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INTRODUCTION

Brazil is the largest beef exporter and 
producer in the world. For efficient commercial 
exploitation, animals with productive potential 

and adapted to the environment are needed. In this 
context, the resistance to the tick Rhipicephalus 
(Boophilus) microplus is among the traits of 
economic importance for genetic evaluation in beef 
cattle. Ticks are among the most relevant vectors of 
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ABSTRACT: This study evaluated the effects of seasons and latitude on tick counting and determined the best model to estimate genetic 
parameters for tick count and hair coat. Records of animals naturally exposed to ticks on farms in several Brazilian states and in Paraguay 
were used. The ANOVA was used to verify the effects of seasons and latitude on the tick count trait. Spring was the season with the highest 
average, followed by summer and autumn, which showed no differences between them. The winter presented the lowest average values. 
Latitude -11° had the highest mean value followed by latitude -18°. The Bayesian approach was used to evaluate tick count and hair coat and 
to identify a suitable model for estimating genetic parameters for use in genetic evaluations. The data were analyzed using an animal model 
with four different specifications for “fixed” purposes. The inference was based on a Markov chain Monte Carlo (MCMC). The criteria for 
selection of the Bayesian model indicated that the M1 model, which considered the breed composition in the contemporary group, was superior 
to the other models, both for tick count and hair coat. Heritability estimates for tick count and hair coat obtained using the M1 model were 0.14 
and 0.22, respectively. The rank correlations between the models for tick count and hair coat were estimated and reordering was verified for 
tick count. The estimated genetic correlation between tick count and hair coat traits was negative (-0.12). These findings suggest that different 
genes regulate tick count and hair coat. 
Key words: fixed effects, hair coat, heritability, genetic correlation, rank correlation.

RESUMO: Os objetivos foram avaliar os efeitos das estações e latitude na contagem de carrapatos e determinar o melhor modelo para 
estimar parâmetros genéticos para contagem de carrapatos e pelame. Foram utilizados registros de animais expostos naturalmente a 
carrapatos em fazendas em vários estados brasileiros e no Paraguai. A ANOVA foi utilizada para verificar os efeitos das estações e da latitude 
na característica de contagem de carrapatos. A primavera foi a estação com a maior média, seguida pelo verão e outono, que não mostraram 
diferenças entre eles. O inverno apresentou os menores valores médios. A latitude -11° teve o maior valor médio seguido pela latitude -18°. A 
abordagem bayesiana foi usada para avaliar a contagem de carrapatos e o pelame e identificar o modelo adequado para estimar parâmetros 
genéticos e para uso em avaliações genéticas. Os dados foram analisados usando um modelo animal com quatro especificações diferentes 
para efeitos “fixos”. A inferência foi baseada em uma cadeia de Markov Monte Carlo (MCMC). Os critérios de seleção do modelo bayesiano 
indicaram que o modelo M1, que considerou a composição racial no grupo contemporâneo, foi superior aos demais modelos, tanto na 
contagem de carrapatos e para pelame. As estimativas de herdabilidade para contagem de carrapatos e pelame obtidas usando o modelo M1 
foram de 0,14 e 0,22, respectivamente. As correlações de ranking entre os modelos para a contagem de carrapatos e pelame foram estimadas 
e a reordenação foi verificada para a contagem de carrapatos. A correlação genética estimada entre a contagem de carrapatos e pelame foi 
negativa (-0,12). Esses achados sugerem que genes diferentes regulam a contagem de carrapatos e pelame.
Palavras-chave: efeitos fixos, Pelame, herdabilidade, correlação genética, correlação de ranking.
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diseases affecting livestock, pets and humans because 
of their ability to host and transmit disease-causing 
organisms (GaSpaRIn et al., 2007). These include 
pathogenic protozoa, rickettsia, spirochaetes and 
viruses (JonGEJan & UIlEnBERG, 2004).

It is responsible for direct and indirect 
causes of economic loss, and chemical control is 
costly (JonSSon, 2006). The tick causes a losses 
are more likely to be in the vicinity of US$22–30 
billion dollars in livestock yearly, these economic 
losses were estimated considering the total number of 
animals at risk and the negative effects of parasitism 
on cattle productivity, based on known yield losses 
in untreated animals (lEW-TaBoR & RoDRIGUEZ 
VallE, 2016).

Environmental and genetic factors influence 
the number of R. microplus ticks on hosts. In general, 
Bos taurus cattle are more susceptible to ectoparasites 
than Bos indicus cattle in tropical environments, 
and much of this difference is under genetic control 
(GaSpaRIn et al., 2007). However, under favorable 
environmental conditions, Bos Taurus animals are more 
advantageous in terms of productive traits. Thus, the 
use of crossbreed animals combining the adaptability 
of Zebu breeds and the productivity of Taurine breeds 
seems to be an excellent strategy for cattle production 
in tropical countries (aYRES et al., 2013).

In his review BURRoW et al. (2019) 
identified several animal and environmental factors 
that affect resistance of cattle to ticks, and, hence, 
must be considered in the design of cattle-resource 
population(s) established to measure cattle tick 
resistance, such as: sex, age, season, coat type, 
treatment for other ecto and endo parasites and 
stressful factors (high temperatures and humidity, 
nutritional deficit). The efficiency of production 
systems is reduced by all these factors, therefore, they 
need to be studied, so that it can become possible to 
use new control methodologies for this type of mite, 
which has a major impact on the beef cattle production 
system in tropical and subtropical countries (FRaGa 
et al., 2003; MEnDES et al., 2011). 

The fact that part of the tick’s life cycle 
occurs in the environment makes it important to 
study environmental factors such as season and latitude 
(anDRaDE et al., 1998; caRDoSo et al., 2000). 
According to pEnna (1989), environmental effects can 
influence the accuracy of tick resistance evaluations, thus 
leading to reduced confiability in genetic value predict.

The growing development of resistance 
against acaricides among tick populations and the 
possibility of environmental contamination caused 
by chemical treatments have stimulated many 

researchers to investigate the genetic resistance of 
cattle to the tick R. microplus as alternative control 
method (la FUEnTE, et al., 2007).

Variation in natural resistance is a 
consequence of the animals’ ability to respond 
immunologically to tick infestation. Different estimates 
of heritability for the tick count in cattle are reported 
in the literature, ranging from 0.12 (aYRES et al., 
2014) to 0.54 (oTTo et al., 2018).

Tick counting can also be associated with 
animal hair characteristics (VERÍSSIMo et al., 2019), 
in addition to being related to thermoregulation and 
adaptation to the environment (REIMann et al., 
2018), which are fundamental for animal production. 
according to FRaGa et al. (2003), the hair thickness 
of the animal is an important factor in tick infestation, 
and the greater the hair thickness, the greater the 
infestation is; animals with short and straight hair coat 
present lower caloric stress rates and, consequently, 
higher resistance.

The objectives of this study were to ascertain 
the influence of seasons and latitude on tick infestation 
and to determine the best model for estimating genetic 
parameters for tick counts and hair coat.

MATERIALS   AND   METHODS

Records of tick count and hair coat in 
Brangus cattle breeds used in this study were derived by 
natura Genética Sul americana Breeding program and 
Gensys Associated Consultants. This database is built 
by producers from different country regions, which 
have, in their production system, nelore x angus 
crossbred cattle more adapted to the environment. 
Thus, the breed composition ranged (pure angus to 
¾ nelore-angus) according to their breeding region.

all animals participating in the genetic 
evaluation program were reared on pastures and 
evaluated by counting adult tick females teleogens        
(≥ 4.5 mm) attached in the area between the inner sides 
of the hind limbs to evaluate individual resistance to this 
parasite. Because tick counts were not normally distributed, 
a log-transformation was used such that lTc = log10(n + 
1.001), where n is the number of ticks, which was used 
as the response variable (aYRES et al., 2013). To ensure 
the normality of the residuals from the fitted models, 
tests of kurtosis and skew ness test were performed.

The data file for univariate analysis  was 
composed by 5,851 animals sired by 295 sires and 
5,247 dams between 2002 and 2012 and aged from 
369 to 696 days old from twenty-six herds located 
in the Brazilian states of Goiás, Minas Gerais, Mato 
Grosso do Sul, Paraná, Rio Grande do Sul, São 
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Paulo and Tocantins and in Paraguay, totaling 13,989 
records.

The hair coat was evaluated at yearling, 
receiving score 1 the animals with extremely short 
and sleek hair and 3 those with very woolly hair. The 
seasons in which tick counts were taken were defined 
as: summer (from January to March), autumn (from 
april to June), winter (from July to September), and 
spring (october to December) and at the following 
latitudes: -11, -18, -22, -23, -24, -26, -29.

In order to ascertain the effects of season 
and latitude on tick counts, univariate analysis of 
variance was performed, using the following model:                                                                                                                                           
                               , where yij:  is the tick counts record on the jth 

animal in the ith season or latitude;     = the overall mean;                                                                                                                                                    = the ith fixed effect of season or latitude;  and                = 
random residual error. Significances were tested at P < 
0.05 level, and Tukey’s multiple range test was used 
to compare means among treatments, through the 
SaS 9.3 software (SaS, 2013).

The genetic analysis was performed using 
a linear animal model for tick counts and a threshold 
animal model for hair coat. considering all animals, 
the model can be written in matrix form as:                                                                                                                                            

       , where y is vector of observations for 
tick count or hair coat; X is incidence matrix associated 
with fixed effects;        is vector of solutions for fixed 
effects; Z is incidence matrix for direct additive effect; 
a is vector of the direct additive genetic effect; e is 
vector of residuals. The assumptions used for model 
were: E (y) = Xb; E (a) = 0; E (e) = 0; var(a) =         ; 
var(e) =         where A

where is numerator of there relationship matrix;                                                                                                                                          
      is component of direct additive genetic variance;                                                                                                                                        
       is component of residual variance; N is number 
of observations; and I is identity matrix of order N.

We evaluated four models differing in 
the composition of the contemporary groups: M1 – 
contemporary group (cG) formed by the combination 
of the effects of year and season of birth, sex, farm, breed 
composition, management group, latitude and date of 
counting; M2 – the breed composition was considered in 
classes outside the cG; M3 – the cG was equal to M2, 
but the breed composition was defined as a covariable; 
M4 – considering two cGs: cG1 - considering the year 
and season of birth, sex, farm, management group and 
date of counting; and cG2 – considering only latitude 
and breed composition. In all the models, linear effect of 
animal age at recording was considered as covariable.

Records from sires with less than five 
offspring, contemporary groups with less than five 
animals and records outside  ± 3.5 standard deviation 
in relation to the mean tick count of the contemporary 
group were excluded. The number of observations, 
sires and contemporary groups for both traits are 
presented in table 1.

covariance components and genetic 
parameter were estimated using software BlUpF90 
family (MISZTal et al., 2015), which uses Bayesian 
inference based on a Markov Chain Monte Carlo 
(McMc) chain of 110,000 cycles were considered 
with a interval of 10 samples and burn-in period of 
10,000 samples. We evaluated the convergence criterion 
proposed by (GEWEKE, 1992). The software R 

 

Table 1 - Tick count means and standard deviations according to the season and latitude. 

Season Mean* (standard deviation) number of observations 

Spring 0.62a (0.05) 96 
autumn 0.45b (0.01) 1,337 
Summer 0.43b (0.00) 4,037 
Winter 0.24c (0.02) 381 
Latitude Mean* (standard deviation) number of observations 
-11° 0.92a (0.01) 703 
-18° 0.54b (0.02) 449 
-29° 0.42c (0.01) 1,737 
-24° 0.39c (0.02) 339 
-23° 0.30d (0.02) 439 
-22° 0.28d (0.01) 679 
-26° 0.28d (0.01) 1,505 

 
*means with the same letter were not statistically different. 
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-version 3.4.1(R core Team, 2017), with some routines 
of the package Bayesian output analysis (Boa) was 
used to calculated Geweke’s statistic (SMITH, 2007).

For selection of an appropriate model 
were used the deviance information criterion - DIc 
and estimated number of effective parameters -pD 
(SpIEGElHalTER et al., 2002). Spearman rank 
correlations were calculated based on the estimated 
genetic values for M1, M2, M3 and M4 models for 
top 10% of sires for tick counting and hair coat.

RESULTS   AND   DISCUSSION

The animal average age was 554 ± 44 
days, and the overall mean tick counts was equal to 
5.79 with a standard deviation of 15.34, aYRES et al. 
(2014) reported an average of 11.28 and a standard 
deviation of 11.99 for the tick count in Hereford 
and Braford animals using the same counting 
methodology. Using another methodology for tick 
counting MoTa et al. (2016) reported an average of 
35 and standard deviation of 42.4 for the number of 
ticks in animals of the Hereford and Braford breeds. 
These differences can be explained by the different 
breeds and also by the counting method.

The total observations by hair coat in each 
score: 1 = 63.33%; 2 = 28.80% and the 3 = 7.88%, 
score 1 is considered the best for animal production, 
that is, most animals present haircoat score ideal.

The Winter was the season that presented 
the lowest tick infestation (Table 1), which is 
characterized by lower rainfall and temperatures. 
Spring was the season that presented the highest 
infestation Tick needs specific weather conditions 
for their development (ScHlÖGl et al., 2020) 
especially temperature, humidity and intensity 
light hours.

The non-parasitic part of the tick’s life 
during which they spend on the ground (maturation 
of eggs and larvae) is more dependent on climatic 
conditions than the parasitic phase (larva’s, nymphs, 
adults, reproduction and engorged females), as they 
are adhered to the animal’s body. as the light hours 
and temperature increase, tick activity increases. 
Therefore, a study by region should be done to 
determine which climatic conditions are favorable for 
free-living phases, for example, BRUM et al. (1987) 
in Pelotas-RS, anDRaDE et al. (1998) in São 
carlos-Sp and GUGlIElMonE & naVa (2013)

in argentina reported highest infestation in autumn; 
FRaGa et al. (2003) in São paulo and Mato Grosso 
do Sul during summer.

The smallest infestations were observed in 
Latitudes -22 °, -23 ° and -26 °, possibly due to higher 
concentration of animals 5/8 angus, 49.65% in -22 
°, 95.9% in -23 ° and 86.64% in -26 °, SILVA et al. 
(2007) observed that nelore cattle are more resistant 
to ticks than do angus × nelore. The animals raised at 
latitude -11 ° showed greatest infestation, followed by 
latitude -18 °, suggesting that the closer the line to the 
equator, the greater the infestation. RoDRÍGUEZ-
Molano et al. (2020) related is widely distributed 
in tropical and subtropical regions between 32 °N and 
35 °S latitude, covering central and South america, 
Africa and Oceania.

In genetic analysis, models were compared 
using the Deviance Information criteria (DIc) and 
the effective number of parameters (pD), favored 
the M1 model for both traits (Table 2). The worst fit 
was obtained by the model M2 and M4 according to 
pD and DIC, respectively, for tick count and by M2 
according to pD and DIC only for hair coat.

The best adjustment obtained by 
model M1 can be due the interaction of the breed 
composition with the other environmental effects. 
This means that the performance of the breed 
composition will be different for each combination 
of year and season of birth, sex, farm, management 
group, latitude and date of counting. Failure to 
consider this interaction results in a biased estimate 
of genetic parameters.

There is no consensus on the size of 
the group of animals and the common conditions 
needed to form the cG (SIlVa et al., 2017). These 
criteria aim to maximize homogeneity within the 
cG, resulting in a smaller number of animals per 
group. Therefore, the strategies used to define the cG 
may affect the prediction accuracy of the expected 
differences between progenies. The incorrect Gcs 
formation leads to incorrect decision making, which 
in turn leads to the prediction of overestimated and 
underestimated genetic values, respectively, for 
animals favored in Gcs and subject to less favorable 
conditions to express their genetic potential (coBUcI 
et al., 2006).

The residual variance was similar 
for all models (@0.12) for tick count (Table 3). 
Divergences were observed regarding for genetic 
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variance, being the lowest for M1 and M4 (0.02), 
which resulted in lower heritabilities (0.14) when 
compared to M2 (0.26) and M3 (0.18). considering 
that M1 was indicated by the statistical criteria 
as the most appropriate, it seems that the wrong 
formation of contemporary groups leads to 

heritability overestimation and; consequently, to 
mistakes in the choice of animals and the expected 
genetic gain per generation.

In the case of M1 the genetic gain will be 
slow (Table 3); nevertheless, the gain by selection 
of the more resistant animals is cumulative and 

 

Table 3 - Additive genetic (𝜎𝜎𝑎𝑎2), residual (𝜎𝜎𝑒𝑒2) and phenotypic variance (𝜎𝜎𝑝𝑝2) and Heritability estimated by models for tick count and hair 
coat. 

Model 𝜎𝜎𝑎𝑎2 𝜎𝜎𝑒𝑒2 𝜎𝜎𝑝𝑝2 Heritability 

---------------------------------------------------------------------------------Tick Count----------------------------------------------------------------------- 
M1 0.02 ± 0.005 0.12 ± 0.004 0.14 ± 0.002 0.14 ± 0.037 
M2 0.04 ± 0.007 0.11 ± 0.006 0.15 ± 0.002 0.26 ± 0.044 
M3 0.03 ± 0.005 0.12 ± 0.005 0.15 ± 0.002 0.18 ± 0.038 
M4 0.02 ±0 .005 0.12 ± 0.004 0.14 ± 0.002 0.14 ± 0.036 
--------------------------------------------------------------------------------Haircoat--------------------------------------------------------------------------- 
M1 0.05 ± 0.003 0.16 ± 0.002 0.21 ± 0.001 0.22 ± 0.014 
M2 0.06 ± 0.003 0.16 ± 0.002 0.22 ± 0.001 0.28 ± 0.014 
M3 0.05 ± 0.003 0.16 ± 0.002 0.21 ± 0.001 0.26 ± 0.014 
M4 0.05 ± 0.003 0.16 ± 0.002 0.21 ± 0.001 0.22 ± 0.013 
 

M1 = breed composition within the contemporary group; M2 = breed composition outside of the contemporary group; M3 = breed 
composition as covariable and M4 = two contemporary groups; the first comprised sex, management group, year and season of the 
count, and the second considered only the effects of latitude and breed composition. 

 

 

Table 2 - number of observations, number of sires and mean deviance, effective number of parameters (pD) and deviance information 
criterion (DIc) by models for tick count and hair coat. 

Model number of observations number of sires Mean deviance pD DIC 

---------------------------------------------------------------------------------Tick count----------------------------------------------------------------------- 
M1 5,851 295 4,211 895 5,106 
M2 6,506 323 4,110 1,596 5,706 
M3 6,506 323 4,629 1,141 5,770 
M4 6,506 323 4,827 976 5,803 
-------------------------------------------------------------------------------Hair coat--------------------------------------------------------------------------- 
M1 38,773 898 39,654 8,014 47,668 
M2 40,629 919 39,818 9,966 49,784 
M3 40,629 919 40,479 9,172 49,651 
M4 40,629 919 41,374 8,268 49,642 
 

M1 = breed composition within the contemporary group; M2 = breed composition outside of the contemporary group; M3 = breed 
composition as covariable and M4 = two contemporary groups; the first comprised sex, management group, year and season of the 
count, and the second considered only the effects of latitude and breed composition. 
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stable. Similar estimates were observed by aYRES, 
et al. (2014) for Hereford-nelore crossed population, 
CARDOSO et al. (2015) and MoTa et al. (2016) for 
Braford and Hereford breeds. olIVEIRa et al. (2012) 
estimated heritability equal to 0.42 for the Braford and 
Hereford breeds and justified their result to the use of 
the genomic relationship matrix. The high heritability 
was reported by oTTo et al. (2018) 0.54 for tick 
counting in Girolando animals in the dry season, 
the authors contextualize that the differences in 
heritability estimates can be explained by the different 
statistical models applied in each experiment.

The variance for hair coat presented the 
same behavior, the residual variances were close to 
0.16 and the lowest genetic variance observed for 
M1 and M4 was 0.05. The heritability estimated 
by M1 for hair coat was 0.22, being lower than 
that the reported by pRaYaGa & HEnSHall 
(2005) for genetic groups derived from British 
and Sanga breeds (0.26) and by BaRIcHEllo et 
al. (2010) for canchim breed (0.52). However, the 
heritability estimated in our study was higher than 
that mentioned by MoRRIS et al. (2011) for hair 
length, according to REIMann et al. (2018) hair 
length is the measure that most closely resembles 
the evaluation of hair coat scores. This indicated that 
the estimate is according to the estimates already 
reported in the literature.

The estimated genetic correlation between 
tick count and hair coat was -0.12, a similar value 
(-0.105) reported by poRTo-nETo et al. (2014) 
for Brahman animals, the same authors reported a 
genetic correlation of 0.065 for animals of a tropical 

composite. REIMann et al. (2018) reported 0.29 
for tick counts with hair coat at weaning and 0.26 
at yearling, indicating that the most of the genes 
responsible for expression of each of these traits 
is different and that selection for one trait should 
promote little change in the other in this population.

The Spearman’s rank correlations between 
the genetic values estimated by M1 and the genetic 
values estimated by M2, M3 and M4, for the top 10% 
best sires, were 0.53, 0.52 and 0.52, respectively, 
for tick counts, and were 0.79, 0.92 and 0.92, 
respectively, for hair coat (Table 4). These moderate 
correlations suggested that the definition of fixed 
effects, as well as the way they are considered in 
the model, may alter the order of classification of 
sires, resulting in incorrect predictions of genetic 
values. When heterogeneous variances are ignored in 
statistical modeling, a larger proportion of animals in 
more variable environments tends to be classified at 
the upper end of the genetic value distribution (HIll, 
1984; GIanola, 1986).

CONCLUSION

Higher tick count values occurred at 
lower latitudes and during spring. Therefore, control 
procedures should be adopted at this time of year. The 
most effective model to estimate genetic parameters 
was M1, which considers the genetic group within 
the contemporary group. Selection for genetically 
resistant animals promotes slow genetic progress. 
However, this is an effective alternative for reducing 
ticks infestation.

 

Table 4 - Spearman correlation between estimated breeding values obtained by different models, considering top 10% sires for tick 
count (above the diagonal) and hair coat (below the diagonal). 

 M1 M2 M3 M4 

M1  0.53 0.52 0.52 
M2 0.79  0.81 0.29 
M3 0.92 0.76  0.74 
M4 0.92 0.63 0.88  
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