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Records, between 1980 and 2006, of dairy females of the Mambi de Cuba breed (3/4 Holstein 1/4 Zebu), from four cattle rearing units 
were used to estimate the parameters and genetic tendencies of the growth traits up to reproduction (17 434 heifers), milk yield (50 420 
lactations of 20 687 cows), reproduction (16 526 reproductive events of 5 881 cows), longevity (11 338 cows), survival and permanence 
(12 865 cows). A univariate animal model was used for estimating heritability, repeatability and breeding values, including the year-four 
month period-herd combination and the calving year as linear and quadratic co-variable as fixed effects, and the permanent environment 
and error as random effects. The heritabilities had values from moderate to low, with higher estimates for the weight per incorporation 
age (WIA) (0.20), calving interval (CI) (0.06), milk yield up to 244 d (M244) and 305 d (M305) (0.15), fat percentage (FP) (0.19), 
calving number (CN) (0.06) and 18 months of productive life (S18) (0.05). The highest repeatability estimate was for M244 y M305, 
with 0.42. The genetic tendencies for WIA, CI, M305, productive life (PL) and P36 were of 0.02 ± 0.01 g/d/year, -1.53 ± 0.16 d/year,  
-2.52 ± 1.10 kg/year, 0.05 ± 0.03 months/year and 0.0004 ± 0.0002 months/year, respectively. It was concluded that there was no change in 
the population means because the genetic tendencies had low values (between 0.001 and 0.31 % of the mean), due to the instability of the 
progeny tests and to the little female selection.
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The development of new breeds is an important via 
for the genetic improvement in the tropical area (López 
1982). In Cuba, the genetic improvement program for 
milk production began in the 60’s. The formation of 
new breeds was among its objectives, starting from 
the two most adapted to the country, Zebu and Creole. 
That’s how Siboney de Cuba (5/8 Holstein 3/8 Zebu), 
Mambi de Cuba (3/4 Holstein 1/4 Zebu), Taino de Cuba  
(5/8 Holstein 3/8 Creole) and Cuban Dairy Zebu (3/4 Zebu 
¼ Holstein) were created (López and Ribas 1993).  

The Mambi de Cuba was grown, mainly, in the 
Genetic Cattle Enterprise of Matanzas, according to 
the Genetics Direction project. In 2009, there were  
5 172 purebred and 7 607 crossbred cows (DG 2009). 
In the Genetic Cattle Enterprise of Matanzas, 96 % of 
the cows were allocated. 

 The genetic parameters are the basis of the genetic 
programs. The first estimates of heritability, from the 
animal model, in Mambi de Cuba cows, were obtained 
in traits of milk yield, reproduction and longevity 
(Hernández 2005, Hernández et al. 2007, Hernández et 
al. 2008 and Palacios-Espinosa et al. 2008), considering 
the herds of the Genetic Cattle Enterprise of Matanzas 
and the Bacuranao Enterprise. However, there are no 
previous studies in which the four cattle rearing units 
with this breed are together. 

The objective of this study was to estimate the 
parameters and genetic tendencies in the growth traits up 
to the entering to reproduction, milk yield, reproduction, 
longevity, survival and permanence of Mambi de Cuba 
dairy cows, considering the four cattle units in which 
this breed has been grown.  

Materials and Methods

The information recorded in the Cattle Control 
System (SISCOP) was used, as well as that of the master 
cards of Mambi de Cuba (3/4 Holstein 1/4 Zebu) cows 
and heifers of the four cattle units where this breed is 
found (Genetic Cattle Enterprise of Matanzas, Camilo 
Cienfuegos, Bacuranao and Los Naranjos), located 
in Matanzas, Pinar del Rio, Havana and Artemisa, 
respectively. From this information on, data of growth 
traits up to entering to reproduction was obtained, as well 
as reproduction, longevity, permanence and survival. 
The information of milk yield was extracted from the 
lactation records of the National Center of Cattle Control 
(CENCOP). Table 1 shows the number of observations, 
cows, dams, sires and years of study used for estimating 
the genetic parameters in different traits of the Mambi 
de Cuba cows.

Growth traits up to entering to reproduction. 
Incorporation age (IA, months), incorporation 
weight (IW, kg) and weight per incorporation age  
(WIA= IW/IA, g/d).

Reproductive traits. Calving-first service interval 
(CFSI, d), calving-gestation interval (CGI, d), calving 
interval (CI, d) and services per gestation (S/G, 
number). 

Milk yield traits. Lactation length (LL, d), milk yiled 
up to 244 d (M244, kg), milk yield up to 305 d (M305, kg), 
daily milk yield (DMY, calculated as the fraction of the 
total milk/LL, kg/d), fat percentage up to 244 d (FP244, 
%) and fat percentage up to 305 d (FP305, %). 

Longevity traits. The information of the culled 
animals was used to study the productive life (PL, 
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Type of trait N Cows or heifers Dams Sires Years 
Growth 17 434.0 17 434.0 13 635.0 260.0 1978 - 2006a

Reproduction 16 526.0 5 881.0 5 137.0 218.0 1981 - 2006b

Milk production 50 420.0 20 687.0 8 843.0 264.0 1981 - 2006b

Longevity 11 338.0 11 338.0 9 381.0 233.0 1980 - 2004c

Survival and permanence 12 865.0 12 865.0 10 411.0 239.0 1981 - 2004c

Table 1. Number of observations (N), cows (or heifers), dams, sires and years in the study of the different traits 
in Mambi de Cuba females

aBirth year, bCalving year,  cYear of first calving 

months), determined as the months of the first calving 
to the culling, age at culling (AC, months) and calving 
number during lifetime (CN, number).

Survival and permanence traits. The data of the 
culled animals were used to study the permanence and 
those of the animals that were alive during the analysis. 
The permanence included the life months, from the 
first calving to the census, at 18, 24 and 36 months of 
productive life (P18, P24 and P36). 

The survival was established according to the cows 
that were alive at the time of the census, and at 18, 24 
and 36 months of productive life (S18, S24 y S36), with 
value = 100, and the culling = 0. Four data groups were 
created for the statistical processing, with those cows of 
18, 24 and 36 months of productive life.

The files with reproduction and milk yield data were 
cleaned, eliminating calving ages inferior to 24 months 
(0.09 % of the data), values over and below three standard 
deviations of the means and the contemporaneous groups 
with less than three animals. Besides, lactations inferior 
to 100 d (5.35 % of the data) and milk yield with less 
than 300 kg (4.22 % of the data) were eliminated from 
the milk yield file. 

The ASREML software was used (Gilmour et al. 
2003), with an animal univariate model for estimating 
heritability, repeatability and breeding values. Only one 
pedigree file was used, formed by 47 284 individuals. 
The pedigree data included the grandparents from the 
dam and the sire line. 

The models used for each data group were the 
following:

Growth traits up to entering to reproduction: y = 
Xb+Za+e            

Where,
y = vector of the heifer observations 
b = vector of fixed effects (herd-year-four month 

period of birth)
a = vector of random effects of the animal
e = vector random residual effects
X and Z are the design or incidence matrixes relating 

the fixed effects and those of the animal with the data, 
respectively. 

Reproductive and milk yield traits: y = Xb + Za + 
Wp + e

where, 

y = vector of the cows observations
b = vector of fixed effects with the effect of herd-

year-four month period of calving and age at calving as 
linear and quadratic covariable 

a = vector of random effects of the animal
p = vector of the permanent environmental effect of 

the cow 
X, Z and W are the design or incidence matrixes 

relating the fixed effects and those of the animal with 
the data, respectively.

Longevity, survival and permanence traits: y = Xb 
+ Za + e

where: 
b = vector of fixed effects (herd-year-four month 

period of calving) and age at first calving as linear and 
quadratic covariable

The genetic tendencies were estimated by the linear 
regression of the mean breeding values in the birth 
years of the Mambi de Cuba cows with productive 
information. 

Results and Discussion

Table 2 shows the statistics, heritability (h2) and 
repeatability (r) of the traits. 

The average of incorporation age surpassed the 
results of Torrano et al. (1986), Suárez et al. (2005) 
and Portales et al. (2007) in Brown Swiss and Siboney 
de Cuba heifers, where values between 18.3 and 
22.1 months were obtained. The calving interval was 
inferior to 514.7 d reported by Ribas et al. (2001) in 
Siboney de Cuba under the conditions of other Cuban 
enterprise. The milk yield up to 244 d was inferior to the 
results of Ribas et al. (1999) and Plasse and Salomón 
(2003) in Siboney de Cuba and Carora, with 2 323 and  
2 141 kg, respectively.

The average of  longevity traits highlighted, with 
values higher than those reported by Ponce de León et al. 
(2002), Orrego et al. (2003), Cedeño and Vargas (2004) 
and Suárez et al. (2005) in other dairy breeds (Siboney 
de Cuba, Holstein, Jersey, Brown Swiss and the crossing 
Holstein x Brown Swiss) under tropical conditions.

The highest heritability estimates, within the growth 
traits up to entering to reproduction, were obtained for 
the weight per incorporation age (0.20). Ribas et al. 
(2001) and Suárez et al. (2003) also achieved the highest 
results for this trait (0.20-0.23) in Siboney de Cuba.
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Traits Mean SD CV h2 ± SE r  ± SE 
Age at incorporation (months) 26.8 4.8 17.8 0.11 ± 0.03
Weight at incorporation (kg) 291.3 21.2 7.3 0.03 ± 0.01
Weight per age at incorporation (g/d) 382.8 62.2 16.2 0.20 ± 0.03
Calving-first service interval (d) 116.7 100.6 86.2 0.01 ± 0.01 0.10 ± 0.01
Calving-gestation interval (d) 204.9 143.9 70.2 0.03 ± 0.03 0.05 ± 0.05
Calving interval (d) 482.4 114.5 29.9 0.06 ± 0.01 0.20 ± 0.01
Services per gestation (number) 2.27 1.46 64.2 0.01 ± 0.01 0.07 ± 0.01
Lactation length (d) 287.8 76.5 26.5 0.05 ± 0.01 0.16 ± 0.01
Milk yield up to 244 d (kg) 1 944.5 795.3 40.9 0.15 ± 0.01 0.42 ± 0.01
Milk yield up to 305 d (kg) 2 097.1 893.3 42.5 0.15 ± 0.01 0.42 ± 0.01
Fat up to 244 d (%) 3.40 0.44 12.9 0.18 ± 0.02 0.31 ± 0.01
Fat up to 305 d (%) 3.35 0.40 13.0 0.19 ± 0.02 0.33 ± 0.01
Daily milk yield (kg/d) 7.4 3.1 41.9 0.13 ± 0.01 0.35 ± 0.01
Age at first calving (months) 38.9 3.8 10.5
Productive life (months) 56.2 32.5 58.0 0.05 ± 0.02
Age at culling (months) 98.8 32.7 33.1 0.05 ± 0.02
Number of calvings (number) 3.9 2.1 55.1 0.06 ± 0.02
Permanence up to 18 months of 
productive life (months)

16.4 3.4 21.1 0.009 ± 0.018

Permanence up to 24 months of 
productive life (months)

21.2 5.4 25.5 0.02 ± 0.01

Permanence up to 36 months of 
productive life (months)

29.8 9.5 31.8 0.002 ± 0.01

Survival up to 18 months of 
productive life (%)

81.7 35.6 43.6 0.05 ± 0.00

Survival up to 24 months of 
productive life (%)

77.2 38.7 50.2 0.03 ± 0.00

Survival up to 36 months of 
productive life (%) 

66.2 43.2 65.2 0.03 ± 0.00

 

Table 2. Means, standard deviations (SD), coefficients of variation (CV), heritability (h2) and repeatability (r) of 
different traits in Mambi de Cuba

There were low heritability values for the reproductive 
traits, mainly for the gestation services and the calving 
first service interval. The heritability for the calving 
intervals was within the range reported by Kardamideen 
et al. (2000), Brotherstone et al. (2002), Pereira et al. 
(2006), Facó et al. (2008) and Pérez and Gómez (2009) 
in Holstein cattle in the United Kingdom, the dairy cattle 
of Portugal, in crossings of Holstein x Gir in Brazil and 
in the Brown Swiss in Venezuela. The repeatability value 
for the CI was low, although it surpassed the 0.049 ± 
0.008 obtained by Kardamideen et al. (2000), and the 
0.120 ± 0.004 referred by Pereira et al. (2006).

The heritability estimates for the dairy traits were also 
low and inferior to that referred in the literature (Wall et 
al. 2003, Boligon et al. 2005 and Silvestre et al. 2005) 
for breeds specialized in milk yield, with values from 
0.22 to 0.32. 

Estimates varying from 0.22 in Carora breed in 
Venezuela (Cerutti et al. 1994) were obtained in new 
breed in tropical areas. There were estimates of 0.17 
and 0.18 in cattle units of Artemisa and Pinar del Rio 

provinces in Siboney de Cuba breed (Ribas et al. 2004). 
Values from 0.16 to 0.19 were reported in Mambi de 
Cuba in Matanzas (Hernández et al. 2005) and Havana 
(Hernández et al. 2007). 

Similar results to those of this study were obtained in 
Holstein herds in Brazil (Barbosa and Dórenles 2000 and 
Ferreira et al. 2001), in Brown Swiss cattle in Venezuela 
(Pérez and Gómez 2005) and in Siboney de Cuba herds 
(Guerra et al. 2002) in cattle units of Artemisa and 
Havana provinces.

The heritability estimates for longevity, survival and 
permanence traits were also low. For the longevity traits, 
the estimates obtained were lower than those reported 
for this breed in the conditions of the Genetic Cattle 
Enterprise of Matanzas (Hernández et al. 2008), with 
values from 0.13 to 0.17. There was low variability in the 
permanence and survival traits up to a certain time. 

The highest repeatability estimate was for M244 
and M305. Its value (0.42) coincides with the reports of 
Vargas and Solano Patiño (1995), Gómez and Tewolde 
(1999), De Almeida et al. (2000), Pérez and Gómez 
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(2005) and Facó et al. (2009) in tropical climate. The 
estimate obtained indicated high correlation between 
successive records of the same animal. Thus, it is 
possible to make decisions related to the elimination of 
cows, after their first records of milk yield. 

The genetic tendency for WIA in the Mambi de Cuba 
heifers, born between 1978 and 2004, was increased 
in 0.02 ± 0.01 g/d/year. That for the CI was favorable, 
because it decreased in -1.53 ± 0.16 d/year. This decrease 
in the genetic tendency for the CI was, probably, due 
to there was strong pressure in the selection by milk 
yield. These outcomes are not in correspondence with 
those of authors that obtained a genetic tendency to the 
increment of the CI,  such as Hare et al. (2006) in five 
dairy breeds (Jersey, Ayrshire, Brown Swiss, Holstein, 
and Guernsey) in the United States (0.49 a 1.07 d/year, 
according to the breed) and Carolino et al. (2006), with 
0.192 ± 0.004 d/year in dairy cows from Portugal. The 
lack of correspondence is explained because, contrary 
to Mambi de Cuba, in these breeds there was an intense 
selection due to milk yield. 

The genetic tendency of the M305 for the cows born 
between 1976 and 2003 diminished in -2.52 ± 1.10 kg/year. 
These results were due to the progeny tests of the bulls of 
this breed were not conducted in the period from 1992 to 
1995, having impairment in the rearing conditions of the 
animals, due to the prevailing economic crisis in Cuba at 
those times. Since 1996, the progeny tests were started 
again, with capacity to test few bulls per year. Besides, 
little selection was conducted through the females, by 
not having enough heifers for the replacement.

In Cuba, in cows from other breeds, such as Siboney 
de Cuba, genetic tendencies were reported for milk yield 
of 2.70 kg/year, 2.49 kg/year, and 4.50 kg/year (Guerra 
et al. 2002 y González-Peña 2006). They represented 
only between 0.14 and 0.30 % of the milk yield mean 
of the herd, thereby being far from the 1% of the milk 
yield mean expected by genetic improvement.

The genetic tendencies of the productive life and the 
permanence up to 36 months of productive life were low, 
thus, there was no change in them from the genetic point 
of view. They had values of 0.05 ± 0.03 months/year and 
of 0.0004 ± 0.0002 months/year, respectively. 

In general, the genetic tendencies for the different 
traits under study were low. They represented 0.005 
% of the mean for the WIA, 0.001% for the CI and  
0.31 % for PL. The genetic tendency of M305 was at 
0.12 % below the milk yield mean.

The results of this work showed that during the 
years of the study there was no change in the population 
means for the traits under study, because the genetic 
tendencies were low, with values between 0.001 and 
0.31 % of the mean. This was due to the instability in the 
conduction of the progeny tests, and the little selection 
through the females, by not having enough heifers for 
the replacement.

Alternatives of simultaneous selection for several 

traits are recommended to be studied with the aim of 
enhancing the performance of the genetic tendencies. 
Due to the difficult environmental conditions in the 
tropics, it is necessary to have animals that may be high 
milk producers and that, at the same time, can survive and 
adapt to the environment. Therefore, the most adequate 
selection would be that involving several traits.
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