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Abstract 13 

Genetic parameters and genetic trends for age at first calving (AFC), interval 14 

between first and second calving (CI1), and interval between second and third 15 

calving (CI2) were estimated in a Colombian beef cattle population composed of 16 

Angus, Blanco Orejinegro, and Zebu straightbred and crossbred animals. Data were 17 

analyzed using a multiple trait mixed model procedures. Estimates of variance 18 

components and genetic parameters were obtained by Restricted Maximum 19 

Likelihood. The 3-trait model included the fixed effects of contemporary group (year-20 

season of calving-sex of calf; sex of calf for CI1 and CI2 only), age at calving (CI1 21 

and CI2 only), breed genetic effects (as a function of breed fractions of cows), and 22 
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individual heterosis (as a function of cow heterozygosity).  Random effects for AFC, 23 

CI1, and CI2 were cow and residual.  Program AIREMLF90 was used to perform 24 

computations. Estimates of heritabilities for additive genetic effects were 0.15 ± 0.13 25 

for AFC, 0.11 ± 0.06 for CI1, and 0.18 ± 0.11 for CI2. Low heritabilities suggested 26 

that nutrition and reproductive management should be improved to allow fuller 27 

expressions of these traits. The correlations between additive genetic effects for AFC 28 

and CI1 (0.33 ± 0.41) and for AFC and CI2 (0.40 ± 0.36) were moderate and 29 

favorable, suggesting that selection of heifers for AFC would also improve calving 30 

interval. Trends were negative for predicted cow yearly means for AFC, CI1, and CI2 31 

from 1989 to 2004.  The steepest negative trend was for cow AFC means likely due 32 

to the introduction of Angus and Blanco Orejinegro cattle into this population.  33 

 34 

Keywords: Beef cattle; Criollo; Multibreed; Genetic trends; Reproduction 35 

 36 

1. Introduction 37 

Beef production in Colombia is largely extensive and primarily based on Bos 38 

indicus and Bos taurus x Bos indicus cattle (MADR, 2005), where Bos indicus is 39 

represented by Commercial Zebu and Brahman cattle, and Bos taurus breeds are 40 

Angus, Senepol, Simmental, and Criollo breeds (Blanco Orejinegro, Romosinuano, 41 

and Sanmartinero).  Genetic evaluation and selection of animals for reproductive 42 

efficiency traits have not been conducted in Colombian multibreed populations 43 

despite their large potential impact on beef production costs under tropical 44 

conditions, particularly when temperate breeds are a major component of the 45 

breeding strategy.  Two measurements of reproductive efficiency that are frequently 46 

taken in Colombian farms with extensive management systems are age at first 47 
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calving and calving interval. Genetic improvement of these traits could have a major 48 

impact on beef productions costs. Shortening of age at first calving would decrease 49 

the cost of raising heifers for replacement and shortening of calving intervals would 50 

decrease production costs per calf produced per year.   51 

A first step in the process of generating genetic evaluations for reproductive 52 

traits in Colombia would be to analyze existing datasets from large commercial beef 53 

enterprises.  Thus, the objectives of this research were the estimation of genetic 54 

parameters and genetic trends for age at first calving, calving interval between the 55 

first and second calving, and calving interval between the second and third calving in  56 

a large commercial enterprise in the department of Antioquia in Colombia.  57 

 58 

2. Materials and methods 59 

2.1. Animals and data 60 

This study used data collected from 1989 to 2004 at farm La Leyenda 61 

(municipality of Caucasia, department of Antioquia, Colombia).  Cattle breeds 62 

present in the dataset were Angus, Blanco Orejinegro (Criollo breed), and Zebu.  63 

Zebu was primarily composed of commercial crossbred cattle of Bos indicus ancestry 64 

of various origins (Brahman, Guzerat, and Nellore), and by Brahman sires from the 65 

USA.  The dataset contained a total of 2,301 Blanco Orejinegro, Zebu, and crossbred 66 

cows with records, of which 1,630 cows had ages at first calving (AFC), 1,221 cows 67 

had intervals between first and second calving (CI1), and 1,110 cows had intervals 68 

between second and third calving (CI2).  Cows were daughters of 35 Zebu, 12 69 

Angus, 4 Blanco Orejinegro, and 1 Angus x Zebu sires mated mostly to Zebu and 70 

Angus x Zebu dams.  Table 1 presents numbers of cows with AFC, CI1, and CI2 71 

records by breed-group-of-sire x breed-group-of-dam combination.  72 
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 73 

2.2. Management and feeding 74 

Cows were rotated on pastures composed primarily of Brachiaria decumbens, 75 

Brachiaria humidicola, and Brachiaria brizhanta. Stocking rate ranged from 2.3 to 2.6 76 

animals per hectare. Cattle were provided corn silage, and either sorghum (Sorghum 77 

vulgare) or guinea grass (Pennisetum violaceum) during the dry season. Cows and 78 

calves were managed together up to weaning at approximately 8 months of age. 79 

There were 2 seasons in this region: a dry one from December to March, and 80 

a wet one from April to November.  Precipitation averaged 2,130 mm/yr, and 81 

temperature fluctuated between 27 °C to 30.2 °C.  Mating occurred throughout the 82 

year.  Estrous was detected visually by trained personnel twice a day (morning and 83 

afternoon).  Heifers and cows were inseminated twice, then placed in a paddock with 84 

a natural service sire for 60 d.  Heifers were inseminated for the first time when they 85 

reached a weight between 300 and 330 kg at an age of 28 to 30 months.  Cows were 86 

rested for a period of 2 months after calving, and inseminated for the first time at the 87 

second visible estrous after the postpartum rest period. 88 

 89 

2.3. Genetic predictions and genetic parameters 90 

Multiple trait mixed model procedures (Henderson, 1976; Henderson and 91 

Quaas, 1976; Quaas and Pollak, 1980) were used to analyze data.  Restricted 92 

maximum likelihood procedures (Harville, 1977) were used to obtain estimates of 93 

variances and covariances.  Computations were carried out with software from the 94 

University of Georgia (AIREMLF90) that used an average information algorithm 95 

(Misztal, 1997; Tsuruta, 1999) and accounted for missing records using formulas 96 

developed by C. R. Henderson (Henderson, 1984).  97 
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The 3-trait (AFC, CI1, and CI2) animal model considered: 1) the environmental 98 

fixed effects of contemporary group (year-season of calving; year: 1989 to 2004; 99 

season: 1 = dry, 2 = wet), sex of calf (1 = male, and 2 = female; CI1 and CI2 only), 100 

and age at calving (CI1 and CI2 only); 2) breed fixed effects (1 = Angus, 2 = Blanco 101 

Orejinegro, and 3 = Zebu) as a function of expected breed fractions of cows (Robison 102 

et al., 1981; Elzo and Famula, 1985; Rodríguez-Almeida et al., 1997; Elzo and 103 

Wakeman, 1998), where expected breed fraction = prob (breed k), k = Angus, Blanco 104 

Orejinegro, Zebu; 3) heterosis fixed effects as a function of cow expected 105 

heterozygosities (Robison et al., 1981; Elzo and Famula, 1985; Rodríguez-Almeida 106 

et al., 1997; Elzo and Wakeman, 1998), where expected heterozygosity = prob 107 

(breed j sire of cow) × prob (breed k dam of cow) + prob (breed k sire of cow) × prob 108 

(breed j dam of cow), j ≠ k = Angus, Blanco Orejinegro, Zebu; 4) additive genetic 109 

random cow effects as deviations from genetic group effects; and 5) residual random 110 

effects.  Genetic group effects were defined as a weighted sum of breed effects, thus 111 

the generalized least squares solution for genetic group i was equal to ∑
=

=
B

1i

0
iij

0 bpig , 112 

where B = number of breeds; pij = fraction of breedi in cow ij; and bi
0 = generalized 113 

least squares solution for breed i.   114 

Cow genetic effects were predicted as a weighted sum of breed genetic 115 

effects and random effects (Elzo and Wakeman, 1998). The EBV for cow ij was equal 116 

to ij
0
iij ĉ gû += , where ûij = genetic prediction for cow ij; gi

0 = generalized least squares 117 

solution for genetic group i; and ĉij = genetic prediction for cow ij as a deviation from 118 

genetic group i.   119 

 The variance-covariance matrix of the vector of random genetic effects was 120 

equal to G = A * G0, where G0 was a 3 x 3 matrix of variances and covariances 121 
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among AFC, CI1, and CI2 additive genetic effects.  The variance-covariance matrix 122 

of the vector of residuals was equal to R = I * σe
2, where σe

2 was the residual 123 

variance common to all animals in the population.  Heritabilities for AFC, CI1, and 124 

CI2, and genetic and phenotypic correlations between AFC, CI1, and CI2 were 125 

computed using variances and covariances estimated with the AIREMLF90 program.  126 

The Delta method (Lindgren, 1976) was used to obtain standard errors of estimates 127 

of heritabilities and correlations.  128 

Yearly means of EBV for cow AFC, CI1, and CI2 genetic effects were 129 

computed to study genetic trends between 1989 and 2004. Genetic trends were 130 

computed as a linear regression of yearly means on year using the procedure GLM 131 

of the Statistical Analysis System (SAS, 2007).   132 

 133 

3. Results and discussion 134 

3.1. Breed and heterosis effects 135 

Breed effects (as deviations from Zebu) for AFC were negative for Angus (-136 

281.2 ± 41.9 d; P < 0.001) and Blanco Orejinegro (-162.1 ± 31.9 d; P < 0.001).  137 

Similarly, AFC for Angus were also negative (-119.1 ± 30.3 d; P < 0.001) when 138 

compared to Blanco Orejinegro. These estimates of breed differences suggest that 139 

purebred Zebu and crossbred heifers with high proportion of Zebu took longer to 140 

calve for the first time than crossbred heifers with higher fractions of Angus or Blanco 141 

Orejinegro under the humid tropical conditions in Antioquia.  The lower AFC found 142 

here for Angus and Blanco Orejinegro relative to Zebu was in agreement with the 143 

higher precocity of Bos taurus compared to Bos indicus breeds (Turner 1980; 144 

Nogueira, 2004).  However, the breed effect for Angus should be taken with caution 145 

because there were no purebred Angus cows in this population.  The Angus breed 146 
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effect may have been underestimated because Angus was primarily represented by 147 

F1 Angus-Zebu cows and these crossbred cows are likely to be better adapted to 148 

tropical environmental conditions than purebred Angus cows.  149 

Estimates of breed deviations from Zebu for CI1 were -6.9 ± 51.5 d (P = 0.56) 150 

for Angus and -6.5 ± 39.4 d (P = 0.72) for Blanco Orejinegro. The difference between 151 

Angus and Blanco Orejinegro was -0.4 ± 37.9 d (P = 0.70).  All breed differences for 152 

CI1 were non-significant.  Estimates of breed differences for CI2 were negative for 153 

Angus minus Zebu (-94.9 ± 50.1 d; P = 0.08), positive for Blanco Orejinegro minus 154 

Zebu (18.4 ± 32.3 d; P = 0.55), and negative for Angus minus Blanco Orejinegro (-155 

113.3 ± 40.9 d; P < 0.001).  Zebu genes involved in adaptation may have helped 156 

Angus genes for precocity to be expressed in Angus-Zebu crossbreds.  However, as 157 

indicated for AFC above, CI1 and CI2 values for Angus are likely to be 158 

underestimates because no purebred Angus cows existed in this population. 159 

Estimates of heterosis were all non-significant, negative for AFC (-26.0 ± 21.0 160 

d; P = 0.18) and for CI1 (-39.5 ± 25.6; P = 0.11), and positive for CI2 (16.0 ± 24.9 d; 161 

P = 0.49).  The absolute value of heterosis for AFC here was lower than the absolute 162 

values of AFC heterosis reported in a Zebu-Holstein multibreed population in Brazil (-163 

60 d; Martínez et al., 1988) and in an F1 Brown Swiss x Commercial Zebu cattle in 164 

Mexico (-76 ± 17 d; Magaña and Segura-Correa, 2001).   165 

 166 

3.2. Heritabilities, genetic correlations, and phenotypic correlations 167 

Estimates of additive genetic variances were 1,739.7 ± 1,483.4 d2 for AFC, 168 

899.1 ± 531.7 d2 for CI1, and 1,316.8 ± 162.2 d2 for CI2.  Additive genetic covariance 169 

estimates were 410.8 ± 519.6 d2 between AFC and CI1, 603.9 ± 542.1 d2 between 170 

AFC and CI1, and 1,084.8 ± 605.2 d2 between CI1 and CI2.  Phenotypic variances 171 
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were 11,295.1 ± 399.5 d2 for AFC, 8,219.3 ± 328.2 d2 for CI1, and 7,418.2 ± 317.8 d2 172 

for CI2.  Table 2 shows the estimates of heritabilities, genetic correlations, and 173 

phenotypic correlations for AFC, CI1, and CI2.  The value of heritability for AFC was 174 

low and had a high standard error. This suggests that AFC was heavily influenced by 175 

the extensive nutritional conditions, management, and tropical climate, and that 176 

genetic improvement for this trait would be slow. If nutrition and management of the 177 

cow-calf herd and replacement heifers were improved, this may permit fuller 178 

expression and potentially faster genetic progress for AFC in this population. 179 

The estimate of heritability for AFC here was either similar or lower than most 180 

values reported for cattle in the tropics.  Differences in breed composition, 181 

management, nutrition, and model used (sire vs. animal model) are likely to have 182 

contributed to these differences.  The AFC heritability estimate here was higher than 183 

one obtained for Nellore cattle in Brazil (0.05; Silveira et al., 2004), but lower than 184 

those reported for Brahman-Nellore-Guzerat-Gir multibreed cattle in Mexico (0.46 ± 185 

0.15; Magaña and Segura, 1997), Romosinuano in Costa Rica (0.28 ± 0.16; Casas 186 

and Tewolde, 2001), and Brahman in Mexico (0.46 ± 0.14; Estrada-León et al. 2008).  187 

However, the AFC heritability was similar to the ones estimated for Canchim in Brazil 188 

(0.13; Talhari et al., 2003), and for Romosinuano in Colombia (0.16 ± 0.09; Suárez et 189 

al., 2006).  Thus, selection for AFC here and in most of the referenced populations 190 

would likely show some small decrease in AFC over time.  191 

Estimates of heritabilities for CI1 and CI2 were also low, but with smaller 192 

standard errors than that for AFC.  Low estimates of heritability for CI1 and CI2 193 

indicate that these traits were greatly influenced by environmental conditions, thus 194 

improvements in nutrition and reproductive management would likely have a larger 195 

impact on reducing CI1 and CI2 than genetic selection.  The heritability of CI2 was 196 
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higher than CI1 because the genetic variance for CI2 was larger and the phenotypic 197 

variance smaller than those for CI1.  This may have been influenced by lower growth 198 

nutritional demands after the second calving permitted cows to show estrous and get 199 

pregnant sooner than first calf heifers.   200 

Estimates of heritability for CI1 and CI2 here were substantially larger than 201 

those reported in various purebred cattle populations.  Small values of heritability for 202 

CI1 were estimated for Angus in the USA (0.01; Frazier et al., 1999), and for Nellore 203 

in Brazil (0.03 ± 0.14; Gressler et al., 2005), but a similar estimate was computed for 204 

Nellore in Brazil (0.10 ± 0.10; Gressler et al., 2000 and 0.10; Mercadante et al., 205 

2000).  The only estimate of heritability found in the literature for CI2 was near zero 206 

(0.01; Frazier et al., 1999) for Angus cattle in the USA.  Heritability estimates for CI1 207 

and CI2 here suggest that keeping cows with lower CI1 and CI2 may result in shorter 208 

calving intervals, and that the response could be faster than in other populations in 209 

tropical regions. 210 

Estimates of additive genetic correlations between AFC and CI1, and between 211 

AFC and CI2 were positive and moderate suggesting that selection of heifers with 212 

low AFC may lead to shorter calving intervals.  However, the large size of the 213 

standard errors of these correlation estimates prevents making concrete statements 214 

in this regard.  Mercadante et al. (2000) estimated a positive value (0.53) whereas 215 

Gressler et al. (2005) estimated a negative value (-0.92) for the genetic correlation 216 

between AFC and CI1 for Nellore in Brazil, and Frazier et al. (1999) obtained near 217 

zero correlations between AFC and CI1 (-0.10) and between AFC and CI2 (-0.06) for 218 

Angus in the USA.  Differences in sign and magnitude of genetic correlation 219 

estimates between AFC and calving interval traits may be due to differences in breed 220 

composition, environmental conditions, methods of estimation, and accuracies of 221 
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variance and covariance components.  However, they may also be an indication that 222 

the sets of genes affecting these traits differ across populations, and that genes 223 

present across populations of different breed composition have different additive 224 

genetic values. 225 

The estimate of genetic correlation between CI1 and CI2 was positive, very 226 

high, and with a rather large standard error.  Estimates of genetic correlations 227 

between CI1 and CI2 for beef cattle in tropical regions were unavailable.  However, a 228 

similarly high and positive genetic correlation between CI1 and CI2 was found in 229 

Holstein Friesian cattle in Australia (0.88 ± 0.08; Haile-Mariam et al., 2003).  230 

The estimate of phenotypic correlation between AFC and CI1 was positive, 231 

moderate, and had a low standard error. This indicates that cows with low ages at 232 

first calving tended to have relatively short first calving intervals, suggesting that 233 

these heifers had enough time to replenish their energy reserves and return to 234 

estrous quickly under the nutritional conditions in this multibreed population. This 235 

positive correlation was in contrast with the low negative phenotypic correlations 236 

between AFC and CI1 found in Nellore cattle in Brazil (-0.06; Mercadante et al., 237 

2000; and -0.33; Gressler et al., 2005) suggesting that younger first calf heifers 238 

tended to return to estrous later than older ones, perhaps due to insufficient nutrition 239 

(Randel, 1990; Short et al., 1990). 240 

Estimates of phenotypic correlations between AFC and CI2, and between CI1 241 

and CI2 were positive, low, and with small standard errors indicating there was little 242 

association between phenotypic measurements of these traits.  Phenotypic 243 

correlations between these traits were unavailable in the literature. 244 

 245 

3.3. Weighted genetic means per year 246 
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Fig. 1 shows the trends for yearly means of cow EBV for AFC, CI1, and CI2 247 

genetic effects that occurred from 1989 to 2004.  Negative trends existed for yearly 248 

cow EBV means for AFC, CI1, and CI2 during this period.  The negative slope of the 249 

trend between 1989 and 2004 for AFC was steeper (-6.26 ± 1.29 d/yr; P < 0.001) 250 

than for CI1 (-0.32 ± 0.09 d/yr; P < 0.01) and CI2 (-1.16 ± 0.48 d/yr; P < 0.05).   251 

The decreasing trend of yearly cow EBV means for AFC began in 1991, 252 

coinciding with a major introduction of Bos taurus breeds (Angus and Blanco 253 

Orejinegro) in this population.  This caused the composition of the population to 254 

change, increasing the proportion of Bos taurus in crossbred cattle (particularly 255 

Angus), and consequently lowering AFC in the population over time.  Another factor 256 

that may have helped to lower AFC over time was the culling of heifers that failed to 257 

get pregnant at 30 months.   258 

Although significant, the regression coefficient of yearly cow EBV means for 259 

CI1 between 1989 and 2004 was close to zero.  Thus, CI1 was unaffected by the 260 

change in breed composition and culling practices in this population during this 261 

period.  On the other hand, after an initial decline between 1990 and 1991, the trend 262 

for CI2 yearly cow means decreased little from 1991 to 2004 (slope = -0.33 ± 0.47 263 

d/yr; P = 0.49) likely influenced by the influx of Angus and Blanco Orejinegro cattle in 264 

this population.  This suggests that there was a limiting environmental factor that 265 

prevented further expression of this trait in this population.  Management continued 266 

to be extensive and the composition of pastures remained essentially the same 267 

during this period.  This extensive level of management and nutrition may have 268 

prevented crossbred Bos taurus x Zebu cows from achieving shorter CI2 during 269 

those years. 270 

 271 
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4. Conclusions 272 

The low heritabilities for AFC, CI1, and CI2 estimated here indicate that 273 

genetic improvement for these traits would be slow in this multibreed population.  274 

Genetic trends were favorable for all traits.  However, genetic changes were primarily 275 

due to introduction of animals and semen from Angus and Blanco Orejinegro breeds 276 

to the Zebu base population rather than selection.  Although estimates of heritabilities 277 

for AFC, CI1, and CI2 were low, it would be advantageous to implement a multibreed 278 

genetic evaluation system for these traits.  This could help stimulate much needed 279 

higher levels of data collection.   280 

 281 

Acknowledgments 282 

Authors thank Custodiar S.A. company for facilitating the data sets to conduct this 283 

research.  Authors also appreciate the financial support of the Agricultural Sciences 284 

Research Group and the Genetics and Animal Improvement Group of the University 285 

of Antioquia, the Colombian Institute for Development of Science and Technology, 286 

and the University of Cordoba. 287 

 288 

References 289 

Casas, E., Tewolde, A., 2001. Reproductive efficiency related traits evaluation in beef 290 

genotypes under humid tropical conditions. Arch. Latinoam. Prod. Anim. 9, 68-291 

73. 292 

Elzo, M.A., Famula, T.R.,  1985.  Multibreed sire evaluation within a country.  J. 293 

Anim. Sci. 60, 942-952. 294 



13 

 

Elzo, M.A., Wakeman, D.L., 1998. Covariance components and prediction for 295 

additive and nonadditive preweaning growth genetic effects in an Angus-296 

Brahman multibreed herd. J. Anim. Sci. 76, 1290-1302. 297 

Estrada-León, R.J., Magaña, J.G., Segura-Correa, J.C., 2008. Genetic parameters 298 

for reproductive traits in Brahman cows from southeast Mexico. Trop. Subtrop. 299 

Agroecosyst. 8, 259-263. 300 

Frazier, E.L., Sprott, L.R., Sanders, J.O., Dahm, P.F., Crouch, J.R., Turner J.W., 301 

1999. Sire marbling score expected progeny difference and weaning weight 302 

maternal expected progeny difference associations with age at first calving 303 

and calving interval in Angus beef cattle. J. Anim. Sci. 77, 1322-1328. 304 

Gressler, S.L., Bergmann, J.A., Pereira, C.S., Penna, V.M., Pereira, J.C., Gressler, 305 

M.G., 2000. Genetic association among scrotal circumference and female 306 

reproductive traits in Nellore. Rev. Bras. Zootec. 29, 427-437. 307 

Gressler, M.G.M., Pereira, J.C.C., Bergmann, J.A.G., Andrade, V.J., Paulino, M.F., 308 

Gressler, S.L., 2005. Genetic aspects of weaning weight and some 309 

reproductive traits in Nellore cattle. Arq. Bras. Med. Vet. Zootec. 57, 533-538. 310 

Haile-Mariam, M., Bowman, P.J., Goddard, M.E., 2003. Genetic and environmental 311 

relationship among calving interval, survival, persistency of milk yield and 312 

somatic cell count in dairy cattle. Livest. Prod. Sci. 80, 189-200. 313 

Harville, D.A., 1977. Maximum likelihood approaches to variance component 314 

estimation and to related problems. J. Am. Stat. Assoc. 72, 320-340. 315 

Henderson, C.R.,  1984.  Applications of Linear Models in Animal Breeding.  316 

University of Guelph, Guelph, Ontario, Canada. 317 

Henderson, C.R., 1976. Multiple trait sire evaluation using the relationship matrix. J. 318 

Dairy Sci. 59, 769-774. 319 



14 

 

Henderson, C.R., Quaas, R.L., 1976. Multiple trait evaluation using relative’s records. 320 

J. Anim. Sci. 43, 1188-1197. 321 

Lindgren, B.W., 1976. Statistical theory, third ed. Macmillan Publishing Co., Inc., New 322 

York. 323 

MADR, 2005. Chain of beef cattle in Colombia. A global view of its structure and 324 

dynamic 1991 - 2005. Working paper N° 73. Ministry of Agriculture and Rural 325 

Development, pp. 1-39. http://www.agrocadenas.gov.co/carnica/Documentos/ 326 

caracterizacion_bovina.pdf.  327 

Magaña, J.G., Segura, J.C., 1997. Heritability and factors affecting growth traits and 328 

age at first calving of Zebu beef heifers in south-eastern Mexico. Trop. Anim. 329 

Health Prod. 29, 185-192. 330 

Magaña, J.G., Segura-Correa, J.C., 2001. Estimates of breed and heterosis effects 331 

for some reproductive traits of Brown Swiss and Zebu-related breeds in South-332 

eastern Mexico. Livest. Res. Rural Dev. 13, 5. 333 

http://www.lrrd.org/lrrd13/5/maga135.htm.  334 

Martínez, M.L., Lee, A.J., Lin, C.Y., 1988. Age and Zebu-Holstein additive and 335 

heterotic effects on lactation performance and reproduction in Brazil. J. Dairy 336 

Sci. 71, 800-808. 337 

Mercadante, M., Lôbo, R., Oliveira H., 2000. Estimates of (co)variances among 338 

reproductive and growth traits in female Nellore cattle. Rev. Bras. Zootec. 29, 339 

997-1004. 340 

Misztal, I., 1997. BLUPF90 – a flexible mixed model program in Fortran 90. 341 

University of Georgia, pp. 1-24. 342 

http://nce.ads.uga.edu/html/projects/blupf90.pdf.  343 



15 

 

Nogueira, G.P., 2004. Puberty in South American Bos indicus (Zebu) cattle. Anim. 344 

Reprod. Sci. 82–83, 361-372. 345 

Quaas, R.L., Pollak, E.J., 1980. Mixed model methodology for farm and ranch beef 346 

cattle testing programs. J. Anim. Sci. 51, 1277-1287. 347 

Randel, R.D., 1990. Nutrition and postpartum rebreeding in cattle. J. Anim. Sci. 68, 348 

853-862. 349 

Robison, O.W., McDaniel, B.T., Rincon, E.J.,  1981.  Estimation of direct and 350 

maternal additive and heterotic effects from crossbreeding experiments in 351 

animals.  J. Anim. Sci. 52, 44-50. 352 

Rodriguez-Almeida, F.A., Van Vleck, L.D., Gregory, K.E.,  1997.  Estimation of direct 353 

and maternal breed effects for prediction of expected progeny differences for 354 

birth and weaning weights in three multibreed populations.  J. Anim. Sci. 75, 355 

1203-1212. 356 

SAS, 2007. SAS OnlineDoc 9.1.3. SAS Institute Inc., Cary, NC, USA. 357 

Short, R.E., Bellows, R.A., Staigmiller, R.B., Berardinelli, J.G., Custer, E.E., 1990. 358 

Physiological mechanisms controlling anestrus and infertility in postpartum 359 

beef cattle. J. Anim. Sci. 68, 799-816. 360 

Silveira, J., McManus, C., Mascioli, A., Silva, L., Silveira, A., Garcia, J., Louvandini, 361 

H., 2004. Study of genetic and environmental factors on production and 362 

reproduction traits in a Nellore herd in Mato Grosso do Sul State. Rev. Bras. 363 

Zootec. 33, 1432-1444. 364 

Suárez, M., Ossa, G., Pérez, J., 2006. Environmental and genetic aspects that 365 

influence on age at first calving in a native cattle of Colombia (Romosinuano). 366 

Rev. MVZ Córdoba 11, 738-743. 367 



16 

 

Talhari, F., Alencar, M., Mascioli, A., Silva, A., Barbosa, P., 2003. Genetic 368 

correlations among reproductive and growth traits of females, in a Canchim 369 

cattle herd. Rev. Bras. Zootec. 32, 880-886. 370 

Tsuruta, S., 1999. A modification of REMLF90 with computing by the Average-371 

Information Algorithm. University of Georgia, pp. 1-2. 372 

http://nce.ads.uga.edu/html/projects/Readme.aireml.  373 

Turner, J.W., 1980. Genetic and biological aspects of zebu adaptability. J. Anim. Sci. 374 

50, 1201-1205.  375 

 376 

377 



17 

 

Table 1 378 

Number of cows by breed-group-of-sire x breed-group-of-dam combination1 for AFC, 379 

CI1, and CI2 380 

  Breed group of sire 
Breed group 
of dam Trait A B Z A x Z

B AFC  10   
 CI1  5   
 CI2  8   
Z AFC 788 53 638  
 CI1 634 22 493  
 CI2 555 22 498  
AxZ AFC 3 18 108 9 
 CI1 2 3 57 5 
 CI2   27  
¾Z x ¼A AFC 3    
1 A = Angus; B = Blanco Orejinegro; Z = Zebu. 

 
 381 

Table 2 382 

 Heritabilities (diagonal), genetic correlations (above diagonal), and phenotypic 383 

correlations (below diagonal) for AFC, CI1, and CI2 384 

Trait AFC CI1 CI2 

AFC 0.15 ± 0.13 0.33 ± 0.41 0.40 ± 0.36 

CI1 0.40 ± 0.04 0.11 ± 0.06 0.99 ± 0.54 

CI2 0.09 ± 0.05 0.09 ± 0.05 0.18 ± 0.11 
 385 
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Fig. 1.  Yearly means of cow EBV for AFC, CI1, and CI2 387 
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