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RESUMO

MACHADO, Thiago Peixoto, M.Sc., Universidade Federal de Vigosa, junho de
2018. Avaliagao do desenvolvimento testicular de touros da raca Nelore
por modelos mistos nao lineares. Orientador: José Domingos Guimaraes.
Coorientador: Eduardo Paulino da Costa.

Um dos principais obstaculos do sucesso na exploragao de gado de corte é a
eficiéncia reprodutiva. A mensuragdo do perimetro escrotal (PE) é uma
caracteristica importante para selecionar touros mais precoces. O PE, volume
dos testiculos, peso testicular, idade entre outras mensuragbes possuem
correlagdes altas e positivas (r=0,92). O crescimento testicular é representado
por uma curva sigmoide. No presente estudo modelos nao-lineares mistos
foram utilizados para descrever a medida longitudinal do PE de bovinos da raga
Nelore. As comparagdes dos modelos foram baseadas no critério de
informacao de Akaike, no critério de informagao Bayesiana, na soma dos erros,
no Coeficiente de Determinagcdo ajustado (R?) e na porcentagem de
convergéncia. Sequencialmente, o melhor modelo foi utilizado para comparar a
curva de crescimento do PE em touros classificados de forma divergente e de
acordo com o PE dos 18 aos 21 meses de idade. Para isso, os touros foram
classificados em cinco grupos: PE <28cm; 28cm < PE <30cm, 30cm < PE
<32cm, 32cm < PE <34cm e PE = 34cm. O modelo de Michaelis-Menten
mostrou o melhor ajuste de acordo com os critérios mencionados. Neste
modelo, B1 é o valor assintotico do PE e 2 € uma constante de integracao e
pode estar relacionado a precocidade sexual. Pardmetros das curvas de
crescimento individuais estimadas foram usados para criar um novo conjunto
de dados para avaliar o efeito da classificacado, fazendas e ano de nascimento
nos parametros 1 e 2. Os touros do maior grupo de PE apresentaram maior
PE previsto ao longo de todos os periodos analisados; no entanto, o grupo de
menor PE apresentou PE semelhantes aos grupos de PE intermediarios (28cm
< SC <32cm), por volta de 1200 dias de idade. Nesse contexto, os touros
classificados como inaptos para a reproducao dos 18 aos 21 meses de idade
podem atingir condigdes semelhantes as consideradas como boas condicdes.
Em termos de classificacdo, dos 18 aos 21 meses, o valor assintotico foi

semelhante entre os grupos, fazendas e anos de nascimento; no entanto, os 32



diferiram entre os grupos, indicando que as diferengas nas curvas de
crescimento estido relacionadas a precocidade sexual. Desse modo, a selecéo

baseada no PE com idades muito precoces podem levar ao descarte de touros
com potencial reprodutivo a idade adulta.



ABSTRACT

MACHADO, Thiago Peixoto, M.Sc., Universidade Federal de Vigosa, June,
2018. Evaluation of testicular development of Nelore bulls by non-linear
mixed models. Adviser: José Domingos Guimardes. Co-Adviser: Eduardo
Paulino da Costa.

One of the main obstacles to success in harvesting beef cattle is reproductive
efficiency. The measurement of the scrotal perimeter (PE) is an important
characteristic to select earlier bulls. The PE, testis volume, testicular weight,
age among other measurements showed high and positive correlations (r =
0.92) due to high repeatability. Testicular growth is represented by a sigmoid
curve. Mixed nonlinear models were used to describe the longitudinal
measurement of PE of Nellore cattle. The model comparisons were based on
the Akaike information criterion, the Bayesian information criterion, the sum of
the squares, the adjusted coefficient of determination (R?) and the convergence
percentage. Sequentially, the best model was used to compare the PE growth
curve in bulls classified differently and according to EP from 18 to 21 months of
age. For this, the bulls were classified into five groups: PE <28cm; 28cm < PE
<30cm, 30cm < PE <32cm, 32cm < PE <34cm and PE < 34cm. The Michaelis-
Menten model showed the best fit according to the mentioned criteria. In this
model, B1 is the asymptotic value of PE and B2 is an integration constant and
may be related to sexual precocity. Parameters of the estimated individual
growth curves were used to create a new data set to evaluate the effect of the
classification, farms and year of birth on the parameters 1 and 2. The bulls of
the largest group of PE presented higher PE predicted over all the analyzed
periods; however, the group of lower PE presented PE similar to the groups of
intermediate PE (28cm < SC <32cm), around 1200 days of age. In this context,
bulls classified as unfit for reproduction from 18 to 21 months of age may reach
conditions similar to those considered as good conditions. In terms of
classification, from 18 to 21 months, asymptotic PE was similar between
groups, farms and years; However, 32 differed between groups, indicating that
differences in growth curves are related to sexual precocity. In summary, it
appears that selection based on PE at very early ages can lead to the discard of

bulls with reproductive potential in adulthood.
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1. INTRODUCAO

O Melhoramento Genético é usado em diferentes espécies para selecionar
animais com melhores indices zootécnicos produtivos e reprodutivos. Em
bovinos de corte, a selecdo de animais que possuam valor genético superior
para as caracteristicas de crescimento corporal e perimetro escrotal sao
utilizados como reprodutores na préoxima geragdo, obtendo-se assim um
incremento na produgao e reprodugcdo. As caracteristicas observadas devem
ser de facil mensuracdo e geneticamente relacionadas com a reprodugéo,
motivo pelo qual o perimetro escrotal é utilizado.

A eficiéncia reprodutiva € um fator importante para bons indices zootécnicos
na pecuaria de corte. Pesquisas para avaliar a capacidade reprodutiva dos
animais sao cada vez mais necessarias. Estudos anteriores demonstra que as
fémeas bovinas apresentam baixa herdabilidade para as caracteristicas
reprodutivas, e consequentemente resulta em baixo progresso genético. Com
isso 0 touro tem uma contribuicdo significativa, pois pode-se aplicar um
diferencial de selegdao maior que nas fémeas, pelo fato do mesmo possuir
maior numero de descentes ao ano. Nesse sentido, o perimetro escrotal (PE)
pode ser usado como ferramenta para predizer o potencial reprodutivo e de
crescimento do individuo, bem como para precocidade sexual de suas filhas
(SILVA e TONHATI, 1997). Ha algumas medidas de desenvolvimento ponderal,
que visam a precocidade sexual, como PE e ganho de peso, que sao utilizadas
em programas de selecdo de melhoramento genético. Essas metodologias
resultam em alteragdes na curva de crescimento que podem predizer o
tamanho testicular e o peso corporal no animal adulto, ajudando a selecionar
animais precoces.

O crescimento dos animais vem sendo estudados, na maioria das vezes,
usando a relagcao peso-idade. Estudos feitos utilizando modelos nao lineares,
geraram diferentes modelos de crescimento (BELTRAN et al. 1992). Os
modelos tém sido avaliados segundo sua eficiéncia de ajuste, a interpretacéo
biolégica dos parametros, a dificuldade de aplicagdo computacional e a
avaliagdo dos parametros ambientais sobre a curva de crescimento (BROWN,
1976). Existem dois parametros apresentados por esses modelos que sao de



grande importancia na avaliagdo do crescimento: o tamanho assintético, que
representa o maior valor de crescimento que o PE pode atingir e o ponto de
inflexdo, que representa o momento que os testiculos apresentam maior taxa
de crescimento. Tais modelos também contém parametros que se caracterizam
como constantes matematicas, os quais ndo sao zootecnicamente relevantes.
O objetivo deste estudo foi avaliar modelos néo lineares mistos e comparar
a curva de crescimento do PE em touros da raca Nelore, no intuito de predizer

o potencial reprodutivo.

2. REVISAO DE LITERATURA

2.1. Perimetro Escrotal

Um dos principais pontos do sucesso na exploragdo de gado de corte € a
eficiéncia reprodutiva. Rebanhos com alta taxa de fertilidade e sexualmente
mais precoces, apresentam maior taxa de desfrute, resultando em mais
animais aptos para o abate, além da intensidade de selegdo mais elevadas, o
que leva a maior ganho genético (NIETO et al., 2006). A mensuragdo do
perimetro escrotal (PE) € uma caracteristica importante para selecionar touros
mais precoces para reproducao, taxa de crescimento e peso (MARTINS FILHO
e LOBO, 1991; REYES, 1995; BERGMANN et al., 1996; GARNERO et al.
2001).

Devido ao PE apresentar alta correlacdo com a producdo e qualidade
espermatica, ele é utilizado como uma importante caracteristica na selegcao de
touros com alto potencial reprodutivo. (LUNSTRA e ECHTERNKAMP, 1982;
SALVADOR, 2001). O crescimento testicular € representado por uma curva
sigmoide, caracterizada por uma fase lenta no inicio, seguida de um pico que
culmina com a puberdade, logo apds, o crescimento comega a decair indicando
que o animal esta perto de atingir a maturidade sexual (BERGMANN, 1996), o
desenvolvimento mais intenso dos testiculos ocorre entre os 12 e 18 meses de
idade (SILVA et al., 1993). O PE indica a precocidade sexual de bovinos, além
de apresentar correlagdo alta com o peso corporal e correlagdo media com
caracteristicas de qualidade espermatica ele também indica maior producao

espermatica, mostrando a importancia deste parametro (BERGMANN et al.,
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1996; VALE FILHO et al., 1997; QUIRINO et al., 1999; GRESSLER et al., 2000;
SARREIRO et al., 2002). O PE apresenta correlagdo com a idade a puberdade
e com a fertilidade da fémea (PEREIRA et al. 2001; BOLIGON et al. 2007;
BOLIGON et al., 2008).

O PE, volume dos testiculos, peso testicular, idade entre outras
mensuragdes mostraram correlagdes altas e positivas (r=0,92). Também ficou
evidenciado o comportamento curvilineo entre a idade e o tamanho testicular
antes de atingirem idade de seis anos, o que mostra que o desenvolvimento
testicular ocorre no maximo até essa idade, se estabilizando logo apés (HANH
et al., 1969). Além da raca Nelore, estudos mostram correlagbes entre idade a
puberdade e perimetro escrotal em outras ragas. Na raga Angus, o PE possui
correlagdo alta com a idade a puberdade r= -0,51 (KOOTS et al., 1994).
Segundo Boligon et al. (2006) em animais mesticos Angus x Nelore, a
herdabilidade foi de 0,22 e Silva et. al. (2000) obtiveram valor de 0,38 para
animais da ragca Canchim. A correlagdo do PE com peso corporal também é
alta (amplitude de 0,69 e 0,94); (SIQUEIRA et al., 2012). Desse modo, da
selecdo de touros com maior perimetro escrotal pode-se obter animais com
maior peso ao abate (REGATIERI et al., 2012).

Coulter e Keller (1982) demonstraram que ha correlagdo do peso testicular
e o perimetro escrotal em touros das ragas Hereford e Angus com 1 ano de
idade. Os autores encontraram coeficientes de correlacido de 0,76 e 0,65,
respectivamente, e sugeriram que o perimetro escrotal em touros de ragas de
corte seja um bom indicador do peso testicular. Os autores mostraram que o
tamanho dos testiculos aos 12 meses de idade é diferente entre as racgas,
podendo o perimetro escrotal nesta idade ser usado como parametro no auxilio
da selegdo de touros jovens. Desta forma havera melhor selecdo de suas
filhas, atingindo melhores taxas de fertilidade.

As estimativas de herdabilidade do perimetro escrotal mensurado em
idades diferentes vem sendo relatadas de moderadas a alta por diversos
autores. Dias et al. (2003) obtiveram estimativa de herdabilidade de 0,41 para
perimetro escrotal mensurado aos 18 meses em animais da raca Nelore, e
Boligon et al. (2007), também na raga Nelore, obtiveram valores de 0,25 a 0,37
para o perimetro aos 12 e aos 18 meses de idade e Boligon et al. (2011),

reportaram estimativas variando de 0,39 a 0,44 para perimetro escrotal
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avaliado aos 9, 12 e 15 meses de idade. Para se obter bom melhoramento
genético, esses estudos comprovam que o perimetro escrotal apresenta
variabilidade para ser utilizado como critério de selecdo. A fertilidade e
produtividade de vacas e novilhas e a puberdade de novilhas demonstraram
relagdo com perimetro escrotal de touros com 12 meses de idade (GRESSLER
et al., 2000).

Em animais de origem europeia, o crescimento testicular ocorre até os 30
meses de idade, alcangando valor do perimetro que varia de 32 a 40 cm
(CBRA,1998). Em animais zebuinos o crescimento testicular ocorre até os 48
meses, alcangando perimetro escrotal de 33 cm até valores superiores a 38 cm
(FONSECA et al., 1997).

Existe variacdo que pode ocorrer entre as racas. Na raca Nelore ha
aumento do PE de forma linear até os 12 meses de idade. Apds essa idade, ha
tendéncia curvilinea com redugao do crescimento proximo aos 18 meses de
idade (BERGMAN et al., 1996). Quirino et al. (1999) descreveram a curva de
crescimento do perimetro escrotal, com ponto de inflexdo maximo aos 13,1
meses de idade para a raga Nelore. Segundo estes autores, esse fato indica o
maior crescimento do parénquima testicular, ocorrendo préximo a 1 ano de

idade, sugerindo o inicio do periodo pubere.
2.2. Curvas de Crescimento

O crescimento animal pode ser avaliado por analise de suas curvas de
crescimento, pois descrevem uma relagao funcional entre peso e idade (SILVA
et al., 2001). No entanto, o crescimento ndo segue um padrao continuo nos
animais, segue um padrao bem definido em todas as populacées de animais
com relacédo a idade (BRODY, 1945). As fungdes de crescimento conseguem
englobar informagdes de dados de peso e idade em um conjunto de
parametros que sao de interpretagao bioldgica (LAIRD e HOWARD, 1967).

O crescimento testicular é descrito por curva sigmoide, com fase inicial um
pouco lenta e seguida de um pico que coincide com a puberdade. Logo apds, a
velocidade de crescimento decresce, sendo um indicativo da maturidade sexual
(BERGMANN et al., 1996). O desenvolvimento mais intenso dos testiculos

ocorre entre os 12 e 18 meses de idade (SILVA et al., 1993). Segundo Fitzhugh



Jr. (1976), uma curva sigmoide é caracterizada de trés formas: estatico,
seccional-cruzado e longitudinal. No tipo estatico, para um grupo de animais
com mesma idade ou estadio de desenvolvimento, o tamanho é observado
uma unica vez em cada animal. No tipo seccional-cruzado, o individuo €
pesado apenas uma vez, assim como no tipo estatico, porém as mesmas
medidas sdo feitas em outras idades em outros individuos vindos de amostras
da mesma populagdo. No tipo longitudinal, todas as medidas utilizadas sao
obtidas do mesmo animal, em todas as idades avaliadas. Este ultimo tipo de
dados abrange todas as informagdes contidas nos dois primeiros tipos.

Os modelos lineares sédo bastante utilizados para um grande numero de
aplicagdes em regressao, com o objetivo de relacionar uma variavel resposta a
uma ou mais variaveis explicativas. Porém, em algumas situagées um modelo
nao linear pode ser mais apropriado, uma vez que muitos fendmenos
geralmente ndo sao lineares (Mattos, 2013). De forma geral, estes modelos
tém por objetivo descrever uma trajetéria assintotica da variavel dependente
peso, em fungdo da variavel independente tempo. Geralmente, a diferenga
entre tais modelos é dada pela definigdo do ponto de inflexdo da curva, que
confere uma forma sigmoide a mesma, porém para alguns modelos este ponto
pode nao existir (Silveira, 2010).

Os modelos nao-lineares apresentam a vantagem de acondicionar grande
numero de medidas em alguns parametros, que permitem a interpretacao
biolégica apropriada (LOAIZA-ECHEVERRI et al., 2013). Alguns requisitos
precisam ser atendidos para que o modelo de regressdao nao-linear descreva
adequadamente a relacédo peso-idade: interpretagao bioldégica dos parametros,
alta qualidade de ajuste e facilidade de convergéncia (FITZHUGH Jr. 1976).
Varios modelos nao-lineares, como Brody, von Bertalanffy, Logistic e
Gompertz, tém sido usados para descrever curvas de crescimento do PE (;
QUIRINO et al. 1999; BILGIN et al. 2004; HENRY et al. 2013; LOAIZA-
ECHEVERRI et al. 2013). No entanto, outros modelos como Meloun, Michaelis-

Menten e Hill permanecem pouco utilizados.



2.3. Modelos nao-lineares mistos empregados na avaliagao de curvas
de crescimento

A funcdo de Brody ou Monomolecular foi primeiramente estudada por
Robertson em 1908; Brody em 1945 e von Bertalanffy em 1957, na descri¢ao
do crescimento de bovinos (DUARTE, 1975; MAZZINI, 2001). France et al.
(1996) mostraram que o modelo de Brody pressupde que O mecanismo
quantitativo de crescimento € constante e independe do peso do organismo.

O modelo proposto por Brody (1945) descreve o crescimento animal
ocorrido ap6s o ponto de inflexdo. No entanto, seu uso néo esta restrito a
fixacdo dos valores iniciais. O parametro B4, que é a constante que define a
forma da curva, assume o valor de um (1), com isso o modelo adota o peso ao
nascer como ponto de inflexdo da curva, resultando em curva nao sigmoide.
Este modelo foi proposto para descrever o crescimento que ocorre apds o
ponto de inflexdo ou fase de desaceleracdo do crescimento apresentando o
crescimento pés-natal (Oliveira, 1995).

O modelo de Gompertz foi desenvolvido em 1825 por Benjamin Gompertz
para estudar as leis de natalidade e mortalidade em humanos (LAIRD, 1966).
Para descrever o crescimento animal, um dos primeiros a utiliza-lo foi Winsor
(1931). O modelo descreve comportamento sigmoidal, assumindo que o
crescimento é proporcional ao peso do organismo e, ao atingir o ponto de
inflexdo, o ritmo de desenvolvimento se torna mais lento (FRANCE et al.,
1996). O ponto de inflexdo nesse modelo é fixado em 0,37 do valor de 31 (Paz,
2002).

Proposto por Verhulst em 1838 para expressar a lei do crescimento de
populagdes humanas (LAIRD, 1966), o modelo Logistico apresenta curva
sigmoide e simétrica em relacdo ao ponto de inflexdo. Neste modelo pode-se
alcancar de 50 % do valor assintotico (NOTTER et al., 1985). Robertson
(1908), para auxiliar os estudos de autocatalise, introduziu 0 modelo na ciéncia
animal (1924) para descrever o crescimento animal (FRANCE et al., 1996). A
primeira fase deste modelo (autoaceleracdo) assemelha-se a fungao
exponencial de taxa relativa de crescimento constante. Assim este modelo leva
em consideracao a velocidade de crescimento proporcional ao crescimento

efetuado e ao crescimento que fica por efetuar. Algumas propriedades



estatisticas do modelo Logistico sdo: fungéo crescente que assume valores no
intervalo [ 0, SCt ] ; B1= SCt € uma assintota horizontal a direita (peso adulto,
tamanho adulto, assintota superior); B1= 0 é uma assintota horizontal a
esquerda; no ponto de inflexdo B1 atinge metade da assintota superior, isto é,
atinge valor igual a metade do valor de SCt (assintota horizontal); apresenta
mudanca de concavidade no ponto de inflexdo e, € neste ponto que o
crescimento atinge a sua velocidade maxima (SANTANA, 2013).

O modelo de Meloun foi utilizado por Meloun e Militk (1996) para descrever
o crescimento de uma estrutura auricular de fetos e, devido a grande
flexibilidade apresentada, o mesmo pode se caracterizar como modelo
alternativo para descricdo de curvas de crescimento de animais (SILVEIRA,
2010).

Michaelis e Menten propuseram esse modelo, de inicio, para descrever
a cinética de reagdes quimicas (MICHAELIS e MENTEN, 1913). Esse modelo
envolve uma funcdo monodtona crescente cbncava a partir da origem e,
atualmente, a aplicacdo desse modelo acontece em diversos contextos, como
na avaliagdo de crescimento animal (SOUZA et al., 2013). Para descrever
curvas de crescimento, o modelo de Michaelis-Menten foi ajustado em trés
metodologias diferentes: a forma original ndo linear e duas linearizaveis.

O método de ajuste nao linear apresenta superioridade, pois apresenta
baixos valores para o Quadrado Médio do Erro e maior facilidade de
convergéncia proporcionando melhores resultados, ao comparar com a forma
que o crescimento de bovinos ocorre na pratica (Machado et. al.; 2005). Lopez
et al. (2000) apresentaram generalizagdo do modelo original de Michaelis-
Menten com o objetivo de descrever curvas de crescimento sigmoides, uma
vez que o modelo original ndo apresenta ponto de inflexdo. Concluiram que o
modelo proposto ajustou-se muito bem a dados de peso corporal/idade de
varias espécies animais, apresentando resultados similares aos modelos
Gompertz e Richards.

O modelo de Tanaka foi utilizado para descrever o crescimento de
ourigos do mar (GROSJEAN et al., 2001) e para demonstrar o crescimento do
perimetro escrotal em ovinos (BILGIN et al., 2004). Este modelo nao linear de
quatro parametros permite o crescimento indeterminado sem ter uma assintota.

O modelo apresenta periodo inicial de crescimento lento, depois um periodo de
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crescimento exponencial, seguido de um periodo de crescimento lento
indefinido (GROSJEAN et al., 2001).

O pesquisador Ludwing Von Bertalanffy (1938) apresentou sua equacéao
para demonstrar o crescimento de peixes, no qual o ganho de peso corporal &
o resultado do processo anabdlico e a perda de peso é produto do catabolismo,
conforme a lei de alometria, ou seja, que o ganho de peso é proporcional a
area de superficie do organismo e assim a taxa desse processo pode ser
expressa em fungao do peso corporal (VON BERTALANFFY, 1957). De acordo
com Duarte (1975) e Mazzini (2001), o modelo de von Bertalanffy tem o mais
rigoroso suporte nas teorias bioldgicas, o que lhe capacita resistir melhor a
interpretacdo de seus parametros. O ponto de inflexdo nesta funcéo é fixo em
aproximadamente 30 % do tamanho assintdtico.

Na fisiologia, a equagédo de Hill (1913) tem sido usada para descrever
mecanismos nao-lineares e saturaveis, por exemplo na captacdo renal de
aminoglicosideos pelas células tubulares proximais, o feedback
tubuloglomerular da filtracdo renal, e o efeito da ligacdo de canais iGnicos
dependentes de voltagem (GOUTELLE et al., 2008).

A previsdo de um efeito maximo, que é uma caracteristica fundamental
dos fendbmenos bioldgicos, € provavelmente uma das principais razdes para o
uso do modelo de Hill. A segunda razao parece ser a grande flexibilidade do
modelo em ajustar os dados, devido ao parametro de forma a, o coeficiente de
sigmoide de Hill (GOUTELLE et al., 2008).
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CAPITULO 1

CAN SCROTAL CIRCUMFERENCE-BASED SELECTION DISCARD BUL
WITH GOOD PRODUCTIVE AND REPRODUCTIVE POTENTIAL?

ABSTRACT
Nonlinear mixed models were used to describe longitudinal scrotal

circumference (SC) measurements of Nellore bulls. Models comparisons were
based on Akaike’s information criterion, Bayesian information criterion, error
sum of squares, adjusted R2 and percentage of convergence. Sequentially, the
best model was used to compare the SC growth curve in bulls divergently
classified according to SC at 18-21 months of age. For this, bulls were classified
into five groups: SC < 28cm; 28cm < SC < 30cm, 30cm < SC < 32cm, 32cm <
SC < 34cm and SC = 34cm. Michaelis-Menten model showed the best fit
according to the mentioned criteria. In this model, 31 is the asymptotic SC value
and B2 represents the time to half-final growth and may be related to sexual
precocity. Parameters of the individual estimated growth curves were used to
create a new dataset to evaluate the effect of the classification, farms, and year
of birth on 1 and B2 parameters. Bulls of the largest SC group presented a
larger predicted SC along all analyzed periods; nevertheless, smaller SC group
showed predicted SC similar to intermediate SC groups (28cm < SC < 32cm),
around 1200 days of age. In this context, bulls classified as improper for
reproduction at 18-21 months old can reach a similar condition to those
considered as good condition. In terms of classification at 18-21 months,
asymptotic SC was similar among groups, farms and years; however, 2
differed among groups indicating that differences in growth curves are related to
sexual precocity. In summary, it seems that selection based on SC at too early

ages may lead to discard bulls with suitable reproductive potential.

1. INTRODUCTION

Scrotal circumference (SC) is commonly used in breeding programs due
to its easy of measurement, high repeatability, and moderate to high heritability
which varies from 0.36 to 0.69 ( Lunstra, 1982; Knights et al. 1984; Brinks,
1994; Loaiza-Echeverri et al. 2013). Besides, SC is related to testis
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development in bulls (Coulter & Foote, 1979); and it is associated with age at
puberty of males and females ( Toelle & Robison, 1985; Notter et al. 1993). The
SC shows positive genetic correlations with reproductive characteristics in
females such as heifer pregnancy and stayability (Santana et al. 2012); thus,
selection based on SC has a positive influence on reproductive performance of
females (Moser et al. 1996; Vargas et al. 1998).

Since SC is considered a useful tool for predicting age at puberty
(Lunstra et al. 1978), the selection of bulls based on this trait at earlier ages is
performed to improve the reproductive performance of the herd (Loaiza-
Echeverri et al. 2013). In several breeding programs of the Nellore bulls, the SC
has been measured at 18 months of age (Siqueira et al. 2013; Eler et al. 2006).
Therefore, some studies have suggested that the selection based on SC must
be performed at earlier ages to accelerate the genetic gain and to reduce the
maintenance costs of non-productive animals Sesana et al. (2007)
Nevertheless, aspects related to the appropriate age for SC measurement for
the selection of bulls still remain uncertain and need further investigation to
improve the use of the SC in breeding programs of Zebu cattle (Bergmann,
1998).

Despite the positive correlation between SC and seminal parameters,
this does not fully represent the reality of testicular parenchyma. Thus, an
animal with suitable SC at an early age will not always show appropriate
seminal quality at sexual maturity (Costa e Silva et al. 2015). Nellore bulls of the
same age and testicular size may provide different sperm moaotility; therefore, the
semen production is also due to the testicular functionality and not only to the
testis size (Silva et al. 1976).

Testicular growth description can be performed by fitting nonlinear
regression models. These models enable to synthesize information from
longitudinal size-age data in few parameters likely to be biologically
interpretable (Fitzhugh, 1976) . Several nonlinear models such as Brody, von
Bertalanffy, Logistic and Gompertz, have been used to describe SC growth
curves (Loaiza-Echeverri et al. 2013; Quirino et al. 1999; Bilgin et al. 2004;
Henry et al. 2013) . Nevertheless, other models such as Meloun, Michaelis-
Menten and Hill remain overlooked. The Meloun model has been used to

describe the growth of human fetuses ( Meloun et al. 1996), and due to its great
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flexibility this model is potentially useful for describing animal growth curves
(Souza et al. 2013). The Hill equation has been used to analyze quantitative
drug-receptor relationship in pharmacology (Goutelle et al. 2008); it also has
been used for describing body growth curves in meat quails (Silva, 2014). The
Michaelis-Menten equation was originally used to relate the velocity of reaction
to the amount of substrate (Lopez et al. 2000); its use in animal growth curves
was already reported in beef cattle (Oltjen et al. 1986), dairy cattle (Rook et al.
1993) and pigs (Schinckel et al. 2004).

In general, random effects of experimental units must be modeled when
using repeated measurements derived from the same animal over time. Thus,
nonlinear mixed models considering both fixed and random effects
simultaneously are preferred to better describe the observed data with
individual repeated measures (Peek et al. 2002; Kizilkaya et al. 2006).

In this context, we aimed to fit several nonlinear mixed models for SC
measurements of Nellore bulls to choose one that would better predict testicular
growth. Additionally, we compared the SC growth curve from divergently
classified bulls under the initial hypothesis that young bulls (up to 21 months

old) may reach similar values of SC at adult age (around 3-4 years old).

2. MATERIALS AND METHODS

2.1. Bulls and dataset

The data used in this study were from Nellore bulls raised in extensive
management, born between 1997 and 2009. Animals were located in two
farms. The first one is located in Magda/SP (20.6455° South, 50.2314° West),
with an annual average temperature of 22.0 °C and annual rainfall of 1200 mm;
and the second one is located in Dois Irm&os do Buriti/MS (20.2947° South,
55.4454° West), with an annual average temperature of 23.3 °C and annual
rainfall of 1400 mm.

In both farms, the calving season occurs from August to November. After
birth, calves are kept with their mothers in Urochloa spp pasture, with ad libitum
water and mineral salt; weaning is performed when the calves reach 7-8 months

old. Scrotal circumference (SC) was measured in the region of the largest
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diameter of the testes and included both testes positioned symmetrically side by
side, leaving the skin of the scrotum distended. The SC measurements of the
bulls were obtained annually at the time of the breeding soundness exam,
which begins around 18 months of age. The ages at the moment of the SC
measurement varied from 497 to 4340 days.

A total of 3,918 SC measurements from 843 bulls comprised the dataset.

Table 1 shows the distribution of SC measurements according locate and age.

Table 1. Distribution of the numbers of scrotal circumference (SC)

measurements by farm and age.

Farm SC measurements (r Bulls (n)
SP 3265 701
MS 653 142
Age SC measurements (r Bulls (n)
< 24 months 1017 843
> 24 -< 48 months 777 510
> 48 months 2124 843

2.2. Nonlinear models

Initially, estimates of SC growth curves were obtained by using nine
nonlinear models (Table 2). Eight models are asymptotic, describing a growth
that never exceeds a horizontal asymptote, whereas the Tanaka model allows
an indeterminate growth without an asymptote (Loaiza-Echeverri et al. 2013;
Bilgin et al. 2004).
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Table 2. Nonlinear models evaluated in this study to describe scrotal

circumference (SC) growth in Nellore bulls.

Model Equation

Brody (Brody, 1945) SC, = By (1— BreFa0) + ¢

Gompertz (Gompertz, SC, = Bre(-F2e79) o

1825)

Hill (Hill, 1910 tP3

( ) sc,=—" L.

[))233 + ths

Logistic | (Loaiza- sc, B1

= T4 preChn
Echeverri et al. 2013)

Logistic Il (Richards, _ P

S =T G TG
1950)
Meloun (Meloun et al. SCy = By — Bre P30 + ¢
1996)
Michaelis-Menten Pit

(Michaelis, 1913)

Tanaka (Loaiza-

SC = (1/\/E) ln< 2B,(t — By) + ZJﬂzz(t — Ba)? + B1f>

)"‘33

Echeverri et al. 2013)

Von Bertalanffy (Von SC, = Br(1 = preF0) 1 g
Bertalanffy, 1957)

SCt = scrotal circumference at t days of age; B, = asymptote (SC at maturity); 8, = integration
constant, for the Michaelis Menten model 3, is the age where SC=p,/2; f; = maturity index; B,

= inflection point.
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In nonlinear models that describe SC growth curves, SCt is the scrotal
circumference at t days of age; f; (asymptote) is the estimated SC at maturity;
B, is an integration constant important to shape the sigmoid curve but without
biological interpretation, except for the Michaelis Menten model in which B, is
the age where SC=p,/2; f5 is a maturing index, establishing the earliness with
which SC approaches the asymptote; and B, is the inflection point in the Tanaka
model. The inflection point is the time at which growth acceleration ends and
the self-inhibition phase begins, until reaching SC size at maturity (Loaiza-
Echeverri et al. 2013; Notter et al. 1985; Nieto et al. 2006). It is noteworthy that
in the Tanaka model, B, is the abscissa of the inflection point and it is the only
parameter with biological interpretation in this model (Loaiza-Echeverri et al.
2013).

The inflection points and age at inflection point for the Gompertz, Hill,
Logistic | and Il, and von Bertalanffy models were calculated as showed in
Table 3.
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Table 3. Infletion points and age at inflection points.

Model Inflection point (IP) Age at IP
Gompertz (Nieto et al. 0.3685; 1 (1n€0368)
2006) N7
—Bs
i 1
Hill (Goutelle et al. 2008) ) -1 - %
,81 ~ _33( 1) ﬁ3
+  Ba A
ﬁz B3 32 B (33 + 1)

Logistic | (Notter et al. By In(B,)

1985) 2 Bs

Logistic Il (Richards, B —p2

1959) 2 —Bs

von Bertalanffy (Nieto et 0.2963f; 0.29633 — 1

al. 2006) ]
—Bs

B., B, and p; are the parameters estimated by the nonlinear models. §, = asymptote (SC at

maturity); B, = integration constant; 8, = maturity index.

The SC growth curve parameters (8, 52, B3 and (,) were estimated by
using the NLMIXED procedure of the Statistical Analysis System (SAS)
(Sas,2002).

The assumed individual random effects allowed each bull to have their
own subject-specific asymptote and shape centered at 5, and S,. The residual
errors were assumed to be independent and identically distributed according to
normal distribution with mean zero and variance o2 (Littell et al 2006). The
convergence criteria were the defaults of the SAS for the dual Quasi-Newton
algorithm (Sas,2002). Genetic relationship between individuals was not

considered in the analysis.
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2.3. Goodness of fit

Goodness of fit of all models was evaluated according to the following
criteria.

Akaike’s information criterion (AIC), given by AIC = —2loglike + 2p,
where loglike is the logarithm of the maximum likelihood considering parameter
estimates and p is the number of independently fitted parameters within the
model. Lower values of AIC reflect a better fitting of the model (Akaike, 1974).
Bayesian information criterion (BIC), given by BIC = —2loglike + pInn, where n
is the number of observations used to fit the curve. Lower values of BIC also
reflect a better fitting of the model (Schwarz, 1978). The adjusted R2, which

determines the percentage of variation in SC measures explained by the
statistical model, was calculated as: R;;; = R* — (Z—:;) x (1 —R?%), where RZ;; is

the adjusted coefficient of determination; R? is the square of the correlation
coefficient between observed and predicted values; p is the number of
parameters of the model; and n is the number of observations. Error sum of
squares (ESS) was calculated as ESS = Y.(Y; — Y;)?/n, where the deviation of an
observation Y; was calculated from its own estimated mean Y;. The ESS is
considered as an accepted control of fitting quality (Loaiza-Echeverri et al.
2013).

Percentage of convergence is used when individual fitting are obtained.
Thus, it is possible to observe which model presents greater facility of
convergence, which is given by the percentage of fitted models that converged.
This percentage refers to animals whose convergence has been observed in up
to 1000 iterations (Silveira, 2010). Moreover, animals that converged to unreal

values were not considered as successful convergence.

2.4. Comparisons among classifications

After the choice of the best model, bulls were divided into five groups
according to the size of the SC in their first breeding soundness examination,
which occurred until bulls were 21 months old, as showed in Table 4. Growth
curves were estimated for each group.

Table 4. Distribution of the number of bulls and SC measurements according to

23



classification in the first breeding soundness examination.

Classificatiort Bulls (n) SC measurements (r
SC<28cm 24 119
28cm < SC <30 cm 54 251
30cm <SC <32 cm 183 857
32cm <SC <34 cm 265 1225
SC >34 cm 317 1466

aClassification at 18-21 months old.

From the estimation of the individual curves, animals that reached
convergence were used to create a new dataset with estimated parameters.
Then, the effect of the classification of the SC size, farm (SP and MS) and year
of birth (grouped in 1997-2003 and 2004-2009) on the parameters were
evaluated by using the GLM procedure of the SAS, according to the model:
Yije =1+ Ci + F; + By + (CF)ij + (CB) i + (FB) jic + €510,  Where Yy =

response; u = constant; C; = effect of classification; F; = effect of farm; B
effect of the year of birth; (CF);; = interaction between classification and farm;
(CB)y = interaction between classification and year; (FB); = interaction
between farm and year; and e;j,; = error. When normality of errors and

homogeneity of variances were not achieved, data were submitted to the
square root transformation. The least square means (LS-means) were
compared by Tukey-Kramer test, assuming the level of significance equal to
0.05.

3. RESULTS

Observed data are showed in Fig 1. The SC measurements ranged from

24.5 cm to 51 cm over all analyzed periods.
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Fig 1. Observed scrotal circumference of Nellore bulls from 497 to 4340 days of

age.
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Table 5. Parameter estimates (+SE) for nonlinear models used to describe

scrotal circumference growth in Nellore bulls.

Model Bl Bz B3 Pa
41.1772 + 0.4141 £ 0.001216 +
Brody
0.1130 0.007429 0.000032
41.0997 + 0.4853 t 0.001318 +
Gompertz
0.1105 0.009292 0.000033
43,5115 +
Hill 193.64 +5.2930 0.9882 + 0.04006
0.2938
41.0284 + 0.5709 + 0.001422 +
Logistic |
0.1082 0.01166 0.000034
41.0285 + -0.5606 * 0.001422 +
Logistic Il
0.1082 0.02041 0.000034
Michaelis- 434332 +
194.99 + 2.6282
Menten 0.1170
41.1774 + 17.0487 + 0.001216 +
Meloun
0.1130 0.2966 0.000032
1099.83 + 0.1466 t 517.63
Tanaka 21.7716 £ 0.4328
499,52 0.009771 16.1496
41.1240 + 0.1533 + 0.001284 +

Von Bertalanffy
0.1112 0.002873 0.000033

B, = asymptote, SC at maturity, except for Tanaka model; 3, = integration constant, except for
Michaelis Menten model where B, is the age where SC=p,/2; f; = maturity index; 3, = inflection

point.

Regarding the parameter estimates, the Hill and Michaelis-Menten

26



models showed the highest asymptotic values, whereas both Logistic | and Il
models showed the lowest ones (Table 5).

None of the asymptotic models presented a reliable inflection point
estimate. The Gompertz, Logistic | and Il, and von Bertalanffy models presented
inflection points equal to 15.1 cm, 20.5 cm, 20.5 cm, and 12.2 cm, respectively.
However, all these models estimated negative values for age at inflection point.
The Hill model presented a f3; value equal to 0.9882, but this model has an
inflection point only when 33 is higher than 1 (Goutelle et al. 2008).

The Tanaka model estimated the inflection point for SC at 517.63 days
with 30.2 cm. Even though these values are reliable, it is noteworthy that 4 is
the only parameter with biological interpretation in the Tanaka model, which
limits its application to describe SC growth curves.

Goodness of fit for all models are shown in Table 6. Michaelis-Menten
model showed the lowest values for Akaike’s information criterion (AIC) and
Baeysian information criterion (BIC), indicating a better fitting. The adjusted R2
values were very similar among all models, with Tanaka being slightly higher
followed by Michaelis-Menten model. For error sum of squares, Tanaka and
Michaelis-Menten models showed the lowest values. Nevertheless, the
Michaelis-Menten model presented a percentage of convergence higher than

other models.
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Table 6. Goodness of fit for nonlinear models used to describe scrotal

circumference growth in Nellore bulls

Model AIC BIC Adj. R? ESS  Conv. (%)
Brody 15,358 15,392 0.5804 5.9443 64.41
Gompertz 15,366 15,399 0.5804 5.9453 65.84
Hill 15,359 15,392 0.5805 5.9442 53.86
Logistic | 15,374 15,407 0.5803 5.9463 65.72
Logistic 15,374 15,407 0.5803 5.9463 67.26
Meloun 15,358 15,392 0.5804 5.9443 61.21
Michaelis-Menten 15,357 15,385 0.5808 5.9417 96.32
Tanaka 15,705 15,743 0.5816 5.9269 53.74
Von Bertalanffy 15,363 15,396 0.5804 5.9450 65.72

AIC = Akaike’s information criterion; BIC = Bayesian information criterion; Adj. R2 = Adjusted

coefficient of determination; ESS = Error sum of squares; Conv. = Percentage of convergence.

Fig 2. Scrotal circumference growth curve estimated by Michaelis-Menten

model in Nellore bulls.
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This criterion is important for the study of individual growth curves
because if a model presents high fitting quality but low percentage of
convergence, just few animals could be used in the breeding program (Silveira,
2010). The SC growth curve estimated by Michaelis-Menten model is shown in
Fig 2.

Based on goodness of fit measures, Michaelis-Menten model was
selected for subsequent analyses. Parameters estimates for each group are
shown in Table 7, and the growth curves estimated from this model are shown
in Fig 3.

In Fig 3, it is possible to note that bulls with SC larger than 34 cm
presented larger predicted testis size over all analyzed periods. On the other
hand, bulls of the smallest SC have showed predicted SC similar to
intermediate groups (28 cm < SC < 32 cm), around 1200 days of age. This
finding suggests that bulls that were classified as improper for reproduction at
age of 18-21 months, in their adult life, can reach a similar condition to those
bulls considered as good condition.

For Michaelis-Menten model, 3, is the age where SC = f,/2; thus, this
parameter may be indicative of earliness of the testis development. In this
sense, bulls with larger SC at 18-21 months of age presented lower values of
B, indicating precocity in the testis growth (Table 7).

From the estimation of the individual curves, animals that reached
convergence were used to create a new dataset with individual estimated
parameters to analyze the effects of the classification, farm, and year of birth on
parameters 3, and f,. The effect of year of birth was not significant for any
parameter (P > 0.05). There was no effect of farm and classification on
asymptotic SC (P > 0.05). Nevertheless, for f3,, classification (Table 8) and
interaction between classification and farm (Table 9) showed significant effects

(P < 0.05), but there was no difference between farms (P > 0.05).
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Table 7. Parameter estimates (+xSE) by Michaelis-Menten model used to

describe scrotal circumference growth in Nellore bulls classified according SC

size at age of 18-21 months.

Classification

[ 2

SC<28cm

28 cm < SC <30 cm

30cm<SC<32cm

32ecm<SC<34 cm

SC>34cm

43.5757 + 0.8046 292.38 +18.1522

43.0875 + 0.4636 265.31 +9.8585

42.6220 + 0.2512 219.75 +5.2765

43.0775 £ 0.2135 193.34 +4.3709

44.0659 + 0.1765 156.86 *+ 3.2838

B, = asymptote (SC at maturity); 8, = integration constant, it represents the age (in days) where

sc=F
2

Fig 3. Scrotal circumference (SC) growth curves estimated by Michaelis-Menten

model in Nellore bulls classified according SC size at first breeding soundness

examination.
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Table 8. LS-means (+SE) of the parameters estimated by Michaelis-Menten

model for each classification.

Classification B, B,

SC<28cm 43.28+ 0.672 302.48+ 13.382
28 cm < SC <30 cm 42.59+ 0.462 254.51+ 9.72%
30 cm < SC <32 cm 42.51+0.232 223.52+ 4.76°
32 ¢cm < SC <34 cm 43.19+ 0.19? 203.56+ 3.82°
SC >34 cm 43.37+0.16% 146.05+ 3.08¢

Different letters in the same column indicate significant difference at P < 0.05. 3, = asymptote

(SC at maturity); 3, = integration constant, it represents the age (in days) where SC = %

Table 9. Interaction between farm and classification for 5, (mean  SE).

Farm
Classification
SP MS

SC <28 cm 318.02+ 14.953A 287.33+ 31.79%
28 cm <SC <30 cm 269.69+ 10.362/ 239.78+ 24.133
30cm < SC <32 cm 221.02+ 5.34PA 226.03 + 10.46*
32em<SC <34 cm 192.48+ 4.08A 214.95+ 10.0934
SC>34cm 156.82+ 3.449% 135.67 + 6.764

Different lowercase letters in the same column and uppercase letters in the same row indicate

significant difference at P < 0.05.

4. DISCUSSION

Several authors have reported the use of nonlinear models to describe
the growth curve of scrotal circumference on domestic animals. These authors
have focused in some nonlinear models such as Brody, von Bertalanffy, Logistic
and Gompertz (Loaiza-Echeverri et al. 2013; Quirino et al. 1999; Henry et al.
2013); meanwhile other models remained overlooked. In this study, the
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Michaelis-Menten equation showed the best fitting among asymptotic models,
especially regarding the percentage of convergence, an important criterion for
studies of individual growth curves. The percentage of convergence indicates
the number of animals to be used in an animal breeding program (Silveira,
2010).

In several nonlinear models used to describe the SC growth curve, the
B2 parameter is an integration constant without biological interpretation;
however, in the Michaelis-Menten model, this parameter represents the age in
days of half final growth (Lopez et al. 2000). Thus, in this study 2 may be
considered as indicative of sexual precocity based on SC.

In breeding programs of Nellore breed, the measurement of the SC is
usually performed up to age of 24 months, starting mostly at 18 months
Siqueira et al. 2013; Fortes et al. 2014). The idea of performing the selection
based on SC in earlier ages is to accelerate genetic gain (Sesana et al. 2007);
however, Barth and Ominski (Barth et al. 2000) pointed out that SC
measurement in weaned bulls (8 months of age) may not be a useful culling tool
for breeding programs, due a large portion of bulls that did not met the minimum
requirements for SC size at 240 days achieved these requirements at 365 days
of age. The similarity of estimated SC among bulls of the lowest SC group and
bulls with SC ranging from 28 to 32 cm (intermediate groups) around 1200 days
of age is an important finding, since Zebu bulls, in tropical environments, start to
be used for natural service in breeding seasons at 36-40 months of age.
Nevertheless, it is noteworthy that the bulls with SC larger than 34 cm at 18-21
months old presented the highest values of SC along the most evaluated
period, indicating a high potential, since SC is related to reproductive
performance of males and females (Toelle & Robison, 1985; Santana et al.
2012).

Nevertheless, in Nellore cattle, SC presented negative genetic correlation
(-0.16) with birth weight, and positive but low magnitude genetic correlations
with weight gain from weaning to yearling (0.12) (Pereira, 2001) and post-
weaning weight gain (0.189) (Santana et al. 2012). Besides, genetic and
phenotypic correlations near to zero were reported for rump fat and SC
measured at 365 and 450 days, indicating that selection for SC at earlier ages

would promote slow improvement in carcass traits (Buzanskas et al. 2017,
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Barbosa et al. 2010), and Marques et al. (Marques et al. 2013) reported low
and negative genetic correlations between SC and daily weight gain (-0.11),
and subcutaneous fat thickness (-0.04). Therefore, the similarity of the
asymptotic values among all groups indicates that a selection at earlier ages
may exclude animals with suitable genetic potential from the breeding program,
including animals with suitable estimated breeding values (EBV) for other traits
such as birth weight, post-weaning weight gain and carcass traits.

According to Fortes et al (Fortes et al. 2014) larger SC at a young age
contributes to lower rates of sperm DNA damage in Brahman bulls. Negative
correlation between sperm DNA fragmentation and SC measured at 12, 18 and
24 but not at 6 months of age were reported by the authors, despite correlations
were weak (ranging from -0.18 to -0.25). Nevertheless, Nellore young bulls (up
to 24 months old) demonstrated to have spermatozoa in suboptimal condition in
terms of nuclear integrity when compared to bulls with 3.5-7 years of age,
suggesting a state of nuclear fragility or immaturity (Carreira et al. 2017).
Moreover, some parsimony about SC values should be taken since the SC
does not exactly represent the reality of testicular parenchyma. In this context, a
bull with large SC at an early age will not always show suitable seminal
parameters at sexual maturity (Costa e Silva et al. 2015). Furthermore, semen
production is also due to the testicular functionality and not only to the testis
size (Silva et al. 1976).

The similarity observed in asymptotic values among all groups of this
study was not found for B2 values. This finding suggests that the major
difference among groups is related to the earliness in which the animal reaches
a suitable value of SC. Several factors can influence sexual precocity in the
Nellore bulls such as nutritional and genetic aspects (Siqueira et al. 2013).

According to literature reports, the heritability for SC in different ages in
Nellore breed indicates a high genetic variability from 12 to 21 months
(heritability ranging from 0.43 to 0.49), suggesting that the SC in young animals
(12-15 months old) may be used as selection criterion allowing the early discard
of animals that might not show suitable sperm production (Sesana et al. 2007;
Cabrera et al. 2002). Nevertheless, the correlation between SC in different ages
and sexual precocity in females is fundamental to define the most appropriate

age to measure this trait (Siqueira et al. 2013; Sesana et al. 2007; Yokoo et al.
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2007).

In Nellore cattle, genetic correlations between SC and reproductive traits
of females have been reported with conflicting results. Negative genetic
correlation (-0.40) between SC at 13-18 months (corrected to 15 months) and
age at first calving (AFC) of females mated or inseminated at 14 months old
(Ferraz et al. 2007), and positive genetic correlation (0.20) between SC and
probability of pregnancy at 14 months (PP14) (Eler et al. 2004) have been
described. However, genetic correlations close to zero were also reported
between SC at 18 months and AFC and PP14 [56]. Grossi et al. (2009) reported
genetic correlation estimates of low magnitude for AFC and SC measured at
365 (0.10), 450 (-0.13), 550 (-0.13) and 730 (0.06) days of age, thus indicating
that male selection for SC will not cause genetic changes to the AFC. On the
other hand, Santana Jr et al. (2015) reported that genetic correlation between
AFC of heifers exposed to a bull at 24 months old and SC measured at several
ages (from 400 to 654 days) presented lower variation (from -0.20 to -0.30), but
the genetic correlation between SC and AFC of heifers exposed to a bull at 14
months was stronger (-0.70) and more negative at an early age of the SC
measurement.

Additionally, moderate genetic correlations between SC at 18 months
and heifer pregnancy (0.29) and stayability for five years (0.19) were reported
suggesting that SC at 18 months could be incorporated in multitrait analysis to
improve the prediction accuracy for heifer pregnancy merit of young bulls Van
(Melis et al. 2010).

Therefore, genetic correlations between SC and female reproductive
traits may be influenced by the age of measurement of the SC (Siqueira et al.
2013; Ferraz et al. 2007; Gressler et al. 2000). In Nellore cattle, SC measured
at 12 months showed favorable correlation with the first date of calving while SC
measured at 18 months presented unfavorable correlation; however, for first
calving interval, SC measured at 18 months was favorably correlated with
higher magnitude than SC measured at 12 months (Gressler et al. 2000). Thus,
further investigations involving the female reproductive traits such as AFC,
PP14, heifer pregnancy, stayability and SC evaluated in different ages are
needed to establish the most suitable period to estimate the genetic

correlations.
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Sperm production may depend on other factors than SC, such as
testicular volume and shape (Bailey et al. 1996). Thus, these traits should be
considered in selection of bulls (Bailey et al. 1998; Unanian et al. 2000). Once
there is a predominance of long shape testes in Zebu bulls, animals with long
testes can be discarded due to present smaller SC than their contemporary with
oval testes (Rochetti et al. 2007; Silveira et al. 2010). Moreover, there are
evidences that testicular shape can change with age with reduction of the long
shape frequency from 12 to 18 months of age (Unanian et al. 2000).

Results obtained in the present study showed that young Nellore bulls
with different testicular size reach similar SC values in adult life; the differences
found in growth curves are related to sexual precocity of each individual. Since
the most precise age for selection of young bulls based on SC value still
remains unclear, it seems that for Nellore bulls, selection at too early ages,
even at 18 months, may lead to discard bulls with suitable reproductive

potential.
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