 ± .24 

- .07* .77 ± .24 

. 03 .15 ± • 20 

.10 - .15 ± .43 

.14 . 32 ± • 25 

- .16 
.13 

.10 

.14 

.11 

- .03* 
- .00 

.10* 

.03* 

- . 31 ± • 26 

.69 ± .15 

- . 02 ± . 25 

a 

- • 24 ± .17 

.29 ± .35 

- . 09 + • 33 

. 23 ± • 23 

a 

.01 - .29 ± .18 

- . 03 . 24 ± • 20 

. - .03*_ 

.01 

.05 
-1.09 

- .19 

- .33 
.27 

- .05 

. 07 ± _-; 2'8 

:bs ± .. 1s 
.10· ±~.19 

- . 92 ± • 04 

.14 ± .31 

- . 01 .± • 28 

1.27 ± b 

a 
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Table 57. Abbreviations of all traits except descriptive type subtraits. 

Abbreviation 

AFC 

ALC 
ATLL 
AWC 
Cil 
CI2 
CI3 
CI4 
CIS 
CI6 
CI7 
CI8 
CI9 
DAFC 
DCil 
DCI2 
DCI3 
DCI4 
DCIS 
DCI6 
DFLF 
DFL.Nl 

DHL 
DLDM 
DLF 
DLM 
Dl':-1LL 
DMWC 

FLF 

Trait 

Age at First Calving 
Age at Last Calving 
Age at Termination of Last Lactation 
Age When Classified 
First Calving Interval 
Second Calving Interval 
Third Calving Interval 
Fourth Calving Interval 
Fifth Calving Interval 
Sixth Calving Interval 
Seventh Calving Interval 
Eighth Calving Interval 
Ninth Calving Interval 
Deviated Age at First Calving (from contemporaries) 
Deviated First Calving Interval 
Deviated Second Calving Interval 
Deviated Third Calving Interval 
Deviated Fourth Calving Interval 
Deviated Fifth Calving Interval· 
Deviated Sixth Calving Interval 
Deviated First Lactation Fat Yield 
Deviated First Lactation Milk Yield 
Deviated Herd Life 
Deviated Lifetime Days in Milk 
Deviated Lifetime Fat Yield 
Deviated Lifetime Milk Yield 
Days in Milk During Last Lactation 
Days in Milk When Classified 

First Lactation Fat Yield 
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Table 5 7. (continued) . 

Abbreviation Trait 

FLM First Lactation Milk Yield 
FS Final Score (age-adjusted) 
HL Herd Li.fe 
HLO Herd Life Opportunity 
LDM Lifetime Days in Milk 
LF Lifetime Fat Yield 

LM Lifetime Milk Yield 
NC Number of Contemporaries 
NCL Number of Completed Lactations 
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RELATIONSHIPS BETW'EEN FIRST LACTATION MILK YIELD, 

FIRST CALVING INTERVAL, HERD LIFE, LIFETIME MILK PRODUCTION, 

AND DESCRIPTIVE TYPE SUETRAITS IN HOLSTEIN CATTLE 

by 

John Everett Honnette 

(ABSTRACT) 

Descriptive type classification data recorded by the Holstein-

Friesian Association of America was compared to DHIA production data to 

determine which of the type subtraits were related to first lactation 

production, first calving interval, herd life, and lifetime milk and 

fat yields. Variables other than type traits were expressed as devia-

tions from the contemporary average. 

Heritabilities of type subtraits ranged from .00 to .45. First 

lactation milk and fat yields were approximately 30% heritable, whereas 

lifetime yields were only 11% heritable. Herd life was nearly 8% 

heritable, and first calving interval had a heritability estimate of 

.04. 

Means of first lactation and lifetime variables were computed by 

type subtrait and adjusted for effects of all other type traits.~ Linear 

and quadratic effects of final score, age and stage of lactation.when 

classified, and age at first calving were also removed through regres-

sion. Differences in herd life opportunity were removed from lifetime 

variables. 

Adjusted means suggested that sloping rump was the only type 



subtrait related to highly significant (P~.01) shortened first calving 

interval. Type subtraits relat:ed to high first lactation milk and fat 

yields included narrow front end, broken fore udder, udder floor too low, 

and .tilted udder floor. However, broken fore udder was associated with 

shortened herd life and reduced lifetime yields. The other three type 

subtraits plus medium strength front end, sloping rump, bulgy fore 

udder, high and wide rear udder, and desirable teat size, shape, and 

placement had highly significant positive adjusted means for lifetillle 

milk and fat production. 
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