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Abstract 

The aim of this study was to estimate the genetic parameters for productive life in Romanian Spotted, Simmental 

type cattle breed using a survival model. The Weibull proportional hazard model was used in this study. The data of 

productive life of cattle were obtained from Romanian Breeding Association Romanian Spotted, Simmental type. 

The data consisted of records of 1064 Romanian Spotted, Simmental cows. 

The average productive longevity was 1020.9 days for Romanian Spotted, Simmental type cattle breed. The 

heritability values for productive longevity in this population was 0.097. The breeding values for productive 

longevity of cattle ranged from -0.827 to 0.478 months. Longevity is an important trait in breeding program. 
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1. Introduction  

 

 

The Romanian Spotted, type Simmental is a breed 

of cows with dual-purpose, for milk and meat. 

This breed has a high production of milk and 

meat. The productive life is the period between the 

first calving and culling. The longevity shows the 

genetic potential of the cows to have a long 

productive life. The factors that influence the 

productive longevity are: fertility, milk and meat 

production, the health and age, have shown 

Janzekovic et al., 2009 [1]. Also, the feeding, the 

management and the disease resistance influence 

the functional longevity. The Weibull proportional 

hazard model has been used to estimate the 

genetic parameters for longevity by many authors: 

Morek-Kopec and Zarnecki, 2017 [2], for Polish 

Simmental cattle, Jovanovac et al., 2013 [3], 

Raguz et al., 2014 [4] for Simmental populations. 

 
   * Corresponding author: Pelmuș Rodica Ștefania, Tel. 

0727193366, pelmus_rodica_stefania@yahoo.com  

 
 

The survival analysis was used in animal science, 

biology, medicine. The survival analysis was used 

to genetically evaluate the longevity of cows as 

well as dairy and beef cows. A long productive   

herd life determines the low costs of production. 

Longevity is important economic traits because 

reduces the cost of replacing cows. Perisic et al. 

2009 [5] observed that Simmental breed was the 

second important breed in Europe after Holstein 

Friesian cattle. In Romania, the population of 

Romanian Spotted cows, type Simmental is about 

376000 heads. The milk production of Romanian 

Spotted, Simmental cows ranges from 5000 to 

5700 kg of milk. This breed has good qualities for 

meat production, the interest being to obtain a 

higher number of calves during the productive 

life. Many countries have the functional traits such 

as fertility, health and longevity in the breeding 

goal. A long productive life indicates a good care 

of the farmers for the cows. The longevity has a 

great importance in breeding program for 

Romanian Spotted, type Simmental, the 

improvement of this trait increases milk yield. The 

aim of this study was to estimate the genetic 
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parameters for productive life in Romanian 

Spotted, Simmental type cattle breed using a 

survival model. 

 

2. Materials and methods 

 

The data of productive life of cattle were obtained 

from Romanian Breeding Association Romanian 

Spotted, Simmental type. 

The pedigree data for Romanian Spotted, type 

Simmental population consisted of 1938 animals: 

689 cows, 185 bulls and 1064 cows with 

performances. The data recorded were: date of 

birth of cows, date of first calving, the second and 

third calving, the date of milk test-day, the test-

day milk yield. From the cows with performances, 

686 cows (62% from total cows with 

performances) had censored data and 396 cows 

(38%) had uncensored data.  Censored data were 

represented by the absence of age records at the 

time of culling, while uncensored data were 

accompanied by the age records at the time of 

culling. Data were collected between the years 

2010-2016. The average of test-day milk yield in 

productive life of cattle was 18.66 kg. Milk 

production had 3 levels (high, medium and low) 

and the season effect comprised 4 levels. The 

average age at first calving was 29.73 months in 

Romanian Spotted, type Simmental cattle 

population. The length of productive life of cows 

in our study was measured in months. 

Statistical analysis. The proportional hazard 

model was used with R software (done by Grosu, 

2013 [6], 2019 [7]): 

 

 
 

where “λ” is the calculated scale parameter and 

“ρ” is the calculated shape parameter (Dorner 

1999 [8]). The survival analysis on Romanian 

Spotted cattle resulted in λ=0.0279 and ρ = 7.68. 

The hazard function was expressed as follows: 

 

 
 

The risk factors were modelled as a linear model 

(Grosu et al. 2013 [6]): 

 

 
 

where “b” are fixed factors, and “u” are random 

factors.  

 

 
 

For , and  

 
 

 where “h0(t)” describes the basic hazard function 

when  

 

 

 

 

 
wi =1 for the uncensored dataset, while wi =0 for 

the censored dataset 

 

The mixed model equations were: 

 

 
 

 where “X” includes , “Z” includes , “R” 

describes the diagonal matrix, the diagonals are 

equal to rii, and y represents a vector of Yi  

 

 
 bj represents the fixed production effect  

hk represents the random effect of season  

ai is the genetic effect of cow.  

 

3. Results and discussion 

 

In the survival model in our study, the level of 

production was considered a fixed effect. The 

milk production had a significant effect on 

Romanian Spotted, type Simmental cows’ 

longevity. Jovanovac et al. [3] reported the 

influence of milk production on longevity in 

Simmental cattle. 

In the Romanian Spotted, Simmental breed 

population, the age at first calving was 29.73 

months, the average daily milk yield in the first 

lactation was 18.66 kg milk.  

The productive longevity in Romanian Spotted, 

type Simmental cows’ population in our study was 

1020.9 days. The value obtained in our study was 

lower than the value 1562.55 days obtained by 

Petrovic et al. [9] in the Simmental cows from 

Serbia, and Morek-Kopec and Zarnecki [2] in 

Polish Simmental breed, 1198 days for cows with 
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complete survival records and 1093 days for cows 

with censored data. The values for this trait in 

Romanian Spotted, Simmental type was higher 

than 985 days, the length of productive life 

obtained by Strapakova et al. [10] in Slovak 

Simmental. The age at first calving in Slovak 

Simmental was 930 days. The value obtained by 

us was lower than the value obtained by Raguz et 

al. [4] for length of productive life for Simmental 

cow, which was 2.88 years. 

 

Heritability results 

 

The heritability for longevity as productive life of 

Romanian Spotted cows’ population was 0.097. 

The heritability for functional longevity in our 

study was within the ranges cited in another 

studies, which was generally low. Different 

heritability values for functional longevity have 

been reported by other authors in different cattle 

breeds. The heritability from our study was higher 

than the heritability obtained by Strapakova et al. 

[10] 0.05 in Slovak Simmental cows. The 

heritability obtained for Romanian Spotted, type 

Simmental was similarly with the heritability 

reported by Morek-Kopec et al. [2] (0.09) in 

Polish Simmental. Raguz et al. [4] estimated the 

heritability using linear and survival model. The 

heritability obtained in our study was higher than 

the value of heritability   reported by Raguz et al. 

[4] 0.075 when was estimated with survival 

analysis and the value obtained with linear sire 

(0.037) and linear animal model (0.056) in 

Croatian Simmental. The heritability obtained by 

us was lower than the heritability obtained by 

Vukasinovic et al. [11] for functional longevity for 

Simmental from Switzerland 0.198.  

Compared to our study, the heritability obtained 

for productive longevity was lower in other 

experiments in different breeds. For example, 

Stanojevic et al. [12] obtained the heritability for 

length of productive life 0.066 in Black and White 

cows from Serbia. 

Wiebelitz et al. [13] reported lower values for 

longevity of 0.03-0.05 in German Holstein, 

Zavadilova and Stipkova [14] obtained 0.03-0.05 

in Czech Holstein and Veerkamp et al. [15] 

obtained the value for heritability for functional 

longevity of 0.01-0.07 for British Holsteins.  

The longevity heritability was different from one 

breed to another and from one population to 

another population in the same breed. 

Breeding value 

 

The breeding value for longevity in Romanian 

Spotted, Simmental type populations was 

estimated using the Best Linear Unbiased 

Prediction BLUP-Survival Animal Model.  

The average breeding value for productive 

longevity in Romanian Spotted, Simmental type 

cows from our study was -0.080 months with a 

standard deviation of 0.228, ranging from a 

minimum of -0.827 and a maximum of 0.4786 

months. The breeding values of the best 10 

Romanian Spotted cows are shown in Table 1 and 

ranged from 0.4669 to 0.4786 months.  

The breeding value for the best 10 sire Romanian 

Spotted, Simmental type ranged between 0.0832 

and 0.8021 months, presented in Table 2. 

The relative breeding values in Romanian Spotted 

sire for the best ten sire were presented in Table 3. 

The relative breeding value of the sire ranged 

from 24.6 to 156.98. The average relative 

breeding value of the sire in Romanian Spotted, 

Simmental type was 101.872. 

The relative breeding value for longevity in 

Croatian Simmental bulls ranged from 67 to 165 

and the average reliability of estimated breeding 

values was 0.49 have shown Jovanovac et al. [3].  

Strapakova et al. [16] reported the breeding values 

for Slovak Simmental bulls ranged from -0.57 to 

0.53 days. Relative breeding value of Slovak 

Simmental bulls ranged from 44.8 to 165.6. 

Strapakova et al. [10] have shown that the 

breeding value of total bulls in Slovak Holstein 

population ranged from -0.78 to 0.8 days, 

highlighting the best 10 sires in herd with an 

average relative breeding value of 100±12. 

Strapak et al. [17] estimated the correlation 

between longevity and functional longevity in 

Bavarian Simmental population and obtained a 

value was 0.69 and the correlation between 

fertility and functional longevity was 0.20.  

Vukasinovic et al. [11] reported that the genetic 

evaluation of bulls for functional longevity of their 

daughters has been implemented in the population 

of Simmental from Switzerland. 
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Table 1. Longevity breeding values (months) for the 

best 10 Romanian Spotted, Simmental type 

Number of the best 

cows 

The breeding 

values 

1 0.4786 

2 0.4783 

3 0.4765 

4 0.4759 

5 0.4758 

6 0.4752 

7 0.4751 

8 0.4731 

9 0.4701 

10 0.4669 

 

 
Table 2. Longevity breeding values (months) for the 

best 10 sire Romanian Spotted, Simmental type 

Number of the best 

sire 

The breeding 

values 

1 0.8021 

2 0.3570 

3 0.3033 

4 0.2448 

5 0.1869 

6 0.1810 

7 0.1402 

8 0.0985 

9 0.0840 

10 0.0832 

 

 
Table 3. Longevity relative breeding values (months) 

for the best 10 sire Romanian Spotted, Simmental type 

Number of the best 

sire 

The relative 

breeding values 

1 156.986 

2 127.138 

3 123.537 

4 119.614 

5 115.732 

6 115.336 

7 112.600 

8 109.804 

9 108.831 

10 108.778 

 

A great importance for milk yield and beef 

production had age at first calving. Oliveira et al. 

[18] reported that high proportions (>20%) of 

censored data had a negative impact on the genetic 

evaluation of longevity. Longevity influenced the 

milk yield and beef production; the increase of 

longevity determined the increase of the average 

herd milk production. De Vries and Marcondes 

[19] reported that the average productive lifespan 

was 3 to 4 years in countries with high milk yield 

of dairy cows. The reasons for culling of cows 

were: problems with conformation, reproduction 

and health [6]. For increase the longevity was 

necessary the improvement of the environment, 

assuring a good housing and feeding. To improve 

the longevity of the cows the best cows must be 

inseminate with the best bulls to produce heifers. 

Al-Samurai et al. [20] have shown that the 

advantage of survival analysis was a better 

estimation of heritability value. 

Smith and al. [21] have shown that the goals of 

survival analysis are: compare survival curves, 

elucidate the factors that influence survival and 

estimate their effects and estimate the future 

survival for an individual or for a population. 

 

4. Conclusions 

 

The genetic parameters were more precisely 

estimated by Weibull proportional hazard model. 

The heritability for functional longevity was low, 

this trait was difficult to improve. Longevity is a 

trait recommended to be included in cattle 

breeding programs in Romania. 

 

Acknowledgments 

 
This work was supported by funds from the National 

Research Projects 8.1.6 and 8.1.10 granted by the 

Romanian Ministry of Agriculture and Rural 

Development, Perform project 8 PFE/2021 funds from 

Ministry of Research, Innovation and Digitalization 

and Romanian Breeding Association Romanian 

Spotted, Simmental type. 

 

References 

 
1. Janzekovic, M., Ocepek, M., Virk, T., Skorjanc, D., 

Comparison of longevity and production traits of 

Holstein and Simmental cows of different origin in 

Slovenia, Mljekarstvo, 2009, 59(4), 336-342. 

2. Morek-Kopec, M., Zarnecki, A., Genetic Evaluation 

for functional longevity in Polish Simmental cattle, 

Czech Journal of Animal Science, 2017, 62, 276-286.  

3. Jovanovac, S., Raguz, N., Solkner J., Meszaros G., 

Genetic evaluation for longevity of Croatian Simmental 

bulls using a piecewise Weibull model, Arch Tierzucht, 

2013, 56 (9), 89-101. 



 

 

 

Pelmus R.S. et al./Scientific Papers: Animal Science and Biotechnologies, 2022, 55 (1) 

 

 

 

 

 

 

 
100 

4. Raguz, N., Jovanovac, S., Meszaros, G., Solkner, J., 

Linear vs. Piecewise Weibull model for genetic 

evaluation of sires for longevity in Simmental cattle, 

Mljekarstvo 2014, 64 (3), 141-149. 

5. Perisic, P., Skalicki, Z., Petrovic, M. M., 

Bogdanovic, V., Ruzic-Muslic, D., Simmental cattle 

breed in different production systems, Biotechnology in 

Animal Husbandry, 2009, 25(5-6), 315-326. 

6. Grosu, H, Schaeffer, L., Oltenacu, P.A., Norman, D., 

Powell R., Kremer V., Banos, G., Mrode R., 

Carvalheira J., Jamrozik J., Draganescu C., Lungu S., 

History of genetic evaluation methods in dairy cattle, 

The Publishing House of the Romanian Academy, 

2013, Bucharest. 

7. Grosu, H., Lungu, S., Oltenacu, P. A., Drăgănescu, 

C, Mateescu, R., The prediction of breeding values of 

cattle, The Publishing Ceres, 2019, Bucharest. 

8. Dorner, W., Using Excel for Weibull Analysis, 

Quality Digest, 1999, 19(1), 33-41. 

9. Petrovic, M., Rakonjac, S., Bogdanovic, V., 

Bogoslavljevic-Boskovic, S., Dokovic, R., Dedovic, R., 

Petrovic, M., Effect of non-genetic factors on longevity 

traits in Simmental cows, Biotechnology in Animal 

Husbandry, 2019, 35(3), 229-241. 

10. Strapakova, E., Strapak, P., Candrak, J., Genetic 

trend of length of productive life in Holstein and 

Simmental cattle in Slovakia, Acta Universitatis 

Agriculturae et silvilculturae mendelianae brunensis, 

2019, 67, 5. 

11. Vukasinovic N., Moll J., Casanova L. 

Implementation of a routine evaluation for longevity 

based on survival analysis techniques in dairy cattle 

populations in Switzerland, Journal of Dairy Science, 

2001, 84(9), 2073-2080. 

12. Stanojevic D, Dedovic R, Bogdanovic V, Raguz N, 

Popovac, M., Jankovic, D., Strbac, L., Evaluation of 

the heritability coefficients of longevity in the 

population of Black and White cows in Serbia, 

Mljekarstvo, 2016, 66(4), 322-329. 

13. Wiebelitz, J., Genetic evaluation of survival traits in 

German Holstein dairy cattle using a six-traits in 

German Holstein Dairy cattle using a six-trait linear 

model. 10th World Congress on Genetics Applied to 

Livestock Production, 2014, Canada. 

14. Zavadilova, L, Stipkova, M., Genetic correlations 

between longevity and conformation traits in the Czech 

Holstein population, Czech Journal of Animal Science, 

2012, 57(3), 125-136. 

15. Veerkamp, R. F, Brotherstone, S., Meuwissen, 

THE., Analysis of censored survival data using random 

regression models, Animal Science, 2001, 72:1-10. 

16. Strapakova, E., Candrak, J., Strapak, P., Trakovick, 

A., Genetic evaluation of the functional productive life 

in Slovak Simmental cattle, Archiv Tierzucht, 2013, 

56, 79, 797-807. 

17. Strapak, P., Condrak, J, Aumann J., Relationship 

between longevity and selected production, 

reproduction and type traits, Czech Journal of Animal 

Science, 2005, 50 (1), 1-6. 

18. Oliveira H.R., Miller S.P., Brito L.F., Scenkel F.S., 

Impact of censored or penalized data in the genetic 

evaluation of two longevity indicator traits using 

random regression models in North American Angus 

Cattle, Animals, 2021, 11,800. 

19. De Vries A., Marcondes M.I. Review. Overview of 

factors affecting productive lifespan of dairy cows, 

Animal, 2020,14, 155-164. 

20. Al-Samarai FR., Al-Zaydi FH., Genetic evaluation 

of longevity in dairy cattle, Global Journal of Scientific 

Researches, 2014, 2, 4, 98-104. 

21. Smith L.R., Harell F.E., Muhlbaier L.H. Problems 

and potentials in modeling survival. In: Medical 

Effectiveness Research Data Methods, AHCPR Pub., 

no. 92-0056, Rockville, M.D., Grady M.L. (Ed.) 

Agency for Health Care Policy and Research, June 

1992, pp 151-159.

 

 


