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  ABSTRACT 

  Genetic and phenotypic parameters for Mexican Hol-
stein cows were estimated for first- to third-parity cows 
with records from 1998 to 2003 (n = 2,971–15,927) for 
305-d mature equivalent milk production (MEM), fat 
production (MEF), and protein production (MEP), 
somatic cell score (SCS), subsequent calving interval 
(CAI), and age at first calving (AFC). Genetic param-
eters were obtained by average information matrix-
REML methodology using 6-trait (first-parity data) 
and 5-trait (second- and third-parity data) animal 
models. Heritability estimates for production traits 
were between 0.17 ± 0.02 and 0.23 ± 0.02 for first- and 
second-parity cows and between 0.12 ± 0.03 and 0.13 
± 0.03 for third-parity cows. Heritability estimates for 
SCS were similar for all parities (0.10 ± 0.02 to 0.11 
± 0.03). For CAI, estimates of heritability were 0.01 ± 
0.05 for third-parity cows and 0.02 ± 0.02 for second-
parity cows. The heritability for AFC was moderate 
(0.28 ± 0.03). No unfavorable estimates of correlations 
were found among MEM, MEF, MEP, CAI, and SCS. 
Estimates of environmental and phenotypic correlations 
were large and positive among production traits; favor-
able between SCS and CAI; slightly favorable between 
MEM, MEF, and MEP and SCS, between AFC and 
SCS, and between SCS and CAI; and small but unfa-
vorable between production traits and CAI. Estimates 
of genetic variation and heritability indicate that selec-
tion would result in genetic improvement of production 
traits, AFC, and SCS. Estimates of both heritability 
and genetic variation for CAI were small, which indi-
cates that genetic improvement would be difficult. 
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  INTRODUCTION 

  Estimates of genetic parameters for traits of economic 
importance in dairy cattle are necessary for implement-
ing efficient breeding programs. Accurate heritability 
and correlation estimates are required to predict expect-
ed selection response and to obtain predicted breeding 
values using mixed model (BLUP) procedures. Traits 
related to milk, fat, and protein production, conforma-
tion, length of productive life, reproduction, workability, 
and health are included in breeding programs of dairy 
cattle in many countries (Mark, 2004; VanRaden, 2004) 
to maximize improvement of a breeding goal involving 
traits related to income and costs (e.g., Dekkers and 
Gibson, 1998). 

  In Mexico, total milk production increased from 
7.8 million tonnes in 1997 to 10.3 million tonnes in 
2007. The dairy cow population was approximately 2.2 
million in 2005 (SIAP-SAGARPA, 2009). In 2007, ap-
proximately 50% of milk was produced by specialized 
dairy herds comprising approximately 0.85 million cows. 
These herds are mainly Holstein or Holstein-type man-
aged in conventional production systems (Montaldo et 
al., 2009) mostly in 2 climatic regions: temperate areas 
in the high valleys of central Mexico and arid regions of 
northern Mexico (SIAP-SAGARPA, 2009). 

  In Mexico, 54% of milk is processed as fluid pasteur-
ized milk, 23% is processed as evaporated and condensed 
milk, and the remaining 23% is used to produce other 
products such as cheese and yogurt (FAO-SAGARPA, 
2002). These statistics indicate that protein and fat 
production are of economic importance for Mexico. As 
with other Holstein populations, the economic objec-
tive should consider these 2 milk components as well as 
functional traits to increase net profit (e.g., VanRaden, 
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2004; Valencia et al., 2008). Economic weights for traits 
in the breeding objective to increase net profit for local 
conditions still need to be developed (e.g., Dekkers and 
Gibson, 1998; Valencia et al., 2008).

The development of the Holstein breed in Mexico 
in the past 30 yr has been mainly based on imports 
of live animals, semen, and embryos from the United 
States (US), Canada, and, more recently, from Europe 
and Oceania (Powell and Wiggans, 1991; Valencia et 
al., 1999). The number of registered cows in the of-
ficial milk recording system of the Holstein Association 
(Querétaro, México) used for genetic evaluation pur-
poses was approximately 42,000 in 2008. The number 
of cows officially recorded is approximately only 4.9% 
of cows in specialized herds. Genetic evaluation for 
milk production of Mexican Holsteins began in 1974 by 
the USDA (Powell and Wiggans, 1991) and has been 
carried out since 1998 by the Mexican Holstein Asso-
ciation (Valencia et al., 1999). Genetic evaluations are 
currently done once a year for milk, fat, and protein 
yields as well as for fat and protein percentages using 
single trait repeatability models.

Organizing a progeny testing program for young sires 
has been challenging. Development of a national system 
for genetic improvement of this population is needed. 
Estimation of genetic parameters for traits of economic 
importance for this population is a priority.

Previous estimates of genetic parameters for the 
Mexican Holstein population involved milk yield 
(Cienfuegos-Rivas et al., 1999; Valencia et al., 2004a,b, 
2008), herd life (Valencia et al., 2004b), and type traits 
(Valencia et al., 2008). However, previous estimates are 
not available from multiple trait analyses of produc-
tion traits, SCS, and calving interval for the Mexican 
Holstein population with an animal model.

The objective of this study was to estimate (co)vari-
ances, heritabilities, and genetic, environmental, and 
phenotypic correlations for 305-d mature equivalent 
milk (MEM), fat (MEF), and protein (MEP) yields, 
SCS, calving interval (CAI), and age at first calving 
(AFC) in Holstein cattle from Mexico.

MATERIALS AND METHODS

Data and Edits

Data from cows calving between 1998 and 2003 were 
obtained from the Mexican Holstein Association. First- 
to third-parity records were included in the analysis. 
Traits analyzed were 305-d MEM, MEF, and MEP 
and subsequent CAI and AFC. Somatic cell score in 
this study was log2(SCC/100,000)+3 (Neuenschwander 
et al., 2005), where SCC was the unadjusted test-day 
SCC averaged for all test-days. Records for 305-d com-

plete lactations were obtained using the test-interval 
method. Incomplete lactations with 100 to 304 DIM 
were projected to 305-d using methods based on func-
tions of last sample productions (Wiggans and Van 
Vleck, 1979).

Records of nonregistered animals and those with un-
known sires or dams were excluded from the analysis. 
Permissible values in the recording system were less 
than 21,000 kg for MEM and between 0 and 9 for SCS. 
To exclude possibly erroneous records, lactation records 
less than or greater than 4 SD from the mean for MEM, 
MEF, or MEP were not used. Based on an analysis of 
the distributions of milk production and content traits, 
records of less than 58.5 kg of MEF, 50.0 kg of MEP, 
2.0% of fat, or 2.5% of protein were not used, nor were 
those with more than 5% of fat and 4% of protein. 
Records greater than 4 SD from the mean for AFC 
(1,308 d) and CAI (1,146 d) or less than the assumed 
biological limit for AFC (549 d) or CAI (293 d) were 
excluded.

The final data set included records from a total 
of 13,201 cows from 69 herds. Number of records for 
traits other than milk and those from second and third 
parities were lower (Table 1). The pedigree file included 
40,489 animals, of which 2,885 were sires and 19,542 
were dams, plus 18,062 cows without progeny. Animals 
in the pedigree file were born between 1992 and 2001.

Model and Analysis

Models included fixed effects of herd-year-season of 
calving with 2 seasons (January to June and July to 
December) and number of times milked per day with 2 
levels (2× or 3×). Almost all lactations were milked in 
either 2 or 3 times/d during the whole 305-d period. For 
first-parity data, AFC and AFC squared were used as 
covariates for all yield traits, SCS, and CAI. In the case 
of AFC, the effect of herd-year-season of birth was used 
instead of the herd-year-season of calving. The models 
included random animal genetic effects. ASReml soft-
ware (Gilmour et al., 2002) was used to estimate (co)
variances, heritabilities, and genetic, environmental, 
and phenotypic correlations and their standard errors. 
Phenotypic variances were calculated as the animal 
plus residual components of variance.

In matrix notation, the multitrait models were

y = Xb + Zu + e,

where y is the vector of records for MEM, MEF, MEP, 
SCS, CAI, and AFC; b is the vector of fixed effects 
containing the effects of herd-year-season of calving 
and linear and quadratic effects of AFC for milk yield 
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traits, SCS and CAI, and herd-year-season of birth for 
age at first calving; u is the vector of random animal ef-
fects, including animals without records; e is the vector 
of random residual effects; and X and Z are incidence 
matrices assigning observations to fixed and random 
animal effects, respectively.

Expectations (E) and covariance matrices (V) of ran-
dom vectors are described in the following equations:
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where G A G= ⊗ 0  (A is the numerator relationship 
matrix; G0 is the genetic (co)variance matrix; and ⊗  is 
the Kronecker product) and R is the residual (co)vari-
ance matrix. Starting values for elements of (co)vari-
ance genetic and environmental matrices were estimates 
obtained from preliminary single trait model analyses 
and from assumed correlations.

Estimates of heritability and correlation coefficients 
were considered significantly different from 0 (P < 
0.01) when the parameter estimate was at least 3 times 
the value of the standard error of the estimate, and 
P < 0.05 when the parameter estimate was at least 
twice the value of the standard error of the estimate. 
This is an approximate rule that is valid for significance 
testing of the parameters estimated with large samples 
such as in this case, by assuming normal distributions 
of the estimates (Åkesson et al., 2008).

RESULTS AND DISCUSSION

Phenotypic Means and Variability

Descriptive statistics for the variables studied are 
shown in Table 1. Table 2 shows estimates of additive 
genetic and phenotypic variances as well as the herita-
bilities for the traits studied. Tables 3, 4, and 5 show 
estimates of genetic, environmental, and phenotypic 
correlations. Means for most traits were approximately 
similar to those for US Holsteins. Compared with US 
averages for the year 2000, the approximate average 
differences were −3.6, −9.8, −0.3, and 3.2% for MEM, 
MEF, MEP, and SCS, respectively (USDA-ARS, 2009), 
and −0.8 and 1.5% for AFC and CAI, respectively 
(Hare et al., 2006). Average SCS values were 2.67 for 
US Holstein cows and 2.76 in this present study.

For MEM, MEF, and MEP, the differences between 
parities suggest a small overadjustment of first-parity 
records (Table 1). For traits that were not adjusted to a 
mature equivalent basis, means for SCS increased with 
parity, but means for CAI were similar (Table 1). The 
phenotypic CV increased from first to later parities for 
MEM, MEF, and MEP, but decreased for SCS and CAI 
(Table 1).

Herd-Year-Season Effects

Herd-year-season effects accounted for a substantial 
proportion of total variation in most variables estimated 
from the difference between unadjusted and phenotypic 
variances obtained from the model: from 7.6 to 9.7% 
for CAI and 23.7 to 35.4% for MEM, MEF, and MEP. 
These percentages decreased as the parity increased 
(Table 2). The proportions for SCS were similar across 
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Table 1. Descriptive statistics for milk production, udder health, and fertility traits for registered Mexican Holsteins for the first 3 parities 

Parity Trait1 n Mean Minimum Maximum SD CV (%)

First MEM (kg) 13,201 11,499 3,030 17,000 2,447 21.3
 MEF (kg) 13,201 387 79 704 88 22.8
 MEP (kg) 13,201 350 89 562 71 20.2
 SCS (log2 SCC) 13,201 2.14 0 9 1.49 69.6
 CAI (d) 6,524 419 293 1,146 101 24.1
 AFC (d) 13,201 798 556 1,308 119 14.9
Second MEM (kg) 10,761 11,001 3,030 17,000 2,802 25.5
 MEF (kg) 10,761 375 78 710 102 27.1
 MEP (kg) 10,761 342 78 597 83 24.3
 SCS (log2 SCC) 10,761 3.04 0 9 1.60 52.6
 CAI (d) 4,501 416 293 729 83 20.1
Third MEM (kg) 6,800 10,307 3,040 16,920 2,715 26.3
 MEF (kg) 6,800 358 91 705 100 27.8
 MEP (kg) 6,800 319 84 544 80 25.1
 SCS (log2 SCC) 6,800 3.49 0 9 1.74 49.8
 CAI (d) 2,576 421 294 730 84 20.0

1MEM = mature equivalent milk production; MEF = mature equivalent fat production; MEP = mature equivalent protein production; CAI = 
calving interval; AFC = age at first calving.



parities (16.5–16.9%; Table 2). This value for CAI is 
unexpectedly low. One reason might be that most of 
the herds contributing records were elite herds with 
generally good reproductive management.

Heritabilities and Genetic Variation

Heritability estimates for yield traits were higher 
for first- and second-parity cows (0.17–0.23) compared 
with estimates for third-parity cows (0.12– 0.13; Table 
2). However, results for third-parity cows are based on 
smaller sample sizes. Heritability estimates for SCS and 

CAI were similar across parities. Values for SCS were 
between 0.10 and 0.11, and heritability estimates for 
CAI were from 0.01 for first- and third-parity cows and 
0.02 for second-parity cows.

The coefficients of additive genetic variation (CAV) 
of a trait give additional information to the heritability 
or the phenotypic variance, indicating the potential for 
genetic change, relative to their averages. For MEM and 
MEP the genetic coefficients of variation were similar 
within lactation, with values ranging between 7.1 and 
9.8%. The CAV for MEF was slightly larger and varied 
from 7.8 to 11.0% (Table 2). The CAV for AFC was 
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Table 2. Model statistics and heritabilities for milk production, udder health, and fertility traits for registered Mexican Holsteins for the first 
3 parities 

Parity Trait1
Herd-year-season  
effect levels (n) Sires (n)

Variance explained  
by fixed effects (%)

Model  
phenotypic SD h2 SE

Genetic  
CV (%)

First MEM (kg) 462 1,835 35.1 1,972 0.17 0.02 7.1
 MEF (kg) 462 1,835 35.4 71 0.18 0.02 7.8
 MEP (kg) 462 1,835 35.4 57 0.18 0.02 6.9
 SCS (log2 SCC) 462 1,835 16.9 1.36 0.10 0.02 20.1
 CAI (d) 343 1,159 9.7 96 0.01 0.02 2.3
 AFC (d) 5142 1,835 28.9 100 0.28 0.03 6.6
Second MEM (kg) 477 1,713 29.4 2,355 0.19 0.02 9.3
 MEF (kg) 477 1,713 28.2 86 0.23 0.02 11.0
 MEP (kg) 477 1,713 28.9 70 0.23 0.02 9.8
 SCS (log2 SCC) 477 1,713 16.6 1.46 0.11 0.02 15.9
 CAI (d) 343 1,033 8.0 80 0.02 0.02 2.7
Third MEM (kg) 462 1,322 26.0 2,335 0.12 0.03 7.8
 MEF (kg) 462 1,322 25.5 86 0.13 0.03 8.7
 MEP (kg) 462 1,322 23.7 70 0.13 0.03 7.9
 SCS (log2 SCC) 462 1,322 16.5 1.59 0.11 0.03 15.1
 CAI (d) 317 740 7.6 81 0.01 0.05 1.9

1MEM = mature equivalent milk production; MEF = mature equivalent fat production; MEP = mature equivalent protein production; CAI = 
calving interval; AFC = age at first calving.
2Herd-year season of birth.

Table 3. Genetic, environmental, and phenotypic correlations for primiparous Mexican Holsteins 

Traits1

Genetic correlation Environmental correlation Phenotypic correlation

Value SE P-value Value SE P-value Value SE P-value

MEM MEF 0.489 0.062 ** 0.816 0.008 ** 0.759 0.004 **
MEM MEP 0.829 0.023 ** 0.953 0.002 ** 0.931 0.001 **
MEF MEP 0.594 0.051 ** 0.829 0.007 ** 0.787 0.004 **
MEM SCS 0.185 0.112 −0.219 0.016 ** −0.166 0.009 **
MEF SCS −0.100 0.105 −0.154 0.016 ** −0.145 0.009 **
MEP SCS 0.170 0.107 −0.185 0.016 ** −0.136 0.009 **
MEM CAI −0.449 0.706 0.089 0.020 ** 0.067 0.013 **
MEF CAI −0.300 0.572 0.080 0.020 ** 0.063 0.013 **
MEP CAI −0.392 0.647 0.092 0.020 ** 0.070 0.013 **
SCS CAI −0.051 0.525 0.022 0.018 0.019 0.013
MEM AFC −0.005 0.083 −0.029 0.022 −0.021 0.013
MEF AFC −0.031 0.080 −0.050 0.022 −0.045 0.013 **
MEP AFC 0.144 0.079 −0.025 0.022 0.014 0.013
SCS AFC −0.062 0.099 0.047 0.021 * 0.028 0.012 *
CAI AFC 0.048 0.467 −0.068 0.026 * −0.056 0.017 *

1MEM = mature equivalent milk production; MEF = mature equivalent fat production; MEP = mature equivalent protein production; CAI = 
calving interval; AFC = age at first calving.
*P < 0.05; **P < 0.01.



6.6%. The CAV range for CAI was 1.9 to 2.7% (Table 
2). The larger CAV observed was for SCS, with a value 
ranging from 15.1 to 20.1% (Table 2).

Estimates of heritability for MEM were in the lower 
part of the range reported by most authors for Mexican 
data (0.18–0.31; Valencia et al., 2004a,b) and elsewhere 
(0.12– 0.39) (Raffrenato et al., 2003; Weller and Ezra, 
2004; Dechow et al., 2007). Estimates of heritability 
for MEM were greater for first- and second-parity cows 
(0.17– 0.19) than for third-parity cows (0.13). Carlén et 
al. (2004) reported for MEM larger estimates of heri-
tability and a reduction from 0.34 to 0.23 for first- to 
third-parity cows. Similarly, Weller and Ezra (2004) 
reported a reduction in heritability from 0.39 to 0.27 
for MEM of first- to third-parity cows.

Estimates of heritability for MEP (0.13– 0.23) were 
within the range of previous estimates (0.09–0.31; e.g., 
Van Tassell et al., 2000; Hansen et al., 2002; Andersen-
Ranberg et al., 2005), with smaller estimates for third-
parity cows. Weller and Ezra (2004) also reported a 

reduction in estimates for heritability of protein yield 
from 0.34 to 0.27 for first- to third-parity cows.

Heritability estimates for MEF were within the range 
of the published reports of 0.09 to 0.36 (e.g., Abdallah 
and McDaniel, 2000; Carlén et al., 2004; Ikonen et al., 
2004). These estimates were greater for the first 2 pari-
ties (0.18 and 0.23 for parities 1 and 2, respectively) 
than for the third parity (0.13). Smaller heritability 
estimates for later parities were also reported by Carlén 
et al. (2004) and Weller and Ezra (2004) for Swedish 
and Israeli dairy cows, respectively.

Estimates of heritability for SCS were between 0.10 
and 0.11 (Table 2). Several authors have reported esti-
mates mostly in the range of 0.09 to 0.12 (e.g., Banos 
and Shook, 1990; Castillo-Juarez et al., 2000; de Haas 
et al., 2008) for Israeli Holsteins, although some have 
reported estimates as large as 0.25 (Weller and Ezra, 
2004).

Heritability estimates for CAI were small for all pari-
ties (0.01–0.02; Table 2). Relatively small estimates (i.e., 
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Table 4. Genetic, environmental, and phenotypic correlations for second-calving Mexican Holsteins 

Traits

Genetic correlation Environmental correlation Phenotypic correlation

Value SE P-value Value SE P-value Value SE P-value

MEM MEF 0.735 0.039 ** 0.849 0.007 ** 0.824 0.003 **
MEM MEP 0.900 0.015 ** 0.960 0.002 ** 0.947 0.001 **
MEF MEP 0.829 0.026 ** 0.854 0.007 ** 0.848 0.003 **
MEM SCS −0.045 0.113 −0.246 0.019 ** −0.216 0.010 **
MEF SCS −0.266 0.101 * −0.205 0.020 ** −0.213 0.010 **
MEP SCS −0.095 0.106  −0.203 0.020 ** −0.183 0.010 **
MEM CAI −0.011 0.293  0.173 0.026 ** 0.153 0.016 **
MEF CAI 0.364 0.301  0.131 0.027 ** 0.141 0.016 **
MEP CAI 0.212 0.288  0.153 0.027 ** 0.148 0.016 **
SCS CAI −0.409 0.348  0.055 0.023 * 0.030 0.016  

1MEM = mature equivalent milk production; MEF = mature equivalent fat production; MEP = mature equivalent protein production; CAI = 
calving interval.
*P < 0.05; **P < 0.01.

Table 5. Genetic, environmental, and phenotypic correlations for third-calving Mexican Holsteins 

Traits

Genetic correlation Environmental correlation Phenotypic correlation

Value SE P-value Value SE P-value Value SE P-value

MEM MEF 0.638 0.084 ** 0.879 0.007 ** 0.849 0.004 **
MEM MEP 0.878 0.030 ** 0.964 0.002 ** 0.953 0.001 **
MEF MEP 0.755 0.060 ** 0.883 0.006 ** 0.866 0.003 **
MEM SCS −0.078 0.168  −0.243 0.022 ** −0.225 0.012 **
MEF SCS −0.274 0.159  −0.221 0.023 ** −0.227 0.012 **
MEP SCS −0.110 0.163  −0.201 0.023 ** −0.190 0.012 **
MEM CAI −0.173 0.708  0.157 0.034 ** 0.139 0.022 **
MEF CAI −0.149 0.674  0.151 0.035 ** 0.134 0.021 **
MEP CAI −0.166 0.690  0.164 0.035 ** 0.145 0.022 **
SCS CAI −0.391 0.922  0.074 0.034 * 0.054 0.022 *

1MEM = mature equivalent milk production; MEF = mature equivalent fat production; MEP = mature equivalent protein production; CAI = 
calving interval.
*P < 0.05; **P < 0.01.



< 0.10) are common for many fertility traits in dairy 
cows. VanRaden et al. (2004), in a review of estimates 
used for genetic evaluations of fertility traits worldwide, 
concluded that fertility traits in dairy cattle popula-
tions have heritability of 0.04 or less. They reported an 
estimate of heritability for days open in the US Holstein 
population as 0.04. Mark (2004) also reviewed the val-
ues of the genetic parameters used in several countries 
for genetic evaluations and found that heritabilities 
for fertility traits ranged from 0.01 to 0.07. Estimates 
from the current study are similar to those reported by 
Haile-Mariam et al. (2008) in Australia (0.02–0.04) and 
are slightly less than estimates by González-Recio and 
Alenda (2005) in Spain (0.04) and by Olori et al. (2002) 
in the Netherlands (0.04).

The estimate of heritability for AFC was moder-
ate (0.28; Table 2). It was larger than the heritability 
observed for Canadian Holsteins (0.04) by Moore et 
al. (1991) or for Brazilian (0.19) and Colombian (0.13) 
Holsteins by Cerón-Muñoz et al. (2004). The estimate 
from the current study was similar to that of 0.26 by 
Shanks et al. (1982) for US Holsteins but was smaller 
than the estimate by Ojango and Pollott (2001) of 0.38 
for Kenyan Holstein cattle and by Ruiz-Sánchez et al. 
(2007) of 0.47 with US data. Pirlo et al. (2000) have 
pointed out that estimates of heritability of AFC are 
in a wide range (0.05–0.75) and that inconsistencies in 
estimates may be caused by confounding of sire and 
management effects.

Differences between the estimates of heritability ob-
tained in this study and estimates from other countries 
are most likely caused by management and climate dif-
ferences affecting genetic and environmental variances.

Emphasis given to traits in the breeding programs 
will be dictated by economic and social considerations. 
The inclusion of traits with small estimates of heritabil-
ity in progeny testing programs of sires such as CAI 
and SCS is possible, but to reach a minimum reliability 
for PTA, more daughter records would be necessary for 
the evaluation of a sire for an index involving produc-
tion traits, AFC, SCS, and CAI than for MEM, MEF, 
MEP, and AFC alone.

Genetic Correlations

Estimates of genetic correlations among milk pro-
duction traits were positive. Estimates for MEM with 
MEP and MEF were 0.83 and 0.49, respectively, and 
for MEP and MEF was 0.59 for first-parity data (Table 
3). These estimates were similar to those reported by 
Dechow et al. (2007) for a small number of herds in the 
US (0.73, 0.40, and 0.55, respectively) and very close to 
those reported by Castillo-Juarez et al. (2002) for US 
Holsteins (0.83, 0.49, and 0.66). Using data from the 

Netherlands, Veerkamp et al. (2001) obtained similar 
estimates for the genetic correlation between 305-d 
milk and protein yields (0.84), between 305-d milk and 
fat yields (0.41), and between 305-d protein and fat 
yields (0.55). Estimates of genetic correlations among 
production traits had a similar pattern trend but were 
slightly greater for later parities (Tables 4 and 5).

Estimates of genetic correlations between production 
traits and SCS were generally close to zero and not 
significant, with estimates ranging from −0.06 to 0.19 
for first-parity cows (Table 3), from −0.27 to −0.05 for 
second-parity cows (Table 4) and from −0.27 to −0.08 
for third-parity cows (Table 5). The only estimate 
significantly different from zero was favorable (−0.27) 
between MEF and SCS in second-parity cows (Table 
4). These estimates agree with those reported by Pösö 
and Mäntysaari (1996) for Ayrshire cattle but do not 
agree with most other estimates of the genetic correla-
tion between milk and SCS, which have been rather 
moderate and positive (Welper and Freeman, 1992; 
Castillo-Juarez et al., 2000; Dechow et al., 2007). Other 
findings show a wide variation of these estimates, from 
−0.15 (Banos and Shook, 1990) to 0.47 (Windig et al., 
2005).

The slightly negative estimate of the genetic correla-
tion was not significantly different from zero between 
MEM and AFC (−0.01; Table 3). This estimate is 
closer to zero than those previously reported in stud-
ies of Holstein cattle, which have ranged from −0.44 
to −0.20 (Moore et al., 1991; Cienfuegos-Rivas et al., 
2006; Ruiz-Sánchez et al., 2007). Estimates of genetic 
correlations of MEF and MEP with AFC (−0.03 and 
0.14, respectively; Table 3) were also not significantly 
different from zero. The estimate of the genetic correla-
tion between SCS and AFC (−0.06) was not different 
from zero (Table 3).

Estimates of genetic correlations of CAI with MEM, 
MEF, and MEP were not significantly different from 
zero, with values ranging from −0.45 to 0.36 (Tables 3, 
4, and 5). Most other studies have reported estimates 
of the genetic correlation between CAI (or days open) 
and milk yield ranging from 0.10 to 0.67 (Haile-Mariam 
et al., 2003; Kadarmideen et al., 2003; VanRaden et 
al., 2004). However, these small estimates of genetic 
correlations between production traits and CAI agree 
with some previous studies of the association between 
milk production traits and fertility, where unfavorable 
genetic relationships were not found (Dong and van 
Vleck, 1989; Pryce et al., 2002). Differences between 
the results of the present study and those reporting un-
favorable genetic relationships between milk yield and 
fertility may be a result of peculiarities of the recorded 
Mexican Holstein population, with high environmen-
tal levels for milk production (Montaldo et al., 2009). 
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Previous estimates for the genetic correlation between 
milk production and CAI for Mexican Holsteins were 
positive (Cienfuegos-Rivas et al., 2006). The heritabil-
ity for CAI was also low, with an estimate of 81 d2 for 
its additive genetic variance compared with 90 d2 in the 
present study for first-parity data.

Estimates of genetic correlations between SCS and 
CAI were all negative, with more negative estimates for 
second- and third-parity data, but were not significantly 
different from zero (Tables 3, 4, and 5). VanRaden et 
al. (2004) reported a positive genetic correlation (0.30) 
between SCS and days open in US Holsteins.

Environmental and Phenotypic Correlations

There were high positive estimates of environmental 
correlations among MEM, MEF, and MEP, ranging from 
0.82 to 0.96 (Tables 3, 4, and 5). There were moderate 
negative environmental correlation estimates (−0.25 
to −0.15) among MEM, MEF, MEP, and SCS. Envi-
ronmental correlation estimates between MEM, MEF, 
and MEP and CAI were positive and small (0.08–0.17; 
Tables 3, 4, and 5). Estimates of the environmental 
correlations between MEM, MEF, MEP, and AFC were 
small and negative (−0.02 to −0.04; Table 3). The envi-
ronmental correlation estimate between AFC and SCS 
was 0.07 (Table 3). The estimate of the environmental 
correlation between SCS and CAI varied from 0.02 and 
0.07, but was significant only for second- and third-
parity data (Tables 3, 4, and 5). Therefore, estimates 
of the environmental correlations were favorable among 
production traits, slightly favorable between production 
traits and SCS and between AFC and SCS, and unfa-
vorable but small between MEM, MEF, and MEP and 
CAI. The environmental correlation estimate between 
SCS and CAI was slightly favorable. In all cases, the 
estimates of the phenotypic correlations were similar 
to those observed for the environmental correlations 
(Tables 3, 4, and 5).

CONCLUSIONS

Estimates of heritability and genetic variation for 
production traits and AFC were moderate, indicating 
that response to selection would be expected in this 
population. Estimates of heritability and genetic varia-
tion for SCS, and particularly for CAI, were smaller so 
that response to selection would be more difficult to 
obtain than for yield traits. Estimates of genetic cor-
relations were large and favorable between production 
traits. Unfavorable genetic correlations were not found 
in this study between CAI or SCS with production 
traits, or between AFC and CAI. Estimates of environ-
mental correlations were large and favorable between 

production traits, but other estimates were small. 
These parameter estimates can be used to design better 
breeding programs for the Mexican Holstein population 
involving an economic index of production traits, CAI, 
and SCS for ranking of sires. Relative economic values 
of each trait for local markets are needed for simulta-
neous selection of these traits and others of economic 
importance.
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