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Abstract

In this last decade, due to the nutritional needs and demands of an expanding
demography, at the global level, there has been a progressive awareness of the
need to reduce the impact of the carbon footprint. Because of this, there is a growing
interest and concern for products of animal origin that must respond to these specific
challenges by regions. In fact, now not only are more productive animals are
required, but it is also necessary to rely on the sustainability of those competitive
production systems, respecting the animal welfare, providing adequate information
by species and place of origin while maintaining high quality production standards.
In Spain, goat milk production is generally used to make cheese, where quality
brands linked to local breeds have been developed to grant them protection, not only
as part of the country's animal genetic heritage, but also because they bring benefits
for sustainability of the rural environment that this entails. At the national level within
the specialized dairy goat breeds is the Murciano-Granadina, which is part of a select
group of the highest quality for its high productive potential, characterized by longer
periods of lactation and linked to cultural traditions deeply rooted in southern
European livestock. This breed has a breeding program that bases its selection
criteria on traits such as: milk yield, protein, fat and dry extract and more recently
morphological traits. The novelty of this work is that it evaluates the biomodelation
of traits of the lactation curve, such as the peak vyield, peak day, yield and
persistency. Two traits that to date have not been reported, their phenotypes and
genetic behaviours. This study actually integrates the information from these
economically important traits in order to examine the lifetime profitability of these
dairy goats, the benefit of animal welfare and find out if their productive yields have

been reduced. Also, we established the strategy of estimating genetic parameters
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Abstract

and evaluating genetic-phenotypic trends for the traits of interest that are not yet
incorporated in the breeding program of the breed (that is, peak yield and
persistency), therefore, all this information is taken into the consideration by the
MURCIGRAN association. Therefore, the objective of the first chapter was to
characterize the peak yield, peak day, yield and persistency through biomodelation
with respect to variations in factors (i.e., region, type of kidding, lactation number
and season) using for this the Spline model for its best fit for the breed. In Chapter
2, special attention was paid to estimate the genetic parameters for previously
studied traits using multivariate models, testing the accuracy of the calculation of
genetic values and possible convergence problems. Chapter 3 presents a study to
evaluate both genetic and phenotypic trends for all traits analysed in the breed. The
results of these investigations show that the peak yield and persistency were
adequately localized in the lactation curves by through parameters and knots Spline,
traits that like the yield were affected by the variation factors and that affected the
scale and/or shape of the curves, confirming also that the high productions are in
the decrease of the trait of persistency. After the estimation of genetic parameters of
these analysed traits, it was determined that these were low and somewhat close to
intermediate values, indicating that most of their variations were due to
environmental factors suggesting that they are very complex traits and remain fairly
stable for several generations. The genetic correlations observed for the traits of
peak yield-yield were highly correlated and positive, which indicates that it is possible
to select for both, while the traits of productive peak yield-persistency and yield-
persistency showed low to negligible and negative values. These results indicate

that there is no antagonism between the traits under study and that they can be

29



Abstract

combined in the early stages of the evaluation of the breeding program, with a careful
interpretation of persistency trait analysis. Our contribution to science may provide
information for a better understanding of the behaviour of the traits of the Murciano-
Granadina goat lactation curve, and its respective impact on reproduction, health
and, more importantly, it may provide the basis for incorporating the information
available into studies related to other functional traits and animal welfare in dairy

production.
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Resumen

En las ultimas décadas, debido a las necesidades y demandas alimenticias de una
demografia expansiva, a nivel global hay una progresiva concientizacion para
reducir el impacto de la huella de carbono. Debido a esto existe un creciente interés
y preocupacion por los productos de origen animal que deben responder a estos
desafios especificos por regiones. En efecto, ahora no solo se requieren animales
mas productivos, hay que basarse en la sostenibilidad de esos sistemas
competitivos de produccion respetando el bienestar de los animales,
proporcionando una adecuada informacién por especie y lugar de procedencia
manteniendo los estdndares de produccién de alta calidad. En Espafa, la
produccioén lechera caprina va destinada generalmente a la elaboracion de quesos,
donde se han desarrollado marcas de calidad vinculadas a razas locales para
otorgarles proteccién, no solo como parte del patrimonio genético animal del pais,
sino también porque traen beneficios para la sostenibilidad del medio rural que ello
conlleva. A nivel nacional dentro de las razas caprinas lecheras especializadas se
encuentra la raza Murciano-Granadina, misma que forma parte de un selecto grupo
de primer orden por su elevado potencial productivo, caracterizada por periodos de
lactancia mas prolongados y su vinculacién estrecha a las tradiciones culturales de
gran arraigo en la ganaderia meridional europea. Esta raza cuenta con un programa
de mejora genética que basa sus criterios de seleccién en caracteres como:
rendimiento lechero, proteina, grasa y extracto seco y mas recientemente
caracteres morfolégicos. La novedad de este trabajo es que evalla la biomodelacion
de caracteres de la curva de lactacion como el pico productivo, dia al pico,
rendimiento y la persistencia. Caracteres que a fecha de hoy no han sido reportados

sus comportamientos tanto fenotipicos como genéticos; de hecho, en este estudio
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se integra la informacién de estos rasgos econdmicamente importantes con vistas
a examinar la rentabilidad de por vida de esta raza lechera, el beneficio al bienestar
animal y si se han mermado sus rendimientos productivos. También, instauramos
la estrategia de realizar estimacién de parametros genéticos y evaluacién de
tendencias genéticas-fenotipicas para los caracteres de interés que aun no se
encuentran incorporados en el programa de mejora genética de la raza (esto es, el
pico productivo y la persistencia), por ende, toda esta informacion se pone a
consideracion de la asociacion MURCIGRAN. Por consiguiente, el objetivo del
primer capitulo fue caracterizar el pico productivo, dia al pico, rendimiento lechero y
persistencias mediante la biomodelacion respecto a la influencia de factores de
variacion (esto es, region, tipo de parto, nimero de lactacion y estacion) usando
para ello el modelo Spline por su mejor bondad de ajuste para la raza. En el capitulo
2 se prestd especial atencion para estimar los parametros genéticos para los
caracteres previamente estudiados utilizando modelos multivariados testeando la
precision del calculo de los valores genéticos y los posibles problemas de
convergencia. El capitulo 3 presenta un estudio para evaluar tanto las tendencias
genéticas como fenotipicas para todos los caracteres analizados en la raza. Los
resultados de estas investigaciones muestran que el pico productivo y persistencias
fueron localizadas adecuadamente en las curvas de lactacion mediante parametros
y nodos de Spline, caracteres que al igual que el rendimiento lechero se vieron
afectados por los factores de variacion y que afectaron la escala y/o forma de las
curvas, confirmandonos también que las altas producciones van en decremento del
caracter de persistencia. Posteriormente a la estimacion de parametros genéticos

de estos caracteres analizados se determin6 que estos fueron bajos y algo proximos
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a valores intermedios, indicandonos que la mayor parte de su variacion fueron
debidos a factores ambientales sugiriéndonos que son caracteres muy complejos y
se mantienen bastante estables durante varias generaciones. Las correlaciones
genéticas observadas para los rasgos de pico productivo-rendimiento fueron
altamente correlacionadas y positivas, lo que indica que es posible seleccionar por
ambos, mientras que los rasgos de pico productivo-persistencia y rendimiento-
persistencia mostraron valores bajos a despreciables y negativos. Estos resultados
indican que no hay antagonismo entre los rasgos en estudio y que se pueden
combinar en las primeras etapas de la evaluacion del programa de seleccion, con
una interpretacion cuidadosa del andlisis del caracter de persistencia. Nuestra
contribucion a la ciencia es que puede proporcionar informacion para una mejor
comprension sobre el comportamiento de los caracteres de la curva de lactacion de
cabras Murciano-Granadina, y su respectivo impacto en las caracteristicas de
reproduccion, salud y mas importante aun, puede proporcionar la base para integrar
la informacion disponible con los estudios relacionados con otros rasgos funcionales

y bienestar animal en produccién lechera.
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1.- Introduccién y antecedentes.

La cabra doméstica proviene de la forma salvaje Capra aegragus cretica (Capra
aegagrus hircus), y al igual que las ovejas constituyen una tribu dentro de la familia
Bovidae del suborden Rumiantes, llamado Caprini, el cual se clasifica dentro del
orden Artiodactyla al poseer la pezufia hendida (Linnaeus 1758); presentando 60
cromosomas y una gran diversidad de fenotipos. Las especies de cabras salvajes
presentan un marcado dimorfismo sexual entre machos y hembras, con grandes
diferencias de talla, color y cuernos. Aun asi, las distintas razas domésticas
suavizan estas diferencias, por ejemplo, existen cinco especies de cabras
agrupadas por la conformacion de sus cuernos y lugar de origen. Entre ellas se
encuentran la aegagrus (Este Asiatico), ibex (Alpes Siberianos), falconeri (Asia
Central), pirenaica (Espafa), y cilindricone (Caucaso) (ACPA 2004). Otra
caracteristica general de las cabras es que son poco exigentes en su alimentacion,
y al ser herbivoros pueden comer cualquier materia vegetal como: hierba, hojas,
brotes, etc. Ademas, se pueden levantar sobre las patas traseras para llegar a las
hojas o frutos de los arboles (accion de ramoneo), confiriéndoles una diferenciacion

establecida relacionada con su uso para el consumo humano.

El origen de la civilizacion y su desarrollo ulterior, ha estado indisolublemente
ligado a la domesticacion y mejora de los animales. La domesticacion, que es dificil
de definir de manera integral y objetiva, puede entenderse como una relacién
mutualista a largo plazo entre humanos y especies de plantas o animales que
implica una ventaja selectiva para ambas partes pudiendo interpretarse como un

proceso continuo. Especificamente en la cabra la domesticacion ha sido
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interpretada como eventos independientes en el “Fertile crescent” (Proximo Oriente
- montafias de Zagros - Iran) y en Asia (Luikart et al. 2001; Chen et al. 2005). Sin
embargo, Naderi et al. (2008) y Naderi et al. (2007) en sus analisis arqueozooldgicos
y genéticos basados en la caracterizacion y comparacion de fragmentos cortos de
la region del ADN mitocondrial de cabras domésticas y silvestres, mostraron que la
domesticacion de Capra hircus se llevd acabo en una amplia area geografica,
teniendo un Unico origen neolitico (Ajmone-Marsan et al. 2014). También a partir de
la cabra silvestre bezoar (Capra aegagrus), progenitor de la cabra doméstica (Capra
hircus) (Fernandez et al. 2005; Luikart et al. 2006); que data esta domesticacion
desde hace 11.000 afios (figura 1) justo al comienzo de la transicion revolucionaria
de cazadores-recolectores a sociedades basadas en la agricultura y pastoreo
(Molist et al. 2004; Pereira & Amorim 2010). Estas evidencias corroboran los
estudios realizados por Zeder et al. (2006); Zeder (2008) y Porter (1996); quienes
propusieron a las cabras como los primeros animales herbivoros salvajes

propiamente domesticados.

Entonces la domesticacion puede definirse como el control de una poblacion
animal a partir del aislamiento de un grupo de individuos, que son sometidos a una
seleccion artificial para: (i) controlar directamente la reproduccion de los animales y
(ii) obtener unos caracteres especificos de conveniencia para los grupos humanos
con el fin de satisfacer sus necesidades; ya sean alimenticias o de materias primas
(Sana 1999; Pérez-Ripoll 2001). En este sentido en una seleccion inicial aun puede
haber una cierta independencia con los humanos, pero en una seleccion avanzada

los animales dependen de ellos, tanto en su alimentacion, como en la reproduccion
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y proteccion. Por ello, a partir de una presion selectiva controlada aparecen cambios
morfolégicos en los animales, que podrian producirse de un modo rapido; lo que
permite calcular después de unas 30 generaciones, si las cabras y ovejas,
sometidas a presion selectiva, pueden manifestar los cambios deseados en el
transcurso de unos 150 afios. Sin embargo, Bokonyi (1976) plantea que dichos
cambios morfolégicos no tenian por qué producirse tan aceleradamente, y que su

manifestacion se mostrara de manera lenta

Date Major events
million years
ago
20 Origin of the Bovidae family
s
ot
=]
= 11 Origin and expansion of Caprinae
5-7 Divergence between Copra and Ovis
Date =
years before =
present
11 000 Initial domestication of goats in highland Zagros and/or northern Levant
10 500 Presence of domestic goats in Cyprus island
10 000-9200 Possible domestication of goats in the southern Levant
9000-7000 Evidence for the milking of ruminants in northwestern Anatolia
000 Spread of domestic goats into Greece
BOOO Spread of goat herding into the Balkans and Italian Peninsula
7600=7700 Diffusion of the ‘Meolithic package’ into southern France and Spain
% 7400-7300 - MNeolithic farmers arrive at the Atlantic coast of Iberia
b
=]
E 6800-6400 - Archaeoclogical remains of ovicaprines along the Mediterranean coast of

Marth Africa

6000 = Domestic goats present in Scandinavia and British Islands

5000-4000=-  Southward movement of domestic goats in Africa linked to climatic shifts

2000 - Goat and sheep pastoralism reaches south Africa
500 - Introduction of goats in south America by Portuguese and Spanish sailors
200 - Spread of domestic goats into Pacific islands taken by western navigators

Figura 1.- Fechas y eventos relacionados con el origen y la difusion del pastoreo de cabras en
todo el mundo (Pereira, 2010).
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La evidencia anterior indica que desde esos tiempos el caprino siempre ha
estado presente tanto en las sociedades humanas antiguas como en el presente,
cumpliendo roles importantes en la religion, la cultura, la economia, la nutricion y la
tradicion; ya sea como simbolo citando el caso de la India que es representado por
Prakriti como madre del mundo o transformada en hija del sol en leyendas griegas,
incluso hasta su participacion en holocaustos biblicos o fabulas famosas como las

de Esopo (Cofré et al. 2001; Boyazoglu et al. 2005).

También jugaron un papel importante en la mitologia egipcia (Khnum:
guardian de las fuentes del Nilo), hindu (Aya Ekanad: simbolizaba el relampago, la
fuerza y el poder incontrolable), Nordica europea (Heidrun, Thor: carroza tirada por
cabras), griega (Aegis, Amaltea), hebrea, china, mongola, y rusa (Lequias o ljeschie
- espiritu de los bosques). Asi como en la india, la palabra “gota” significa la primera
sustancia desconocida del mundo vivo (Hatziminaoglou & Boyazoglu 2004;

Boyazoglu et al. 2005).

Este versatil animal doméstico al ser identificado por el ser humano como un
proveedor de carne, leche, estiércol, piel o pelo, sumando a ello la capacidad de la
especie para adaptarse a multiples climas y sistemas, ha generado importantes
indicadores de produccién. En el caso de la leche resalta la obtencién de productos
como el queso; mientras que la piel se ha utilizado para botellas de agua y vino,
tanto en los viajes como en el transporte de vino para la venta. Ademas, se ha
utilizado para producir pergaminos pues era considerado el material de mas uso

comun para escribir en Europa hasta la invencién de la imprenta.
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En tanto, el estiércol a modo de combustible, fertilizante y hasta para la
coccién en ceramica, mientras que, la fibra conocida como Cachemira 6 Cashmere
y su variante la pashmina es ampliamente usada por su calidez y suavidad en
suéteres, bufandas y mantones. Por consiguiente, hoy en dia existen razas

domésticas especializadas en la produccion de cada uno de los productos.

2. Distribucion geografica mundial.

Un esfuerzo de investigacion colaborativa que integra la genética y la
arqueologia ha ampliado enormemente nuestra capacidad no sélo para detectar el
contexto, los lugares y horarios de la domesticacion inicial de la cabra (Meadow
1996; Naderi et al. 2007), sino también para trazar las trayectorias migratorias
utilizadas por los seres humanos para difundir este animal en todo el mundo gracias
a su reducido formato corporal, su agilidad, habilidad para el pastoreo, rusticidad,
notable capacidad de adaptacién a climas extremos y terrenos dificiles (p.ej. baja

pluviosidad, escasas disponibilidades forrajeras, topografia accidentada).

Esta especie también se caracteriza por la utilizacion de rastrojos y
subproductos derivados de cultivos agricolas, logrando productividades aceptables,
estableciéndola como especie mas idénea que la ovina y la bovina; asi como para
evaluar el ascenso y la caida de las redes migratorias y comerciales humanas en
tiempos historicos (Amstrong 2013; Nomura et al. 2013). En alusién a ello en la

figura 2 podemos apreciar el origen y dispersion de las cabras.

Por otra parte, los caprinos fueron importantes durante las etapas Greco-
romana, Edad Media y el Renacimiento; alcanzando su punto de inflexién en el siglo
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XVIII cuando surgié en Europa distintas poblaciones a través de cria seleccionada
de cabras asiaticas y africanas. Subsiguientemente, en el siglo XIX se observé un
cambio en la estructura social y en los métodos de produccion. A su vez la
especializacibn en la produccién agricola fue reemplazando la agricultura
tradicional, destinada a abastecer la creciente poblacion urbana. A la par las
importaciones de lana desde el hemisferio sur se forzaban precios que tendian a

bajar, donde frustrados criadores de ovejas pasaron a la cria de cabras.

A principios del siglo XX, la poblacion de cabras en Europa (excepto Grecia)
se redujo circunstancia atribuible, entre otras cosas, a las leyes estrictas que
discriminaban a las cabras, como "una amenaza para el medio ambiente", en
particular en las zonas boscosas con un olvido técnico impuesto por la marginacién

gue ha provocado la explotacidén de otras especies y la industrializacion del campo.

Sin embargo, la caprinocultura en paises desarrollados ha sobrevivido a
estos embates gracias a las implicaciones culturales, econémicas y de acceso a la
informacion cientifica a través de la investigacion y extension en beneficio de las
industrias de cada region, en especial en los paises mediterraneos. Al respecto
Mason (1981) proyecté que la formacion de asociaciones de criadores, libros de
registro y patrones definidos delimitarian a las mejores razas en Europa y Estados
Unidos, demostrando que la cria de cabras no es sinénimo de subdesarrollo y de

pobreza.

Como otros antecedentes referidos al continente Americano, las cabras
fueron introducidas en el siglo XV por colonizadores espafioles y portugueses (De
Figueiredo & Barbieri 1990), provenientes especificamente de las regiones de
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Granada, Murcia, Méalaga (Mellado 1997; Revidatti et al. 2007), y de las Islas
Canarias, las cuales provenian de las variedades carniceras de la India, Medio
Oriente y Africa; llegando a influir en la constitucion del mosaico racial americano,
ademas, comienzan a ser demandadas en esas areas debido a sus caracteristicas
rusticas y productivas, llegando a denominarlas actualmente “Criollas” (ACPA

2004).

Aungue el crecimiento y necesidades poblacionales van en incremento,
actualmente, la crianza de cabras tiene una relevancia productiva muy discreta a
escala mundial, comparado con otras especies ganaderas de rumiantes. Como
recurso genético son importantes por su rol en ecosistemas sostenibles, que
contribuyen a la calidad de vida que tenemos, otorgan beneficios econémicos y se

adaptan bien a las dificiles condiciones ambientales locales (Meydan 2017).

Por esa razén, se vienen realizando esfuerzos para prevenir la pérdida de
razas autOctonas, protegerlas, conservarlas y gestionarlas de acuerdo a la
importancia dada por los paises. Asi que la aceptacion del consumidor de productos
de cabra de alta calidad, junto a las antiguas tradiciones culturales ofrece una

perspectiva positiva para el sector caprino en los paises desarrollados.
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Figura 2.- El origen y la dispersion de las cabras domésticas en todo el mundo. Fechas aproximadas
(afios antes del presente) para la primera aparicion de cabras domésticas en una regioén especifica
y las principales rutas de su difusion inicial. El area sombreada en el suroeste de Asia Indica la
porcién occidental de la actual distribucion de cabras bezoar (Capra aegagrus). Crédito imagen:
Pereira, F., 2010 Adaptado de trabajos de Mason, Smith, Bogucki, Shackleton y Zeder.
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3. Censos vy produccién de leche de cabra.

La evolucion tanto de los censos y las producciones caprinas a nivel mundial
(figura 3), ha tenido una tendencia creciente segun datos reportados y publicados

por FAOSTAT (FAOSTAT 20109).
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Figura 3.- Evolucion del censo caprino mundial (1961-2018).

*Fuente: FAOSTAT 2019.

A nivel mundial se estima que el ganado caprino, en el periodo de 1961 a
2018, se compuso de mas de 1000 millones de cabezas, las que produjeron mas
de 608 millones de toneladas de leche. Sin embargo las producciones lecheras
caprinas apenas representan el 2 % (figura 4) de la produccién mundial de leche
(representada por: vacas 86,8%, bufalas 9,5%, ovejas 1,4%, camellas 0,3%, la parte

restante procede de especies lecheras como los equinos y yaks) (FAOSTAT 2019).
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Figura 4.- Produccion mundial de leche por especie. FAOSTAT 2019.

* Fuente: FAOSTAT 2019 — Figura de elaboracién propia a partir de los resultados e informes del afio 2018.

En la Ultima década la media de la poblacion caprina se encuentra
mayoritariamente en Asia (55,8%) y Africa (38%), y el restante del efectivo caprino
se encuentran distribuidos entre América (3,9%), Europa (1,9%) y Oceania (0,4%)
(figura 5). Los paises que agrupan mas ganado caprino son: China continental,
India, Nigeria, Pakistan, Bangladesh, Chad, Sudan, Etiopia, Mongolia y Kenia (ver
figura 6 donde se aprecia porcentajes para los 10 principales productores de

caprino).
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Figura 5.- Cabezas de ganado caprino vs producciones lecheras por regiones (porcentajes a 2018).
* Fuente: FAOSTAT 2019 — Figura de elaboracion propia a partir de los resultados e informes del afio 2018.

PRINCIPALES PAISES PRODUCTORES DE CAPRINO

China, Continental

India 12,9%

. Nigeria 7,5%

\_ Pakistan 7%

Q,Bangladesh 5,8%

Kenya2,4%___ —
Mongolia 2,6% |

Etiopia 3% /Sudén 3% Chad3,3

Figura 6.- Principales paises productores de ganado caprino en el mundo (porcentajes 2018).
*Fuente: datos FAOSTAT 2019 - Gréfica de elaboracidn propia a partir de los resultados e informes del afio 2018.
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Respecto la proporcién de produccién de leche por regién Asia (56,6%) y
Africa (24,2%) reportan los mayores porcentajes; mientras que las regiones de
Europa (15,1%) y América (4,1%) muestran un considerable incremento (figura 5).
Asi que paises como: India, Bangladesh, Sudéan, Pakistan, Francia, Grecia, Turquia,
Espafia, Sudan del Sur y Mali se posicionan como los principales productores de
leche fresca de cabra (ver figura 7 donde se aprecia porcentajes para los 10
principales productores de leche caprina). En cuanto a los rendimientos lecheros
medios de las cabras, estos varian considerablemente entre los principales paises
productores de leche. Por ejemplo, en Bangladesh el rendimiento medio de
produccion de leche de cabra es de aproximadamente 80 kilogramos por afio,

mientras que en la India y Pakistan es de méas de 140 kilogramos por afio.

PRINCIPALES PAISES PRODUCTORES DE LECHE DE CABRA

India 33%

Mali 2,1%

Sudan del Sur 2,5% Bangladesh 6%

Espafia 2,6% .
spaia o Sudan 5,9%

Turquia 2,8% ; Pakistan 4,5%
9 ’ Grecia 3% Francia 3,2% ’

Figura 7.- Principales paises productores de leche de cabra (porcentajes 2018).
*Fuente: FAOSTAT 2019 - Gréafica de elaboracion propia a partir de los resultados e informes del afio 2018.
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Los datos anteriores nos permiten apreciar que, aunque la mayoria de las
cabras lecheras se encuentran en los paises en vias de desarrollo, los programas
de mejoramiento se concentran en Europa y América del Norte obteniendo razas
caprinas lecheras especializadas con un mayor potencial genético para la
produccion de leche en comparacion con las razas utilizadas en los paises en
desarrollo.

La seleccion genética de las cabras lecheras ha dado lugar a aumentos
considerables de los rendimientos y a periodos de lactancia mas prolongados (FAO
2019). A nivel continental, Europa a pesar de poseer un menor censo efectivo total
con un 1,9 % (ocupando una cuarta posicion), alcanza producciones lecheras que
representan el 15,1 % del total global producido; donde paises como Francia,
Espafia y Grecia se sitlan entre los primeros 10 paises productores de leche fresca

caprina (figura 7).

La produccion lechera caprina europea destinada en gran medida a la
fabricacién de quesos de un alto valor gastronémico, sitia a Francia (20,01%),
Grecia (8,56%) y Espafa (8,09%) entre los 10 principales productores de quesos
en el mundo. De hecho, estos paises agrupan el 49,32% del censo caprino europeo;
asi como un 55,13% de la produccion de leche y el 87,71% de la produccion de
quesos de cabra de toda la region europea. Concretamente Espafia en la Ultima
década (2008-2018) se encuentra en una situacion intermedia, posicionandose
como el segundo pais de la comunidad europea (UE) en censo caprino con 21,08%,

y su produccion lechera caprina representa el 24,11% de la producida en la UE.
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Es de destacar el excelente patrimonio genético que tiene Espafia, contando
con razas autéctonas muy rasticas y otras bastante seleccionadas y productivas,
conservando sistemas todavia muy tradicionales junto a otros modernos y
optimizados. Asimismo, los productos de las cabras estan dejando de ser productos
tradicionales locales y estdn desarrollando un mercado de alimentos de calidad
internacional con alta demanda y precio, aludiendo a los quesos de calidad y el
cabrito lechal.

Es asi que, a finales de 2018 el grueso del efectivo caprino espafiol (mas del
70%) se distribuia segun orden en las comunidades autbnomas de: Andalucia,
Castilla-La Mancha, Extremadura, Canarias, y Murcia (MAPA 2019a); siendo
Andalucia la region con mayor produccion de leche (46,63%) seguida de
producciones importantes de Castilla-La Mancha (17,35%), Murcia (10,76%),
Extremadura (7,99%), Castillay Ledn (5,82%) y Canarias (5,44%); conformando asi
el 93,98% del total (483706 litros) producido en Espafia (FEGA 2019). En la figura
8 podemos apreciar el censo total de cabras por comunidades autbnomas acorde

al periodo 2018.
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Cantabria

Principado de Asturias

Galicia 1%
2%

Pais Vasco Navarra La Rioja Baleares
1% 0%

Canarias
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Castilla y Ledn

5%

Madrid
1%

astilla — La Mancha
19%

Comunidad
Valenciana
Murcia 3%

7%

Andalucia
36%

10%

Figura 8.- Distribucién del censo caprino por comunidades autbnomas de Espafia para el 2018.
* Fuente: MAPA — Gréfica de elaboracién propia a partir de los resultados e informes de ganaderia del afio 2018.

4. Clasificacion de razas espaiiolas.

A través del Real Decreto 45/2019, de 8 de febrero, por el que se establecen
normas zootécnicas y genealdgicas aplicables a los animales reproductores de raza
pura, se actualiza el Programa nacional de conservacion, mejora y fomento de las
razas ganaderas (establecido inicialmente mediante Real Decreto 2129/2008, de 26
de diciembre), que en su respectivo ANEXO |, muestran el Catalogo oficial de Razas
de Ganado de Espafa. En este Catalogo el ganado caprino espafiol es clasificado

como raza autoctona (clasificacion acorde a los criterios establecidos por el
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Ministerio de Agricultura, Pesca y Alimentacion - MAPA) y son presentadas como

sigue en la tabla 1.1.

Tabla 1.- Catalogo de clasificacion de razas segun MAPA.

Catalogo de Razas - ARCA-
Ministerio de Agricultura, Pesca y Alimentacién

RAZAS AUTOCTONAS CAPRINAS

AZP| GORRI
BERMEYA
BLANCA ANDALUZA O SERRANA
BLANCA CELTIBERICA
BLANCA DE RASQUERA
CABRA DE LAS MESETAS
CABRA GALEGA
DEL GUADARRAMA
FLORIDA
EIVISSENCA
MAJORERA
MALAGUENA
MALLORQUINA
MONCAINA
MURCIANA-GRANADINA
NEGRA SERRANA
PALMERA
PAYOYA
PIRENAICA
RETINTA
TINERFENA
VERATA

En el censo caprino a cierre del 2018 (figura 9) y segun el Registro Definitivo
del MAPA, las razas espafiolas que presentaron un mayor niumero de ejemplares
fueron: Murciano-Granadina (40%), Malaguefia (15,99%), Florida (9,47%), Majorera
(5,53%), Tinerfefia (3,76%), Payoya (3,63%), Verata (3,58%), Del Guadarrama
(3,52%), Blanca Celtaibérica (3,35%) y Blanca Andaluza (3,01%); conformando asi

mas del 91 % del total distribuidas en las diferentes regiones autonémicas.

Estas razas caprinas espafiolas estan establecidas en condiciones

ambientales muy diferentes, se presentan en diversos sistemas de produccion,
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desde los tradicionales, con rebafios de aptitud carnica o mixta (carne y leche),
hasta los sistemas mas especializados en la produccion de leche, con tecnologia

mas avanzada (Mena-Guerrero et al. 2005).

MAJORERA _, TINERFENA PAYOYA NEGRA SERRANA
2%

0,
6% \ 4% 4%  VERATA PALMERA
3%

4%

FLORIDA
9%

BERMEYA
1%

DEL GUADARRAMA
4%

PIRENAICA
1%

RETINTA
1%

AZP1 GORRI

BLANCA ANDALUZA
3% MALLORQUINA

MURCIANO- 0%
GRANADINA BLANCA CELTIBERICA
40% 3%

Figura 9.- Distribucién porcentual de las razas caprinas espafiolas.

*Fuente: ARCA - Elaboracion propia a partir de los resultados e informes de animales que cuentan con Registro
definitivo a cierre del 2018.

En la actualidad estas razas caprinas espafiolas cuentan con 20 Programas
de Mejora (actuaciones sistematizadas, disefladas y desarrolladas por las
asociaciones de cada raza que pasan a ser aprobadas oficialmente por las

autoridades competentes y avalados por un centro cualificado de genética animal).

Los mismos son soportados por las asociaciones de criadores que persiguen
la conservacién para el mantenimiento de la diversidad genética o fomento de una
raza autdctona nacional y la seleccién de los mejores reproductores. Estos aspectos

son de vital importancia en la mejora caprina que viabilizan métodos de control de
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rendimientos y de evaluacion genética de los animales, enmarcados dentro de los
respectivos Programas de Mejora y a su vez son indispensables para conseguir el

progreso genético de los animales.

Las razas de aptitud lechera predominante son: la Murciano-Granadina,
Florida, Malaguefia, Majorera y Tinerfefia, estando las tres primeras distribuidas a
nivel nacional con elevados censos y producciones lacteas. Como punto importante
destacar que Andalucia cuenta con el mejor patrimonio genético en caprino lechero,
tanto a nivel nacional como internacional, siendo la cuna de origen de 4 grandes
razas lecheras: Florida, Malaguefia, Murciano-Granadina y Payoya, con la
particularidad de que no han sido mermadas por importaciones de razas foraneas
especializadas. Es de sefalar que las caracteristicas de cada una de estas razas
ganaderas y su normativa se pueden consultar en la aplicacion del Sistema Nacional

de Informacion de razas (ARCA) del MAPA.

5. La raza autdéctona Murciano-Granadina.

En el tema que nos ocupa la cabra Murciano-Granadina (MG) procede de la
Capra Aegagrus cuya forma secundaria es la cabra Pirenaica, en su distribucion,
que se asento por Espafia en los Valles del Segura, del Darro y del Genil.

La MG recibe su nombre por las provincias que ocup6 originalmente Murcia
y Granada desde las cuales se extendio al Levante Espafol y Andalucia.
Historicamente, tanto la cabra murciana como la cabra granadina poseen una larga
data; pero las referencias legales que se tienen de las dos razas originarias, datan

del Decreto 2394/1960, de 15 de diciembre, del Ministerio de Agricultura. En efecto,
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basado en este decreto se aprueba el Reglamento de Libros Genealdgicos y
Comprobacion de Rendimientos del Ganado, donde en su titulo 1V art. 96 indica que
el Libro Genealdgico y Comprobacion del Rendimiento Lacteo en la Especie Caprina
afectard a las razas: Murciana, Granadina y Malaguefia (MURCIGRAN 2018).

Si bien la raza Granadina como la Murciana son razas diferentes desde sus
origenes, ya desde el afio 1979 es cuando por vez primera se menciona en textos
legales a la raza MG segun la Resolucion de 28 de marzo de 1979, y acorde a la
Direccion General de la Produccion Agraria, por la que se aprueba el Esquema de
Valoracion Genético-Funcional de Machos Reproductores de la Raza MG (Le6n
2015).

En la actualidad, se reconocen tres tipos de animales dentro de la raza MG,
incluso se han descrito diferentes variedades dentro de estos morfotipos; unos mas
rusticos de mayor formato y con tendencia a poseer capas negras, estando mas
adaptados a regiones de mayor altitud y a regimenes extensivos y semi-extensivos
(Granadinas). Otros de apariencia mas fragil, menor tamafio, tendencia a las capas
caoba que presentan una mayor adaptacion a los sistemas intensivos (Murcianas).
Y un tercer morfotipo (Murciano-Granadino) que actualmente se encuentra en un
proceso de gran expansion (Salvador & Martinez 2007; Pérez 2013).

Este morfotipo MG dada su adecuada adaptacion al medio, se encuentra en
sistemas de explotacion semi-intensivos, en la mayor parte de los casos y no
trashumantes. Otra caracteristica es su capacidad de aprovechamiento de
subproductos agricolas en el campo, ya sea de la industria agroalimentaria o de los
pastos cercanos a la explotacion. Asi que es considerado un animal clave para el

mantenimiento de la poblacion en zonas rurales donde es capaz de aprovechar
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recursos gue ninguna otra especie ha podido (Pérez 2013). Su actitud curiosa y
capacidad de ramoneo las convierten en “desbrozadoras de cuatro patas que siegan
a diente” manteniendo controlado el crecimiento y la desecacion de la pradera (Poto
et al. 2000; Varillas 2006). Asi mismo, los rebafios aprovechan eficientemente la
biomasa del sotobosque, previniendo incendios forestales, fomentando ademas la
presencia permanente de pastores profesionales, a pesar que estos son cada vez
menos y mas viejos (Ruiz-Mirazo et al. 2007).

Es conocido que esta cabra MG goza de una estructura fina y delicada,
generalmente sin cuernos, con una capa uniforme de color negro o caoba y una
produccion lechera de 530 litros de promedio por lactacion, que destaca por su
elevado contenido en grasa (5,6%) y proteina (superior al 3,6%) (Camacho et al.
2010; ARCA 2017), permitiéndole tener un buen rendimiento para la produccion de
quesos, siendo éste su principal destino, lo que en conjunto hace que la MG sea
competitiva frente a otras razas foraneas mejoradas, que son mucho mas grandes

y con requerimientos alimenticios mas complejos (PAIDI-AGR-218 2012).

6. Gestion del libro genealdgico.

La gestion de la raza mediante el Libro Genealdgico hasta hace unos afios
atrés, era llevado a cabo por dos asociaciones de productores: CAPRIGRAN
(Asociacion Nacional de Criadores de Caprinos de Raza Murciano-Granadina) y
ACRIMUR (Asociacion de Criadores de Cabras Murcianas). Ambas reconocidas
oficialmente desde el afio 1992 y defensoras de la existencia de dos razas por
separado (Martinez et al. 2010; PAIDI-AGR-218 2012). Sin embargo, para hacer
una buena gestion de la raza, en diciembre del 2011 acorde a la Resolucion de la
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Direccion General de Recursos Agricolas y Ganaderos se constituye de forma oficial
una sola institucion que gestione el Libro Genealodgico de la raza: “MURCIGRAN?”
(Federacion Espafiola de Criadores de Caprino, Raza Murciano-Granadina), la cual
fue conformada para sinergiar los esfuerzos de estas dos asociaciones con un
principal objetivo: optimizar el potencial genético mediante un Unico programa de

mejora genética (MAPA 2019b).

Para alcanzar este objetivo son asistidos y asesorados por académicos e
investigadores entendidos en las diferentes éareas, contando ademas con
laboratorios de reproduccion asistida (Diputacion de Granada) y genética molecular
aplicada; que conjuntamente con la Diputacion de Cérdoba y el grupo de
investigacion AGR-218 de la Universidad de Cérdoba, garantizan el control de
genealogias y la conexion genética de los rebafios a través de la inseminacion
artificial (IA) con semen fresco y congelado.

En el afio 2013 el Ministerio de Agricultura, Alimentacion y Medio Ambiente
mediante la Orden AAA/1945/2013 del 11 de octubre (BOE-A-2013-11081 2013),
aprueba las reglamentaciones especificas del libro genealdgico de la raza MG,
mismas que figuran en el anexo Xl de la disposicion; siendo de aplicacion en todo
el territorio nacional espariol.

En tanto al constituirse MURCIGRAN como el organismo responsable de la
gestion del libro genealdgico de la raza MG, ha realizado importantes avances como
la integracion de diversos registros en un programa informatico. Esta labor es
destacable por el grado de compromiso de los ganaderos, pues si bien la sede de

MURCIGRAN esté en Lorca (Murcia), también cuenta con dos sedes administrativas
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en Jumilla (Murcia) y Albolote (Granada), asi como varios Centros de Reproduccién
(Andalucia, Castilla La Mancha, Castilla y Ledn, Murcia, Catalufia, Extremadura,
Madrid y Valencia) que exigen una coordinacion y actualizacién constante de los
datos del programa de la MG.

Ademas de centralizar el control de rendimiento lechero, contar con un nucleo
de seleccion, la difusién de la mejora genética y la creacién de una app para tener
acceso on-line al catdlogo de sementales (publicado anualmente); se ha
incorporado en su programa la calificacion morfolégica lineal (valoracion global
visual del animal) como criterio para realizar comparaciones morfologicas de un
animal concreto con el morfotipo lechero ideal. Estas actuaciones demuestran que
MURCIGRAN estéa activa en la busqueda de informacion de nuevos métodos que
potencien la aptitud lechera de sus animales respetando su bienestar y
particularidad por region.

En concreto entre los afios 2012 y 2014 se han dado pasos de convergencia
entre las dos asociaciones para de esta forma integrarse en una Unica evaluacion
genética (Ledn 2015), realizando anualmente un informe del “Progreso Genético y
Evaluacion Genética” por parte de la Comision de Seguimiento del Programa de
Mejora Genética, asi como mostrando los resultados en dos secciones hasta que
los datos permitan alcanzar la suficiente compatibilidad.

Con fecha 17 de marzo de 2017, el Ministerio de Agricultura, Pesca y
Alimentacion autoriza a MURCIGRAN el uso del logotipo “Raza Autéctona”
mediante resolucion de la Direccion General de Producciones y Mercados Agrarios,
atendiendo a lo establecido en el Real Decreto 505/2013, de 28 de junio,

garantizando de esta manera la comercializacion de productos lacteos (leche cruda,
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gueso puro), canales y carnes procedentes de cabras MG inscritas en el libro
genealdgico; que a su vez cubre la demanda de consumidores que desean una
mayor informacién sobre el origen de los productos, la calidad, ademas de fomentar
el consumo y proteccidbn que se merecen los productos procedentes de razas
autéctonas.

7. Programa de mejora de la raza Murciano-Granadina para garantizar su
sostenibilidad.

Los Programas de Mejora de razas autdctonas como la MG tienen el objetivo
principal de explotar el potencial genético de la raza. Para ello tienen en cuenta los
factores que incrementan y mejoran la calidad de sus producciones, con lo cual
potencian el nucleo selectivo, incrementando mas machos en testaje conduciendo
a la difusion de la Mejora mediante Certdmenes de Ganado Selecto, y tomando en
cuenta el pasado, el presente y el futuro de la raza para garantizar su tradicion e
idiosincrasia; asi como su competitividad actual y la adaptacién poblacional a
nuevos retos que impone el cambio climatico, la globalizacion y las nuevas
tendencias del mercado.

Para afrontar los retos trazados se requiere de una alta implicacion de los
ganaderos quienes constituyen la piedra angular del Programa de Mejora, pues si
bien se realizan controles genealdgicos, controles lecheros, IA y testaje de machos,
estas tareas se deben realizar de forma 6ptima y eficiente sin descuidar aspectos
tales como la sanidad, manejo y alimentacién. Sin olvidar tampoco la mejora de la
longevidad productiva basada en la conformaciéon de la ubre, los aplomos y la

profundidad del torax.
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En relacion a esto, los objetivos y criterios especificos que rigen el trabajo se

indican en el esquema siguiente:

% Objetivo 1. Mejora de la produccion y calidad Lactea.
» Criterio 1. Produccion de Leche a 210 y 240 dias.
* Criterio 2. Produccién de Proteina a 210 y 240 dias.
* Criterio 3. Produccion de Grasa a 210 y 240 dias.
* Criterio 4. Genotipo de Caseinas.
% Objetivo 2: Mejora de la conformacion lechera.

* Criterio 1. Calificacion lineal de la ubre.

» Criterio 2. Calificacion lineal de los aplomos.

» Criterio 3. Calificacion lineal de profundidad del térax.

Los criterios 1, 2 y 3 del objetivo 1 (produccion de leche, grasa y proteina),
se controlan a través de los centros autonémicos de control lechero oficial, siguiendo
lo establecido en el R.D. 368/2005 del 8 de abril, por el que se regula el control
oficial del rendimiento lechero para la evaluacién genética en las especies bovina,
ovina y caprina. La seleccion que se desarrolla sobre las Caseinas (objetivo 1,
criterio 4) se lleva a cabo mediante marcadores genéticos del tipo SNPs de las

caseinas aplicando por tanto métodos de seleccion asistida por marcadores.
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Mientras que los criterios de calificacién lineal de ubre, aplomos y profundidad
de torax (objetivo 2, criterios 1, 2 y 3), se controlan a través de las calificaciones

morfoldgicas lineales anuales que hacen en el campo calificadores.

8. Valoracién genética.

La valoracién genética de los animales se analiza en base a modelo mixto y
mediante la aplicacién de la metodologia BLUP (Best Linear Unibiased Predictor)
via modelo animal con observaciones repetidas, en el que se consideran todas las
relaciones de parentesco conocidas entre los participantes en los distintos controles

de rendimientos y sus progenitores y los resultados obtenidos en los mismos.

Los efectos incluidos en el modelo son los siguientes:

* Efectos fijos: interaccion ganaderia-afio; mes de parto y numero de crias;
 Co-variable cuadratica y lineal: edad al parto;

» Efectos aleatorios: Valor genético aditivo individual y efecto permanente

ambiental.

Los componentes de varianza y los parametros genéticos de los caracteres
de interés: leche, proteina, grasa y extracto seco son realizados anualmente. Las
mismas son calculadas a partir de lactancias estandarizadas a 210 dias, destacando
también que ya se tienen 64,246 animales presentes en la matriz de parentesco

(Delgado et al. 2017).

Respecto los criterios asociados con la Conformacion Morfologica Lineal, si

bien se han aplicado mas recientemente (los registros se toman desde el afio 2012),
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ahora tiene caracter obligatorio para realizar las evaluaciones genéticas que estan

basadas en los siguientes registros lineales (escalas de 1 a 9):

* Relacionado con la estructura y capacidad: Altura, ancho del térax, &ngulo de la

grupa;
* Relacionado con la conformacion lactea: angularidad y anchura ésea;

* Relacionado con la ubre: insercion anterior de la ubre, ligamento suspensorio
medio, ancho de la ubre, profundidad de la ubre, insercion del pezon y

diametro del pezon;

* Relacionado con el aplomo de las piernas: vista posterior de las piernas, vista

lateral de las piernas y movilidad.

Los datos se analizan mediante un modelo animal univariado y los efectos incluidos

fueron:
* Efectos fijos: ganaderia; afio de calificacion, mes de calificacion y nimero de parto;
» Co-variable cuadratica y lineal: dias de lactancia hasta la calificacion;

* Efecto aleatorio: valor genético aditivo individual.

Por otra parte los participantes en el Programa de Seleccién y Mejora estan
estructurados en tres estratos: el primero de ellos es el nacleo de seleccion (en él
se genera todo el progreso genético y esta formado por las ganaderias de elite de
la raza), el segundo estrato lo forman las ganaderias que a pesar de formar parte
de la Federacion, no cumplen todos los requisitos necesarios para formar parte del
nacleo selectivo, bien sea por su desconexion genética, su escaso desarrollo
tecnoldgico, o simplemente por la ausencia de actitud participativa por parte de los

ganaderos. Sefalar que este estrato recibe de forma directa el progreso genético,
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pero no participa en él. Y finalmente, un tercer estrato lo conforman las ganaderias

no adscritas a la Federacion.

En la figura 10 se puede apreciar la estructura del Programa de Mejora de la

cabra MG.

Madres de candidatos a

futuro semental (10%)

Ratio sexual
Y bajas

Candidatos con dos meses
(3-4 por rebafio)

Morfologia y
desarrollo

Candidatos con 5 meses

Poblacion general
(1-2 por rebaio)

Morfologia, desarrollo
Aptitud reproductiva

Machos M.N.
(conectados)

>30 hembras

BLUP
Modelo animal

Machos I:A. (referencia)
>80 hembras en 3 rebafios

Conexion
generacional

Plantel de Sementales

Machos valorados
interebano

Mejorantes probados activos.
(Catalogo)

Figura 10.- Estructura del Esquema de Seleccion de la cabra Murciano-Granadina.

Todo lo mencionado anteriormente ha permitido en estos dos ultimos afios

(2017-2018) que la MG se consolide como la raza autoctona mas exportada de
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Espafia, siendo sus principales destinos Iran, Marruecos, Grecia, Portugal, Rusia,
Chile (este ultimo solo dosis seminales) (CARM 2017).

En resumen, esta introduccién general provee la comprension actual sobre
la revision de varios temas “domesticacion de las cabras, su distribucién geogréfica
mundial, censos y produccion de leche de cabra y clasificacién de razas espafolas”.
Particularmente, se tuvo la intencion de proporcionar el conocimiento existente
sobre la raza MG, incluyendo la “gestion del libro genealdgico, el planteamiento de
la sostenibilidad del programa de mejora la MG, y la valoracion genética”. Asimismo,
informacion sobre otros modelos de cabras usados como referencia para la

potencial aplicacion en produccién animal.

9. Objetivos de la tesis.

El objetivo general de esta tesis es esencialmente pragmatico, el cual
pretende proveer informacion actualizada a los ganaderos e investigadores de la
raza Murciano-Granadina sobre la evolucién del Programa de Mejora (proximos a
cumplir 30 afos) respecto a los primeros datos analizados de nuevos caracteres de
interés, como son el pico productivo y la persistencia de la lactacion, con el fin de
que, a posteriori, se considere su inclusién como nuevos criterios de seleccion en el

Programa de Mejora de la raza.

Por consiguiente, se proponen los siguientes objetivos especificos:
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Describir fenotipicamente el pico productivo, dia al pico, rendimiento y
persistencias en curvas de lactacion por factores de variacion.

Obtener estadisticos descriptivos desde los analisis de factores de variacion
como base de valoracion de nuevos caracteres vs caracteres presentes en
el Programa de Mejora de la raza.

Estimar parametros genéticos para el pico productivo, rendimiento lechero
y persistencia de la raza.

Evaluar genéticamente los caracteres de pico productivo y persistencia de
la lactacion en la raza.

Evaluar las tendencias genéticas y fenotipicas para los caracteres de pico

productivo, rendimiento y persistencia en la raza.
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CAPITULO |

RESUMEN

El objetivo de este estudio fue caracterizar fenotipicamente el rendimiento
lechero al pico (RLP), el dia al pico (DP) y la persistencia (P) de la curva de lactancia
(CL) de cabras Murciano-Granadinas (MG) mediante Spline teniendo en cuenta los
factores de variacidn (region, tipo de parto, niumero de lactacion y estacion) y sus
niveles. Se utilizaron un total de 1 349 347 registros de 180 872 lactaciones, de 85
404 cabras. Los datos analizados con el modelo Spline se consideraron por su
adecuado ajuste a las CL para las caracteristicas de estas cabras. Todos los
factores afectaron la escala y/o la forma de la CL. En el factor region, se observaron
diferencias significativas (DS, P <0.05) en términos de las variables de rendimiento
total lechero (RT), persistencia final (PF) y persistencia total (PT) a favor de Almeria
frente a Cérdoba y Granada,; las variables DP, RLP y la persistencia inicial (PI) no
mostraron DS (NDS, P> 0.05) entre regiones. El tipo de parto presentd DS entre sus
niveles (evidente entre doble versus simple y triple) con la excepcion del RLP. El
namero de lactacion para las variables de DP, RLP y RT de la segunda a la quinta
lactancia no mostré DS entre si; pero si lo hizo en el caso de la primera. La P de la
primera lactancia fue mas larga, con disminucién de las lactaciones posteriores. En
el factor de variacion estacion, DP, RLP y P presentaron DS; donde el DP se dividié
en dos grupos: grupo tardio (invierno-primavera) y grupo temprano (otofio-invierno).
La P, RLP y DP se pueden considerar como un criterio de seleccion adicional y, por
lo tanto, modificar la curva de lactancia.

Palabras clave: biomodelacion, criterio de seleccion, nodo, programa de mejora,

rendimiento lechero.
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ABSTRACT

The objective of this study was to characterize the peak yield (PY), peak day
(PD) and the persistency (P) of the lactation curve of Murciano-Granadina goats by
Spline considering the variation factors (region, type of kidding, lactation number and
season) and their levels. A total of 1 349 347 test-day records from 180 872
lactations, of 85 404 goats were used. The analysed data with Spline model was
considered for adequate fit in lactation curves for others traits in these goats. All
factors affected the scale and/or shape of the lactation curve. In the region factor,
significant differences (SD, P<0.05) were observed in terms of the total milk yield
(TY), final persistency (FP) and total persistency (TP) variables in favor of Almeria
versus Cordoba and Granada; the PD variables, PY and initial persistency (IP) did
not show SD (NSD, P>0.05) between regions. The type of kidding presented SD
among its levels (evident between double versus single and triple) with the exception
of the PY. The lactation number for the variables of PD, PY and TY from second to
fifth lactation showed NSD among themselves; but it did in the case of the first. The
P of first lactation was longer, with decrease in subsequent lactations. In the season
factor, PD, TY and P presented SD; where the PD was divided into two groups: late
group (winter-spring) and early group (fall-winter). The P, PY and PD can be

considered as an additional selection criterion and thus modify the lactation curve.

Keywords: breeding program; dairy yield; livestock improvement; selection criteria.
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1.1. INTRODUCTION

The Murciano-Granadina (MG) is the most important dairy goat breed of Spain, both
in census and in production (Delgado et al. 2017). In addition to being very
widespread throughout the Spanish territory, currently herds of the MG are found in
several countries in Europe, Africa and the Americas, representing an international
repercussion. The breed is generally kept in semi-extensive systems under different
climatic conditions (from sea level to 3000 m. of altitude), grazing on natural pastures
and shrubs throughout the year, with supplementation in critical periods, based on
either by-products or commercial feed supplements (Leon et al. 2012).

The MG is a permanent polyestric breed with high prolificacy (two or more
kids/parturition in multiparous females) having an average of 6 lactations, with mean
productions of up to 584 liters of milk per lactation, dairy yields of between 3 and 4
liters in 24 hours, also highlighting its high fat content (5.3%) and protein (3.6%)
(Delgado et al. 2017), and its production is destined almost entirely to the cheese
industry.

In goat production systems, the use of mathematical non lineal functions is
common in milk (Marin et al. 2009) as in meat production (Guevara et al. 2018). In
dairy goat breeds, the lactation curve (LC) is an important source of information for
both farmers and their breeding program. Determining the best fit curve is an
essential tool to detect potentially more productive goats in a herd (Shaat 2014) and
to make a pre-selection of young animals destined for progeny testing (Fernandez

et al. 2002).
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On the other hand, it would allow evaluating the evolution of dairy production
and subsequent decision-making for management, such as the possible discarding
of animals based on their efficient productive capacity (Adewumi et al. 2017).

The prediction of the milk yield in lactating animals allows an early evaluation
of the candidates to be selected, and the evaluation of the total milk yield (TY) and
the knowledge of the LC traits, including peak production and persistency of lactation
(P), are essential to evaluate the correct functioning of the improvement program
(Ledn et al. 2012).

These LC are obtained from parameters that characterize it, first a phase of
ascent (level of initial production until reaching the maximum production), followed
by a period of maximum production or peak and finally, the phase of continuous
descent called P (level at which the production or length of lactation is maintained)
(Rekik et al. 2003; Macciotta et al. 2011) phases that are affected by genetic and
environmental factors.

The path of the LC can be done through the use of empirical mathematical
models and predicting the yield on each day of lactation with minimum error; but not
all models fit to a typical lactation curve (Fernandez et al. 2002; Gonzales-Pefia et
al. 2012). Therefore, the importance of mathematical models (citing Spline model)
as useful tools for the description and analysis of LC (Brito et al. 2017) and that the
MG breed has proven to be the best fit than several other common functions (Wood,
Cappio-Borlino, Cobby and Le Du, Wilmink and Legendre) (Le6n et al. 2012).
Therefore, it is interesting to summarize the phenomenon of lactation in a few

descriptive parameters, so that they can be interpreted biologically; referring to the
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rate of increase and decline of production before and after peak respectively, as well
as the environmental factors that affect these parameters.

In the present work, we seek to generate information on the behavior of the
traits of peak yield (PY), peak day (PD) and P in the LC of the MG goats, considering
the influence of the variation factors to predict the total dairy production. Therefore,
the main objective of this study was to phenotypically characterize the PY, PD and
P of lactation in MG goats through the use of the Spline model and to evaluate the

effect of some non-genetic factors over the variation of these parameters.

1.2. MATERIALS AND METHODS
Data

The data used in this research were taken from the historical data base of the
official milk control program (A4 methods — ICAR, 1990) of The National Association
of Breeders of the MG Goats (MURCIGRAN) and the mean lactation length was 210
days.

A more detailed description of breed as handling, feeding practices, level
drying off goats, body conformation, milk production and quality, seminal doses, etc.
is given in Delgado et al. (2017), Ministry of Agriculture, Fisheries and Food of Spain
and MURCIGRAN, where the last institutions have updated web pages daily
providing official data.

The general file contained a total of 1 918 780 records, of which 315 663
corresponded to lactations of a total of 122 883 individuals, the age of the active
animals was between 4 and 8 years, belonging to 245 farms (range of goats per

herd 1297) located in three large dairy centers (Granada, Almeria and Cordoba).
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Regarding the body condition of all the animals from the year 2012, annual
morphological qualifications are performed annually (annual average of 4789
animals in 30 herds) that are still under evaluation with a view to joining the
improvement program.

The coordinates of the regions of Granada (37° 10' 35 "N - 3° 35' 52" W),
Almeria (37° 50'24 "N - 2° 28'4" W) and Cordoba (37° 53' 4 "N - 4° 46'44" W),
although they are in the same autonomous community (Andalusia-Southern Spain)
have a different climatic classification on the Képpen and Geiger scale as Cold semi-
arid climate (BSKk) for Almeria and the Hot-summer Mediterranean climate (Csa) for
the case of Granada and Cordoba. Presenting variabilities in terms of average
temperatures (15.5 to 18 °C), humidity (60 to 65%) and rainfall (228 to 612 mm).

During the exploratory analysis, the database was edited and standardized
by applying filters with exclusion criteria, to eliminate the data considered anomalous
(repeated records, lactations with less than 6 controls, or those daily yields that
exceed 10 kg or are below 0.2 kg of milk). The pre-final file consisted of 1 349 347
records, which corresponded to 180 872 lactations belonging to 85 404 goats of 229

herds, subsequently; these data were grouped and coded by levels (table 1.1).

Table 1. 1.- Data coding by levels.

Levels
Variation factor 1 2 3 4 5
Region Granada  Almeria Cordoba
Type of kidding Single Twin Triplet and upper
Lactation number First Second  Third Fourth Fifth and upper
Season Winter Spring Summer Fall
Lactation code Codification by lactation of the animal
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Statistical analysis

The analysis statistical was divided into 4 steps:

1) Processing of the data consisted in analyzing the LC per animal,
considering as variation factors (region, type of kidding, lactation number and
season). To estimate these variation factors that affect the traits under study, a
mixed model with random effects was applied (details and a summary can be found
in the supplementary material table S1).

2) We used the mathematical model "Spline" quadratic. This model was
chosen because it has a better coefficient of determination (R?=0.98 for MG breed),
flexibility and goodness of fit (Macciotta et al. 2011; Le6n et al. 2012). This
biomodeling of LC by animal, allowed the adjustment of two or more straight lines
that describe the production until and after the peak of lactation. Likewise, the
general form of the function is in accordance with that presented by Brito et al. (2017)

and Meyer (2005), the equation being stated as follows:

yi=Po+Prt+P2t2 for t<X(1)and,

yi=Bo + P1 t+ B2 2 + Bs (t-X)? fort>X (2)

Where: y: represents the average daily milk production recorded on day t, while o,
B1, B2, and B3 are the parameters specifically designed to adapt to the shape of the
LC due to its flexibility. Meanwhile, X is treated as an additional parameter to
estimate and represents the day of lactation, where the knot point is produced, that

is, where the two polynomial functions are linked.
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3) The P measures were identified from the knot in the individual curves by
means of Spline, allowed us to locate each vertex of the generating polygon of the
curve from the rate of ascent (RA) and taking into account the peak day (PD) that
facilitated the training later of control points that showed the greatest tangible
decline, to calculate and analyze the P or rates of descent (RD) in their different
phases, such as: initial persistency (IP), final persistency (FP) and total persistency
(TP).

Where IP: defined as the difference between the area under the LC in the
middle third (71 to 140 days) and initial from 11 to 70 days. FP: defined as the
difference between the area under the LC in the final third (141-210 days) and initial
third of 11 to 70 days. TP: defined as the difference between the accumulated
production of days 71 to 210 and the average of the initial third of 11 to 70 days. The
P obtained is dimensionless.

4) A comparison of means was made with the test of least significant

difference (LSD).

For the application of filters with exclusion criteria and all statistical data
analysis (realization of the 4 steps described above) we use the libraries (car,
RODBC, nlme, Matrix, Ime4, agricolae, ImerTest, freeknotsplines, LSD.test ) of the

statistical software package “R” version 3.2.3 (R Core Team 2014).
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1.3. RESULTS

Table 1.2 shows the estimation of milk yields and P in the goat population MG and the variation factors according to the

Spline model.

Table 1. 2.- Biomodeling of the lactation curve in Murciano-Granadina goat for knot, productions and persistency fitted by Spline function including

full data set and to each level of the factors analysed.

Factor Knot Productions Persistency
X PD PY TY IP FP TP
Full data 75.25+0.31 50 2.391 435.81 10.70 9.95 10.28
Region
Granada 79.34+0.21% 49° 2.277° 416.77¢ 10.72° 9.95° 10.29°
Almeria 83.07 £ 0.29° 473 2.539° 469.79° 10.77° 10.16° 10.42°
Cordoba 73.68 +£0.29° 522 2.462° 442 .31° 10.71° 9.95° 10.27°
Type of kidding
single 76.82 +0.25° 543 2.166° 398.58° 10.80° 10.122 10.423
twin 71.22 £0.22° 46° 2.559° 462.33° 10.66° 9.89° 10.22°
triplet and upper 85.12 +0.35° 53¢° 2.393¢ 438.06° 10.76° 10.05° 10.36°
Lactation number
first 87.64 +0.27° 63° 1.984b 369.53° 10.95° 10.35° 10.63°
second 67.66 + 0.29¢ 48° 2.470° 451.50° 10.74° 10.03° 10.35P
third 71.85+0.35° 47° 2.624° 473.99° 10.69° 9.88° 10.22¢
fourth 75.47 £ 0.43° 43° 2.651° 475.60° 10.57¢ 9.744 10.07¢
fifth and upper 77.96 + 0.38° 42° 2.559° 453.17° 10.43¢ 9.56¢ 9.92¢
Season
winter 109.39 + 0.26° 63° 2.293¢° 422.39¢ 10.67° 9.89° 10.24°
spring 130.19 + 0.44° 56° 2.592° 466.85° 10.56¢ 9.34¢ 9.91°¢
summer 57.84 + 0.34¢ 40° 2.569° 443.69° 10.58%¢ 9.90° 10.15°
fall 58.35+0.23¢ 45° 2.303° 432.04¢ 10.94° 10.43° 10.65°

Knot estimation * typical errors of the mean (X), peak day (PD), peak yield (PY), total yield (TY), initial persistency (IP), final persistency (FP) and total persistency
(TP); abc.defor a given factor, parameter estimates not sharing a common superscript are different (P<0,05).
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The biomodeling of the LC of this population is presented in figure 1.1, where PY
was reached with 2.4 kg, at 50 days, being its TY of 435.81 kg, with global persistency

of IP =10.70, FP =9.95 and TP = 10.28.
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Figure 1. 1.- Biomodeling of the lactation curve in Murciano-Granadina goats and their persistency. PY=
peak yield, IP= initial persistency, FP= final persistency and TP= total persistency.

In turn, the corresponding biomodeling of the curves as a function of the variation
factor are presented in figure 1.2 (a-d) respectively. In the variation factor region (figure
1.2a), in function of TY, FP and TP variables, significant differences (SD) were observed
between the three regions, where Almeria presents the FP and TP at 0.21 and 0.14,
respectively and a TY (superior to 27.5 kg) superior to Cordoba and Granada. However,
the PD, PY and IP variables did not show SD according to the regions, with average

values of 49 days, 2.4 kg and 10.73, in that order.
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Figure 1. 2.- Biomodeling of the lactation curve in Murciano-Granadina goats: PY= peak yield, IP=
initial persistency, FP= final persistency and TP= total persistency according to variation factors: (a)
dairy control nuclei of Almeria, Cordoba and Granada; (b) type of kidding (single, twin, triplet and
upper), (c) lactation number (first, second, third, fifth and upper); and (d) season spring, summer, fall
and winter; all adjusted by Spline.

Figure 1.2b shows the conduct of the curve as a function of the variation factor
of type of kidding; SD is appreciated between the different levels; except for the PY with
an average value of 2.37 kg. These differences are more appreciable between the
double kidding type versus single and triple kidding type; where the PD of the double
kidding type reached around 7-8 days later with respect to the other kidding types
(average closer to 53 - 54 days). The same situation presented the persistency (IP, FP
and TP) even though presented SD; these are more evident between the double kidding
type versus single and triple kidding type (similar P), highlighting that the latter showed

better P. These results corroborate the importance of PD-late to have better lactations
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P for this factor. With regards to TY, the most appreciable difference is between the
double kidding type versus single and triple kidding type, for the difference of 51.62 kg
less with respect to the average of the other levels.

The lactation number, that is, first, second, third, fourth, fifth or more lactations
(figure 1.2c), clearly shows the evolution of milk production both for its increase and
decrease; showing that the data obtained from PD, PY and TY; both for the second and
fifth lactations did not show SD to each other. While SD are given regarding the first
lactation showing that in the PD case it was presented 18 days later than the general
average (45 days), the PY reached was lower with a difference of 0.59 kg; which is also
reflected in the TY with a difference of 79.7% with respect to the subsequent lactation
productions (general average for this factor 463.57 kg), this lactation having the least
increase. The P obtained as a function of this variation factor presented SD with
alternating values for each type of persistence (IP, FP and TP); data that show us that
the longest P was presented by the first lactation to decrease in cascade form. In other
words, the more lactations a goat has, the more persistent these detriments are, the
more evident these decreases in the FP from the third lactation, while the IP and TP
although they present losses, these are gradual in the different lactations.

Figure 1.2d shows the biomodel of the curves according to the function of
season; confirming the climatic variations and food disposition between Mediterranean-
continental climate zones (Almeria, Cordoba and Granada). The PY obtained for all
seasons did not present SD and the PD were grouped into two groups; group 1 (winter,
spring) and group 2 (summer, fall) where, group 1 differs from group 2 by having the PD
above the global PD of this factor (51 days) with more than 12 and 5 days respectively.

As for group 2, they presented early PD below the mean with differences of 11 and 6
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days respectively. The TY presented SD between the seasons; the spring season
present better yields, producing 25.61 kg more above the average for this factor (441.24
kg), followed by the summer season which, in spite of producing 2.45 kg more above
the average, did not present SD. Regarding the seasons of winter (18.85 kg) and fall
(9.20 kg) there was no SD present between the two, but its low productions that were
below the average for this factor stands out. Regarding the P obtained for this factor,
SD are appreciated for both IP, FP and TP with values ranging from 9.91 to 10.94, with
the fall season having the longest P, followed by summer and winter P that were similar,

and culminating the block, the P of spring.

1.4. DISCUSSION

Once defined the Spline model as the function presenting the best fitting for the
Murciano-Granadina lactation curve by our own team (Ledn et al. 2012), the model
showed its versatility and flexibility for obtaining parameters and knots, for the
biomodeling of the individual LC and from which it was possible to identify and infer traits
such as PD, PY and P, useful in diverse aspects of the goat production. Taking into
account the variation factors, they contribute to explain the variability of these traits,
showing us a biologically real panorama of the MG goat population and offering new
tools to favor the selection and improvement of the breed. The results are in agreement
with that described by Leon et al. (2012) and Macciotta et al. (2011) who advocates that
this model is specifically designed to adapt to the LC due to the good fit of data, likewise
Meyer (2005) point out that this model is flexible, number of parameters to be estimated

more consistent, plausibility of results, and fit.
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The variation factors offer relevant information for the selection criteria for the
variations that LC undergoes in the different breeds and periods, which have already
been widely studied and described by Oravcova and Margetin (2015); Ledn et al. (2012)
and Macciotta et al. (2011). In this way, the assessment of these production
characteristics (PD, PY, TY, IP, FP and TP) and their relationships based on
biomodeling, favor the breeding and genetic improvement of the breed corroborating
what has been stated by Gonzéles-Pefia et al. (2012); Jakobsen et al. (2002) and
Swalve (2000) who point out that in order to favor the selection and shorten the
generational interval, early predictions about the genetic potential of an individual must
be made.

In our results, PY was reached in the seventh week (50 days), values close to the
intervals reported in the MG breed by Ledn et al. (2012); Dijkstra et al. (2010);
Fernandez et al. (2002); which fix this PD between the 3rd and 8th week. This PY has
been reported in other Spanish breeds, between the 2nd and 3rd week in the Majorera
breed; in the 4th week in the Tinerfefia and Malaguefia breeds cited in Ledn et al. (2012).
In other breeds of goats, studies published by Rojo-Rubio et al. (2016); Montaldo et al.
(1997); Mourad (1992) and Gall (1981) locate the PD at wide margins ranging from the
1st week (early) to the 20th week of lactation.

The location of the knots allowed us to identify adequately and by factor the RA,
PD, RD represented by sections by IP, FP and TP. The P was presented with variations
with respect to each factor. In general, there are two types of events, the first is early
PD with a high PY providing a high TY but with low P; in the second, the relationship is
inversely proportional; where if the late PD with moderately high PY, the TY will be

diminished but will have better P. This tetrapartite connection affects the magnitude,
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temporality of dairy yields for each variation factor, but also allows us to evaluate the
individual capacity of the MG goat to maintain adequate levels of production. In this
regard Montaldo et al. (1997), for different genetic groups, promotes a negative
association between maximum production and P, suggesting differences in the
relationship between CL parameters.

The results obtained by geographic region confirm the influence of the climate for
high final productions, where Almeria has a milder climate (due to its proximity to the
sea) with respect to Cordoba and Granada, corroborating what was described by Leo6n
et al. (2012), which makes it have summers with more comfortable temperatures (below
32° C), less cold winters (9°C) and presence of more hours of sunlight (2994 annual
hours, datum AEMET-Spain), conditions that increase the photoperiod and thus a higher
total yield. Similar results were found by Russo et al. (2013); Flores et al.(2011) and
Garcia-Hernandez et al.(2007) who described a correlation between photoperiod, food
intake and milk yield. The regions of Cordoba and Granada, although they have a
considerable number of hours of sunshine (2903 and 2899, respectively), often have
temperatures of maximum or equal to 40° C and minimum temperatures that range
between -3 and -5 °C. Although goats are considered among the most heat-tolerant
species, Todaro et al. (2015) describes that exposing them to high temperatures has a
high negative impact on immune function, udder health, production and reproduction. In
this respect, studies conducted by Menéndez-Buxadera et al. (2012) describe losses by
thermal stress equivalent to 1.9% in the TY production of the herd during 7 days for the

MG were quantified.
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The double and triple kidding factor presented better TY than the single one;
which was consistent with previous findings of Carnicella et al. (2008) confirming the
biological illustration described by Rojo-Rubio et al. (2016) and Pulina et al. (2007) , who
explained that the effect of prolificacy and production differences based on these
aspects are determined by hormonal causes since the increase in the number of fetuses
corresponds to a larger volume of the placenta that tends to increase the amount of
placental lactogen, which intervenes in the development of the glandular tissue of the
udder during pregnancy, promoting an increase in production and can be affected by
nutritional manipulation and seasonal conditions. As for single kidding, authors such as
Ahuya et al. (2009); Carnicella et al. (2008) and Vecerova and Krizek (1993), have
reported the significant effect of this type of kidding and its low milk production; where
McGregor (2018) added that the goats with single kids influences the composition of the
milk (higher percentage of fat and protein); However, Peris et al. (1997) concluded that
prolificacy did not affect the dairy milk production or its composition in studies with MG
goats.

In our results, the single and triple kidding type presented good P, in this respect
Rojo-Rubio et al. (2016) reported that P was higher for single kidding type than twins,
contrary to what was described by Leén et al. (2012) where P was higher when the
number of offspring was smaller. Likewise, our results indicate that the PD along with
PY are determinant to detect adequate P, being specific for the type of kidding that the
PD be late and that PY is moderately high. Regarding the lactation number factor, it was
observed that, starting from the second lactation, the TY values increased considerably,

similar results with that described by Ledn et al. (2012); Carnicella et al. (2008) and
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Fernandez et al. (2002), who reported an increase in milk production as the lactation
number in goats increases.

In this study, high TY for this factor was observed in the third and fourth lactation
according to what was reported by Goetsch et al. (2011) and Carnicella et al. (2008)
however, studies such as that of Peris et al. (1997) reported that these high TY would
occure until the third lactation. Note that the third and fourth lactations followed a similar
path with their increase and decline, with differences being highlighted regarding the
fifth lactation, with a marked decrease in goats with ages over 7 years. Regarding the
PD obtained for this factor, which went from day 42 to 63, they are positioned closely to
the means described by Lebn et al. (2012); Haenlein (2002); Rota et al. (1993);
Vecerova and Krizek (1993), and higher than reported by Fernandez et al. (2002) from
14 to 31 days (1%t, 2" and 3 lactation) in MG.

The first lactation presents peculiar data, where it showed a late PD, a low PY
and TY. Where the TY represents 79.7% with respect to the production of subsequent
lactations, similar results were described by Goetsch et al. (2011) and Carnicella et al.
(2008) that reported the fall of the production in goats of first lactation, reaching only 70-
80% of the production, with respect to later lactations. This low production has been
amply explained by Stefanon et al. (2002) who indicate that it is due to a physiological
effect of the goat, an effect related to mammary development (completed in the fifth
week of lactation) because they were lower in the first conception, this showed that the
alveoli did not involute and were added to those that developed in the next lactation.
The importance of this first lactation consisted of two points: the first confirmed the effect

of lactation on the scale and shape of the LC, where Gipson and Grossman (1990)

87



CAPITULO |

emphasized that P is usually greater in the first lactation (consistent with our findings).
The second constituted a determining factor in the composition of milk (milk richer in fat
and protein), which in turn is closely related to the age of the animal (Carnicella et al.
2008). In this study it was observed that 47.55% of the dairy goat census is in a range
between 4 and 5 years of age.

The variability of the P obtained for these factors (more evident in FP from the
third lactation) indicated that they were detrimental as the lactation number and age
increased, in addition to being closely related to the presentation of the PD and the PY,
suggesting that earlier PD was presented with the PY, and FP being the most affected.
These results confirmed the inverse relationship between PY and P traits (modifying the
shape of the LC) described by Montaldo et al. (1997); Gipson and Grossman (1990).
Regarding this, Stefanon et al. (2002) suggested that it was preferable to achieve P
lactations with less emphasis on PY and longer calving intervals in order to provide
adequate animal welfare and to obtain adequate economic benefits. Regarding the
season variation factor, SD did not exist in PY; however, these differences were
appreciated in the case of TY, positioning the spring season with the best productions
compared to the other season; results according to what was reported by Ledn et al.
(2012) and Goetsch et al. (2011).

On the other hand, the productions in the summer, fall and winter seasons were
decreasing (in the order mentioned), confirming the fluctuations in dairy production. This
coincides with the studies conducted by Montaldo et al. (1997) in dairy goats (Alpine,
Granadine, Nubien, Saanen and Toggenburg crosses with local goats) indicating that a
different scale effect of season on lactation curves in the different genetic groups affects

the traits associated with lactation. As for the winter season, Leon et al. (2012) indicated

88



Use of Spline function for the characterization on peak yield, peak day and persistency in lactation
curves in Murciano-Granadina goats

that goats which calved in this season present a moderate increase in milk yield up to
the peak, probably reflecting the scarcity of food resources and the influence of adverse
weather conditions in this period. The results found in this study are consistent with the
aforementioned, with production in the summer and fall being above the average (441.2
kg). However, Leon et al. (2012) warns that these results should be taken with caution,
since the seasonal effects will depend on the climate variability by regions and the
degree to which the management systems are able to minimize the exposure of the
goats to the impact of the seasonal environmental effects.

Regarding the P obtained, they indicate that the fall season was the one that
presented the best results for the IP, FP and TP but lower in the TY. It is worth
mentioning that the final production was the one that presented the lowest values in all
the seasons, a result that was inconsistent with that presented by Ledn et al. (2012)
where it was indicated that the kids born in spring had the highest level of initial milk
production and that they stayed with a good P after the peak. Also, the fall season was
the one that presented a bad P attributing these results to the detrimental effects of low
temperatures and food shortages. In our results, the longest P was associated with the
presentation of late PD, the PY of each factor and the negative energy balance of the
lactating female for each season; Although spring showed the best TY, it showed the
least P, contrary to the winter season, which was the one with the lowest TY and longest
P. Similar results were described by Montaldo et al. (1997) indicating that it had lower
PY and higher P in the months of November to February (part of fall and winter) than

the months of March to October (spring, summer and part of fall).
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In this regard, Macciotta et al. (2011) described that models able to give an early
estimate of P in lactation in progress may represent useful tools for both breeding and
management strategies. In this regard, Capuco et al. (2003) suggested that P lactations
can also be increased with an increase in photoperiod, incorporating good management
practices as breastfeeding progresses at different times of the year. In relation to this,
Macciotta et al. (2011); Dijkstra et al. (2010); Swalve and Gengler (1999) describe that
P (recommended as a selection index) that relates to the animal's fithess and survival
traits that reduce the classic metabolic stress of the high producers, and therefore
animals with higher P are less exposed to health and fertility problems and can exploit

efficiently cheaper feeds.

For all the above, it was suggested to find a balance between the duration of P
and welfare of the animal, allowing us to obtain more efficient lactations (Capuco et al.
2003). Likewise, Pala and Savas (2005) and Jakobsen (2000) concluded that a genetic
selection can be made through P without altering the amount of total milk, while at the
same time genetically modifying the lactation curve. In line with this argument, these
results would allow incorporating these traits in the improvement scheme to later
perform genetic evaluations and observe how the interrelation of old traits with new

traits occurs.

1.5. CONCLUSION

The model Spline proved to be ideal in accurately describing the shape of the
individualized lactation curve of the MG breed, suitably locating dairy productions, peaks

and persistency in relation to the knots obtained and their variation factors (region, type
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of kidding, lactation number and season). Significant differences in the curve parameters
conditioned by the region were observed, but it was not a pure effect, rather a
conglomerate of microeffects such us climate, photoperiod, agroecological aspects, etc.
Also, the studied curve parameters were affected by the prolificacy probably due to a

hormonal interaction.

From the second to the fifth or higher lactation there was a "cascade" effect, i.e.
as the lactations progress, the persistency and the presentation of the days at the peak
(precocious) decreased gradually but antagonistically presented their highest yields.
The first lactation was the one that showed long persistency, presenting also the lowest
production peak reached late, as well as the lowest Total Yield. The main differences
between the seasons were recorded between spring and winter, where the superiority
of spring in terms of Total Yield stands out, as well as the greater persistency in winter,
reaching later with the lowest peak. As for fall and summer, the lowest persistency was

recorded, reaching a production peak of the earliest and a similar total production.
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Supplementary material

Table S 1.- F-values of measured variables of productions and persistency according to the fixed
effects considered in the statistical analysis and the SD of random effects.

Factors Traits

Fixed effects (F values) py TY P FP TP
Region 0.48 0.84 0.83 0.29 0.56
Type of kidding 0.85 0.54 003 * 005 * 003 *
Lactation number 0.24 0.31 0.98 0.80 1.00
Season 0.01 ** 0.03 * 0.18 0.15 0.05 *
Age (covariate) 0.09 . 0.88 0.16 0.51 0.20

Random effects (SD)

Animal 0.14 0.15 0.07 0.09 0.08
Farm 0.14 0.15 0.04 0.05 0.05
Year 0.01 0.02 0.01 0.01 0.01

Peak yield (PY), total yield (TY), initial persistency (IP), final persistency (FP) and total persistency (TP); signify

codes: “** 0.001 ** 0.01 ** 0.05 ‘" 0.1
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RESUMEN

Este articulo estudia los parametros de una curva de lactancia como el rendimiento
al pico (PY) y la persistencia (P), que no se ajustan a los criterios de seleccion
habituales en la raza Murciano-Granadina (MG), pero que se consideran una
alternativa en beneficio del bienestar animal sin reduccion de sus producciones.
Utilizando 315,663 registros de produccion (de 122,883 animales) durante un
periodo de 24 afos (1990-2014), los parametros genéticos se estimaron con analisis
uni, bi y multivariados utilizando la maxima verosimilitud restringida a partir del
paguete MTDFREML. La heredabilidad (h?) / repetibilidad (re) de PY, rendimiento
(Y)y P se estimé en 0.13/0.19, 0.16 / 0.25 y 0.08 / 0.09 con uni-caracter y h? de
analisis bi y multi-caracter que van desde 0.16 a 0.17 de Y, mientras que el PYy Y
se mantuvieron constantes. Las correlaciones genéticas fueron altas entre PY — Y
(0.94 £ 0.011) pero bajas entre PY — P (-0.16 £ 0.054 a —0.17 + 0.054) y entre Y —
P (-0.06 + 0.058 a —0.05 + 0.058). Las estimaciones de h?/ re fueron bajas a
intermedias. La seleccion para Y — PY o ambos se puede implementar dada la
correlacion genética entre estos rasgos. PY — P y Y — P mostraron valores de
correlacion bajos a despreciables, lo que indica que, si estos rasgos se implementan
en las primeras etapas de la evaluacion, no serian en detrimento de PY — Y. La
combinacion de los valores de cria estimados (EBV) para todos los caracteres seria
un buen criterio para la seleccion.

Palabras clave: heredabilidad, correlaciones, lactacion, precision, valores de cria.
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ABSTRACT

This paper studies parameters of a lactation curve such as peak yield (PY) and
persistency (P), which do not conform to the usual selection criteria in the Murciano-
Granadina (MG) breed, but are considered to be an alternative to benefit animal
welfare without reducing production. Using 315,663 production records (of 122,883
animals) over a period of 24 years (1990-2014), genetic parameters were estimated
with uni-, bi- and multivariate analysis using multiple trait derivative free restricted
maximum likelihood (MTDFREML). The heritability (h?)/repeatability (re) of PY, yield
(Y) and P was estimated as 0.13/0.19, 0.16/0.25 and 0.08/0.09 with the uni-trait and
h? of bi- and multi-traits analysis ranging from 0.16 to 0.17 of Y, while that of PY and
Y remained constant. Genetic correlations were high between PY-Y (0.94 £+ 0.011)
but low between PY-P (-0.16 + 0.054 to —0.17 £+ 0.054) and between Y—P (—0.06 +
0.058 to —0.05 + 0.058). Estimates of h?/re were low to intermediate. The selection
for Y=PY or both can be implemented given the genetic correlation between these
traits. PY-P and Y—P showed low to negligible correlation values indicating that if
these traits are implemented in the early stages of evaluation, they would not be to
the detriment of PY-Y. The combination of estimated breeding values (EBVs) for all
traits would be a good criterion for selection.

Keywords: accuracy; breeding-values; correlations; heritability; lactation.
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2.1. INTRODUCTION

Over a period of 30 years the Murciano-Granadina (MG) breed has been
consolidated in European and international agriculture as one of the main dairy goat
breeds based on its population, geographical distribution, quality and production,
where practically all milk obtained is destined for the cheese industry. Currently,
this Spanish breed of goat is considered the most exported due to its hardiness
(adequate adaptation to a new environment) and its extensive grazing capacity; MG
is a permanent polyestric animal with high prolificacy and easy milking (Delgado et

al. 2017).

The breed has an improvement program that provides genetic parameters to
measure milk, fat, protein and dry extract performance criteria that guide selection
decisions (Delgado et al. 2017). Based on the selection criteria, in the last year,
there is a growing interest in adding traits, combining information of several
economically important traits into an overall selection index, to focus on the lifetime

profitability of dairy breeds (Heringstad et al. 2018).

The estimation of parameters for economically important traits makes it
possible to predict direct and correlated selection responses (important traits
usually show genetic correlations), improving the selection indexes (Cole &
VanRaden 2018); being precise and impartial; also avoiding reductions in

negatively correlated traits when using a single trait.

In this instance, using multivariate analyses has a great importance in

providing reliable and unbiased estimates of genetic parameters (Ayalew et al.
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2017) in animal populations; but at the same time having uni-trait estimations allows
to control the trustworthiness of multi-traits results and helps to identify any

problems with the latter (Meyer 2018a).

Previous studies of lactations curves in goats (Leon et al. 2012; Brito et al.
2017) have implemented the Spline model, providing a good fit of data taking into
account the factors of variation. This model also decreases biased and imprecise
estimates; summarizing in a few descriptive parameters the productions before and
after the peak yield (PY) and persistency (P) of that lactation. This last mentioned
trait has been described as difficult to factor in due to its genetic variability (Arnal et

al. 2018).

To our knowledge, the modeling of individual lactation curves of P by Spline
and subsequent multi-traits combined analyses for PY, yield (Y) and P traits have
not yet been reported in the literature. PY and P traits would constitute a point of
support for decision making within the genetic breeding improvement scheme,

given the possibility of including them as additional criteria in the future.

Given this background, the objective of the current study was to estimate
genetic parameters, (co)variance components, their correlations (genetic and
phenotypic), prediction of genetic values (estimated breeding values—EBVs) and
their accuracy of PY, Y and P traits using a multiple trait model. We tested the
hypothesis that PY and P traits can be used as new selection criteria in the breeding
program of the MG breed using multi-traits models. This information is also useful
in increasing lactation length and will be able to provide decisive results that should
be taken into account in the near future for breeding programs.
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2.2. MATERIALS AND METHODS

Data description

The genealogical information, the records of the milk control (ICAR-A4 system cited
by Delgado et al. (2017)) and data analyzed in this study were taken from the
historical archives of the official program of dairy control for MG goats, of the period
between the years 1990 to 2014. The general data file contained a total of 1,918,780
records (315,663 corresponded to lactations of a total of 122,883 goats, belonging
to 245 farms; where reference sires provided by the breeding centers are used to
create genetic connections among the farms).

An exploratory data analysis, exhaustive review of all lactations and filters
(records with null or repeated values; daily yields that exceed 10 kg of milk or that
are below 0.2 kg; lactations with less than six records; and data beyond +3 SD) was
applied through the debugging of the database. The final file consisted of 1,349,347
records, which corresponded to 180,872 lactations belonging to 85,404 goats of 229
herds.

The age of the active animals was between four and eight years, where the
animals between four and five years of age represented 47.55%; and the range of
six and seven years of age 33.68%; there being a significant presence of females

with more than eight years of age (17.77%).

Pedigree Information

Pedigree files included a total of 38,756 individuals (effective individuals

36,662 representing 94.4% of the total), for the coding Pedigree Viewer 6.5 computer
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program developed by Kinghorn & Kinghorn (2011) was used. Descriptive
characteristics of the pedigree file to build the kinship matrix can be seen in appendix

A (Table Al).
Statistical and Genetic Analyses

A mixed model was applied to analyze the various factors that affect the traits
under study. Next, the individual lactation curves were analyzed using the Spline
model, which has proved to be the one that provides the best goodness of fit for the
MG breed (R? = 0.98, mean squared error (MSE) = 0.0020 without existence of
autocorrelation among residuals) than several other common functions (Wood,
Cappio-Borlino, Cobby and Le Du, Wilmink and Legendre) (Le6n et al. 2012) and for
a better estimation of genetic parameters (Gonzales-Pefia et al. 2012). The Spline

function with one knot used:

ye=Po+pit+pet?> for t<X, (1)

yr=Po+pit+pfat?+ B3 (t— X)) fort>X, (2)

where y: represents the average daily milk production recorded on day t, while
Bo, B1, B2 and Bs are the parameters specifically designed to adapt to the shape of
the lactation curves due to its flexibility. Meanwhile, X is treated as an additional
parameter to estimate and represents the day of lactation, where the knot point is
produced, that is, where the two polynomial functions are linked. For the resolution
of this model, statistical software "R" version 3.2.3 (R Core Team 2014) was

implemented.
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This allowed us to obtain and identify the knots of the individual lactation curve
of PY, Y and P traits. These traits were defined in a lactation curve (standardized to
210 days) as (i) PY is a period of maximum production until day 70, (ii) Y is the
general milk yield of a complete lactation and (iii) the final phase of continuous
descent in lactation curves where the level at which the production or length of
lactation is maintained called P (occurs after PY and is calculated as the difference
between the accumulated production of days 71-210 and the average of the initial
third of 11-70 days). In fact, Y is currently the object of selection and PY and P are

considered candidate traits to be included in the genetic improvement program.

The components of (co)variance for all the random effects were estimated
using the multiple trait derivative free restricted maximum likelihood (MTDFREML)
programs (Boldman et al. 1995). The lactation curve traits (PY, Y and P) were
analyzed with single-trait (uni-trait), two-trait (bi-trait) and three-trait (multi-traits)
models. Starting values for each trait of interest were initially obtained with a
univariate analyses, and for the next step to obtain the starting values for the

multivariate analyses, a series of combined bivariate analyses was realized.

The final model for the analysis of lactation curve traits included fixed effects
of the classical Herd—Year—Season of kidding (HYS) effect (herds = 137; year = 24
from 1990-2014 and season = four levels: Winter, spring, summer and fall), lactation

number (LN; four levels: First, second, third and fourth and greater), type of kidding
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(TK; three levels: Single, twin and triplet and greater) and age of goat (linear and

quadratic covariate).

Animal (additive genetic value), permanent environmental and residual
effects were included as random effects. The required convergence criterion of Var
[-2log (L)] (where L represents the likelihood function) was <1 x 10-°. The description

of the model in matrix notation was:
y=Xb+ Zia+ Z2p +e, 3)

where y = is the vector of phenotypic information for the PY, Y and P traits
analyzed; b = vector of fixed effects (HYS, LN, TK and age (covariate included)); a
= vector of random additive effects of the animal; p = the vector of the permanent
environmental effect; e = is the vector of residuals effects for trait analyzed; X, Z1
and Zz = are incidence matrices that are relative to fixed effects, additive genetic

effects and permanent environmental effects, respectively.

The calculations of the genetic parameters, the best linear unbiased
prediction (BLUP) solutions for the fixed effects (i.e., breeding values) and their
accuracies of the animals for PY, Y and P traits, were obtained by solving the mixed
model equations same as that used in Leén (2008). The three traits of interest were

analyzed with the effects previously described in model, structured as follows:

Model uni-trait was used for the univariate analysis: Each trait (PY, Y and P)
was studied as a separate trait. The variance-covariance matrix of random effects

was structured according to Leon (2008).
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Model bi-traits was used for the bivariate analysis: Each pair of traits: (PY-Y,

PY—P and Y-P) was independently analyzed.

Model multi-traits was used for the multivariate analysis: In this instance, three

traits (PY, Y and P) were analyzed simultaneously.

Matrix notation models of statistical and genetic analyses:

yl X1 Zg_1 0 ] [ pel 0 ] be; €1

y2 [0 Xz] [ ] + [ 0 Za2 [ ] ZpeZ pez] + [32]' (4)
B2 X1 0 by Zgn O 0 1111 [4per O 0 1pes e;
V2 0 X, b, |+ Zyr 0 ||az 0 Zye 0 [|rez]+ |ez|, (5)
V3 0 0 Xzllbg 0 0 Zgllas 0 0 Zpes | LPE3 €3

where yi = vector of observations for the i-th trait; bi = vector of fixed effects
that contains the effect of HYS (herd—year—season), LN and TK to the i-th trait; ai =
vector of direct additive genetic effects for the i-th trait; pi = vector of permanent
environmental effects for the i-th trait; ei = vector of residual effects for the i-th trait
and Xi and Z are design matrices that relate the data using fixed and random effects,

respectively.

The (co)variance structure of the random effects (permanent environmental,
animal and error effects) for the models were structured and designed according to

Leodn et al. (2008) and Espinoza-Villavicencio et al. (2015), respectively.

The parameters of h? and re were calculated by the following formulas:

2+2
h2=cr_a rez—o-a ape, (6)

o2p
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where h? is the heritability; re is the repeatability; o2a is the direct additive
genetic variance, ape is the permanent environmental variance related to repeated
records and ¢2p is the total phenotypic variance that includes the sum of the o2a
plus o%pe and residual variance (og2e). Standard errors were estimated using the

procedure cited in Ledn (2008), which is included in the MTDFREML program.

The estimates of genetic (rg), and phenotypic (rp) correlations on all pairwise
combinations of traits (bi-traits analysis) were obtained from the estimation of

covariance components using the following formulas:

Iaij _ __ 9pij

T, = —— T, = ——
9 p 4
[0%ai 0%aj [o%pi 0%pj )

where 04 = additive genetic covariance between trait i and j, 0% = additive
genetic variance for trait i, 0%, = additive genetic variance for trait j; opj = phenotypic
covariance between traits i and j, 0% = phenotypic variance for trait i and o?%; =

phenotypic variance for trait j.

To evaluate how likely it is that the EBVs are correctly predicted; the accuracy
level and average reliability of the EBVs for the traits were calculated. On the other
hand, in order to test results of quality control, we considered the criterion of

invariability of estimate from uni-trait to multi-traits models.

2.3. RESULTS

Basic descriptive statistics obtained for the traits PY, Y and P are shown in the
Table 2.1. The coefficient of variation exceeded 24 percent for each of the three

traits.
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Table 2. 1.- Descriptive statistics for PY (kg/day), Y (kg/day) and P (dimensionless) traits in
Murciano-Granadina goats.

Traits N Mean SD CV (%)
Py @ 34193 1.21 0.35 29.00
Y b 36497 1.05 0.32 30.33
pc 38206 1.03 0.25 24.47

PY, peak yield; Y, yield; P, persistency; N, number of observations and SD, standard deviation. 20
combinations of superscripts are used for the analyses bi-traits.

In the multi-traits analyses no problems with convergence or with
impermissible values were encountered. The estimates of the components of

variance and genetic parameters were consistent and are shown in Table 2.2.

Table 2. 2.- Estimates of variance components (additive genetic (c2a), permanent environmental
(02pe), residual (c2e) and phenotypic variances (02p)), heritability (h2) and repeatability (re) for PY,
Y and P traits estimated by uni-, bi- and multi-traits models in Murciano-Granadina goats.

Model
Uni-trait
Traits o%a o’pe o’e o’p h?+SE re+SE

PY 0.014 0.007 0.088 0.109 0.13+0.02 0.19+0.04
Y 0.014 0.008 0.065 0.087 0.16 £ 0.02 0.25+0.04
P 0.005 0.001 0.056 0.062 0.08 £0.01 0.09+£0.01

Bi-traits
PY ?® 0.015 0.008 0.091 0.115 0.13+0.01 0.20+0.02
y® 0.015 0.008 0.066 0.089 0.17£0.02 0.26 £0.03
PY @ 0.014 0.007 0.088 0.109 0.13+0.01 0.19+0.02
pc 0.005 0.001 0.056 0.062 0.08 £0.01 0.09+0.01
y® 0.014 0.008 0.065 0.087 0.16 £0.02 0.25+0.03
pc 0.005 0.001 0.056 0.062 0.08 £0.01 0.09+£0.01

Multi-traits

PY 0.015 0.009 0.092 0.116 0.13+0.01 0.21£0.02
Y 0.015 0.008 0.066 0.090 0.17 £0.02 0.26 £0.02
P 0.005 0.001 0.056 0.062 0.08 £0.01 0.10+0.01

PY, peak yield; Y, yield and P, persistency. < different superscripts indicate the combinations for
bi-traits analyses.
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Variance Components

The estimated genetic variance (62:) according to uni-, bi- and multi-traits

analyses were higher for PY and Y (ranged from 0.014 to 0.015) than for P (constant

value of 0.005 in all models). The variance of permanent environmental (¢%.) effects

(Table 2.2) was higher for PY and Y (oscillating between 0.007 to 0.009) than for P,

which showed a substantially lower value of 0.001. Results for residual (¢%) and

phenotypic (62,) variances also showed oscillations, where PY and Y had increased

estimates in bi- and multi-traits analyses compared to the uni-trait estimates for P
was constant across all analyses.

For all these traits it is assumed that each control is a repeated measure of
lactation and each lactation was analyzed in an individualized manner. In general, it
is emphasized that the estimated genetic parameters for the PY, Y and P traits using
all three analyses were similar due to the little variation of the components of
variance.

Heritability and Repeatability Estimates

In a general way, the estimated h? obtained by MTDFREML for the traits in all
three analyses were low and similar in values (Table 2.2). The average h? showed
slightly higher values for PY (0.13) and Y (0.17) than for P (0.08).

However, in this table, it can be noted that in the multivariate analysis (bi- and
multi-traits) for Y trait the h? was slightly increased; whereas the other traits (PY and
P) maintained a constant h? with respect to uni-trait analysis.

The re for the P and PY traits in the three analyses was low (0.09 to 0.10 and

0.19 to 0.21 for P and PY traits, respectively). However, re of bi-trait (PY-Y
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combination) and multi-traits (PY and Y traits) analysis confirmed a slight increase,
due to oscillations shown in their values with respect to uni-trait analysis. In turn, the
re of the P trait in uni- and bi-traits was maintained, but in multi-traits showed a slight
increase (Table 2.2).

Genetic and Phenotypic Correlations

The genetic and phenotypic correlations are shown in Table 2.3. The
combinations of traits as PY-Y, PY-P, Y-P and PY-Y—-P show oscillations ranging
from —0.05 and 0.94 in the case of genetic correlations and between —0.071 and
0.441 for phenotypic correlations for bi-multi-traits. PY-Y traits were highly
correlated (positively), while PY—P and Y—P traits had low to negligible (negative)
correlation values. As soon as the phenotypic correlations were observed, the PY

and Y traits with P showed significant differences.

Table 2. 3.- Genetic (above diagonal) and phenotypic correlations (below diagonal) for PY, Y and P
traits in Murciano-Granadina goats.

Traits PY Y P

0.94+0.011, -0.16+0.054,
PY
0.94+0.011, -0.17+0.054

—0.06 £ 0.058
Y 0.441 £0.052
—0.05+0.058 i,

P -0.071+0.19 0.007 +0.17

PY, peak yield; Y, yield; P, persistency; b, bi-traits and m, multi-traits
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The use of multi-traits analysis with respect to uni- and bi-trait analysis
changed the maximum of EBVs obtained for all traits (Table 2.4), while in the
minimum values only the PY trait presented changes. The accuracy levels of the
EBVs for all the traits were superior to 0.93 at its maximum levels (the minimum
values in all traits were 0). It can be seen that in the PY-Y analysis they were
increased and the reliability level for all the traits was shown to be between 36% to

47%.

Table 2. 4.- Range of estimated breeding values (EBVSs), accuracy and average reliability of EBVs
obtained for PY, Y and P traits estimated by uni-bi-multi-traits models in Murciano-Granadina goats.

Model

Uni-trait

Traits Maximum Minimum Accuracy Average reliability (rap)

PY 0.31 -0.32 0.95 0.41
Y 0.31 -0.33 0.96 0.46
P 0.17 -0.13 0.93 0.36
Bi-traits
PY @ 0.33 -0.33 0.96 0.46
y® 0.33 -0.33 0.96 0.47
Py @ 0.31 -0.32 0.95 0.41
pe 0.17 -0.13 0.93 0.36
& 0.31 -0.33 0.96 0.46
pe 0.16 -0.13 0.93 0.36
Multi-traits
PY 0.33 -0.33 0.96 0.46
Y 0.33 -0.33 0.96 0.47
P 0.17 -0.13 0.93 0.36

PY, peak yield; Y, yield and P, persistency. 2b< different superscripts indicate the combinations for
bi-traits analyses.
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2.4. DISCUSSION
In the present study, PY and P traits were used practicably as a new selection
criterion into the breeding program of the MG breed using multi-traits models. This
research indicates that the animal model of repeatability allowed the estimation of
the components of variance and (co)variance, genetic parameters, genetic and
phenotypic correlations, accuracy breeding value for the PY, Y and P traits using
uni-, bi- and multi-traits analysis with full convergence and consistent results. In fact,
invariability of the estimation from uni- to multi-traits models suggests a good signal
as quality control of results.

To the best of our knowledge, this is the first study where the PY and P traits
(traits of economic interest) are evaluated together with selection object traits of the
program (e.g., Y). The multi-traits analysis is suggested to analyze traits that have
not been considered as selection criteria (i.e., PY and P) but that belong to a
population that has been subjected to selection by other traits (e.g., Y). According to
Baselga (2015), there is the question related to the bias that can be incurred when
analyzing these traits that have not been through the selection criteria in a uni-trait.
Therefore, in order to avoid such an occurrence, it is necessary that the traits of
interest should be analyzed together with those that intervened in the selection

decisions.

Variance Components

The results of the variance components estimates (VCE) from the uni-trait

model until the simultaneous analyses showed good convergence and were similar.
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This is in agreement with Meyer (2018b), who indicated that having uni-trait
estimates thus provides a check on multi-traits results, and helps identify any
problems with the latter. Nevertheless, the more traits that are analyzed
simultaneously, the more computational effort (i.e., the need for random access
memory can grow with the square of the number of traits and the computation with
the cube).

The variance component denotes that there are traits predominantly

influenced by environmental effects, where the o2 contributes little to the total

variance. Consistent with this, it should be taken into account that the environment
does not directly modify the genetic constitution of the individual, but it does
determine the extent to which it is expressed, the genetic potential of the animals
expressed and their respective interactions.

The 2. obtained in uni-, bi- and multi-traits analyses, was low, indicating a

greater impact of the other variances (e.g., 6%.). This evidence was corroborated by

Oldenbroek & van der Waaij (2014) and (Espinoza-Villavicencio et al. 2015), who

discussed that small 6% effects indicate that the traits are predominantly influenced

by environmental factors, such as nutrition, climate, exposure to diseases, factors
that vary from one farm to another or between individual animals on the same farm,

and by the contributions of the dominant or epistatic genes.

Heritability and Repeatability Estimates

The low h? estimates for traits using uni-, bi- and multi-traits analyses (ranging

from 0.08 to 0.17), suggest that these are complex traits, which remain stable for
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several generations. This means a slow and often unstable selective effort and
reaffirms the great environmental influence and not only the possible genetic
variations existing between animals.

Although these traits have low h? values, these can be measured if there is
available information on a large number of animals; as this is economically important
for farmers, the evaluation of these traits was justified. Oldenbroek & van der Waaij
(2014) pointed out that, if a huge number of offspring can be produced, such as in
dairy animals, the EBV can be estimated more accurately. In this regard, Ayalew et

al. (2017) mentioned that the traits will be affected by many pairs of genes and by

the environment; to which the latter contributes to the high c2.

The estimates of h? (0.13) obtained for the PY trait in MG goats were low and
consistent between the three models. In turn, to the best of our knowledge there are
no reports of h? in the literature for this trait in MG goats. In this regard, a report of
Pollot & Gootwine (2001) on this trait in small ruminants describes a h? of 0.12,
placing our results close to that report in sheep. Nevertheless, Devendra & Liang
(2012) suggest that the biological efficiency of the goat distinguishes it from other
ruminants because of its high digestive efficiency due to the good conversion of food
from non-competitive sources, resulting in efficient milk production.

In relation to this, Oliveira et al. (2016) indicate that this trait is very susceptible
to environmental factors, which can lead to greater variations of error in different
phases of lactation; and even between groups of some animals of intensive
production (animals with higher production and shorter lactations) and of extensive

production (animals with high P of lactation).
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Regarding the h? of the Y trait, Kominakis et al. (2000) stresses that this trait
has been studied extensively, presenting various estimates in different goat breeds
over time (range of estimates in the first descriptions ranged from 0.17 to 0.68).

In the last decade, the reports continue to show variations such as the studies
of Thepparat et al. (2015) with several breeds of goats and their crosses (Saanen,
Anglo-Nubia, Toggenburg, Alpina and goats native to Thailand) establish h? ranges
from 0.11 to 0.30 with four Spline knots. Garcia-Peniche et al. (2012) with several
goat breeds (Alpina, La Mancha, Nubian, Oberhasli, Saanen, Toggenburg) also
concluded that the estimated h? for all of them is 0.35.

In our study, we found that the estimates of h? for the Y trait in MG goats were
0.16 (uni- and bi-traits analysis) to 0.17 (multi-traits analysis). These results are
within the ranges described in previous studies conducted on the breed that report
a lower to intermediate h? with complete and standardized milk yields at 210 and 240
days, respectively. Ledn (2008) and Delgado et al. (2017) described a 0.14 to 0.21
of h?; while an even lower h? was reported by Gonzalez-Pefia (2011) in the breed
from 0.06 to 0.11 (with different models).

The h? of P trait in MG goats were the lowest (0.08) in the three models
analyzed. This value was below the reported Menéndez-Buxadera et al. (2010) in
the MG breed with an estimated h? of 0.20 performed with a random regression
analysis for the first and second lactation in milk yield between week 17 and 35 in
lactation.

However, our results are closer to the results reported by Gonzalez-Pefia
(2011) in MG analyzed by five persistency measures (modifying the formulas

respectively); where intervals were described with estimates from 0.06 to 0.13. In
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the literature, several estimates are also reported, such as those described by De
Oliveira-Menezes et al. (2010) in goats of the Saanen breed with values of 0.03 to
0.09 and in Payoya goats with values from 0.26 to 0.40 cited by Gonzéalez-Pefa
(2011).

The diversity of estimates for measures of P in goats are also present in
studies of reference for dairy cattle, where a large range of h? estimates with different
types of models (values between 0.01 to 0.32) respectively was found by Jamrozik
et al. (1998); Jakobsen et al. (2002) and Weller et al. (2006).

All this variability of results is due in part to the different methodologies used,
but we believe that an independent analysis of each lactation curve in different
lactations by goats will bring us closer to the “real” value of P to have a measure of
biological efficiency. Thereafter, the genetic relationship with other important traits
such as the somatic cell score, reproductive traits and longevity would be analyzed.
In this regard, Arnal et al. (2018) highlights that the P plays a key role in the
discrimination of lactation curve types.

The importance of this trait is defined by having a flatter lactation curve
without a decrease in the total production (desirable). Its economic value in itself,
due to its favorable correlation with factors as health (Jakobsen et al. 2002) and
fertility of the female (Muir 2004) would suggest a flexible scope for modifying
lactation curves via genetic selection (Chang et al. 2001). Hence this would be
helping milk producers in the effective management of feeding and reproduction

during early lactation.

115



CAPITULO Il

In the current study, the re estimates for lactation curve traits using uni-, bi-
and multi-traits analysis were low for PY and P traits (between 0.09 and 0.20),
whereas the Y trait had a medium re (about 0.3). For the Y trait using the multi-traits
vs. uni-trait analysis, both parameters (h? and re) increased slightly. Estimates for
the Y trait were similar to the previous reports for the MG breed (Le6n 2008), but are
not in agreement with Gonzalez-Pefia (2011) who describe that re tends to be twice
the h?. Nevertheless, in the case of PY and P traits, no re reports were found in the
literature for MG goats.

The parameter of re is the maximum limit of h?, and their calculation is
necessary because although it does not indicate genetic variation, it does allow us
to establish a limit to it and will also indicate the relationship of how many records of
the same trait must be obtained at different times of the animal’s life, before being

discarded (Oldenbroek & van der Waaij 2014).

Genetic and Phenotypic Correlations

The genetic correlations observed for PY-Y traits were large (positively with
values very close to 1.00 i.e., estimate of 0.94), while PY—P and Y-P traits showed
low to negligible (negative) correlation values. Consistent with this, (Falconer &
Mackay (2001) suggests that this correlation expresses the degree to which these
two measures are genetically reflected; becoming practically the same trait.

Analyzing more dairy traits (such as PY, Y and P) as a whole and their
correlations, allows us to adequately weigh the possible negative indirect genetic
responses between traits and facilitate its use to rank animals and make breeding
decisions (Cole & VanRaden 2018).
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This positive genetic correlation between traits also indicates that an
improvement of one trait has a positive impact on the other (Ayalew et al. 2017), and
that they are functionally related traits. In relation to this, the results suggest that it
is better to continue selecting the animals by the Y trait. In turn, the analysis of the
P trait needs to be interpreted with caution.

A current study with Alpinas and Saanen goats corroborate that estimates of
higher genetic correlations will be seen in estimates at shorter intervals (Oliveira et
al. 2016). Our results are consistent with these studies because PY is adjacent to
the Y and the latter will be increased or decreased according to the intensity of PY.
Besides, the most notable investigation with Alpine goats indicate that the genetic
correlations appear smaller as the Y is increased and the explanation would be by
groups of genes, since the expression of those genes are related to milk production
and its variations throughout lactation (Brito et al. 2017).

As for the evidence for a strong association between traits, Oldenbroek & van
der Waaij (2014) points out that strongly associated traits would indicate that the
genes that affect them operate in a common physiological way. Even some papers
report correlations of 0.98 to 1.00 (Silva et al. 2013) or of 0.21 to 0.95 (Brito et al.
2017) for the daily yield in different test days with two evaluation models.

Oldenbroek & van der Waaij (2014) describe that since there is a permanent
high genetic correlation (because there is no crossing with other breeds), we could
be in the presence of a pleiotropic effect. Therefore, this would reaffirm the
performance of multi-traits analysis in improvement programs (Ayalew et al. 2017).

In addition, if there were unreliable estimates or very small correlations close to zero,
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they would validate a legitimate justification for not using a multi-traits analysis in the
schemes.

The genetic correlations obtained for PY—P and Y—P traits (negative) in goats,
to the best of our knowledge were not reported but was described in other ruminants.
For instance, a study in buffaloes have provided evidence for the correlations of PY—
P, where mean correlations (—0.24) was reported by Pareek & Narang (2014). This
reference could suggest that animals with high P can maintain their dairy yields or
otherwise indicate that the higher and earlier the PY, the greater is the increase in
the Y of lactation and the shortening of its P.

Therefore, given that the correlations obtained in this study are smaller, we
advise caution in the selection for these traits, because it may bring antagonistic
responses at certain points along the length of lactation. Nevertheless, in sheep, a
previous study indicates this type of negligible correlations, suggesting a flexible
scope for modifying lactation curves via genetic selection (Chang et al. 2001).

Regarding the phenotypic correlations, the PY-Y traits showed good
(positive) correlation. Consistent with this, Falconer and Mackay (2001) describe that
when there are low h? as in our results, these phenotypic correlations will be caused
mainly by the environmental correlation. In the case of PY—P traits, they showed a
phenotypically low correlation (negative), indicating a low antagonism between these
traits.

In dairy cattle, the phenotypic correlations between Y and P were not
significant (Yamazaki et al. 2011). Therefore, globally this explains that these traits

are influenced by more or less the same genetic and environmental factors.

118



Genetic parameters for peak yield, yield and persistency traits in MG goats using multi-traits
models

Furthermore, the accuracies calculation for PY, Y and P traits shows stable
to slight improvement values from the uni-trait model to multi-traits model.
Consequently, the multi-traits analyses will improve accuracies by a better connection
between data due to the residual covariance between traits (Baselga 2015)].

This enhanced accuracy is due to the ability of the model to account for the
relationship between the traits and better connections in the data due to residual
covariance between traits (Ayalew et al. 2017). Likewise, multivariate models gave
better reliabilities than univariate models in the prediction of genetic merit, which is
mainly a result of the model’s ability to use extra information from correlated traits.

Finally, this study provides evidence that PY and P (traits of interest),
evaluated in conjunction with criteria object of selection (i.e., Y) using a repeatability
model, can be used in the future as a point of support in making decisions about the
criteria of selection within the scheme of selection of the MG breed. In future
investigations, it is also suggested to evaluate the PY and P traits in combination
with other measures (e.g., day at peak, % fat, % protein and % dry extract).

Even for lower values of h? such as the P trait, the possibility of optimally
selecting the lactation curve (Chang et al. 2001) is suggested. In fact, if the objective
is to genetically modify the characteristics of the lactation curves (PY, day to peak
and P), precise parameter estimates with less bias are needed for individual lactation

curves.
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2.5. CONCLUSION

The lowest levels of additive genetic variability for PY, Y and P, were
estimated in the MG goat breed. The h? estimates were low and close to intermediate
for all traits, indicating that the major part of variation for those traits were due to
environmental factors. Therefore, this suggests that these traits are very complex
and remain quite stable for several generations. The re estimates for PY and P traits
were low confirming that these traits are mainly influenced by managerial and
temporary environmental effects, whereas the estimates for the Y trait had a medium

value.

Even, for the Y trait using the multi-traits vs. uni-trait analysis, both parameters
(h2 and re) increased slightly. Genetic correlations between PY and Y were large and
positive, indicating that it is possible to select for both traits, whereas PY—-P and Y-
P traits showed low to negligible and negative correlations. The phenotypic

correlations indicated low antagonism and levels of significance.

These results indicate that there is no antagonism between the traits under
study and that they can be combined in the early stages of evaluation of the selection
program, with careful interpretation of the P trait analysis. The accuracies calculation
for the lactation curve traits (PY, Y and P) shows more stable values from the uni-
trait model to multi-traits model. Therefore, this suggests that multi-traits analysis will
improve accuracies by a better connection between data due to residual covariance

between traits.
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Appendix A

Table A 1.- Descriptive characteristics of the pedigree file.

Pedigree file statistics N

No. of individuals with records 38,756
Effective individuals in the pedigree 36,662
Individuals with only a sire 285
Individuals with only a dam 1359
Individuals with sire and dam 17,904
Number of sires 1659
Number of dams 10,000

N, number of observations.
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RESUMEN

El objetivo del presente capitulo fue evaluar las tendencias genéticas (TG) y
fenotipicas (TF) para los caracteres de pico productivo (PP), rendimiento lechero
(RL) y persistencia de la lactacion (P) en la curva de lactaciéon de la raza Murciano-
Granadina (MG). Para ello se utilizaron 180,872 lactaciones, de 85,404 cabras
(registros historicos de 1990-2012). Para la obtencién de los caracteres de interés
(PP, RLYy P) se realiz6 la biomodelacion de curvas de lactacion mediante el modelo
Spline usando el software “R”. Los valores genéticos (VG) se obtuvieron mediante
modelo animal univariado con observaciones repetidas, empleandose el paquete
MTDFREML. Las TG y TF se estimaron via minimos cuadrados en una regresion
del promedio de los VG e informacion productiva conocida segun afio de
nacimiento. En el calculo de las TG y TF se obtuvieron coeficientes de regresion
lineal (b), donde los valores b para PP, RL y P fueron de +0.00071, +0.00698;
+0.00114, +0.01117 y +0.00002, -0.00076; respectivamente. El trayecto de TG, TF
de PP y RL se comporté de la misma manera siguiendo una linea de tendencia
ascendente con presencia de intervalos de crecimiento y decrecimiento. La TG de
P mostré un comportamiento estacional y la TF fue descendente con puntos mas
consistentes en su recorrido; reforzando la idea de que altas producciones van en
detrimento de la P. Estos resultados permiten informar a los criadores del
comportamiento de estos caracteres y consideran la incorporacion de la P como

criterio de seleccion en el programa genético de la raza.

Palabras clave: programa de cria; cabra; leche; valores genéticos.
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ABSTRACT

The objective of the present study was to evaluate the genetic (GT) and phenotypic
(PT) trends for the peak (PY), yield (Y) and persistency (P) traits in the lactation
curve of the Murciano-Granadina breed (MG). For this 180,872 lactations of 85,404
goats were used (historical records of 1990-2012). To obtain the traits of interest
(PY, Y and P), the biomodelation of lactation curves was performed using Spline
model with the software "R”. The genetic values were obtained by univariate animal
model with repeated observations, using the MTDFREML package. The calculation
of the GT and PT were obtained coefficients of linear regression, of the average of
the genetic values and of the known productive information, with respect to the year
of birth. The coefficients of linear regression of the genetic and phenotypic values
with respect to the year of birth for PY, Y and P were +0.00071, +0.00698; +0.00114,
+0.01117 and +0.00002, -0.00076; respectively.The path of GT, PT of PY and Y
behave in the same way following an ascending trend line with presence of growth
and decrease intervals.The GT of P shows a stationary behavior and the PT was
descending with more consistent points in its path; reinforcing the idea that high
productions are detrimental to the P. These findings inform the breeders of the
behavior of these traits and consider the incorporation of the P in the breeding

program of the breed as selection criteria.

Keywords: Breeding program, goats, breeding values.
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3.1. INTRODUCCION

La especie caprina tiene una gran relevancia mundial, especialmente en los paises
en vias de desarrollo, donde son criados con criterios de multifuncionalidad
(Adewumi et al. 2017). Sin embargo, las razas caprinas lecheras tienen un interés
especial para la ganaderia meridional europea, y aunque cuentan con censos
reducidos respecto al efectivo total mundial, en Francia y Espafia se han conseguido
aumentos considerables de los rendimientos y periodos de lactancia mas
prolongados. Esta eficiencia productiva responde a las necesidades de proveer gran
cantidad de leche a la industria de quesos de cabra de alta calidad, vinculada a las
tradiciones culturales de gran arraigo en algunos paises europeos, que siguen
ofreciendo una perspectiva optimista para el sector caprino (FAO 2018).

La raza Murciano-Granadina (MG) forma parte de ese selecto grupo de razas
caprinas lecheras especializadas, constituyéndose en una de las principales razas
autoctonas lecheras de Espafia, tanto en censo (104.000 hembras reproductoras
inscritas en el libro genealégico) como en producciones (584,4 kg leche por
lactacion) (Delgado et al. 2017). Esta informacion posiciona a la MG en primer
orden, junto a las razas Florida y Malaguefia, por su elevado potencial productivo
respecto a otras razas autéctonas espafiolas como la cabra del Guadarrama,
Majorera, Palmera, Payoya y Tinerfefia.

La raza MG fue reconocida oficialmente en los afios 70 del pasado siglo y
desde entonces, se tiene referencias sobre el Esquema de Valoraciéon Genético-
Funcional de Machos Reproductores (Resolucion de 28 de marzo de 1979 de la

Direccion General de la Produccion Agraria (MURCIGRAN 2018)). Hasta la fecha,
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se ha logrado obtener una robusta base de datos del registro genealdgico y
funcional de estos animales, lo que ha permitido desde entonces la evaluacion
genética de los reproductores.

El actual programa de seleccion de las cabras MG esta consolidado tras 29
afos de seleccion haciendo énfasis en medidas como: produccion de leche, grasa,
proteina y rendimiento del extracto seco. Para esta instancia, las estimas de las
tendencias genéticas (TG) son importantes para testear la eficacia de los esquemas
de mejoramiento aplicados, y para proporcionar a los mejoradores informacion para
desarrollar programas de seleccion mas eficientes (Khojastehkey & Aslaminejad
2013).

También, las evaluaciones de TG y tendencias fenotipicas (TF) ayudan
principalmente a entender y transmitir el efecto que tiene la seleccion respecto a las
generaciones anteriores (Filho et al. 2000; Kuthu et al. 2017), asi como contrastar
los resultados obtenidos en funcién del esquema propuesto, de forma tal que nos
permita corregir cualquier desviacion de lo esperado.

En estudios de referencia en especies lecheras, los investigadores se han
centrado, de manera general, en TG y TF para rasgos de rendimientos lecheros
(RL) y composicion, sin embargo, no se ha reportado el comportamiento genético
de otros caracteres relacionados con la curva de lactacion (Abdallah & McDaniel
2000).

Asimismo, este es el primer estudio en cabras MG sobre TG de parametros
de la curva de lactacion, en particular sobre el pico productivo (PP) y la persistencia
(P). Este estudio se realiza con el fin de justificar la consolidacion de estos

caracteres para ser incluidos como criterios de seleccion en el programa de cria de
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la raza. Por tanto, el objetivo de este estudio fue evaluar las TG y TF para los

caracteres de PP, RL y P en la raza Murciano-Granadina (MG).

3.2. MATERIALES Y METODOS

Datos y procedimientos de edicion

La informacion genealdgica y funcional utilizada en el presente estudio pertenece a
los archivos histéricos del programa oficial de mejora de la raza caprina MG. La
base de datos original contenia 180,872 lactaciones estandarizadas a 210 dias de
duracion (método A4 del ICAR (1990)), de 85,404 cabras pertenecientes a 229
ganaderias, cubriendo los afios de nacimiento desde 1990 a 2012. Durante el
analisis exploratorio, la base de datos fue editada y estandarizada para eliminar los
datos considerados andémalos: datos repetidos, lactancias con menos de 6
controles, rendimientos diarios que sobrepasen los 10 kg de leche o que estén por
debajo de 0.2 kg y valores nulos; estando acorde a la normalizacion realizada por

el programa de mejora de la raza MG.
Analisis genético y modelos estadisticos

Para la obtencion de los caracteres PP, RL y P, se realiz6 la biomodelizacion
de las curvas de lactacién individualizadas por animal, usando el modelo Spline por
su mejor R?, flexibilidad y bondades de ajuste para la raza (Leén et al. 2012). A su
vez, para la resolucion del modelo se utilizé el software estadistico “R* version 3.2.3

(R Core Team 2014).

Particularmente, los valores de P de la lactancia son expresados como

medidas adimensionales (Macciotta et al. 2008).
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Los valores individuales de los caracteres de la curva de lactacion (PP, RL 'y
P) fueron analizados con un modelo animal con observaciones repetidas y la opcion
univariante (uni-caracter). El modelo uni-caracter usado se presenta en notacion

matricial (Mrode 2014).
y=Xb +Zaa+Zpp +e

Donde: y =, es el vector de informacion fenotipica de los caracteres
analizados PP, RLy P; b = vector de los efectos fijos (grupo de contemporaneas del
rebafio-afio-estacion (RAE-unificado), numero lactacion, tipo parto y edad
(covariable)); a = vector del efecto aleatorio aditivo del animal; p = vector del efecto
ambiental permanente; e = es el vector de efectos residuales para los caracteres
analizados; X, Za y Zp: son las matrices de incidencia (conocidas) de los efectos

fijos (X) y efectos aleatorios (Za y Zp), respectivamente.

Los componentes de la varianza para todos los efectos aleatorios fueron
estimados utilizando el programa Mdultiple Trait Derivate Free Restricted
MaximunLikelihood (MTDFREML) (Boldman et al. 1995) y ajustando el modelo
animal univariado (descrito previamente). Para testar las estimaciones légicas, se
utilizé un criterio de convergencia de Var [-2log(L)] < 1x10° (donde L representa la

funcién de verosimilitud).

Los valores genéticos (VG) de los animales para los caracteres de interés
fueron estimados mediante la metodologia del mejor predictor lineal insesgado
(BLUP) (Henderson 1976). Para la estimacion de TG y TF, los VG estimados se

ajustaron en un modelo de efectos fijos con el afio de nacimiento como Unico efecto
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fijo. Alternativamente, también se estimaron las tendencias ambientales (TA) para
los caracteres de interés. Para el célculo de estas tendencias se realizaron
predicciones mediante los coeficientes de regresion lineal (b) del promedio de los
VG, expresados por afio de nacimiento y de la informacion productiva conocida con
respecto al afio en cuestion. Estos procedimientos se llevaron a cabo utilizando el

paquete estadistico R Core Team (2014).

3.3. RESULTADOS
Los estadisticos descriptivos para los caracteres analizados en este estudio
revelaron una media y desviacion tipica de 1.05+0.32 y 1.21+0.35 kg de leche para

RL y PP, respectivamente, asi como de 1.03+0.35 para P.

Las TG y TF respecto al afio de nacimiento para los caracteres analizados
se muestran en las figuras 3.1 a 3.6 con su respectivo coeficiente de regresion
lineal (b). Estos resultados sugieren variaciones dinAmicas para la poblacién de
cabras MG, detectandose un punto de rebote estacionario en 1999 coincidiendo con
el inicio del esquema de seleccion moderno, basado en evaluaciones BLUP.
Subsecuentemente, las oscilaciones alrededor del eje x para estos tres caracteres,
revelan congruentemente que, en un periodo de 22 afios, los caracteres de PPy RL
presentaron un comportamiento de tendencia ascendente y magnitud similar;

mientras que el caracter de P se mostr6 de estacionario a decreciente.

Las TG para PP y RL a lo largo de los afios analizados (1990 a 2012)
mostraron un comportamiento irregular con presencia de intervalos de crecimiento
y decrecimiento (figuras 3.1 y 3.2), pero siguiendo una linea de tendencia

ascendente con coincidencias en sus picos en los afos 1992, 1996, 2004 y 2009.
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Para estos mismos caracteres, en las TF (figuras 3.4 y 3.5), se muestran lineas de
tendencia ascendente, también con fluctuaciones de los intervalos de
ascenso/descenso regulares y consistentes (picos prominentes coincidentes en los

afios 1992 y 1998).
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Figura 3. 1.- Tendencia genética para el caracter del pico productivo por afio de nacimiento en
cabras Murciano-Granadinas. (Genetic trend for peak yield by birth year in Murciano-Granadinas
goats). Nota: el b que aparece en el modelo se evalla con un error estandar de £ 0.0000799 y un p-
valor = <2e-16 ***,
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Figura 3. 2.- Tendencia genética para el caracter de rendimiento lechero por afio de nacimiento en
cabras Murciano-Granadinas. (Genetic trend for yield by birth year in Murciano-Granadinas goats).
Nota: el b que aparece en el modelo se evalla con un error estandar + 0.0000866 y un p-valor =
<2e-16 ***,
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Figura 3. 3.- Tendencia genética para el caracter de persistencia por afio de nacimiento en cabras
Murciano-Granadinas. (Genetic trend for persistency by birth year in Murciano-Granadinas goats).
Nota: el b que aparece en el modelo se evalla con un error estandar de + 0.0000396 y un p-valor =
0.58.
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Figura 3. 4.- Tendencia fenotipica para el caracter del pico productivo por afio de nacimiento en
cabras Murciano-Granadinas. (Phenotypic trend for peak yield by birth year in Murciano-Granadinas
goats). Nota: el b que aparece en el modelo se evalla con un error estandar de + 0.0006009 y un p-
valor = <2e-16 ***,
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Figura 3. 5.- Tendencia fenotipica para el caracter de rendimiento lechero por afio de nacimiento en
cabras Murciano-Granadinas. (Phenotypic trend for yield by birth year in Murciano-Granadinas
goats). Nota: el b que aparece en el modelo se evalla con un error estandar de + 0.0004643 y un p-
valor = <2e-16 ***,
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Figura 3. 6.- Tendencia fenotipica para el caracter de persistencia por afio de nacimiento en cabras
Murciano-Granadinas. (Phenotypic trend for persistency by birth year in Murciano-Granadinas goats).
Nota: el b que aparece en el modelo se evalta con un error estandar de + 0.000329 y un p-valor =
0.02.

La TG para el caracter P muestra un comportamiento irregular con presencia
de intervalos de crecimiento, decrecimiento y picos prominentes en los afios 1993,

1995, 2005, 2010 y 2012, a diferencia del comportamiento de los otros caracteres

qgue muestran una linea de tendencia estacionaria (figura 3.3).
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En particular, se observé una TG positiva PP y RL, asi como desviaciones
irregulares de la linealidad (figura 3.1 y 3.2). El incremento para estos caracteres
fue significativo (P<0.05) con un b de 0.00071 kg/afio y de 0.00114 kg/afio para PP
y RL, respectivamente. De forma similar, la estima de TG para la P también fue
positiva presentando picos prominentes (1993, 1995, 2005, 2010 y 2012) y declives
notorios (1992, 1998, 2006 a 2009), mostrando fluctuaciones irregulares entre si
con un incremento no significativo (P>0.05) y b con valor 0.0000219 unidades/afio

con una linea de tendencia estacional (figura 3.3).

La direccién de TF para PP y RL, si bien muestra una linea de tendencia
ascendente, también las fluctuaciones de los intervalos de ascenso/descenso se
muestran regulares y consistentes por la proximidad entre puntos (picos
prominentes coincidentes se dan en los afios 1992 y 1998) y linea de tendencia
(figuras 3.4y 3.5). Por otra parte, TF de P (figura 3.6) fue descendente donde las
fluctuaciones de los intervalos de ascenso y descenso se muestran regulares,
consistentes en el tiempo con presencia de picos en los afios 1991, 1993, 2002 y

2012.

Consecuentemente, las TF fueron positivas para el PP y RL presentando un
incremento significativo (P<0.05) en el promedio de las TF para estos caracteres,
donde se estimé b con valor 0.0069821 kg/afio y de 0.0111697 kg/afo,
respectivamente (figuras 3.4 y 3.5). No obstante, aunque la estima de TF para P
fue negativa observandose fluctuaciones regulares con una disminucion
significativa (P<0.05) y b con valor de -0.0007629 unidades/afio (figura 3.6); se

aprecia también un ligero incremento en esta tendencia desde el afio 2009, mismo
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que se estabiliza durante el 2010 mostrando un ascenso desde el afio 2011. El
analisis de TA para P indica una influencia negativa, aunque no significativa (P>0.05

con b de -0.00000293 unidades/afo).

3.4. DISCUSION

Las estimas de las TG sirven para monitorizar y evaluar la eficiencia de los
programas de seleccion (Montaldo et al. 1997). La evaluacion de la TG de
caracteres lacteos da una indicacion de la direccion del vector de seleccion de la
raza, asi como de la tasa de mejora genética debida a la aplicacién del programa
de mejoramiento (Bosso et al. 2007). A su vez, es importante para proveer a los
mejoradores de informacion para desarrollar programas de seleccion mas eficaces

(Mrode 2014).

En este estudio, las estimaciones directas de la TG indicaron que hubo una
mejora genética significativa y positiva en todos los rasgos estudiados a excepcién
del caracter de P, indicando que la seleccion fue efectiva, tanto en el periodo que
se baso6 en la seleccién masal (1990-1999), como cuando lo fue con informacién
familiar (1999-2012). Por tanto, esta informacién pudiera ser util respecto a la
evaluacion de esfuerzos previos para mejorar y preservar el potencial genético de
eso0s caracteres, asi como para determinar las proximas estrategias y el trabajo

futuro en la poblacién de cabras MG.

Una importante consideracién es que este es el primer estudio donde son
evaluados en conjunto los caracteres de PP, RL y P, siendo el RL un caracter objeto
de seleccién para la raza de forma rutinaria; mientras que el PP y P son caracteres
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candidatos para su posible inclusibn en el esquema de seleccion. Nuestros
resultados indican que, en los 22 afios analizados los caracteres de PP y RL
presentaron un comportamiento similar y de tendencia ascendente; mientras que el
caracter de P se mostr6 de estacionario a decreciente, reforzando el planteamiento

de que altas producciones van en detrimento de la P.

Los resultados de la presente investigacion sugieren globalmente que, tanto
las TG como TF, para los tres caracteres (PP, RL y P), indicaron un comportamiento
irregular, teniendo intervalos de crecimiento y decrecimiento fluctuantes mas
notorios en los afios previos a 1999, justificado porgue la seleccion que se ejercia
hasta ese afio se basaba en los fenotipos de los animales (seleccibn masal). Sin
embargo, es a partir de 1999 cuando las tendencias de los VG medios anuales para
los caracteres PP y RL presenten una evolucidn mas constante-positiva, siendo
consistente con el afio donde se marcaron las directrices de trabajo para el esquema
de seleccion de sementales caprino de aptitud lechera de raza MG (MURCIGRAN
2018), basados en informacion familiar y estimaciones BLUP, segun las directrices
publicadas en la Resolucion de 12 de mayo de 1999 del Ministerio de Agricultura,

Pesca y Alimentacion.

Ademas, los puntos de referencias de los VG medios se encuentran mas
proximos a la linea de tendencia, que presentaron picos prominentes en los afios
2004, 2009 y declives notorios en los afios 2005, 2006, 2011 y 2012, segun
MURCIGRAN (2018), podrian estar relacionadas con la incorporacion de animales
al esquema de seleccion procedentes de ganaderias externas al nucleo selectivo

en los anos mencionados.
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Las TG tanto para PP y RL tienen un recorrido en simultaneo paralelo, donde
los picos prominentes se hacen presentes en afios anteriores a 1999; y el declive
mas notorio se hace presente en el 2012. Al respecto en diciembre del 2011 se llega
a un acuerdo para fusionar, en forma oficial las asociaciones de CAPRIGRAN y
ACRIMUR en MURCIGRAN (MURCIGRAN 2018), conllevando a gestionar un solo
Libro Genealdgico y por ende los datos y/o registros de los mismos, lo cual

justificaria el declive notorio entre los afios 2011 y 2012 tanto en las TG como TF.

La TG para P a pesar de presentar picos prominentes (1993, 1995, 2005,
2010y 2012) y declives notorios (1992, 1998, 2006 a 2009) ademas de alternantes
e irregulares entre si; muestra una linea de tendencia estacional positiva. En tanto,
la TF se aprecia una linea de tendencia decreciente discreta apreciandose picos

menos prominentes en los afios 1991,1993, 2002 y 2012.

Esta informacién refuerza la idea de prestar atencién a este caracter y su
comportamiento en conjunto con otros por su impacto directo en las curvas de
lactacion, alargar la P permitiria aplanar la parte en declive de la curva de lactancia
o al menos mitigar los picos criticos que afectan el sistema inmunoldgico (relacion
antagonica entre los rasgos de produccion lechera y resistencia a las
enfermedades) promoviendo una lactancia mas eficiente con beneficios
considerables como evitar riesgos en la salud del animal y los costos asociados

(Jakobsen 2000; Capuco et al. 2003).

Al respecto, estudios especificos en caprino lechero concluyen que el

realizar seleccion de animales por P como criterio y unido al valor del pico de
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lactancia es posible, sin alterar la cantidad de leche total (Pala & Savas 2005), y con

ello llegar incluso a modificar genéticamente la curva de lactacién (Jakobsen 2000).

Por ello una estimacion temprana de la P en lactaciones en progreso puede
representar una herramienta Util tanto para la cria como para las estrategias de
manejo (Macciotta et al. 2011), especialmente en el caso de implementacion de
estrategias a favor de la reduccion de la produccion de gases de efecto invernadero

derivadas en la lucha por la mitigacion del cambio climatico (Adewumi et al. 2017).

La estimacion de estas TG sirven para evaluar los resultados del programa
e informar a los criadores de las decisiones de seleccion tomadas, permitiendo
hacer los ajustes necesarios para optimizar el progreso genético de cada poblacion
(Torres-Vazquez et al. 2010); por tanto, los resultados obtenidos de esta evaluacion

nos permitirdn proponer la incorporacion del caracter P al programa de mejora.

Finalmente, sefalar que, de forma general, los fenotipos y los valores de cria
para los caracteres de PP y RL se ven claramente incrementadas en el periodo
estudiado, sin embargo, en contraste el caracter de P si bien genéticamente se
mostré estacionario, fenotipicamente se aprecia un decremento, sugiriendo su
justificacion a factores ambientales, como una modificacién del manejo. Estudios
referidos al respecto indican que el ambiente no modifica de forma directa la
constitucion genética del individuo, pero si determina la extension con que se
expresa y el potencial genético de los animales, mismo que se expresara en la

medida que las condiciones ambientales lo permitan (Cerén-Mufioz et al. 2001).
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3.5. CONCLUSIONES

El andlisis global de las TG y TF para los caracteres analizados demostré
variaciones dinamicas irregulares con intervalos de crecimiento, decrecimiento y

picos en puntos determinados a lo largo del periodo estudiado.

El comportamiento genético y fenotipico de estos tres caracteres nos indica
congruentemente que, en un periodo de 22 afios, los caracteres de PP y RL
presentaron un comportamiento de tendencia ascendente y magnitud similar,
mientras que el caracter de P se mostrd estacionario a decreciente, reforzando la

idea de que altas producciones van en detrimento de la P.

En todos los casos, eventos importantes en el programa de cria, como la
federacion de las asociaciones o la implantacion de la seleccion familiar, dejaron su
huella en las tendencias. Estos hallazgos permitiran informar a los criadores del
comportamiento de estos caracteres y ponerle a consideracion incorporar la P en el

esquema de seleccidn.
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1. The Spline model proved to be ideal to accurately describe the biomodelation of
the individualized lactation curve of the Murciano-Granadina breed, suitably
locating dairy productions, peaks yield and persistency in relation to the obtained
knot and their variation factors (region, type of kidding, number of lactation and
season).

2. The variation factors affected the scale and/or shape of the lactation curves,
showing significant differences in the parameters of the curve conditioned by the
region, but it was not a single effect, but a conglomerate of micro-effects such as
climate, photoperiod, agro-ecological aspects, etc. In addition, the parameters of
the curve studied were affected by prolificacy, probably due to a hormonal
interaction, and from the second to the fifth lactation there was a "cascade" effect,
that is, as the lactations progressed, the persistency and the presentation of the
peak day (precocious) gradually decreased, but presented their highest yields
antagonistically. The longest persistency occurred in autumn and winter, with a
productive peak (early and late respectively) and similar total yield.

3. This research indicates that the animal model of repeatability allowed the
estimation of the components of variance and (co)variance, genetic parameters,
genetic and phenotypic correlations, accuracy breeding value for the peak vyield,
yield, and persistency traits using uni, bi, and multi-traits analysis with full
convergence and consistent results. In fact, invariability of the estimation from uni
to multi-traits models suggests a good signal as quality control of results.

4. Estimates of h? and re were low, the selection for yield and peak yield or both can
be implemented given the genetic correlation between these traits. While peak

yield-persistency and yield-persistency traits showed low to negligible (negative)
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correlation values indicating that if these traits are implemented in the early stages
of evaluation, they would not be to the detriment of peak yield and yield. The
combination of estimated breeding values for all traits (PY, Y and P) would be a
good criterion for selection, but slow genetic progress is expected if it is only
based on individual selection.

5. The trajectory of genetic trend, phenotypic trend of peak yield and yield behaved
in the same way following an ascending trend line with presence of intervals of
growth and decrease. The genetic trend of persistency showed a seasonal
behavior and the phenotypic trend was descending with more consistent points in
its path; reinforcing the idea that high productions are to the detriment of

persistency.
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