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Abstract

The study’s objective is to estimate the repeatability of calving intervals and establish its relationship with
different Romosinuano females’ reproductive efficiency characteristics. We analyzed a database with
3,112 usetul records of 871 females, collected in 1936-2016 from the Nation’s Germplasm Bank System
for Food and Agriculture, Turipana research center. The model used to calculate the variance
components needed to estimate the repeatability of calving intervals value was an animal model of
repeated measures over time. The variance components were estimated using the rptR package of the R
software, specialized in statistical data analysis. Based on the estimated repeatability value, we calculated
and correlated each female’s genetic value and most probable producing ability. The estimated average
values of the calving interval, repeatability, reproductive efficiency, and correlation between genetic value
and most probable producing ability were 379.74 £ 47.74 days, 0.02 = 0.01, 96 %, and 93.7 %,
respectively. The estimated repeatability for the calving interval was low, showing a low correlation
between the females’ calving intervals of the analyzed herd. The high reproductive efficiency of the
Romosinuano breed indicates great adaptation to the environment, making crossbreeding an opportunity
for the national herd’s reproductive efficiency improvement.
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Analisis retrospectivo de caracteres reproductivos en hembras
bovinas criollas colombianas Romosinuano

Resumen

El objetivo del estudio fue estimar la repetibilidad del intervalo entre partos y establecer la relacion con
diferentes caracteres de eficiencia reproductiva de hembras Romosinuano. Una base de datos con 3.112
registros utiles de 871 hembras, colectados en el periodo 1936-2016, y provenientes del hato de
conservacion del Sistema de Bancos de Germoplasma de la Nacién para la Alimentacién y la Agricultura,
del centro de investigacién Turipana, fue analizada. El modelo empleado para calcular los componentes
de varianza necesarios para estimar el valor de repetibilidad del intervalo entre partos consistié en un
modelo animal de medidas repetidas en el tiempo. Los componentes de varianza fueron estimados
usando paquete rptR del software R, especializado en el analisis estadistico de datos. Con base en el valor
estimado de la repetibilidad, se calculd y correlaciond el valor genético y la capacidad mas probable de
produccion para cada hembra. Los valores promedio estimados del intervalo entre partos, la repetibilidad,
la eficiencia reproductiva y la correlacién entre el valor genético y la capacidad mas probable de
produccién fueron 379,74 + 47,74 dias, 0,02 £ 0,01, 96 % y 93,7 %, respectivamente. La repetibilidad
estimada para el intervalo entre partos fue baja, lo que demuestra también una baja correlacion entre los
intervalos de las hembras del hato analizado. La alta eficiencia reproductiva de la raza Romosinuano
indica una gran adaptacién al medio ambiente y la perfila como una oportunidad de mejora reproductiva

del hato nacional mediante cruzamiento con otras razas.

Palabras clave: modelos animales, parimetros genéticos, recursos genéticos, repetibilidad, valor genético
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Introduction

The Colombian bovine herd’s reproductive efficiency (RE) does not exceed 53 % (Santana et al., 2009).
This low RE is due to various factors that affect fertility and result in a wide calving interval (CI), such as
nutrition, imposed environmental management (Granja et al., 2012; Ossa et al., 2007; Vergara et al., 2008),
and the use of breeds and crosses not adapted to the environmental supply (Galeano & Manrique, 2010;
Perdomo et al., 2017). Even though Colombia has seven native breeds, including Romosinuano, which
have shown higher RE than zebu (De Alba, 2011), the reproductive behavior exhibited by the former at
the age of the first calving (1,133 £ 200 days) and CI (422 & 131 days) (Ossa et al., 2013) stand out.

The Cl is a determining component of RE that expresses the female’s ability to produce one calf and one
lactation per year; it is also related to the number of successive births that the animal is capable of giving
during its reproductive life (Lépez et al., 2006). The RE of a female in particular and the population to
which she belongs in general is the sum of fertility and fecundity (Ossa, 2003) and can be evaluated by
the number of services per conception, age at the first calving, length of calving-mating intervals and CIs.
The calving-mating interval directly affects the calving period length and, consequently, the CI (Ossa et
al., 2007; Rios-Utrera et al., 2013; Vergara et al., 2008). The CI is influenced by animal genotype, month
and year of delivery, the mother’s age (Ossa, 2017a), and year-season of the year or sex of the calf-year
interactions (Cardellino & Brazil, 1987). Wilcox (1957) proposed an equation based on the CI to calculate
RE.

RE is a trait of economic importance in bovine production systems because a change in behavior results
in a variation in the production system profitability (Casas & Tewolde, 2001; Vergara et al., 2008);
therefore, increasing the RE is one of the most critical livestock breeding challenges (Galvao et al., 2013).
The CI is the trait that has the most significant influence on reproductive behavior and has a different
intensity of expression (Cardellino & Brasil, 1987). Additionally, since parturitions occur several times
during the bovine female’s reproductive life, and the date each time a parturition occurs is recorded, it is
valid to say that the trait is repeatable.

The variance of a trait at different stages of the animal’s life can be analyzed under two components:
variance within individuals, which measures temporary differences in the same individual’s performance,
and variance between individuals, which is partially genetic and environmental, since the environmental
portion is caused by environmental circumstances that permanently affect the individual’s performance
(Ossa, 2003).

The repeatability of a particular trait measures the correlation between the repeatable measurements of
the same trait in the same individual, considering the constant environmental conditions over time
(Ruales et al., 2007, as cited in Galeano & Manrique, 2010). It has a series of considerations, namely, it
marks the limit of heritability, which can be equal to or less than repeatability, but never greater; when
calculated for the average of a high number of production records, it offers greater assurance than when
calculated for few records; it is used to estimate the most probable producing ability (MPPA) of the
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animal, indicating the animal’s production in the next parturition (Ossa, 2003). The repeatability values
of the CI, reported in the literature by Cardellino and Brasil (1987), Galeano and Manrique (2010), and
Yagiie et al. (2009), are low and varied between 0.05-0.10.

Repeatability, heritability, and genetic correlations of populations are necessary to estimate individuals’
genetic value (GV) (Quijano et al., 2011) and establish genetic improvement programs (Galeano &
Manrique, 2010). Due to the low RE (Vergara et al., 2008), which in turn decreases livestock profitability
(Martinez-Rocha et al., 2012), and the few studies on beef cattle related to the genetic evaluation of
reproductive parameters (Montes et al., 2009), this paper aims to estimate CI repeatability and establish
its relationship with RE in Romosinuano females of the Nation’s Germplasm Bank for Food and
Agriculture (SBGNAA, for its acronym in Spanish), AGROSAVIA Turipanid Research Center, using
records for 81 years (1936-20106).

Materials and methods

The information used in this study was obtained from the SBGNAA reproductive records of cows of
the Colombian native breed Romosinuano, kept by AGROSAVIA in the Turipana research center
located in the Valle del Sint, northeastern Colombia.

The database includes the informative record of the CI trait for 1936-2016. For this information to be
truthful and consistent, we ecliminated the days between parturitions that were outside the range
considered normal (300-1,278 days) using the dplyr package (Wickham et al., 2019) of R 3.6.0 (R Core
Team, 2019), specialized in statistical data analysis. After editing the information, 86.9 % of the total
number of records was useful.

Four classes were formed with the calving month variable. Similarly, the bovine female’s calving year variable
was grouped into ten-year periods, comprising eight classes, to have a better representation of the CI
variable in each calving month and year class since the information was scarce when considering each
variable separately. Except for the first to sixth parturitions, it was necessaty to group births seven and
eight in the same class (Calving 7) and births equal to or greater than nine in a class called Calving 8. The
variables considered in the study are described in table 1.

Table 1. Description of analyzed variable CI, calving month class, calving year class, and calving number

Name Description

Calving interval Recorded between 300 (minimum value) and 826 days (maximum value).

Calving month class Formed by January-March (Class 1), April-June (Class 2), July-September (Class 3), and
October-December (Class 4).

Calving year class Formed by 1936-1945 (Class 1), 1946-1955 (Class 2), ..., 2006-2016 (Class 8).

Calving number Formed by birth one as Calving 1, birth two as Calving 2, ..., births seven and eight as

Calving 7, births greater than nine as Calving 8.

Source: Elaborated by the authors
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The model used to calculate the variance components, necessary to estimate the repeatability value of the
CI characteristic, was an animal model of repeated measures over time, whose scalar form can be
represented as follows:

Yijkt = CMy+ CY; + CN + ap +pr + e Equation 1

Where yjr/is the Bovine Female I’s CI, considering the fixed effects of calving month class (CM), calving
year class (CY), and calving number (CN). The random-effects considered include the Bovine Female I’s
additive GV () for the CI, the Bovine Female I’s permanent environment effect () on CI in its vatious
births, and the residual effect (¢i). This model assumes that the effect of genes on the same bovine
female’s trait does not change with calving number and that the permanent environment affects each

measure taken in the same animal equally.
The matrix form of the repeatability model can be represented as follows:
y =Xb+Zja+Z,p+e Eguation 2

Where y: CI vector, b: fixed effects solution vector; a: unknown additive genetic random effects vector;
p:unknown permanent environmental effects vector; X, Z;, and Z». the unknown incidence matrices that
relate the records to fixed (4), additive genetic (@), and permanent environment (p) effects, respectively; e:
the residual effects vector.

The expected values (E) and variances (2) for the model’s random effects are as follows:

a 0 a AR Gg 0 0
E [p] = [0] v [p] = 0 Iy ® O'ezp 0 Egquation 3

el 10 e 0 0 I, ® o,

Where A: kinship matrix among bovines in the pedigree; & : Kronecker product between matrices; 0'3:
additive genetic variance; In: identity matrix whose size is equal to the number of cows; Uezp: permanent

environment variance; I,: identity matrix whose size is equal to the number of observations; o, 3: residual
variance.

The repeatability value of the CI trait was estimated using the rptR package (Stoffel et al., 2019) of R,
specialized in statistical data analysis. In addition to estimating this value, the package can quantify the
uncertainty in the estimated repeatability values (Stoffel et al., 2017) through the bootstrap method.

Each bovine’s GV was calculated based on Equation 4 using the variance components estimated by this
statistical package (Quijano & Echeverri, 2015; Ossa, 2017b):
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GV = h?x(X, —X) Equation 4

Where G1: genetic value; X;: each bovine’s average CI; X: average CI in the evaluated population; 4%
estimated heritability of the CI (value assumed as equal to 0.02), whose expression is described as & / 0'5,

where 02 and UZZ, are the genetic and phenotypic variances, respectively.

After estimating the repeatability value, the MPPA was calculated for each bovine female, whose formula
is described in Equation 5.

nxR

MPPA = X, + TrinDR

x(Xy — Xp) Egquation 5

Where MPPA: most probable producing ability; Xj,: average of the evaluated population; R: estimated
repeatability of the trait; X;: average of the repeated records.

The estimation reliability or accuracy of the MPPA (Aypp.) is given by the following expression:

nxR

m Eqﬂafzoﬂ 6

Apmppa =

We established the linear correlation between the MPPA and the GV by initially classifying the bovines
according to the value obtained for both parameters (from highest to lowest) and then calculating the
Spearman’s correlation. Finally, the Romosinuano bovine females’ RE was calculated using Wilcox’s
formula (1957), as stated in Equation 7.

(n-1)

Rwitcox = 365x D

x100 Eguation 7

Where RE i RE according to Wilcox; #: total number of births of the female bovine; D: age (in days)
between the last and the first calving.

Results and discussion

The repeatability for the CI of Romosinuano bovine females belonging to the SBGNAA, Turipana
research center, was 0.02 = 0.01 (table 2). The estimated value was low, indicating a low correlation
between the females’ Cls; furthermore, as the standard error was less than the estimated repeatability, the
study results can be used reliably.

Since the value of the estimated repeatability was low to improve the CI based on it, environmental
effects would have to be considered; therefore, only females with Cls greater than 730 days should be
discarded.
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Table 2. Estimated repeatability and uncertainty associated with the estimated value for the CI variable
of Colombian Romosinuano bovine females

Genetic parameter Estimated value
Repeatability + standard error 0.02£0.01
Uncertainty associated with the estimated repeatability value! [0: 0.05]
Different average number of records per individual 3.57

1Confidence interval for repeatability, estimated using 1,000 bootstrap iterations and assuming the
Gaussian distribution of the CI
Source: Elaborated by the authors

The estimated repeatability value of the CI in this paper coincides in its low category with those found
by other authors in other breeds, as follows: 0.05 in Brahman herd (Pefia et al., 1979); 0.06 + 0.02 in zebu
(Magana et al., 2002); 0.09 in Japanese black females (Oyama et al., 2002); 0.082 in Rubia Gallega females
(Yagtie et al., 2009); 0.082 * 0.07 in Brahman cattle (Osorio & Segura, 2010); 0.08 % 0.01 in females used
in a dual-purpose system (Galeano & Manrique, 2010); 0.0448 * 0.0434, in beef cattle of the Angus X
Nelore, Caracu X Nelore, and Valdostana X Nelore genetic groups (Silva et al., 2015).

Repeatability is a handy parameter for our bovine production systems’ citcumstances since its major flaw
is a lack of records. For its estimation, it is unnecessary to have a structured population relying on paternal
half-sib groups, an essential mathematical trick to estimate heritability and then estimate animals’ GV for
a particular trait since repeatability marks the limit of heritability. The foregoing helps estimate the
animals’ most probable GV, whose expression is PGV = h?x(X; — Xj,) (Quijano & Echeverri, 2015).
So, from the calculation of this last parameter, it is possible to sort animals by genetic merit, making
decisions with a high probability of success.

As repeatability marks the limit of heritability, the latter can be less than or equal to the former, but never
greater. Therefore, from the study, we can infer that heritability may have a maximum value of 0.02 or
less, being very similar to the estimated value (0.04 £ 0.02) for this trait in the same breed, in a shorter
period, and with fewer records (Ossa et al., 2007). Moteover, we can affirm that CI heritability in
evaluated Romosinuano cows is equal to 0.02, meaning that the trait variation in the population depends
on 2% of the genotype variations between individuals and 98 % of other variations. It should be
considered which environmental factors (e.g., calving year, month, or number) affect the trait significantly

and, thus, propose management programs that induce its improvement.

The classification of the ten best and worst females of the herd, considering their MPPA and GV is
shown in table 3. Note that the best cows have a CI less than 379,74 £ 47.74, which is the population’s
average and, consequently, a negative GV. Instead, those included in the group of the worst ones have
better MPPA, given by a CI greater than the population’s average and, consequently, a positive GV.
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Table 3. Classification of the ten best and worst Romosinuano bovine females, according to their MPPA
relative to the CI variable and relevant GV

Best bovine females Worst bovine females
Cow No. of MPPA  Accuracy GV Cow No. of MPPA  Accuracy GV
births (MPPA) births (MPPA)

1,394 7 37225 0.2 -1.15 1,985 5 384.58 0.09 3.08
5 6 3739 0m -1.0 1,557 5 384.80 0.09 6.68
1,403 7 374.02 0.12 -0.87 958 4 384.81 0.08 6.41
1,913 5 37430 0.09 -1n 1,624 6 384.86 0.1 4.68
1451 7 374.59 0.2 -0.77 1,448 7 385.34 0.12 8.62
1,480 5 374.82 0.09 -1.00 1,355 6 385.38 0.1 6.60
1,524 7 37482 0.2 -0.74 1,242 3 385.42 0.06 7.69
1417 6 37487 on -0.84 219 3 385.62 0.06 112
1,508 5 375.02 0.08 -0.95 1,837 5 385.76 0.09 6.57
1,337 4 375.25 0.08 -1 1,986 5 386.43 0.09 8.79

Source: Elaborated by the authors

For selection, we could use the MPPA or GV parameters due to their high positive correlation (~ 0.94
with p-value < 2.2 X 10-19), as shown in figure 1, coinciding with the results obtained by Quijano and
Echeverri (2015).
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Most probable producing ability
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Figure 1. Correlation between the MPPA and GV values for the CI variable of Colombian Romosinuano
bovine females. The density plots show the distribution of both parameters.
Source: Elaborated by the authors

The MPPA makes it possible to predict the female bovine’s CI in this case regarding the next calving.
Therefore, it can be a good indication for discarding females with Cls greater than the population’s
average to improve this trait until achieving a good record structure that allows for more rigorous analysis.

The classification of 871 females analyzed according to their RE using fourteen classes with a class
interval of four units is shown in table 4. The first class ranged from 53 to 57 %, suggesting an average
RE of 55 %, i.e., a CI of 663.636 days (result obtained by calculating 365/0.55). Two cows had an RE
between 118 and 122 %, giving an average CI of 304.17 days (365/1.20). The highest concentration of
RE was between 88 and 107 %, i.e., 75 % of the females whose Cls varied between 414.77 and 341.12

days. The general RE in the analyzed period was 96 % (365/379.74); that is to say, of 100 cows exposed
to the bull, 96 calves were produced.
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Table 4. RE classes in which the Colombian Romosinuano bovine females were grouped with their

relevant frequencies

RE classes Absolute frequency Relative frequency

53-57 2 0.002
58-62 1 0.001
63-67 3 0.003
68-72 8 0.009
37 16 008
78-82 4 0.047
83-87 65 0.075
85-92 113 0.130
93-97 160 0.184
98-102 248 0.285
103-107 129 0.148
108-112 66 0.076
1n3-17 17 0.020
118-122 2 0.002
Total 8N 1

Source: Elaborated by the authors

One of the most outstanding traits of the Romosinuano breed is its degree of adaptation to the place of
origin, Valle del Sind, due to its high reproductive ability measured by the RE in this study. It is worth
mentioning that its adaptation is not only reproductive-related but also in its ability to survive in this

environment.

Conclusions

According to the analysis carried out in this paper, we can draw the following conclusions:

e The CI repeatability in the Romosinuano females of the evaluated herd was low, indicating a low
correlation between the cows’ individual records.

® In the evaluations carried out in SBGNAA’s females, we noted that the MPPA becomes more
reliable as the female produces more calves.

e The SBGNAA’s females in Turipand exhibited a high RE of 96 % and an average CI value of
379.74 days, demonstrating Romosinuano females’ high RE and, therefore, adaptation to Valle
del Sind. So, it becomes an alternative for improving this characteristic in the national herd if

used in crossbreeding.

® TFemales can be selected for their RE or MPPA, given the high correlation.
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