BENEMERITA UNIVERSIDAD AUTONOMA DE PUEBLA

FACULTAD DE CIENCIAS BIOLOGICAS

FECUNDACION EN AVES: UNA REVISION SISTEMATICA

Tesis que para obtener el titulo de
LICENCIADO (A) EN BIOLOGIA

PRESENTA:
MAITE DURAND ZEPEDA

DIRECTOR (A): DRA. ROSALINA MARIA DE LOURDES
REYES LUNA

ASESOR(ES) DE TESIS: DRA. ROSALINA MARIA DE
LOURDES REYES LUNA

MAYO, 2023.




indice

10.

11.

12.

13.

14.

15.

RESUMIBN. ... 1
0T [Tt o3 o] o 1
ANLECEABNIES . ... e e 3
JUSTIFICACION. .. et ee 9
Pregunta de investigacion.............ooiiiiiiiiiiiii e 10
HIP OO SIS . ...t 10
ODJEtiVO gENETAL ... 10
ODbjetivos PartiCulares. ... ... 11
MetodOoIOgia. . ... 11

9.1 Seleccién de bases de datos cientificos que contienen
articulos relacionados con la fecundacion en

9.2 Busqueda sistematica de articulos de investigacién que
describen el proceso de la fecundacion en aves.................. 12

9.3 Construccién de base de datos que contenga los articulos

RESUIAIAOS . . . e 14

10.1 Identificacion del nUmero de articulos cientificos
encontrados sobre fecundacidn en aves.........ccoceeeeiennnnn. 14

10.2 Construccion de base de datos con los articulos

relevantes para el trabajo.............c.ooooiii 21
DISCUSION. ... .o e 25
CONCIUSION. ... e 32
POISPECHIVA. ...t 32
REfEreNCIas. ......coviiii 33



1. Resumen.

La reproduccion es un tema que abarca varios procesos y es estudiado en varios
organismos con distintos fines. Este trabajo trata de una revision sistematica,
especificamente sobre la fecundacion en aves, ya que son organismos de gran

importancia bioldgica.

La metodologia empleada en esta revision, tratd de una busqueda de articulos
cientificos en diferentes plataformas, de las cuales se seleccionaron tres
PubMed, JSTOR y Science Direct.

El buscador que mas articulos ofrecié respecto al tema fue Science Direct y la
especie con mayores articulos publicados fue Gallus gallus domesticus. La
informacion obtenida en su mayoria estuvo centrada en el estudio del
espermatozoide y en menor medida en el estudio del évulo. Solo 32 articulos

trataron especificamente sobre el proceso de la fecundacién en aves.

2. Introduccidn.

La fecundacion es uno de los procesos bioldgicos descritos, mas fascinantes y
a la vez mas complejos (Canovas & Coy, 2008). Comienza con el transporte de
gametos en el tracto reproductor y concluye con la formacién de los pronucleos
y la singamia de los mismos, para dar paso al desarrollo embrionario (Canovas
& Coy, 2008). Esta interaccion entre células altamente especializadas
proporciona un ejemplo Unico de numerosos procesos celulares, que convierte
dos células totalmente diferenciadas en un cigoto totipotente (Canovas & Coy,
2008).

Para lograr la fecundacién en humanos y en la mayoria de los animales, el
esperma y el 6vulo deben llegar al sitio de fecundacion en el momento correcto
(El-Sherry et al., 2022). Por lo tanto, la cépula debe tener lugar antes o durante

la ovulacion (El-Sherry et al., 2022).

Por otro lado, algunas especies de mamiferos, como perros, y de no mamiferos,

como insectos, peces, reptiles y aves, almacenan esperma en sus 6rganos



reproductivos durante largos periodos de tiempo hasta que sus 6vulos estan

listos para ser fecundados (fecundacién asincrona) (El-Sherry et al., 2022).

Las aves han estado en el centro del estudio de la competencia de esperma
durante mas de tres décadas, probablemente debido al conocimiento de larga
data del apareamiento extrapareja (es decir, el apareamiento fuera del vinculo

social de pareja) (Rowe et al., 2022).

Los estudios de poblaciones domésticas han brindado informacién clave sobre
los mecanismos de competencia de los espermatozoides aviares, asi como el

valor adaptativo de los rasgos espermaticos (Rowe et al., 2022).

En condiciones competitivas, el éxito de la fecundaciéon es mayor para los
machos con un nimero relativamente mayor de espermatozoides, mas largos y

con mayor movilidad (Rowe et al., 2022).

La eleccion criptica de las hembras es su capacidad de controlar qué macho
fecunda sus 6vulos después de haber copulado con varios de ellos (Seetre et al.,
2018). Los mecanismos de eleccion femenina criptica incluyen, por ejemplo, la
eyeccion activa de los espermatozoides menos preferidos por parte de la hembra
y atraccion quimica diferencial entre el espermatozoide y el évulo, dependiendo

de la compatibilidad de sus genotipos (Seetre et al., 2018).

El principal 6rgano de almacenamiento de esperma en las hembras, es llamado
tubulos de almacenamiento de esperma (SST) y se encuentra en los pliegues de
la mucosa interna de la unién uterovaginal (El-Sherry et al., 2022). Hasta la
fecha, los mecanismos de entrada, residencia y evacuacion de los
espermatozoides de los reservorios de espermatozoides no se comprenden

completamente (El-Sherry et al., 2022).

En este trabajo presento una revision sisteméatica de articulos cientificos con el
fin de obtener la informacion disponible en varios buscadores web del afio 2018

a la actualidad (marzo 2023).

Mediante esta busqueda sabré cuales son las especies aviares con las que mas
se trabaja en articulos publicados recientemente, cuales son los buscadores

digitales que brindan acceso a esos articulos y en qué puntos se estan centrando



los investigadores respecto al tema de fecundacién en aves, los cuales podran

guiar su investigacion futura.

3. Antecedentes.

La SST es importante en la fecundacién de aves, Matsuzaki et al., (2021)
demostraron que el llenado de esperma de la SST refleja directamente el éxito
de la fecundacidén posterior en la codorniz japonesa. En otras palabras, es
concebible que los machos puedan aumentar su éxito reproductivo sila SST esta

predominantemente llena de su esperma (Matsuzaki et al., 2021).

En cuanto a la longevidad del macho en la fecundacién de aves, Lifjeld et al.,
dice que las hembras pueden tener una preferencia adaptativa por los machos
mayores como padres de sus crias. Una posible razén es que los individuos
mayores han demostrado su capacidad para sobrevivir y, por lo tanto, pueden

transferir mejores genes de viabilidad a la descendencia (Lifjeld et al., 2022).

Sin embargo, Lifield et al., (2022) no encontraron que la longitud total del
espermatozoide y la longitud de los componentes del espermatozoide difirieran
entre los grupos de edad. Tampoco la longitud relativa de la pieza intermedia,
fue un predictor significativo del éxito de la fecundacion en las golondrinas de
arboles (Lifjeld et al., 2022) y ninguno de los rasgos de motilidad o morfologia de
los espermatozoides se correlacioné significativamente con el éxito de la

fecundacion masculina (Lifjeld et al., 2022).

Pero si podemos encontrar diferencias en algunos parametros del semen de dos
razas tal como en el estudio de Tesfay et al.,, (2020) donde se encontraron
variaciones significativas entre los gallos Rhode Island Red (RIR) y White Livorno
(WL) en volumen de semen, pH, motilidad inicial de los espermatozoides (MOT),
viabilidad espermatica y porcentaje anormal de espermatozoides. El porcentaje
anormal de espermatozoides y el pH del semen fueron mas altos en los gallos

WL en comparacioén con los gallos RIR (Tesfay et al., 2020).

Se observd una capacidad de fecundacion de los espermatozoides
significativamente mayor en los gallos RIR (Tesfay et al., 2020). La MOT, la
concentracion, la viabilidad, la velocidad en linea recta, la amplitud del



desplazamiento lateral de la cabeza y la velocidad de trayectoria promedio
mostraron correlaciones positivas con la tasa de fecundidad en los gallos RIR
(Tesfay et al., 2020).

Albrecht et al., (2019) descubrieron que el tamafio de los espermatozoides diferia
sustancialmente entre dos especies de ruisefior, siendo la diferencia en la
longitud de la cabeza del espermatozoide particularmente evidente en la region
de simpatria.

También, se reportd que la diferencia entre las dos especies de ruisefiores en la
longitud de los espermatozoides es similar a la diferencia promedio en la longitud
de los espermatozoides entre especies dentro de otros géneros de paseriformes
(Albrecht et al., 2019).

Poignet et al., (2022) y sus andlisis de datos sobre la morfologia de los
espermatozoides confirmaron que dos especies de ruiseiiores (Luscinia
megarhynchos y L. luscinia) difieren notablemente en la longitud del flagelo y que
esta diferencia se debe principalmente a cambios en la longitud de la pieza

intermedia.

En el estudio de Poignet et al.,, (2022) también identificaron 563 proteinas
diferentes en el fluido de la parte distal del tracto reproductivo femenino. El
analisis de su funcién indicd, como era de esperar, que la funcién principal de las
proteinas del fluido femenino radica en la defensa contra los microorganismos y

proporcionar un entorno protector para la hembra (Poignet et al., 2022).

Los espermatozoides pueden formar haces tal como lo informan Sayed et al.,
(2022) en su estudio de dos razas de pollo (Sharkasi y Dandaraui) en donde se
observd que se formaron haces de espermatozoides (decenas de células)
inmediatamente después de la eyaculacién en ambas cepas en estudio, con una
marcada diferencia en el grado de aglutinacion de los espermatozoides, como
se presenta claramente en pollos Sharkasi y en menor medida en Dandaraui.
Estos paquetes crecen en grosor y longitud con el tiempo y se ramifican para
formar una red de paquetes cuando se encuentran en un entorno estatico (Sayed
et al., 2022). También son moviles y nadan paralelos entre si, si se encuentran

en un entorno dindmico (Sayed et al., 2022).



La testosterona (T) es necesaria para la produccién de espermatozoides, Lelono
et al., (2019) demuestran por primera vez que el estatus social tiene un efecto
sobre las concentraciones de T plasmaticas y eyaculadas, mostrando una
relacion inversa entre si. Esta relacion sugiere una posible compensacion en la
gue los machos subordinados disminuyen su T circulante para evitar los ataques
de los machos dominantes y aumentan su T eyaculada para compensar la mala

calidad de los machos (Lelono et al., 2019).

El- Sherry et al., (2022) muestran que el analisis de ultraestructura mediante
microscopia electronica reveld que los espermatozoides se adhirieron a grandes
cantidades de sustancias densas. Se cree que estas sustancias son
responsables de la aglutinacion, y se condensan entre y alrededor de las
cabezas adheridas, pero se encuentran en menor concentracion en la region de
la cola (EI-Sherry et al., 2022).

Las diferencias en la morfologia de los espermatozoides pueden ser relevantes
como lo sefalan Stgstad et al., (2018) quienes encontraron que las especies
cuyos espermatozoides tenian una forma helicoidal relativamente mas
pronunciada (es decir, acrosoma largo, nucleo corto, membrana helicoidal
ancha, y una forma de onda mas pronunciada a lo largo del "nucleo" de la cabeza
del espermatozoide) nadaban mas rapido.

La exposicion a condiciones de calor extremo (40°C) en las aves puede tener
efectos sobre su esperma, como se ha observado en algunas especies de
mamiferos (Hurley et al., 2018).

En aves, Hurley et al., (2018) realizaron un trabajo donde la exposicién previa a
altas temperaturas (es decir, aves expuestas a condiciones de 30°C durante un
primer periodo de exposicion) parecio mitigar un poco el impacto negativo de
40°C de temperatura de exposicion sobre la proporcion de espermatozoides
normales presentes en el semen. Las temperaturas experimentales de 30 °C y
40 °C también conducen a un aumento de aproximadamente 2°C en la
temperatura cloacal, que es consistente con estudios en aves de corral y otras

especies de paseriformes (Hurley et al., 2018).

Los hallazgos indican que las temperaturas extremas ecologicamente relevantes

tienen el potencial de afectar la calidad del esperma y su funcion (Hurley et al.,



2018). Hurley et al., (2018) observaron una disminucién en la proporcién de
espermatozoides con morfologia normal a lo largo de la duracion de cada

tratamiento de exposicion al calor.

La seleccion sexual poscopulatoria también toma un papel importante en la
fecundacion de las aves, por ejemplo, Vuarin et al., (2019) proporcionan
evidencia experimental que muestra que la seleccion sexual poscopulatoria
puede ser un mecanismo efectivo que permite a las hembras evitar la
fecundacion de los oOvulos al sesgar machos y limitar los costos de aptitud

asociados para la progenie (Vuarin et al., 2019).

Las aves son seres sociales, Roeder et al., (2019) en sus resultados sugieren
gue se presenta infidelidad por la hembra cuando existe una mejor condicion,
tamafo, caracteres ornamentales y caracteristicas de las plumas de vuelo, que
son importantes en la maniobrabilidad en otro macho y reflejan la fidelidad de las
hembras a las parejas sociales de buena calidad.

Las parejas sociales de estos machos pueden estar menos inclinadas a copular
fuera del vinculo de pareja si el tamafio del cuerpo, la condicién y la calidad del
adorno son buenas sefiales de la calidad general del macho (Roeder et al.,
2019).

El éxito de la fecundacién masculina estuvo determinado por la duracién del
vinculo de pareja en relacion con la duracion del vinculo de pareja de los otros
comparieros (Sanchez et al., 2018). El orden de unién de los pares no afecto el

éxito de la fecundacién (Sanchez et al., 2018).

Los espermatozoides se pueden criopreservar, se han hecho varios estudios
para ello en los ultimos afios. Bernal et al., (2020) muestran que la adicion de
valina al diluyente de congelacion mejoré varias variables de motilidad del semen
post congelacion de dos razas de gallos (Roja Villafranquina y Codorniz
Castellana). Con respecto a la Roja Villafranquina, las variables mejoradas
fueron espermatozoides moéviles progresivos, velocidad en linea recta y

velocidad de trayectoria promedio (Bernal et al., 2020).

En gallos Codorniz Castellana, las variables mejoradas fueron espermatozoides

moviles progresivos, velocidad curvilinea, velocidad en linea recta y velocidad



promedio de trayectoria (Bernal et al., 2020). La adicién de valina no mejoré los

valores de viabilidad espermatica en ninguna de las razas (Bernal et al., 2020).

Thananurak et al., (2019) muestran que una concentracion mucho mas baja de
sacarosa (1 mmol) es eficiente para aumentar la integridad/viabilidad de la
membrana plasmatica del esperma, la integridad del acrosoma, el potencial
mitocondrial y finalmente, la fecundidad obtenida con esperma de pollo
congelado-descongelado. Las dosis mas altas fueron cada vez menos eficientes
y las dosis mas altas y osmoéticamente probadas (de 15 a 100 mmol) fueron todas

dafiinas para los espermatozoides (Thananurak et al., 2019).

Thélie et al., (2019) proponen el uso de biotecnologias reproductivas para una
mejor criopreservacion del semen de codorniz. Las mejoras en la recoleccion de
semen (eyaculado individual), el tratamiento y los procedimientos de
inseminacion artificial (profundidad de inseminacion de 1 cm, frecuencia cada 3
dias) conducen a un protocolo estandarizado con el que se obtiene una tasa de
fecundidad de mas de 80 % (Thélie et al., 2019).

La criopreservacion de esperma de gallina roja de la selva india en diluyente con
un 15 % de yema de huevo en sustitucion del glicerol dio como resultado una
mayor motilidad, integridad de la membrana plasmaética, viabilidad, integridad del

acrosoma y mejores resultados de fecundidad (Rakha et al., 2018).

En un estudio, se observd una mayor tasa de fecundidad con semen
descongelado congelado con 8% de dimetilformamida (DMF) en comparacion

con glicerol en aves rojas de la selva india (Rakha et al.,2020).

Usando nuevos meétodos de imagenes en 3D, Mendonca et al.,, (2019)
demostraron por primera vez la existencia de un orificio estrecho en la
entrada/salida de las SST aviares. Por lo tanto, proponen que la apertura
restringida que hemos encontrado en los tdbulos SST proporciona un
mecanismo por el cual se puede regular el almacenamiento y la liberacion de

esperma (Mendonca et al., 2019).

Muvhali et al., (2022) hicieron un estudio que reveld que, aunque los avestruces
hembra produjeron 6vulos fecundados después de la inseminacioén artificial (1A)

con varias dosis de esperma, la dosis de esperma entre 2,5 y 5x10°



espermatozoides por inseminacion resulté en una mejora de la fecundidad de los
ovulos, en comparacion con la inseminacion de dosis mas bajas de esperma.
Las dosis superiores a 2,5 a 5 x 10 ° espermatozoides por inseminacién no

mejoraron mas la fecundidad (Muvhali et al., 2022).

Matsuzaki et al., (2021) informaron que las lectinas (derivadas de Agaricus
bisporus y Canavalia ensiformis) de union a galactosa/N-acetilgalactosamina
(Gal/GalNAc) o manosa/glucosa (Man/Glc) inhiben el paso de los
espermatozoides a tubulos de almacenamiento de esperma (SST) cuando las

evaluaciones se realizaron mediante un ensayo in vitro.

Estos resultados podrian atribuirse a la inhibicion directa de las moléculas de la
superficie de los espermatozoides, en lugar de a la interrupcion de las funciones
de las SST porque la preincubacién de los explantes union utero-vaginal (UVJ)
no cambié la tasa de paso de los espermatozoides a las SST (Matsuzaki et al.,
2021).

Setiawan et al., (2021) brindan una nueva perspectiva sobre la naturaleza
funcional de las vias de produccion de energia en el esperma aviar cuya funciéon
es mejorada por sustratos metabdlicos extracelulares durante el

almacenamiento en el tracto reproductivo femenino.

La glucosa y el piruvato pueden apoyar eficazmente la motilidad flagelar y la
produccién de Adenosin Trifosfato (ATP) con una funcién principal que es la
oxidacion mitocondrial; sin embargo, la glucosa es la principal responsable de la
penetracion de los espermatozoides en la capa perivitelina interna de los pollos
(Setiawan et al., 2021).

Es interesante como influye la forma de crianza en la fecundacién de las aves tal
como lo muestran Du et al., (2021) en su estudio donde los gallos criados en
sistema de apareamiento natural tuvieron mejor calidad seminal, particularmente
en volumen, densidad y viabilidad del semen; el porcentaje de eclosion de
huevos fecundados y pollitos sanos fue mayor para la colonia que para los

individuos criados en jaulas individuales y grandes.



Ademas, la concentracion de espermatozoides fue mayor para las colonias que
para las jaulas individuales y grandes, lo que se relacion6 con la apoptosis de

las espermatogonias y los espermatocitos (Du et al., 2021).

La presencia de aves en un ecosistema esta estrechamente ligada a la calidad
del habitat, tal es el caso del semillero rabadilla canela (Sporophlia torqueola), el
tirano pélido (Tyrannus verticalis) y el garrapatero pijuy (Crotophaga sulcirostris),
que se asocian generalmente a habitats abiertos como potreros; también,
sobresalen la paloma arroyera (Leptotila verreauxii) y la chachalaca oriental
(Ortalis vetula) en vegetacidn secundaria, mientras que en bosque tropical
lluvioso se ha destacado a la pia guardabosques (Lipaugus unirufus) y el flautin
cabezdén mesoamericano (Schiffornis turdinus), todas encontradas en el Sureste
de México (Farias et al., 2022).

4. Justificacion.

La importancia ecoldgica de las aves radica en su papel como polinizadoras,
dispersoras de semillas, controladoras de plagas de insectos o roedores,
depredadoras de mamiferos y reptiles, y eliminacion de cadaveres, que son
procesos esenciales en la dindmica de los ecosistemas y cultivos (Farias et al.,
2022).

Ademas, por ser un grupo que abarca especies llamativas y carismaticas,
fomenta el turismo de observacion de aves con una importante derrama
econdémica equivalente a aproximadamente 23.9 millones de dolares al afio en
México (Farias et al., 2022).

Sin mencionar la importancia econémica mundial que tienen, sobre todo las

gallinas ponedoras, en la industria alimentaria.

La presencia de aves en un ecosistema esta estrechamente ligada a la calidad
del habitat, por lo que pueden ser excelentes indicadores del estado de

conservacion o perturbacion (Farias et al., 2022).



México posee alrededor de 1,119 especies de aves, esto corresponde a 10.6 %
de las que hay en el mundo, de las cuales entre el 18 y 20 % son endémicas del
pais (Farias et al., 2022).

Debido a la importancia ecoldgica de las aves y a que la fecundacion es el paso
que da inicio al desarrollo embrionario con el cual, si se completa de forma
exitosa, obtendremos crias que podran tener la oportunidad de perpetuar su
especie ¢ Se estd generando informacion reciente sobre la fecundacion en aves?
¢En qué especies se centra y cuales son las problematicas que enfrenta este

tema en la investigacion?

Es por ello que en este trabajo investigue las especies de las que se tienen

articulos cientificos (2018-2023) sobre el proceso de la fecundacion en aves.

5. Pregunta de investigacion.

¢, Cuantos articulos cientificos se encuentran publicados sobre la fecundacion en

aves?
¢, Cudl es la especie aviar que en la que se esté estudiando su fecundacion?

¢, Qué estudios se han realizado sobre la descripcion del proceso de fecundacion

en aves?

6. Hipotesis.

La reproduccién de las aves es tema de importancia en la produccién de
alimento, recreativa, habitat, ecologia, etc., ¢qué tanto se conoce sobre su

proceso de la fecundacion?

7. Objetivo General.

Realizar una revision sistematica del conocimiento que existe sobre el proceso

de la fecundacién en aves.
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8. Objetivos particulares.

-Determinar las bases de datos cientificas que poseen mas articulos sobre

fecundacién en aves e identificarlos.

-Describir las especies aviares de las cuales se ha investigado el proceso de la

fecundacion.

-Obtener la informacion actual sobre el conocimiento de la fecundacion en aves

9. Metodologia.

9.1 Seleccion de bases de datos cientificos que contenian articulos

relacionados con la fecundacién en aves.

Los buscadores de los cuales se extrajo la informacién en esta tesis bibliografica
fueron de fuentes confiables, por lo que opté por seleccionar aquellos
buscadores relacionados con la materia que se encontraban disponibles en la
biblioteca digital de la Benemérita Universidad Autdbnoma de Puebla (Imagen 1).
Asi mismo, seleccioné PubMed al ser un motor de busqueda de articulos
cientificos bastante reconocido.

Catalogos Politicas
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Imagen 1. Pagina principal de la biblioteca digital de la Benemérita Universidad
Auténoma de Puebla
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9.2 Busqueda sistematica de articulos de investigacion que describian el

proceso de la fecundacion en aves.

En esta tesis documental defini “fecundacion” y “aves” como las dos palabras
claves para comenzar la busqueda bibliografica. Ya que traté el proceso de

fecundacion, pero enfocado en aves.

Una vez que seleccioné las palabras clave y los buscadores para la
investigacion, se debe delimitar ciertos parametros de busqueda en internet que

permitan obtener informacién de relevancia.

Por lo anterior en esta tesis bibliogréafica la fecha de la que data la informacién
fue un parametro establecido en no mas de cinco afios desde su publicacién,

con el fin de obtener datos lo mas actuales posibles (Imagen 2).

Otro parametro en esta busqueda fue que la informacion seleccionada
provendria Unicamente de articulos cientificos digitales, no tomé en cuenta la

informacion de tesis previas, ni de libros de texto ni de proyectos académicos.

En cuanto a otros pardmetros no hay problema alguno con el idioma de la
informacion, el pais del cual proviene la publicacién, ni la editorial de la que

procede el articulo o el autor.
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Imagen 2. Pardmetro de fecha en la busqueda de articulos
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Ya que estaban establecidas las palabras clave, los buscadores que utilicé en
internet y los parametros con los cuales debi6 contar la informacion, di inicio a la

busqueda de articulos.

Se introdujeron las palabras clave y los parametros en varios buscadores

relacionados que nos ofrece la biblioteca digital, por lo que obtuve demasiados

articulos en cada buscador.

No todos los articulos obtenidos fueron de mi interés, por lo que después de la

basqueda de articulos realicé una posterior seleccién de articulos (Tabla 1,

Anexo 1).

9.3 Construccion de base de datos que contenian los articulos relevantes

para el trabajo.

Hice una tabla de los articulos seleccionados del paso anterior con sus

respectivos datos y resimenes (Tabla 2, Anexo 2) que se logré siguiendo esta

metodologia (Diagrama 1).

Criterios de
exclusioén

Reviews, meta analisis,

Analisis de articulos

i

Base de datos 1

Palabras clave |, «Birds fertilization”

A

Seleccién de articulos

»
. d

Criterios de
inclusiéon

tesis, capitulos de libros
Articulos que no contengan
las palabras clave
Articulos no disponibles
Articulos anteriores a 2018
Articulos que no provengan
de buscadores cientificos

Base de datos 2

e Las palabras clave se
encuentran en el titulo o
resumen

e Temporalidad: desde
2018-marzo 2023

e Cualquier idioma

e Articulos de investigacion

Diagrama 1. Diagrama que muestra la metodologia empleada en esta tesis
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10. Resultados.

10.1 Identificacion del numero de articulos cientificos encontrados sobre
fecundacion en aves (Tabla 3, Anexo 3).

Buscando: GreenFILE | Bases de datos

birds fertilization m 7

Busqueda basica Blsqueda avanzada Historial de blsqueda »

Depurar los Resultados de la bisqueda: 1 a1 de 1 Relevancia~  Opciones ¢
resultados
Bisquedaactual ¥ 1. REPRODUCTIVE BIOLOGY AND PHYLOGENY OF BIRDS: PHYLOGENY, MORPHOLOGY,
HORMONES, FERTILIZATION. Reproductive Biology and Phylogeny, Volume 6A.
Booleano/Frase: . By: Deeming, D. C. Quarterly Review of Biology. Dec2007, Vol. 82 Issue 4, p417-418. 2p. DOI: 10.1085/527591.
birds fertilization The article reviews the books edited by Barrie G_.M. Jamieson including "Reproductive Biology and Phylogeny of Birds: Phyloge
Ampliadores Critica Hormenes, Fertilization: Reproductive Biology and Phylo...
Aplicar materias ] Materias: Nonfiction; Reproductive Biology & Phylogeny of Birds: Phylogeny, Morphology, Hormones, Fertilization: Reproduct
equivalentes (Book), Reproductive Biology & Phylogeny of Birds: Sexual Selection, Behavior, Conservation, Embryology, Genetics: Reprodu
Limitadores (Book): Jamieson, Barrie G. M
Texto completo a o _

Imagen 3. Articulos encontrados (1) en el buscador GreenFILE

Resu Itados de Ia bl:lsq UEda Hay mas de 124,109 registros disponibles

Filtros aplicados 13 de 13 resultados para "[ Todos : fertilizacion de aves] Y [ Fecha de
publicacién electrénica : (01/01/2018 AL 31/12/2023)]"

Articulo de revisién X 2018-2023 X -
& Guardar bisqueda

N\ Rss

Limpiar todo Optimice su consulta de bisqueda con la ayuda de nuestro Tesauro

Articulos/Capitulos

Fecha de publicacién

Ordenar por:

. EDITAR Q MIS m VIS por 20 50
BUSQUEDA BUSQUEDAS PROYECTOS pagina: 100 Relevancia
l [ seleccionar todo
. -. D & Resefias de CABI Articulo de revision 8 de marzo de 2021

e 20 Aplicaciones de elementos de micro y macroalgas en la industria alimentaria y

Imagen 4. Articulos encontrados (13) en el buscador CABI Digital
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{}
:’ﬁ jJAYPEE DlGlTAL All~  Explore here... no

CUSTOMIZE YOUR
SEARCH

Category
Dentistry (1)
Medicine (91)
Nursing (1)

Speciality
Anatomy (1)

Clinical Aspects Of Medicine
And Surgery (1)

Community Health Nursing (1)
Dental (1)

Ent (1)

Gastroenterology (2)

General Medicine (1)
Gynecology & Infertility (32)

Access provided by Benemérita Universidad Auténoma de Puebla

BOOKS ~ VIDEQS ~

RNALS~ MCQS REVIEWS~ PARTNER! LIBRARIAN

93 Result(s) found for birds fertilization Save Search
Article  x
Search with in Result Q & Sort by =
o Article
Adnexal Masses
By: Asim Kurjak , Zorancho Pefanovski, Emilija Petanovska Kostova

Volume:16, issue:4(2022)

Fallopian tube inflammatory disease and tubal pregnancy are closely related. Inflammatory disease of the fallopian tubes leads fo
the inability for fertilization of the oocyte when the fallopian tube is completely closed: it also makes the path difficult for the
gamete to transfer into the uterine cavity. The possibility of ectopic pregnancy is rising as a result of deformity and reduced
mobility of the fallopian tubes. Most ectapic pregnancies accur in the fallopian tubes and rarely in other

Donald School Journal of Ultrasound in Obstetrics and Gynecology

i Article

Retrospective Study on the Infertility Profile of Patients Reporting for In Vitro Fertilization and Embryo
Transfer in a Tertiary Care Hospital in India

Imagen 5. Articulos encontrados (93) en el buscador JAYPEE Digital

CAMBRIDGE ; : - : ’ s
S YERBITY PRESE Academic v English Language Learning Education Bibles Digital Products About Us v Careers
Cambridge Core Se:
Browse subjects Publications Open research Services About Cambridge Core v Access provided by

Home > Search

Search Results

f\-—/» 1949 results for birds fertilization

Sorted by Relevanc¢

Published after 2018 x Published before 2023 x Type: Articles (1949) x

Refine search

Page 1 of 98
birds fertilization Q
fst «Prev [f) 2 3 4 s 6 7 Next» Last

Access:

] Only show content I have accessto @

(1700) [[]  Protection of birds

o Journal: Animal Welfare / Volume 4 / Issue 4 / November 1995
| | Onlvshow anen access (395) a

httne//eambridne hihlintacahian.elonim.com/care/search?n=hirds fertilization&a_.. 1ed online bv Cambridae Universitv Press: 11 lanuarv 2023. pp. 371-372

Imagen 6. Articulos encontrados (1949) en el buscador Cambridge
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. ey LOG IN
Science - @

birds fertilization

REFINE SEARCH >

T FILTERS 42 RESULTS FOUND [] =

RESEARCH ARTICLE

APPLIED FILTERS (2) ~
Natural loss of function of ephrin-B3 shapes spinal flight circuitry in birds
RESEARCH AND REVIEWS X BY BARUCH HAIMSON, OREN MEIR, REUT SUDAKEVITZ-MERZBACH, GERARD ELBER MANTHA FRIEDRICH, PETER V. LOVELL, SONIA PAIXAO, RUDIGER KLEIN, CLA!
MELLC. AVIHU KLAR + SCIENCE ADVANCES + VOL.7.NO.24 - 11 JUN 2021
2018-2023 x
‘ Flight in birds evolved through patterning of the wings from forelimbs and transition from alternating gait to synchronou
ceara flapping. In mammals, the spinal midline guidance molecule ephrin-B3 instructs the wiring that enables limb alternation
its ...
PUBLISHED IN ~
RESEARCH ARTICLE
Science Advances 24 .. . . . . ..
The periodic coloration in birds forms through a prepattern of somite origin
Science 16 BY NICOLAS HAUPAIX, CAMILLE CURANTZ. RICHARD BAILLEUL. SAMANTHA BECK, ANNIE ROBIC, MARIE MANCEAU - SCIENCE - VOL. 367 NO. 6208 - 21 SEP 20

Imagen 7. Articulos encontrados (42) en el buscador Science

Buscando: Fuente Académica Plus | Bases de datos

ur
fecundacién en aves m ?

Busqueda basica Blsqueda avanzada  Historial de blsqueda »

Depurar los Resultados de la bisqueda: 1 a 20 de 138 Organizar por relevancia  Opciones de pagir
resultados
Busqueda actual v 1. ANALISIS BIOETIC’O (SUBJETIVISMO MORAL) DESDE LA PERCEPCION’ DE LOS CLINICOS
SOBRE LA SITUACION DE LOS EMBRIONES SOMETIDOS A FECUNDACION IN VITRO. QUITO:
Busqueda en ECUADOR.

SmartText:
Bioethical analysis (moral subjectivism) from the perception of clinicians on the situation of embryos subjected to in vitro fertilization. Qi

fecundacion en aves Andlise bioética (subjetivismo moral) a partir da percepcao dos médicos sobre a situacdo dos embrides submetidos a fertilizacdo in vit
Ampliadores By: Almeida Arteaga, Victor Hugo; Diaz-Pérez, Anderson. Acta Bioéthica. Oct2022, Vol. 28 Issue 2, p239-247. 9p. Language: Spanish.
Publicacion 10 4067/51726-569x2022000200239

Aplicar materias a académica
equivalentes The objective of this paper is to analyze the perceptions and practices of clinicians in relation to the management of embryos subjectec
fertilization technigues. Methodology is Quali...
Limitar a v Materias: HUMAN embryos: IN vitro studies; HUMAN beings, CBJECTIVISM (Philosophy); SEMI-structured interviews

(554KB)
O Resultados sin Open Ej— Texto completo en PDF

Access

Mostrar mas

A s EeauAlida la nrahikhiniAn da la fanmndaniAn in bditea? Andlicie Aal naca Arrbauia Muorilla fenntannia A

Imagen 8. Articulos encontrados (138) en el buscador Fuente Académica Plus
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Buscando: Environment Complete | Bases de datos

birds fertilization

Buscar &

Blsqueda basica Busqueda avanzada Historial de bisqueda »

Depurar los Resultados de la blisqueda: 1a4 de 4 Relevancia~  Opciones de |
resultados
Busqueda actual v 1. Restoration of tropical seagrass beds using wild bird fertilization and sediment regrading.
By: Kenworthy, W. Judseon; Hall, Margaret ©.; Hammerstrom, Kamille K. Merello, Manuel, Schwartzschild, Arthur. Ecological Engir

Booleano/Frase: = 112, p72-81. 10p. DOI: 10.1016/.ecoleng.2017.12.008

birds fertilization § . Shallow water seagrass meadows are frequently damaged by recreational and commercial vessels. Severe injury occurs where pr
Ampliadores Zggg%ﬁgg groundings and mooring anchers uproot entire plan...

Aplicar materias a Materias: Seagrasses; Birds; Fertilization (Biology), Sediments; All other miscellaneous animal production; Bioluminescence
equivalentes

Limitadores Cantidad de veces que se cita en esta base de datos: (2)

Fecha de publicacion. B
20180101-20221231

2. Effects of litter from antimicrobial-fed broiler chickens on soil bacterial community structure and
diversity.
Limitar a v
By: Muhammad, Bilal, Diarra, Moussa S.; Islam, Md Rashedul; Lepp, Dion; Mastin-Wood, Rose E.; Topp, Edward; Biltman, Shabta

(] Texto completo Journal of Microbiology. 2022, Vol. 68 Issue 10, p643-653. 11p. DOI: 10.1139/cjm-2022-0086.

==

Imagen 9. Articulos encontrados (4) en el buscador Environment Complete

LWW ) )
H.ealth ler?ry search... Q gg:?cnhcet
Cienclas Basicas

Texts Video & Audio Self Assessment Cases Supplemental Content

Search Results for

birds fertilization

Narrow No matches found. Please modify your search term and try again.

Support  About  Terms Of Use Privacy Feedback User Central

% Wolters Kluwer

Imagen 10. Articulos encontrados (0) en el buscador LWW Health Library
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Wiley Online Library DE PUEBLA birds fertilization E Login /

Applied Filters Clearall X

Filters

Access Status ~

() Open Access Content 1,009
Subjects ~
ACCOUNTING s

3,296 results for "birds fertilization" 2

+ SAVE SEARCH N RS

Articles & Chapters (3,296)

= Refine Search v 1) Sorted by: Relevance

» Export Citation(s)

Review (3 Open Access

Why do eggs fail? Causes of hatching failure in threatened populations and consequences
for conservation

K. Assersohn, A. F. Marshall, F. Morland, P. Brekke, N. Hemmings
Animal Conservation | Volume 24, Issue 4
First published: 01 February 2021

Abstract

Imagen 11. Articulos encontrados (3296) en el buscador Wiley Online Library

1 ScienceDirect

3,354 resulis

L) Establecer alerta de blisqueda

Refinar por:

D Revistas suscritas
Anos

[ 2023 (162)

[ 2022 (s63)
[ 2021 (734
[ 2020 (s28)
[ 2019 (595
[ 2018 572)

Revistas y libros @ E

Find articles with these terms
birds fertilization ‘ ﬂ

Year: 2018-2023 X

¥ Advanced search

[] ™ Download selected articles & Export

|:| Research arlicle @ Full text access
1 Restoration of tropical seagrass beds using wild bird fertilization and sediment regrading
Ecological Engineering, March 2018, .
W. Judson Kenworthy, Margaret O. Hall, ... Arthur Schwartzschild

Tt View PDF  Abstract ~  Graphical Abstract ~  Exiracts ~  Figures ~  Export ~

|:| Research arlicle @ Full text access
2 Breeding clusters in birds: ecological selective contexts, mating systems and the role of extrapair
Animal Behaviour, September 2018, ..
Regina H. Macedo, Jeffrey Podos, ... Lilian T. Manica

TH View PDF  Abstract ~  Exiracts v~  Figures ~  Export v

Get a personalized search experience

Dercnmmendatinne readinn higtane cearch & innrnale alarte and mnra renictratinn henafite

Imagen 12. Articulos encontrados (3354) en el buscador Science Direct
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Todo el I
contenido magenes R espacio de trabajo Buscar v Navegar
- birds fertilization Q Herramientas v
JSTOR
Refinar Resultados 419 resultados
EHSDERECESD Revistas X Después: 2018 X Antes: 2023 X Eliminar todos los filtros
() Todo
Ver todos los resultados, incluido Ordenar por relevancia v
el contenido que no puede
descargar o leeren linea
(@ Contenido al que puedo ARTICULO DE REVISTA
acceder Las aves rara vez se hibridan: un enfoque de ciencia ciudadana para

estimar las tasas de hibridacién en la naturaleza

BUSCA DENTRO DE LOS RESULTAD(

Nicolas M. Justyn.corey t callaghan,geoffrey e. colina
Q Evolucion , vol. 74, nim. 6 JUNIO 2020), pags. 1216-1223

... COMUNICACION BREVE doi:10:1111/evo.13943 Las aves rara vez se hibridan: un enfoque de
ciencia ciudadana para estimar las tasas de hibridacion en la naturaleza+ Nicholas M. Justyn,1,2
Corey T. Callaghan,3 y Geoffrey E. Hilll 1Departamento de Ciencias biolégicas, Universidad de
Contenido académico: Auburn, Auburn, Alabama 36849 2 Correo electrénico ...

TIPO DE CONTENIDO

Imagen 13. Articulos encontrados (419) en el buscador JSTOR

» Sign up / Log in Engish ¥ Academic ediion ¥
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birds fertilization New Search n £+ 3
Home - BooksA-Z - JoumalsA-Z - Videos - Librarans
Include Preview-Only 1,605 Result(s) for *birds fertilization within Article @ 2018 - 2023 @ EY [+
content
Sort By Newest First || Oldest First ~ Date Published Page| 1 |ofg1 | p
Refine Your Search
Content Type Show documents published 2018 - 2023 Start year End year
yp {Available 1886 - 2023) 01 Il o0 Sub
Article Q
Discipline seeall Arlicle -
e el Measuring sperm swimming performance in birds: effects of dilution,
ife Sciences 332 N R . R |
~T— o1 suspension medium, mechanical agitation, and sperm number
Biomedicine a1 Sperm swimming performance, including swimming speed and the proportion of motile cells, may strongly

affect fertilization success. However, little is known about how methodological factors affect in vitro mea...
Science, Humanities and ;
Social Sciences. Emily R A Cramer, Melissah Rowe, Fabrice Eroukhmanoff.. in Joumnal of Omithology (2018)
multidisciplinary 33

» Download PDF (1356 KE) » View Article

Imagen 14. Articulos encontrados (1605) en el buscador Springer Link
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National Library of Medicine

National Center for Biotechnology Information

Put’med’g()\; birds fertilization|

Advanced Create alert Create RSS User Guide
Save Email Send to Sorted by: Best match Display options gt
A% NCBI FILTERS A
\c81 FILTERS [3 221 results Page 1 of 23 > >>

Filters applied: Free full text, in the last 5 years. Clear all

a
||| Reset [] Adipokines Expression and Effects in Qocyte Maturation, Fertilization and Early
1 Embryo Development: Lessons from Mammals and Birds.
| Cite  Estienne A, Brossaud A, Reverchon M, Ramé C, Froment P, Dupont J.
nt J Mol Sci. 2020 May 19:21(10):3581. doi: 10.3390/ijms21103581.
Sh
QO ™ oyipi32438514  Free PMCarticle,  Review.
20182023 A . . ; N . .
Some evidence shows that body mass index in humans and extreme weights in animal models, including
e A AT T avian species, are associated with low in vitro fertilization, bad oocyte quality, and embryvo development

Imagen 15. Articulos encontrados (221) en el buscador PubMed

De los buscadores anteriores (GreenFILE, CABI Digital, JAYPEE Digital,
Cambridge, Science, Fuente Académica Plus, Environment Complete, LWW
Health Library, Wiley Online Library,Science Direct, JSTOR, Springer Link,
PubMed) no todos mostraban articulos de mi interés por lo que seleccioné
aguellos buscadores que contenian articulos relacionados con el tema, los
cuales fueron: PubMed, JSTOR y Science Direct.

Base cientifica Numero de articulos Numero de articulos
encontrados obtenidos conforme criterios
PubMed 221 11
JSTOR 419 8
Science Direct 3354 13

Tabla 4. Numero de articulos encontrados en las bases cientificas y numero total
de articulos obtenidos después de implementar los criterios de inclusion y
exclusion
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14

12

10

No. de articulos

Articulos seleccionados en cada buscador seleccionado.

PubMed

Science Direct JSTOR

Buscadores cientificos

Grafica 1. Numero de articulos seleccionados en cada plataforma

10.2 Construccion de base de datos con los articulos relevantes para el

trabajo

ANO | BUSCADOR TiTULO ESPECIE

2022 | PubMed Cuando los machos mayores Golondrinas
engendran mas descendencia: comunes (Hirundo
¢ mayor atractivo o mayor rustica)
fertilidad?

2022 | PubMed Numeros de esperma como Reyezuelo de
guardia de paternidad en un espalda roja
pajaro salvaje (Malurus

melanocéfalo)

2021 | PubMed Los espermatozoides mas largos | Codorniz
y rapidos exhiben un mejor éxito | japonesa
de fecundacion en codornices (Coturnix
japonesas japoénica)

2021 | PubMed Los espermatozoides mas largos | Mosquitero
nadan mas lentamente en el canario
mosquitero canario (Phylloscopus

canariensis)
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2021 | PubMed Del método de recoleccion de Faisan comun
semen a las crias: el uso de (Phasianus
semen criopreservado de colchicus)
faisanes alimentados con una
dieta enriquecida con
antioxidantes

2018 | PubMed Morfologia espermatica, motilidad | Pechiazul
espermatica y éxito de paternidad | (Luscinia svecica )
en el pechiazul ( Luscinia svecica)

2022 | PubMed El modo de fecundacién impacta | No especificado
diferencialmente en la evolucion
de los componentes espermaticos
de los vertebrados

2022 | PubMed Morfologia y rendimiento de los Ruisefior comdn
espermatozoides en relacion con | (Luscinia
el aislamiento precigético megarhynchos) y
posterior al apareamiento en dos | ruisefior zorzal (L.
especies de paseriformes luscinia).
recientemente divergentes

2022 | PubMed Tendencia de los Pollos Sharkasi y
espermatozoides a aglutinarse en | Dandarawi (Gallus
haces maviles en relacion con la | gallus domesticus)
competencia espermatica y la
duracion de la fertilidad en pollos

2019 | PubMed Los niveles de testosterona en la | Gallina roja de la
eyaculacion afectan la inversion selva (Gallus
materna en las gallinas rojas de la | gallus gallus)
selva ( Gallus gallus gallus )

2022 | PubMed Nuevos conocimientos sobre la Pollo Sharkasi
reotaxis, la aglutinacion y la (Gallus gallus
formacion de haces de esperma | domesticus)
en pollos Sharkasi basados en un
estudio in vitro

2018 | JSTOR La morfologia de la cabeza de los | 36 especies de
espermatozoides esta asociada pajaros cantores
con la velocidad de natacion de Passeriformes
los espermatozoides: un estudio (Ver tabla 6,
comparativo de pajaros cantores | Anexo 6)
utilizando microscopia electrénica

2018 | JSTOR Extraccién quirargica de foliculos | Gallinas rojas de
viables de gallina (Gallus gallus Rhode Island
domesticus) para fecundacién in | (Gallus gallus
vitro domesticus)

2018 | JSTOR Las olas de calor experimentales | Pinzones cebra
afectan negativamente la calidad | (Taeniopygia
del esperma en el pinzén cebra guttata)

2019 | JSTOR La seleccion sexual Avutarda hubara
poscopulatoria permite a las (Chlamydotis
hembras aliviar los costos de undulata)

aptitud en los que incurren
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cuando se aparean con machos
senescentes

2019 | JSTOR El tamafio, la ornamentacién y la | Papamoscas cola
morfologia de las plumas de de tijera
vuelo promueven la paternidad (Tyrannus
dentro de la pareja en un forficatus)
paseriforme con dimorfismo
sexual
2019 | JSTOR Factores que afectan la Grulla blanca
fecundidad de los huevos de (Grus americana)
grulla blanca en cautiverio: un
analisis retrospectivo
2019 | JSTOR Un aumento experimental en la Papamoscas
masa de las hembras durante la | cerrojillo (Ficedula
fase fértil conduce a niveles mas | hypoleuca)
altos de paternidad extrapareja en
papamoscas cerrojillo Ficedula
hypoleuca
2019 | JSTOR Divergencia espermética en una | Ruisefior comdn
zona de contacto de (Luscinia
paseriformes: Indicacion de megarhynchos) y
refuerzo a nivel gamético el ruisefior zorzal
(Luscinia luscinia)
2021 | Science Mejora de los rasgos Gorrion de arbol
direct espermaticos relacionados con el | (Passer
alto nivel de fecundacion montanus)
extrapareja en la poblacion de
gorriones arboricolas bajo
contaminacién ambiental a largo
plazo por metales pesados
2020 | Science Efecto de la suplementacién de Gallina espafiola
direct valina al diluyente de pollo sobre | (Gallus gallus
la criorresistencia espermaticay | domesticus)
la capacidad de fecundacién post-
descongelacion
2019 | Science La sacarosa aumenta la calidad y | Pollo (Gallus
direct la capacidad fertilizante de los gallus domesticus)
espermatozoides de pollo
criopreservados a diferencia de la
rafinosa
2020 | Science Efecto de la dimetilformamida Gallinas rojas de
direct sobre la calidad del espermay la | la selva de la India
capacidad de fecundacion de las | (Gallus gallus
gallinas rojas de la selva de la murghi )
India ( Gallus gallus murghi )
2021 | Science Efecto de los oligosacéridos de la | Codorniz
direct superficie de los espermatozoides | japonesa
en el paso de los (Coturnix
espermatozoides a los tubulos de | japonica)

almacenamiento de
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espermatozoides en la codorniz
japonesa (Coturnix japonica)

2021 | Science El sistema de crianza influye en el | Gallos Rohman
direct desarrollo testicular, la calidad del | (Gallus gallus
semen y la apoptosis de las domesticus)
células espermatogénicas de los
gallos ponedores
2021 | Science Diferencia funcional de las vias Gallo Rhode
direct generadoras de ATP en el Island Red (Gallus
esperma de gallo (Gallus gallus gallus domesticus)
domesticus)
2020 | Science Estudios comparativos de Gallos Rhode
direct caracteristicas de calidad del Island Red y
semen y parametros cinematicos | White Livorno
del esperma en relacién con la (Gallus gallus
tasa de fertilidad entre 2 grupos domesticus)
genéticos de lineas de raza
2018 | Science Efectos crioprotectores de la Aves de la selva
direct yema de huevo en el esperma de | roja de la India
las aves de la selva roja de la (Gallus gallus
India (Gallus gallus murghi) murghi )
2019 | Science Control de espermatozoides: las Pinzén cebra
direct imagenes en 3D revelan una (Taeniopygia
entrada restringida a los tubulos guttata)
de almacenamiento de
espermatozoides del pinzén
cebra
2022 | Science Dosis minima de semen para una | Avestruz (Struthio
direct fecundidad 6ptima tras la camelus)
inseminacion artificial en
avestruces
2019 | Science Optimizacion de la biotecnologia | Codornices
direct del semen para la fecundacion japonesas
exitosa en codornices japonesas | (Coturnix
(Coturnix japonica) japonica)
2018 | Science La proteccion de la parejay la Codorniz comun
direct condicion corporal del macho (Coturnix coturnix)

determinan el éxito de la
fecundacion masculina y el
sistema de apareamiento de la
hembra en la codorniz comun

Tabla 5. Base de datos con los articulos relevantes para el trabajo
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11. Discusién.

Si bien existe bastante informacion sobre la fecundacion en humanos, podemos
decir que en el caso de las aves es menor la informacion disponible. De igual
manera esta investigacion queda abierta a un posible sesgo de informacion al

ser una tesis bibliografica de revision documental.

Se seleccionaron 32 articulos cientificos relacionados con fecundacién en aves
de 3 buscadores web diferentes (PubMed, JSTOR y Science Direct). En los
buscadores web no seleccionados se obtuvieron articulos que no eran de gran
interés en el tema, esto debido a que la palabra “fertilizacién” se utiliza con mayor

frecuencia en temas relacionados con la agricultura y fertilizacioén del suelo.

De igual manera muchos resultados fueron de aves, pero sin relacion con su
fecundacion, haciendo mas referencia a temas de proteccién de aves silvestres,
legislacion dirigida a la conservacion de aves o al control de su caza. Al igual que
los perros, existen aves de compafia, por lo que también se obtuvieron
resultados no deseados de bienestar de aves, de su nutricion, sus niveles de
estrés. Como también de aves migratorias, venta y consumo de productos

avicolas.

Una buena cantidad de alimento en la dieta de casi todas las poblaciones del
mundo incluye aves o huevos de estas. Por lo que el estudio de la fecundacion
en aves puede relacionarse tanto con aspectos de alimentacion como de
preservacion. Se puede estudiar la fecundacion en aves para satisfacer el
consumo Yy beneficio de las personas, como también estudiar la fecundacion en
aves para preservar especies al entender un poco mas del proceso de

fecundacion en estos organismos.

Podemos ver como algunos autores dentro de los articulos como resultado de
esta investigacion tienen ideas distintas entre articulos, por ejemplo, Matsuzaki
et al., (2021) dicen que la velocidad de natacion de los espermatozoides es un
determinante importante de la competencia de espermatozoides en peces, aves

y mamiferos.

Matsuaki et al., (2021) asumen que los espermatozoides mas largos nadan mas
rapido en el oviducto debido a las mayores fuerzas de propulsion en un entorno

viscoso. Sin embargo, en el articulo de Cramer et al., (2021) dicen que en el
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mosquitero de las Islas Canarias, los eyaculados con espermatozoides mas
largos mostraron velocidades de nado mas lentas, y la proporcibn media

flagelo:cabeza no se relacioné significativamente con la velocidad de nado.

Estos dos articulos nos muestran que a pesar de que la longitud de los
espermatozoides estd ampliamente relacionada con una mayor velocidad de
nado, no siempre va a ser asi en todas las especies. Se debe estudiar la especie
de la que se tiene interés particularmente y sacar sus propios resultados.

Si la longitud total de los espermatozoides o la relacion flagelo:cabeza influyé
directamente en la velocidad de nado de los espermatozoides a través de efectos
hidrodindmicos, estas variables morfolégicas deberian correlacionarse
consistentemente con la velocidad de nado entre especies y estudios (Cramer et
al., 2021).

Al concluir esta investigacion y analizando los resultados obtenidos coincido con
el articulo de Cramer et al., (2021) en cuanto a que la correlacion que se le da a

la longitud total del espermatozoide y su velocidad puede variar segun la especie.

Las correlaciones pueden variar sustancialmente entre las especies, siendo la
longitud total del esperma significativamente negativa o significativamente
positiva correlacionado con la velocidad de natacién, o no correlacionado
(Cramer et al., 2021). Del mismo modo, la relacion flagelo:cabeza puede ser
significativamente negativa o positivamente relacionada con la velocidad de

natacion, o no mostrar una relacién significativa (Cramer et al., 2021).

Por ejemplo, Seetre et al, (2018) tampoco encontraron evidencia de
asociaciones entre la morfologia o la velocidad de los espermatozoides y el éxito
de la paternidad en los pechiazules, lo que indica que hay otros factores que

afectan con mas fuerza el éxito de la fecundacién masculina.

Dichos factores pueden incluir la cantidad de esperma, la eleccion criptica de
machos con genes compatibles por parte de las hembras o la seleccion de
rasgos precopulatorios que no estan correlacionados con la morfologia de los

espermatozoides o la velocidad de natacion (Seetre et al., 2018).

Rowe et al., (2022) dicen que estudios de inseminacion artificial han demostrado

que el rendimiento movil de los espermatozoides influye en el éxito de la
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paternidad masculina en los anades reales (Anas platyrhynchos), mientras que
tanto el numero como la movilidad de los espermatozoides dan forma al éxito de

la fecundacion en las aves rojas de la selva (Gallus gallus) (Rowe et al., 2022).

La cantidad de espermatozoides es el predictor mas importante del éxito de la
fecundacion en un estudio sobre golondrinas de arboles. Otros estudios han
encontrado que el orden de copula es un predictor importante del éxito de la
fecundacion (Seetre et al., 2018).

Por lo que es evidente que los autores tendran diferentes aportes de acuerdo a
cada especie que se esté estudiando. De manera general, mediante los
resultados de esta investigacion, podemos decir que los parametros de los

espermatozoides no son los mismos en todas las aves.

En general, los estudios empiricos en paseriformes no respaldan las relaciones
entre la morfologia y la motilidad de los espermatozoides predichas a partir de
modelos hidrodinamicos de espermatozoides similares a los de los mamiferos
(Cramer et al.,, 2021). La mecanica de natacion de los espermatozoides
paseriformes parece violar los supuestos de los modelos hidrodindmicos
(Cramer et al., 2021).

Los espermatozoides paseriformes nadan girando alrededor de su eje largo
como un taladro, mientras que los modelos hidrodinamicos asumen que el flagelo
se dobla, azotando hacia adelante y hacia atras o alrededor, para crear empuje
(Cramer et al., 2021).

Estas diferencias se pueden deber a, como Cramer et al., (2021) lo sefialan, que
tanto la morfologia de los espermatozoides como el rendimiento de la natacion
de los espermatozoides estén bajo seleccién debido a la competencia de
espermatozoides en los paseriformes, pero el vinculo entre ellos aun no se

comprende bien (Cramer et al., 2021).

El amplio rango en el tamafio del cuerpo femenino entre los vertebrados que se
fecundan internamente, y la variacion correspondiente en las dimensiones del
tracto reproductivo femenino, probablemente influye en qué mecanismo de
competencia de esperma predomina entre los vertebrados que se fecundan

internamente (Kahrl et al., 2022).
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El aparato reproductor femenino suele ofrecer un entorno hostil para los
espermatozoides, lo que proporciona un potencial considerable para que los
procesos femeninos influyan en la supervivencia y el transporte de los
espermatozoides hasta el 6vulo (Assersohn et al.,, 2021). Sin embargo, los
estudios encontrados en los articulos de este trabajo estaban mayormente

enfocados al estudio de los espermatozoides y los procesos masculinos.

Esta claro que las hembras pueden ejercer mucho méas control sobre la
fecundacion de lo que histéricamente se ha asumido, pero si las hembras
influyen en la fecundacion exitosa de sus évulos y cémo lo hacen, a menudo se
ignora a favor de los procesos masculinos (como la calidad y cantidad de

esperma) (Assersohn et al., 2021).

En este trabajo coincido con lo expuesto por Assersohn et al., (2021) ya que, Si
bien es un poco mas complejo hacer estudios en las hembras y en muchos
estudios se tienen que sacrificar, la realidad es que en esta blsqueda se

encontré poca informacién que profundizara sobre procesos femeninos.

La gran mayoria de la investigacion sobre fecundidad aviar se ha concentrado
en poblaciones cautivas, con un enfoque taxonémico significativo en aves

gallinaceas y pollos domésticos en particular (Assersohn et al., 2021).

De igual forma, con base en lo encontrado y lo expuesto por Assersohn et al.,
(2021), la especie que obtuvo un mayor numero de articulos dedicados a éstos

estudios fue Gallus gallus domesticus.

Los gametos sexuales muestran algunas diferencias en comparacion con los
gametos sexuales de otros clados, como por ejemplo, en el caso del
espermatozoide. El flagelo es proporcionalmente el componente mas grande de

la célula en la mayoria de los clados (excepto Aves) (Kahrl et al., 2022).

En el espermatozoide de las aves, la pieza intermedia muestra mayor tamafno
gue la cabeza y el flagelo. Se espera que los espermatozoides con piezas
intermedias mas largas produzcan mas trifosfato de adenosina (ATP), lo que
influye en aspectos del rendimiento de los espermatozoides (p. €j., velocidad de
natacion o longevidad) (Kahrl et al., 2022).
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Como los espermatozoides suelen permanecer activos durante mas tiempo en
el tracto reproductor de la hembra en los fecundantes internos, la seleccion
puede ser particularmente fuerte en la pieza intermedia de estas especies (Kahrl
et al., 2022).

Los estudios taxondémicos mas especificos en especies que se fecundan
internamente (aves, mamiferos, reptiles e insectos) también demuestran que la
pieza intermedia del esperma cominmente evoluciona mas rapido que otros

componentes del esperma (Kahrl et al., 2022).

Si bien algunos articulos estudian mas a unas especies que a otras se puede
deber a diversos factores. Por ejemplo, la codorniz comdn exhibe varias
caracteristicas que la convierten en una buena candidata para estudiar la
eleccion de pareja de las hembras y el efecto de la proteccidon de la pareja y la
condicion corporal del macho en el éxito de la fecundacion masculina (Sanchez
et al., 2018).

En esta especie existe seleccion sexual poscopulatoria (Sanchez et al., 2018).
Las hembras tienen tubulos de almacenamiento de esperma donde se pueden
almacenar los espermatozoides de mas de un macho y pueden fecundar 6vulos

hasta 6 dias después de la cépula (Sanchez et al., 2018).

Sin embargo, aunque ciertas especies presenten ventajas de estudio, todas al
mismo tiempo presentan desventajas y es algo normal a enfrentar en la
investigacion con aves. En el mismo ejemplo de la codorniz podemos decir que,
dado que las codornices se reproducen dentro de densos cultivos de cereales,
las observaciones directas del comportamiento son practicamente imposibles
(Sanchez et al., 2018).

Por ello la tecnologia debe seguir avanzando de la mano con la investigacion de
fecundacion en aves. En el caso anterior, por ejemplo, Sanchez et al., (2018)

monitorean parejas de codornices comunes mediante radiotelemetria.

Mendonca et al., (2019) han demostrado que las estructuras de almacenamiento
de espermatozoides en el tejido oviductal de vertebrados vivos se pueden

visualizar sin etiquetas utilizando microscopia SPIM, y esta nueva técnica de
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imagenes en 3D ha permitido producir la descripcion mas detallada de la

estructura SST aviar hasta la fecha (Mendonca et al., 2019).

Los métodos de imagen tienen un enorme potencial para estudiar el
almacenamiento de espermatozoides in vivo y las interacciones entre
espermatozoides y hembras (Mendonca et al., 2019). Por lo que se discute y

espera un gran avance de la tecnologia para la publicacién de articulos futuros.

Pero no solamente es importante la tecnologia para avances futuros, sino que
también es importante trabajar la técnica, mejorar protocolos de estudio, entre

otros. Ya que aun hay especies que no tienen una alta tasa de fecundidad.

Desde la década de 1960 se han llevado a cabo diferentes estudios para
desarrollar la inseminacion artificial de codornices japonesas (Thélie et al., 2019).
Mientras que la fecundidad era a menudo muy alta por apareamiento natural
(frecuentemente mas del 90%) la tasa de fertilidad obtenida después de la

inseminacion artificial no excedia el 70 % (Thélie et al., 2019).

En la ultima década, se realizaron nuevos experimentos para comprender el
proceso de fecundacion y aumentar la tasa de fecundidad (Thélie et al., 2019).
Los resultados obtenidos fueron muy variables (9%-66%) segun el protocolo
utilizado (dilucién de semen o no, adicion de espuma o no, etc.) (Thélie et al.,
2019).

Las codornices son animales muy sensibles y se estresan facilmente. Es posible
gue nunca se eliminen por completo las fluctuaciones del éxito de la IA debidas
a eventos puntuales (es decir, un ruido inesperado). Sin embargo, diferentes
factores de variaciones pueden controlarse de manera eficiente (Thélie et al.,
2019).

También se debe discutir el procedimiento en la conservacion del semen por
crioconservacion. La eleccion del crioprotector y el procedimiento de congelacién
son puntos cruciales en la crioconservacién del semen en todas las especies
animales (Rakha et al., 2018).

Es bien sabido que los crioprotectores internos presentes en los medios de
congelacion protegen a los espermatozoides del dafio criogénico; sin embargo,

todos ellos comparten efectos nocivos sobre la célula (Rakha et al., 2018). A
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modo de ejemplo, el glicerol es un crioprotector intracelular eficaz que se utiliza
habitualmente en la crioconservacion de semen de aves de corral, pero tiene

efectos anticonceptivos si no se elimina al descongelarlo (Rakha et al., 2018).

Podemos discutir cuales son los puntos o retos que todavia se enfrentan en la

fecundacion de aves.

A pesar de la fuerte evidencia de seleccion en la morfologia y la velocidad de los
espermatozoides a partir de estudios comparativos interespecificos y del trabajo
experimental, la deteccion de la seleccidon en la morfologia y la velocidad de los
espermatozoides en poblaciones silvestres sigue siendo un desafio (Seetre et al.,
2018).

Determinar como actla la seleccion sobre la longitud de la pieza intermedia
requerira una mayor claridad sobre los vinculos entre la longitud de la pieza
intermedia, la produccion de energia y la longevidad de los espermatozoides,
ninguno de los cuales goza de un respaldo empirico amplio o consistente (Kahrl
et al., 2022).

Podemos determinar facilmente la calidad de los gametos y el potencial de
fecundidad de un macho, y la investigacion en curso lo refleja, pero también es
necesario examinar la capacidad de una hembra para producir un gameto viable

y un 6vulo capaz de sustentar el crecimiento embrionario (Brown et al., 2019).

Ademas, aunque se ha trabajado mucho en métricas seminales para su uso en
IA y crioconservacion, se sabe poco sobre lo que sucede una vez que los
espermatozoides ingresan al tracto femenino y como funciona la disponibilidad
o el almacenamiento de espermatozoides en las grullas (Brown et al., 2019) asi
como también en muchas otras especies, existen todavia retos por enfrentar en

la investigacion de fecundacion en aves.
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12. Conclusioén.

Se cumplieron de manera satisfactoria los objetivos de este trabajo. Realicé una
bldsqueda virtual de informacion sobre fecundacion en aves en 13 buscadores
web diferentes, de los cuales seleccioné 3 de ellos que mostraron mayor

contenido de interés y obtuve 32 articulos relacionados.

La especie que tuvo mayor estudio fue Gallus gallus domesticus. El buscador

virtual que posey6 mas articulos sobre fecundacion en aves fue Science Direct.

La informacién mas actual respecto al tema de fecundacion en aves fue en su
mayoria sobre el estudio del espermatozoide y estudios comparativos entre
espermatozoides de diferentes especies, asi como también la seleccion sexual
postcopulatoria. En menor medida se obtuvo informacion relacionada con el

estudio del ovulo femenino.

El camino de la investigacion en fecundacion de aves todavia tiene un gran
futuro, muchos aspectos por descubrir y la investigacion virtual de datos
bibliograficos es importante para tener conocimiento de algunas de las
problematicas que se enfrentan y el trabajo actual que se esta realizando.

13. Perspectiva.

Al concluir este trabajo, me gustaria hacer énfasis en que todavia no existen
estudios suficientes en aves sobre el proceso de fecundacion (union del évulo
con el espermatozoide) y desarrollo temprano del embrion (cigoto y primeras
divisiones celulares) desde mi perspectiva que expliquen de manera clara y
precisa todo el proceso en estos organismos. No dudando que un futuro cercano

podremos esclarecer todas las dudas sobre el proceso de fecundacién en aves.
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2021

Los espermatozoides mas
largos y rapidos exhiben un
mejor éxito de fertilizacion en
codornices japonesas

(Longer and faster sperm
exhibit better fertilization
success in Japanese quail)

Matsuzaki M, Hirohashi
N, Tsudzuki M, Hagani
MI, Maeda T, Mizushima
S, Sasanami T.

Poult Science

In birds, sperm storage
tubules (SST) located in the
utero-vaginal junction are
thought to be a site of sperm
selection; however, the exact
mechanism of sperm
selection is poorly
understood. Here, we
investigated sperm entry into
the SST and subsequent
fertilization success under a
competitive situation created
by artificial insemination of a
sperm mixture obtained from
2 males. We employed 2
guail strains, a wild-type and
a dominant black (DB) type,
as this allows  easy
assessment of paternity by
feather coloration. We found
paternity of embryos was
biased toward DB males
when a sperm mix with
similar sperm numbers from
the 2 males strains was
artificially inseminated into
females. Our novel sperm
staining method with 2
different fluorescent dyes
showed that the DB-biased
fertilization was because of
the better ability of DB sperm
to enter the SST. Moreover,
we found that DB sperm had
a longer flagellum and
midpiece. These
characteristics probably
allow sperm to swim faster in
a high viscosity medium,
which may be a similar
environment to the lumen of
the female reproductive tract.
Our results indicated that
sperm competition occurs to
win a place in the SST and
that filling the SST with their
own spermatozoa is a critical
step to achieve better
fertilization success for the
male Japanese quail.

2022

Numeros de esperma como
guardia de paternidad en un
pajaro salvaje

Rowe M, van Oort A,
Brouwer L, Lifjeld JT,
Webster MS, Welklin JF,
Baldassarre DT.

Cells

Sperm competition is thought
to impose strong selection on
males to produce
competitive  ejaculates  to




(Sperm Numbers as a
Paternity Guard in a Wild
Bird)

outcompete rival males
under competitive mating
conditions. Our
understanding of how
different sperm traits
influence fertilization
success, however, remains
limited, especially in wild
populations. Recent
literature  highlights  the
importance of incorporating
multiple ejaculate traits and
pre-copulatory sexually
selected traits in analyses
aimed at understanding how
selection acts on sperm
traits. However, variation in a
male's ability to gain
fertilization success may also
depend upon a range of
social and ecological factors
that determine the
opportunity for mating events
both within and outside of the
social pair-bond. Here, we
test for an effect of sperm
quantity and sperm size on
male reproductive success in
the red-back fairy-wren
(Malurus  melanocephalus)
while simultaneously
accounting for pre-
copulatory sexual selection
and potential socio-
ecological correlates of male
mating success. We found
that sperm number (i.e.,
cloacal protuberance
volume), but not sperm
morphology, was associated
with reproductive success in
male red-backed fairy-wrens.
Most notably, males with
large numbers of sperm
available  for  copulation
achieved greater within-pair
paternity  success.  Our
results suggest that males
use large sperm numbers as
a defensive strategy to guard
within-pair paternity success
in a system where there is a
high risk of sperm
competition and female
control of copulation. Finally,
our work highlights the
importance of accounting for
socio-ecological factors that
may influence male mating
opportunities when




examining the role of sperm
traits in determining male
reproductive success.

2018

Morfologia espermaética,
motilidad espermatica y éxito
de paternidad en el pechiazul
(Luscinia svecica)

(Sperm morphology, sperm
motility and paternity success
in the bluethroat (Luscinia
svecica))

Seetre CLC, Johnsen A,
Stensrud E, Cramer ERA.

PLoS One

Postcopulatory sexual
selection may select for male
primary sexual
characteristics like sperm
morphology and sperm
motility, through  sperm
competition or cryptic female
choice. However, how such
characteristics influence
male fertilization success
remains poorly understood.
In this study, we investigate
possible correlations
between sperm
characteristics and paternity
success in the socially
monogamous bluethroat
(Luscinia svecica svecica),
predicting that sperm length
and sperm swimming speed
is positively correlated with
paternity success. In total,
25% (15/61) of broods
contained extra-pair
offspring and 10% (33/315)
of the offspring were sired by
extra-pair males. Paternity
success did not correlate
significantly ~ with  sperm
morphology or any aspects
of sperm motility.
Furthermore, sperm
morphology and sperm
motility did not correlate
significantly ~ with male
morphological characters
that previously have been
shown to be associated with
paternity success. Thus, the
sperm characteristics
investigated here do not
appear to be strong
predictors of paternity
success in bluethroats.

2021

Del método de recoleccion
de semen a las crias: el uso
de semen criopreservado de
faisanes alimentados con
una dieta enriquecida con
antioxidantes

(From the Semen Collection
Method to the Hatchlings:
The Use of Cryopreserved
Sperm from Pheasants Fed
an Antioxidant-Enriched Diet)

Castillo A, Lenzi C,
Pirone A, Baglini A,
Russo C, Soglia D,
Schiavone A, Marzoni
Fecia di Cossato M.

Animals (Basel).

A widely used approach to
preserving genetic diversity
in  birds involves the
cryopreservation of semen.
In this process, cells are
subjected to physical and
chemical stresses, but not all
cell species respond equally.
Many studies have been
published on the freezing-
thawing of sperm cells from a
wide variety of domestic and
wild species, on issues




ranging from the sperm
quality to different protocols,
fertilisation success rates,
etc. Nevertheless, very little
information is available on
the common pheasant. To fill
this gap, the aim of this study
was to describe the pheasant
semen collection method,
evaluate some qualitative
parameters of sperm from
males fed an antioxidant-
enriched diet, and to test the
in vivo fertilising capacity of
the cryo-preserved semen.
The freezing protocol
employed involved pellets
thawed by the hotplate
method. Dimethylacetamide
was used as a cryoprotectant
at a final concentration of
6%. A total of six Als were
performed at 3-4-day
intervals on a total of 40
females with doses of 35 x
106 of normal live thawed
sperm. Males receiving the
enriched diet produce more
abundant and concentrated
ejaculates. Freeze-thawed
sperm lost 85% of their initial
mobility, and diet influenced
neither sperm mobility nor
viability. The enriched diet
did improve the number of
normal freeze-thawed cells
and was associated with a
lower sperm fracture
incidence. Regardless of the
dietary group, frozen-thawed
sperm resulted in a fertility
rate of 30%, with 8-9 chicks
hatching for every 100 eggs
incubated.

2021

Los espermatozoides mas
largos nadan mas
lentamente en el mosquitero
canario

(Longer Sperm Swim More
Slowly in the Canary Islands
Chiffchaff)

Emily RA Cramer ,
Eduardo Garcia-del-Rey,
Lars Erik
Johannessen,Terje
Laskemoen, Gunnhild
Marthinsen, Arild
Johnseny Jan T. Lifjeld

Cells

Sperm swimming
performance affects male
fertilization success,
particularly in species with
high sperm competition.
Understanding how sperm
morphology impacts
swimming performance is
therefore important. Sperm
swimming speed is
hypothesized to increase
with total sperm length,
relative flagellum length (with
the flagellum generating
forward thrust), and relative
midpiece length (as the




midpiece  contains  the
mitochondria). We tested
these hypotheses and tested
for divergence in sperm traits
in five island populations of

Canary Islands chiffchaff
(Phylloscopus canariensis).
We confirmed incipient
mitochondrial DNA

differentiation between Gran
Canaria and the other
islands. Sperm swimming
speed correlated negatively
with total sperm length, did
not correlate with relative
flagellum length, and
correlated negatively with
relative midpiece length (for
Gran Canaria only). The
proportion of motile cells

increased  with relative
flagellum length on Gran
Canaria only. Sperm
morphology was  similar

across islands. We thus add
to a growing number of
studies on passerine birds
that do not support sperm
morphology-swimming
speed hypotheses. We
suggest that the swimming
mechanics of passerine
sperm are sufficiently
different from mammalian
sperm that predictions from
mammalian  hydrodynamic
models should no longer be
applied for this taxon. While
both sperm morphology and
sperm swimming speed are
likely under selection in
passerines, the relationship
between them  requires
further elucidation.

2022

¢ Cuando los machos
mayores engendran mas
descendencia: mayor
atractivo o mayor fertilidad?

(When Older Males Sire
More Offspring-Increased
Attractiveness or Higher
Fertility?)

Lifjeld JT, Kleven O,
Fossgy F, Jacobsen F,
Laskemoen T, Rudolfsen
G, Robertson RJ.

Comportamiento
Ecol Sociobiol

In  birds with extrapair
mating, older males usually
have higher fertilization
success than younger males.
Two hypotheses can
potentially  explain  this
pattern: 1) females prefer
older, and often more
ornamented males, or 2)
older males invest more in
reproduction and fertility than
younger males. Here we
studied factors associated
with age-related male
fertilization success in a
population of barn swallows




Hirundo rustica in Canada.
We document that male
fertilization success
increased gradually up to a
minimum age of four-year
old. The age effect was
especially strong for the
number of extrapair offspring
obtained and the occurrence
of a second brood. The
higher fertilization success of
older males was also
associated with an early start
of breeding in spring. The
length of the elongated
outermost tail feathers, a
postulated male ornament
preferred by females, also
increased with age (in both
sexes), but it was not a
significant predictor of male
fertilization success within
age classes. Male fertility
traits, especially testis size,
but also sperm motility and
sperm velocity, increased
significantly —across age
groups. Our results suggest
that the higher fertilization
success by older males is
due to their higher
reproductive investments
and that their longer tails are
an adaptation to early arrival
on the breeding grounds.

2022

El modo de fertilizacion
impacta diferencialmente en
la evolucion de los
componentes espermaticos
de vertebrados.

(Fertilization mode
differentially impacts the
evolution of vertebrate sperm
components)

Kahrl, AF, Snook, RR &
Fitzpatrick, JL

Nat Commun 13

Environmental change
frequently drives
morphological diversification,
including at the cellular level.

Transitions in the
environment where
fertilization  occurs  (i.e.,

fertilization mode) are
hypothesized to be a driver of
the extreme diversity in
sperm morphology observed
in animals. Yet how
fertilization mode impacts the

evolution of sperm
components—head,
midpiece, and flagellum—

each with different functional
roles that must act as an
integrated  unit  remains
unclear. Here, we test this
hypothesis by examining the
evolution of sperm
component lengths across
1103 species of vertebrates
varying in fertilization mode




(external VS. internal
fertilization). Sperm
component length is

explained in part by
fertilization mode across
vertebrates, but how
fertilization mode influences
sperm  evolution varies
among sperm components
and vertebrate clades. We
also identify evolutionary
responses not influenced by
fertilization mode: midpieces
evolve rapidly in both
external and internal
fertilizers. Fertilization mode
thus influences vertebrate
sperm evolution through
complex component- and
clade-specific  evolutionary

responses.
2022 | Morfologia y rendimiento de Poignet, M., Barankova, Informe cientifico Divergence in sperm
los espermatozoides en L., Reif, J. 12 phenotype and female
relacién con el aislamiento reproductive environment
precigotico posterior al may be a common source of
apareamiento en dos postmating prezygotic
especies de paseriformes (PMPZ) isolation between

recientemente divergentes.

(Sperm morphology and
performance in relation to
postmating prezygotic
isolation in two recently
diverged passerine species)

species. However, compared
to other reproductive barriers
it has received much less
attention. In this study, we
examined sperm morphology
and velocity in two

hybridizing passerine
species, the common
nightingale (Luscinia

megarhynchos) and thrush
nightingale (L. luscinia). In
addition, we for the first time
characterized a passerine

female reproductive tract
fluid proteome. We
demonstrate that

spermatozoa of the common
nightingale have significantly
longer and wider midpiece
(proximal  part of the
flagellum containing
mitochondria) and longer tail
compared to spermatozoa of
thrush nightingale. On the

other hand, they have
significantly ~ shorter and
narrower acrosome.
Importantly, these

differences did not have any
effect on sperm velocity.
Furthermore, the fluid from
the reproductive tract of
common nightingale females




did not differentially affect
velocity of conspecific and
heterospecific sperm. Our
results indicate that the
observed changes in the
flagellum and acrosome size
are unlikely to contribute to
PMPZ isolation through
differential sperm velocity of
conspecific and
heterospecific sperm in the
female reproductive tract.
However, they could affect
other postcopulatory
processes, which might be
involved in PMPZ isolation,
such as sperm storage,
longevity or sperm-egg
interaction.

2022

Tendencia de los
espermatozoides a
aglutinarse en haces moviles
en relacioén con la
competencia espermatica y
la duracion de la fertilidad en
pollos.

(Sperm tendency to
agglutinate in motile bundles
in relation to sperm
competition and fertility
duration in chickens)

Sayed, MAM, Abd-
Elhafeez, H., Afifi, OS.

Scientific Reports
volume 12

A unique sperm behavior
was observed in Egyptian
chickens. Sperm showed a

tendency to agglutinate
forming motile thread-like
bundles. Sperm
agglutination behavior,

kinematics, and some
morphometric measures
were studied in relation to
sperm  competition  and
fertility duration in Sharkasi
and Dandarawi chickens.
Sperm tendency to
agglutinate was assessed by
examining sperm
morphology using scanning
electron microscopy,
Acridine orange-stained
semen smears using
fluorescence  microscopy,
and recording videos of
sperm under phase contrast
microscope. Sperm velocity
and morphometric measures
were evaluated using image-
J software. To assess sperm
competition, Sharkasi and
Dandarawi hens were
artificially inseminated by
semen pools possessing
equal number of Sharaksi
and Dandarawi  sperm.
Artificial insemination was
repeated ten times. The eggs
obtained were incubated,
and the hatchlings were
discriminated as descending
from Sharkasi or Dandarawi
fathers according to their
phenotype. To assess the




fertility duration, Sharkasi
and Dandarawi hens were
inseminated by semen
collected from roosters of the
same strain. Eggs were
collected for a period of 28
days post-insemination and
incubated. Sharkasi
spermatozoa showed higher
tendency to agglutinate
forming longer and thicker
motile bundles. No
significant differences were
observed in sperm
curvilinear and straight line
velocity and in  sperm
morphometric measures
between Sharkasi  and
Dandarawi chickens.
Sharkasi roosters fathered
81.6% and 67.7% of the
hatchlings  produced by
Sharkasi and Dandarawi
mothers, respectively. The
fertility period in Sharkasi
and Dandarawi was 22 and
14 days, respectively. We
suggest that the differences
seen in sperm
competitiveness and fertility
duration can be attributed to
sperm agglutination
behavior.

2019

Los niveles de testosterona
en la eyaculacién afectan la
inversiébn materna en aves
rojas de la jungla (Gallus
gallus gallus).

(Ejaculate testosterone levels
affect maternal investment in
red junglefowl (Gallus gallus
gallus))

Lelono, A., Riedstra, B. &
Groothuis, T.

Scientific Reports
volume 9

Substantial concentrations of
testosterone are not only
present in a male’s
circulation, but also in its
ejaculate. Surprisingly, the
regulation of ejaculate T and
its effects on females and
their offspring, potentially a
cryptic paternal trait, are not
known. We found lower
circulating and higher
ejaculate T concentrations in
subordinate red junglefowl
(Gallus gallus gallus) males
compared to  dominant
males, suggestive of an
adaptive trade-off in T
allocation to circulation and
their ejaculate.
Subsequently, we artificially
inseminated females with
either testosterone enriched
(TE) or control ejaculates
(CE) in a cross-over design.

TE females produced
heavier eggs than CE
females. Offspring growth




and tonic immobility were
affected in a sex-specific way
by TE. TE sons were heavier
with shorter Tl duration than
CE sons, and TE daughters
were lighter than CE
daughters but daughters did
not differ in Tl score.
However, the chicks
competitiveness was not
influenced by the TE nor CE.
This indicates a previously
unknown function of
ejaculate testosterone as
well as a new form of
interaction between a cryptic
paternal trait and a maternal
effect that may be

widespread in the animal

kingdom.
2022 | Nuevos conocimientos sobre | El-Sherry, T.M., Abd- Scientific Reports Fertility in birds is dependent
la reotaxis, aglutinacion y Elhafeez, H.H. & Sayed, volume 12 on their ability to store
formacion de paquetes de M.A.M. adequate populations  of

esperma en pollos Sharkasi
basados en un estudio in
vitro.

(New insights into sperm
rheotaxis, agglutination and
bundle formation in Sharkasi
chickens based on an in vitro
study)

viable sperm for extended
durations in sperm storage
tubules (SSTs). The exact
mechanisms by which sperm
enter, reside, and egress
from the SSTs are still
controversial. Sharkasi
chicken sperm showed a
high tendency to agglutinate,
forming motile thread-like
bundles comprising many
cells. Since it is difficult to
observe sperm motility and
behavior inside the opaque
oviduct, we employed a
microfluidic device with a
microchannel cross-section
resembling close to that of
sperm glands allowing for the
study of sperm agglutination
and motility behavior. This
study discusses how sperm
bundles are formed, how
they move, and what role
they may have in extending
sperm residency inside the
SSTs. We investigated
sperm velocity and rheotaxis
behavior when a fluid flow
was generated inside a
microfluidic ~ channel by
hydrostatic pressure (flow
velocity = 33 pm/s).
Spermatozoa tended to swim
against the flow (positive
rheotaxis) and sperm
bundles had significantly




lower velocity compared to
lonesome sperm. Sperm
bundles were observed to
swim in a spiral-like motion
and to grow in length and
thickness as more lonesome
sperm are recruited. Sperm
bundles were observed
approaching and adhering to
the sidewalls of the
microfluidic  channels to
avoid being swept with fluid
flow velocity>33 um/s.
Scanning and transmission
electron microscopy
revealed that sperm bundles
were supported by a copious
dense  substance. The
findings show the distinct
motility of Sharkasi chicken
sperm, as well as sperm's
capacity to agglutinate and
form motile bundles, which
provides a better
understanding of long-term
sperm storage in the SSTSs.

ANO TITULO AUTOR REVISTA RESUMEN
2018 | Extraccién quirdrgica | Perez-Rivero, | Journal of | Assisted reproduction techniques in birds have been
de foliculos viables | J. J., Lozada- | Avian Medicine | developed for zootechnical purposes and have been
de gallina (Gallus | Gallegos, A. | and Surgery adapted for use in conservation of wild bird species.
gallus domesticus) | R., & Herrera- To develop a technique for obtaining follicles in live
para fecundacién in | Barragan, J. hens, 5 Rhode Island red hens (Gallus gallus
vitro A. domesticus) were anesthetized, and abdominal
ultrasound was performed to confirm the presence of
ovarian follicles. A left celiotomy then was performed
to obtain follicles in different stages of maturation for
(Surgical Extraction in vitro fertilization. The follicles were located by digital
of Viable Hen (Gallus exploration, then extracted by isolating each follicle
gallus  domesticus) with the index finger of each hand, holding it by the
Follicles for In Vitro stigma, and then applying slight traction towards the
Fertilization) exterior of the coelomic cavity until the follicle
separated from the ovary. In total, 18 of 30 (60%)
follicles obtained were suitable for in vitro fertilization,
but only 3 (16%) were fertilized successfully. All birds
recovered from the procedure and remained in good
condition  postoperatively.  Perfecting assisted
reproduction technique holds potential benefits for
determining sex of embryos by blastomeres sexing,
supporting the conservation efforts of avian species,
and benefiting research areas, such as genetic and
biopharmaceutical research.
2018 | Las olas de calor | Hurley, Laura | Proceedings: For sexually reproducing species, functionally

experimentales
afectan
negativamente la
calidad del esperma
en el pinzén cebra

L., Callum S.
McDiarmid,
Christopher
R. Friesen,
Simon C.
Griffith, and

Biological
Sciences

competent sperm are critical to reproduction. While
high atmospheric temperatures are known to
influence the timing of breeding, incubation and
reproductive success in birds, the effect of
temperature on sperm quality remains largely
unexplored. Here, we experimentally investigated the
impact of ecologically relevant extreme temperatures




(Experimental
heatwaves
negatively impact
sperm quality in the
zebra finch)

Melissah
Rowe

on cloacal temperature and sperm morphology and
motility in zebra finches Taeniopygia guttata. We
periodically sampled males exposed to 30°C or 40°C
temperatures daily for 14 consecutive days. Following
a 12-day (23°C) recovery period, birds were again
exposed to heat, but under the alternate treatment
(e.g. birds initially exposed to 40°C were exposed to
30°C). Elevated temperatures led to an increase in
cloacal temperature and a reduction in the proportion
of sperm with normal morphology; these effects were
most notable under 40°C conditions, and were
influenced by the duration of heat exposure and prior
exposure to high temperature. Our findings highlight
the potential role of temperature in determining male
fertility in birds, and perhaps also in constraining the
timing of avian breeding. Given the increased
frequency of heatwaves in a warming world, our
results suggest the need for further work on climatic
influences on sperm quality and male fertility.

2019

Factores que afectan
la fertiidad de los

huevos de grulla
blanca en cautiverio:
un andlisis
retrospectivo
(Factors Affecting
Captive  Whooping
Crane Egg Fertility: A
Retrospective
Analysis)

Brown,

Megan E.,
Carol l.
Keefer, and
Nucharin
Songsasen.

The Journal of
Wildlife
Management

The whooping crane (Grus americana) has been
managed in captivity since the 1960s following a
substantial genetic bottleneck in the wild population.
Through major ex situ conservation efforts, there are
158 whooping cranes managed in North American
institutions and chicks are released annually into the
wild. Current reintroduction goals for the whooping
crane however, are impeded by poor reproduction
within the ex situ population, in part because of low
egg fertility. Development of improved management
techniques to overcome low egg fertility requires a
better understanding of factors that influence egg
fertility. We collected data for eggs laid at Patuxent
Wildlife Research Center from 2005-2014 (n = 438
eggs; n = 23 pairs). We constructed 5 sets of
generalized linear mixed-models, with a Bernoulli-
distributed response variable (fertile or infertile), to
address the effects of egg-specific variables (month
laid, sequence, and clutch order of the egg), life-
history events of the male and female (age, rearing
method, wing condition, age at first pairing, age at
current pairing, and female age at first laying), pair-
specific characteristics (kinship, years paired, chick-
rearing experience, and previous pairings), and
captive management decisions (inclusion in the
artificial insemination program and pair experience
chick-rearing) on the probability of egg fertility. Our
results indicate that female-specific factors
(especially age, age at current pairing, and wing
status) and pair-specific factors of kinship, chick-
rearing experience, copulation, and inclusion in the
artificial insemination program influenced fertile egg
production. Specifically, the younger a female is when
paired with her current social mate, the higher
probability that her eggs will be fertile. Furthermore,
high kinship reduced fertility, whereas chick-rearing
experience and artificial insemination of females with
a donor male other than her social mate increased
fertility. Further research on mate selection and
reproductive mechanisms is needed to better




understand egg
whooping crane.

laying and egg fertility in the

2019 | Un aumento | Mireia Plaza, | Behavioral Female mass in most altricial birds reaches its
experimental en la | Alejandro Ecology and | maximum during breeding at egg laying, which
masa de las hembras | Cantarero y | Sociobiology coincides temporally with the fertile phase when
durante la fase fértil | Juan Moreno extra-pair paternity (EPP) is determined. Higher mass
conduce a niveles at laying may have two different effects on EPP
mas altos de intensity. On the one hand, it would lead to increased
paternidad wing loading (body mass/wing area), which may
extrapareja en impair flight efficiency and thereby reduce female’s
papamoscas capacity to resist unwanted extra-pair male
cerrojillo Ficedula approaches (sexual conflict hypothesis). On the other
hypoleuca hand, it would enhance female condition, favouring

her capacity to evade mate guarding and to search for
extra-pair mates (female choice hypothesis). In both
cases, higher female mass at laying may lead to
(An experimental enhanced EPP. To test this prediction, we reduced
increase in female nest building effort by adding a completely
mass during the constructed nest in an experimental group of female
fertile phase leads to pied flycatchers (Ficedula hypoleuca). Our treatment
higher levels of extra- caused an increase in mass and thereby wing loading
pair paternity in pied and this was translated into a significantly higher EPP
flycatchers Ficedula in the manipulated group compared with the control
hypoleuca) group as expected. There was also a significant
negative relationship between EPP and laying date
and the extent of the white wing patch, an index of
female dominance. More body reserves at laying
mean not only a higher potential fecundity but a higher
level of EPP as well. This interaction had not
previously received due attention but should be
considered in future studies of avian breeding
strategies.

2019 | La seleccion sexual | Pauline Proceedings: Male senescence has detrimental effects on
poscopulatoria Vuarin, Alice | Biological reproductive success and offspring fitness. When
permite a las | Bouchard, Sciences females mate with multiple males during the same
hembras aliviar los | Loic Lesobre, reproductive bout, post-copulatory sexual selection
costos de aptitud en | Gwénaélle that operates either through sperm competition or
los que incurren | Levéque, Toni cryptic female choice might allow females to skew
cuando se aparean | Chalah, fertilization success towards young males and as
con machos | Michel Saint such limit the fitness costs incurred when eggs are
senescentes Jalme, fertilized by senescing males. Here, we

Frédéric experimentally tested this hypothesis. We artificially
Lacroix, Yves inseminated female North African houbara bustards
Hingrat y with sperm from dyads of males of different (young
(Post-copulatory Gabriele Sorci and old) or similar ages (either young or old). Then,
sexual selection we assessed whether siring success was biased
allows females to towards young males and we measured several life-
alleviate the fitness history traits of the progeny to evaluate the fitness
costs incurred when costs due to advanced paternal age. In agreement
mating with with the prediction, we found that siring success was
senescing males) biased towards young males, and offspring sired by
old males had impaired hatching success, growth and
post-release survival (in females). Overall, our results
support the hypothesis that post-copulatory sexual
selection might represent an effective mechanism
allowing females to avoid the fitness costs of

fertilization by senescing partners.

2019 | El tamafio, la | Diane V. | Behavioral Morphology in sexually dimorphic species is related
ornamentacion y la | Roeder, Ecology and | to increased opportunity for sexual selection when
morfologia de las | Michael S. | Sociobiology traits  reflect individual quality. In  socially




plumas de vuelo
promueven la
paternidad dentro de
la pareja en un
paseriforme con
dimorfismo sexual

(Size, ornamentation,
and flight feather
morphology promote
within-pair  paternity
in a sexually
dimorphic passerine)

Husak,
Michael
Murphy,
Michael
Patten

T.

A.

monogamous species, it may function to increase
variance in reproductive success if exaggerated traits
are related to the opportunity to engage in extra-pair
paternity (EPP). Nonetheless, it is poorly understood
if ornamental versus functional traits are differentially
related to the distribution of paternity across
individuals. We examined EPP in the Scissor-tailed
Flycatcher (Tyrannus forficatus), a sexually dimorphic
suboscine passerine, to determine how flight feather
morphology (both ornamental and related to flight
performance), ornamental coloration, and flight
performance were related to paternity for males and
females. We assessed paternity at 140 nests across
7 years and found that 73% of nests contained extra-
pair young with 59% of nestlings resulted from extra-
pair fertilizations. Males that secured paternity with
their social mate had larger size (wing chord and tail
length), better body condition, and more exaggerated
ornamental traits (color, primary notch, and streamer
length) than cuckolded males. When compared
directly to the social males they cuckolded, however,
cuckolders had shorter primary notches and had
duller coloration. Elongated flight feather features
were associated with greater maneuverability during
flight, and longer primary notches and tail streamers
were associated with maintenance of within-pair
paternity, possibly via flight displays. Females that
cuckolded their mates had less exaggerated flank
coloration but better body condition than those that
did not. We posit that in this system, there is a lack of
strong selection on extra-pair mate morphology;
rather, high-quality males maintained WPP while
females in good condition were more likely to cuckold
social males of poorer quality, signaling a role of
reciprocal selection in extra-pair mate choice.
Determinants of the frequency and extent of extra-pair
paternity are central to our conception of mating
systems, population genetics, and sexual selection.
Morphological determinants can influence
faithfulness to a mate and are a key aspect of
locomotion, limiting or enhancing an individual’s
ability to interact with others. We examined how
ornamental (coloration and tail streamers) and
functional traits involved in flight (wing and tail
structure) correlated with cuckoldry. Male condition,
size, and ornamental traits were negatively
associated with cuckoldry; yet, social males were
cuckolded by males of poorer quality. Flight feather
characteristics were positively associated both with
flight performance and maintenance of paternity,
suggesting a role of flight in cuckoldry. Female body
condition was related to cuckoldry and perhaps
indicates reciprocal choice by males for healthy extra-
pair mates. We posit a lack of strong selection on
extra-pair mate morphology in this system; rather,
high-quality males maintained WPP while females
were more likely to cuckold social males of poorer
quality.

2019

Divergencia
espermatica en una

Tomas
Albrecht,

Evolution

Postcopulatory sexual selection may promote
evolutionary diversification in sperm form, but the




zona de contacto de | Kamila contribution of between-species divergence in sperm
paseriformes: Opletalova, morphology to the origin of reproductive isolation and
Indicacion de | Jifi Reif, speciation remains little understood. To assess the
refuerzo a nivel | Vaclav possible role of sperm diversification in reproductive
gamético Janousek, isolation, we studied sperm morphology in two closely
Lubomir related bird species, the common nightingale
Pialek, Emily (Luscinia megarhynchos) and the thrush nightingale
RA  Cramer, (Luscinia luscinia), that hybridize in a secondary
Arild Johnsen contact zone spanning Central and Eastern Europe.
(Sperm divergence in | y Radka We found: (1) striking divergence between the
a passerine contact | Reifova species in total sperm length, accompanied by a
zone: Indication of difference in the length of the mitochondrial sperm
reinforcement at the component; (2) greater divergence between species
gametic level) in sperm morphology in sympatry than in allopatry,
with evidence for character displacement in sperm
head length detected in L. megarhynchos; (3)
interspecific hybrids showing sperm with a length
intermediate between the parental species, but no
evidence for decreased sperm quality (the proportion
of abnormal spermatozoa in ejaculates). Our results
demonstrate that divergence in sperm morphology
between the two nightingale species does not result
in intrinsic postzygotic isolation, but may contribute to
postcopulatory prezygotic isolation. This isolation
could be strengthened in sympatry by reinforcement.
2018 | La morfologia de la | Stgstad, H. | Evolution Sperm exhibit extraordinary levels of morphological
cabeza de los | N., Johnsen, diversification across the animal kingdom. In
espermatozoides A., Lifield, J. songbirds, sperm have a helically shaped head
esta asociada conla | T., & Rowe, incorporating a distinct acrosomal membrane or
velocidad de | M. “helical keel,” the form and extent of which varies
natacion de los across species. The functional significance of this
espermatozoides: un helical shape, however, remains unknown. Using
estudio comparativo scanning electron microscopy, we quantified interand
de péjaros cantores intraspecific variation in sperm head morphology
utilizando across 36 songbird species (Passeriformes:
microscopia Passerida). Using phylogenetic = comparative
electrénica methods, we investigated the relationship between
sperm head morphology and both sperm swimming
speed and the frequency of extra-pair young (EPY).
We found that species whose sperm had a relatively
more pronounced helical form (i.e., long acrosome,
(Sperm head short nucleus, wide helical membrane, and a more
morphology is pronounced waveform along the sperm head “core”)
associated with had fasterswimming sperm. We found no evidence of
sperm swimming a relationship between interspecific variation in sperm
speed: A head morphology and EPY, although we did find that
comparative study of among-and within-male variation in sperm head traits
songbirds using were negatively correlated with EPY. Applying
electron microscopy) principles of fluid mechanics, we discuss how the
helical form of the sperm head may influence
swimming speed, and suggest that further studies
considering aspects of sperm morphology beyond
sperm length are needed to improve our
understanding of sperm structure-function

relationships.

Buscador: Science Direct
ANO | TITULO | AUTOR | REVISTA | RESUMEN




2021 | Mejora de los rasgos | Wenzhi Science of The | Environmental stress can affect sperm
espermaticos yang,Shengnan Total Environment | traits whose changes have been reported
relacionados con el | Wang,Ying to be associated with extra-pair
alto nivel de | yang,Yue fertilization (EPF) level in natural animal
fertilizacion shen,Yingmei populations. However, little is known
extrapareja en la | zhang regarding how exposure to environmental
poblacién de gorriones heavy metals influences sperm traits and
arboricolas bajo EPF level in free-living bird populations. In
contaminacion a previous study, we found that a tree
ambiental a largo plazo sparrow (Passer montanus) population
por metales pesados that has been exposed to heavy metal

pollution over 60 years (Baiyin, BY)
exhibits  increased sperm  quality
compared with a population from a
relatively unpolluted area (Liujiaxia, LJIX).
The high sperm quality could be related to
extra-pair mating rates. Therefore, the
(Improvement of present study investigated EPF level (the
sperm traits related to ratio of extra-pair offspring) in tree
thg h'gh. .'eV"t' of_extra— sparrow populations from BY and LJX,
pair fertilization in tree and analyzed the relationship between
sparrow population sperm traits (morphology, velocity and
und_er long-term quantity) and EPF success. EPF success
enwronmen_t al - heavy of tree sparrows was significantly
metal pollution) correlated with their sperm velocity (p =
0.048) and total sperm length (p = 0.045),
indicating that these sperm traits were
important for EPF success. Tree sparrows
from the BY population produced longer
sperm with lower head/flagellum ratio and
faster swimming sperm and showed a
significantly higher EPF level than
conspecifics from LJX. Thus, adaptive
variation of sperm characteristics was
related to the high EPF level in tree
sparrows under long-term environmental
heavy metal pollution. The findings are of
scientific significance for exploring the
evolution of mating tactics in wild bird
populations under environmental stress.

2020 | Efecto de la | B. Bernal, N. | Poultry Science Recent reports showed a positive

suplementacion de | Iglesias-Cabeza, correlation  between  frozen—-thawed

valina al diluyente de
pollo sobre la
criorresistencia

espermatica y la
capacidad de
fecundacion post-
descongelacion

u. Séanchez-
Rivera, A.
Toledano-Diaz, C.
Castafio, S. Pérez-
Cerezales, A.
Gutiérrez-Adan, A.
Lépez-Sebastian,

P. Garcia-Casado,

M.G. Gil, H.
Woelders, E.
Blesbois, J.

Santiago-Moreno.

rooster sperm DNA integrity and the
concentrations of valine in seminal
plasma. The present study evaluated the
effect of supplementing valine to semen
extender for freezing sperm of 2
endangered local Spanish chicken breeds
with different sperm cryoresistance: Red
Villafranquina (VF) showing low sperm
DNA integrity after cryopreservation and
Quail Castellana that shows higher DNA
integrity. One pool of semen per breed
was obtained twice a week for 10 wk (n =
40, 20 per breed). Each pool was divided
into 2 fractions. One of these fractions
was frozen in presence of valine as
additive in the extender (concentration 10
mmol), whereas the other was used as
control. The evaluation of the samples
before and after freezing-thawing




(Effect of
supplementation of
valine to  chicken
extender on sperm
cryoresistance and
post-thaw fertilization
capacity)

included motility (CASA-Mot system),
viability (propidium iodide and SYBR-14),
DNA integrity (terminal deoxynucleotidyl
transferase dUTP nick end labeling), and
fertility rate (percentage of eggs with
blastoderm development after artificial
insemination). Supplementation of valine
increased several motility variables of
fresh semen. In VF breed, valine
increased percentage of progressive
motile sperm (P = 0.025), curvilinear
velocity (P = 0.033), straight-line velocity
(P = 0.040), and average path velocity (P
= 0.033), whereas progressive motile
sperm (P = 0.019), curvilinear velocity (P
= 0.006), straight-line velocity (P = 0.003)
and average path velocity (P = 0.004)
were improved in the Quail Castellana
breed. Valine addition increased the DNA
integrity of  cryopreserved semen
(decreased post-thaw DNA
fragmentation) in both breeds, with a
significant effect (P = 0.002) in VF (36.3%
VF-control vs  31%VF-valine). As
expected, Quail Castellana cryopreserved
sperm control showed higher fertility rate
(834.4% + 12.1) than VF cryopreserved
sperm  control (16.1% + 6.2).
Supplementing valine to the freezing
extender doubled (P = 0.026) the fertility
rate of VF (32.6% £ 12.2) compared with
the control (16.1% + 6.2). In conclusion,
supplementation of valine to chicken
freezing extenders shows a positive effect
on DNA fragmentation and fertilizing
ability of frozen—thawed sperm, with a
better response in a breed considered as
the lowest freezer in our conservatory.

2019

La sacarosa aumenta
la calidad y la
capacidad fertilizante
de los
espermatozoides de
pollo criopreservados
a diferencia de la
rafinosa

Pachara
Thananurak,
Napapach
Chuaychu-noo,

Aurore Thélie,
Yupin Phasuk,
Thevin
Vongpralub,

Elisabeth Blesbois

Poultry Science

Chicken semen conservation is an
important tool for programs of genetic
diversity management and of endangered
breeds’ conservation. However, the
method still needs to be improved in order
to be applied in a wide variety of
environments and breeds. Our objective
was to compare the effects of 2 external
cryoprotectants saccharides (sucrose and
raffinose) on the sperm freezability of a
Thai local breed, Pradu Hang Dum, in
which semen was frozen with a simple
freezing method using nitrogen vapors
and dimethyl formamide (DMF). Thirty-six
males were selected on their motility vigor
score for the experiments. In a first
experiment, a large range of sucrose and




(Sucrose increases the
quality and fertilizing
ability of
cryopreserved chicken
sperms in contrast to
raffinose)

raffinose doses were tested. Semen
quality was evaluated after incubation at
5°C or after cryopreservation in straws in
the saline Blumberger Hahnen Sperma
Verdunner diluent + DMF (6% v/v) with or
without sucrose/raffinose. The best
targeted doses of sucrose and raffinose
were then kept for experiment 2 that was
focused on cryopreserved semen. In this
experiment, semen quality was measured
on frozen-thawed sperm: different
objective motility data evaluated by
computer-assisted sperm analysis
(CASA), membrane integrity, acrosome
integrity, mitochondria function evaluated
using flow cytometry, lipid peroxide
production assessed by the thiobarbituric
acid test. Fertility obtained with frozen-
thawed semen supplemented or not with
sucrose or raffinose was also evaluated
after artificial insemination of laying hens.

The presence of sucrose at the
osmotically inactive dose 1 mmol
significantly increased the vigor motility,
membrane integrity, acrosome integrity,
and mitochondrial functions of frozen-
thawed sperm (P < 0.05), and showed the
highest levels of fertility after sperm
cryopreservation (91% vs. control 86%, P
< 0.001). Raffinose showed negative
effects on in vitro semen quality from 1 to
100 mmol. Fertility was also negatively (P
< 0.001) affected by raffinose (fertility rate
66 to 70%).

We thus showed in the present study the
high success of a simple chicken sperm
cryopreservation method with an external
cryoprotectant easily available and cheap,
the sucrose, used at an osmotically
inactive low concentration.

2020

Efecto de la
dimetilformamida

sobre la calidad del
esperma y la
capacidad de

fertilizacion de las aves
de la selva roja de la
India (Gallus gallus
murgi)

B.A. Rakha, M.S.
Ansari, S. Akhter,
A. Akhter, E.
Blesbois, Julian
Santiago-Moreno

Theriogenology

The present study investigates the
efficacy of dimehtlyformamide (DMF) as a
permeable cryoprotectant and its effect on
quality and fertility of Indian red jungle fowl
sperm. Semen was collected from eight
mature roosters, pooled, divided into five
aliquots and diluted with red fowl extender
having DMF (0%, 4%, 6%, 8% and 10%).
Diluted semen samples were cooled from
37 °C to 4 °C, 20% glycerol added to
control (0% DMF), equilibrated for 10 min
and filled in 0.5 mL French straws, kept
over liquid nitrogen vapors for 10 min and
plunged into liquid nitrogen. Sperm




(Effect of
dimethylformamide on
sperm quality and
fertilizing  ability  of

Indian red jungle fowl
(Gallus gallus murghi))

motility, plasma membrane functionality,
viability and acrosome integrity were
assessed at post dilution, cooling,
equilibration and freeze-thawing stage of
cryopreservation. Cryopreservation
stages had negative effects (P < 0.05) on
semen quality parameters. Percentages
of sperm motility, plasma membrane
functionality, viability and acrosome
integrity were recorded highest in
extender having 8% DMF at post-dilution,
cooling, equilibration and freeze-thawing
stage. Fertility results after artificial
insemination were recorded higher (P <
0.05) with 8% DMF compared to 20%
glycerol. Dimehtlyformamide (8%) in red
fowl extender improves the post thaw
semen quality and fertility in Indian red
jungle fowl and can be used effectively to
avoid the contraceptive effects of glycerol.

2021

Efecto de los
oligosacaridos de la
superficie  de los
espermatozoides en el
paso de los
espermatozoides a los
tubulos de
almacenamiento  de
espermatozoides en la
codorniz japonesa
(Coturnix japonica)

(Effect of  sperm
surface
oligosaccharides in

sperm passage into
sperm storage tubules
in Japanese quall
(Coturnix japonica))

Mei Matsuzaki,
Noritaka
Hirohashi,
Mizushima,
Tomohiro
Sasanami

Shusei

Animal
Reproduction
Science

In birds, the ejaculated spermatozoa do
not directly pass to the site of fertilization
but rather are stored initially in specialized
structures, referred to as sperm storage
tubules (SSTs), located in the utero-
vaginal junction (UVJ) of the oviduct. The
fertilizing capacity of spermatozoa in the
SSTs is maintained for an extended
period (i.e., several days to months).
Although many studies have been
conducted to ascertain the mechanisms
involved in sperm storage, the
understanding of the phenomenon is
limited. In this study, there was
investigation of the effects of sperm
surface oligosaccharides in sperm
passage into SSTs in Japanese quail.
Results from lectin staining of ejaculated
spermatozoa indicated galactose/N-
Acetylgalactosamine (Gal/GalNAc), N-
Acetylglucosamine (GlcNACc) or
mannose/glucose (Man/Glc) moieties
were present on the sperm surface,
indicating the presence of
glycoproteins/glycolipids containing these
oligosaccharides. @ When  ejaculated
spermatozoa were co-incubated with UVJ
explants, the lectins derived from
Agaricus  bisporus and Canavalia
ensiformis had marked inhibitory effects
on sperm passage into SSTs.
Preincubation of UVJ explants with these
lectins, however, had no effect indicating
there were no effects of UVJ
oligosaccharides in  this  process.




Furthermore, none of these lectin had
effects on values of sperm motility
variables. These results indicate that O-
glycans with terminal B-Gal or GalNAc
and N-glycans with terminal a-D-Man or
a-D-Glc may have functions in the
process of sperm passage into SSTs.

2021

El sistema de crianza
influye en el desarrollo
testicular, la calidad
del semen y la
apoptosis de las
células
espermatogénicas de
los gallos ponedores

(Rearing system
influences the
testicular

development, semen
quality and

spermatogenic cell
apoptosis  of layer
roosters)

Xiaxia Du, Fei Qin,
Felix Kwame
Amevor, Qin Zhu,
Gang Shu, Diyan
Li, Yaofu Tian, Yan
Wang, Xiaoling
Zhao

Poultry Science

The objective of this study was to
compare the testicular development,
semen quality, and spermatogenic cell
apoptosis of roosters reared in colony,
single, and large cages. Rohman parental
layers (n=540) were randomly allocated
into cages of rearing system groups (135
males and 405 females). The
experimental period was 70 to 210 d of

age. We compared testicular
development and plasma main
reproductive hormones (Follicle-
stimulating hormone; Luteinizing

hormone; Testosterone; Estrogen2;) from
d 70 to 210 of roosters among the three
systems. In addition, routine semen
quality indexes, apoptosis of testicular
spermatogenic cells and sperm apoptosis
of breeding roosters under three rearing
systems on d 175 and d 210 were
evaluated. Roosters during the growing
period (from d 70 to 140) have rapid testis
growth and increasing main reproductive
hormones in plasma. At the peak of
sexual maturity (d 210), in colony cage,
the females have a positive effect and
promote the testis development of males.
However, the stocking density in colony
cage has no effect on testicular
development; compared with the single
and large cage. Roosters reared in the
natural mating system had better semen
quality, particularly in semen volume,
density, and viability; the hatching % of
fertilized eggs and healthy chicks were
higher for the colony than single and large
cages. Furthermore, the sperm density
was higher for colony than single and
large cages, which was related to the
apoptosis  of  spermatogonia  and
spermatocyte, not the apoptosis of mature
sperm. This study provided the basic data
for the reproductive performance
research of chicken reared in the colony
cages.




2021

Diferencia funcional de
las vias generadoras
de ATP en el esperma
de gallo (Gallus gallus
domesticus)

(Functional difference
of ATP-generating
pathways in rooster
sperm (Gallus gallus
domesticus))

Rangga Setiawan,
Chathura
Priyadarshana,
Hitoshi  Miyazaki,
Atsushi Tajima,
Atsushi Asano

Animal
Reproduction
Science

Adenosine triphosphate (ATP) production
via glycolysis and oxidative
phosphorylation is essential for the
maintenance of flagellar motility in sperm;
however, the primary energy production
pathways supporting fertilization vary
among species. Inconsistency in thought
exists regarding which pathways maintain
ATP production and sperm motility in
poultry. Glycolysis and mitochondrial
oxidation contribute to flagellar motion in
chicken sperm, but the relative
dependence on these pathways for
motility and penetrability into the inner
perivitelline layer remains unclear. In the
present study, there was use of various
inhibitors and energy substrates to
evaluate the relative contribution of
anaerobic glycolysis and mitochondrial
oxidation to chicken sperm flagellar
motility, ATP production, and penetrating
capacity through the perivitelline layer.
Although both pathways contributed to
these processes to varying extent,
glucose was the primary substrate for

sperm penetration into the inner
perivitelline layer in chickens.
Furthermore, results from metabolic

stress analyses indicated that there was
less perivitelline penetrability in response
to pyruvate that was not due to changes
in reactive oxygen species or intracellular
pH. Overall, results from the present study
indicate glycolysis and mitochondrial
oxidation pathways have distinct functions
in the flagellar motility and penetrability of
the periviteline membrane by rooster
sperm. There, therefore, are new insights
as a result of findings in the present study
into the energy production system of
sperm through which there is utilization of
extracellular metabolic substrates for
maintaining sperm fertilization capacity.

2020

Estudios comparativos
de caracteristicas de

calidad del semen y
parametros
cineméticos del

esperma en relacion
con la tasa de fertilidad
entre 2 grupos
genéticos de lineas de
raza

Hailai Hagos
Tesfay, Yanyan
Sun, Yunlei Li, Lei
Shi, Jing Fan,
Panlin Wang,
Yunhe Zong, Aixin
Ni, Hui Ma, Adamu
Isa  Mani, Jilan
Chen

Poultry Science

Semen quality is important for roosters'
fertility. The correlations between semen
quality traits and fertility has less been

analyzed, impeding the selection of
effective  parameters for  roosters
selection. This research aimed to

investigate the variation in semen quality
traits in relation to fertilization capacity
between 2 chicken breeds. A total of 156
Rhode Island Red (n = 78) and White
Leghorn (n = 78) roosters of 53 wk were
selected for semen quality estimation




(Comparative studies
of semen quality traits
and sperm kinematic
parameters in relation
to fertility rate between
2 genetic groups of
breed lines)

including semen volume, pH, sperm
concentration, motility, viability, abnormal
sperm percentage, and sperm kinematic
parameters. Individual fertility —was
measured by artificial insemination using
each 30 birds from 2 breeds. Significant
variations were observed between breeds
in semen volume, pH, sperm motility
(MOT), viability, and abnormal sperm
percentage (P < 0.05). The volume, MOT,
and viability in Rhode Island Red were
higher than those of White Leghorn
roosters (P < 0.001). In addition, sperm
kinematic parameters such as curvilinear
velocity (VCL), straight line velocity (VSL),
amplitude lateral head displacement
(ALH), and average path velocity (VAP) in
Rhode Island Red were higher than those
of White Leghorn (P < 0.001). Fertility rate
was positively correlated with MOT (r =
0.57), concentration (r = 0.43), viability (r
=0.39), VSL (r=0.36), ALH (r=0.43), and
ALH (r = 0.38) for Rhode Island Red
roosters (P < 0.05). Fertility rate of White
Leghorn  roosters was  positively
correlated with MOT (r = 0.71),
concentration (r = 0.39), VCL (r = 0.52),
ALH (r = 0.50), and VAP (r = 0.39) (P <
0.05). Principal component analysis of
sperm kinematic descriptors revealed 2
principal components explaining more
than 65% of total variance. In addition, for
both genetic lines, the whole population
was divided into 3 independent clusters.
These results indicated that selection of
roosters based on semen quality traits for
may improve the fertility, and multivariate
analysis may help to precise selection by
comprehensive usage of different
measures of sperm quality.

2018

Efectos
crioprotectores de la
yema de huevo en
esperma de aves de la
selva roja india (Gallus
gallus murgi)

(Cryoprotectant effects
of egg yolk on Indian

B.A. Rakha, M.S.
Ansari, S. Akhter,

J. Santiago-
Moreno, E.
Blesbois

Theriogenology

Egg yolk is a good external cryoprotectant
of mammalian sperm and some wild bird's
sperm, but, at least in domestic breeds of
chicken (Gallus gallus domesticus), it may
inhibit eventual fertilization of ova when
high concentrations are used. We
hypothesized that egg yolk can protect the
sperm from cryo-induced damages
providing adequate fertilization in one
phylogenetic wild ancestor of current
chicken breeds: the Indian red jungle fowl
(Gallus gallus murghi). To test the
hypothesis, the present study was
designed to evaluate different
concentrations of egg yolk in extender in




red jungle fowl (Gallus
gallus murghi) sperm)

comparison  with  glycerol. Semen
collected from Indian red jungle fowl cocks
(n=8) was cryopreserved using different
egg yolk concentrations (10%, 15%, 20%
and 25%) or 20% glycerol (control group)

following routine protocol of
cryopreservation. During
cryopreservation, sperm motility

(67.5+2.5%), plasma membrane integrity
(66.3+2.4%), viability (58.8+1.3%) and
acrosomal integrity (60.0.8 £2.0%) were
recorded highest in an extender with 15%
egg yolk compared to other experimental
extenders and control at post-dilution,
cooling, equilibration and thawing. The

no. of fertilized eggs (26.6+0.7,
21.6+1.2), percent fertility (55.9+4.4,
46.5+2.2), no. of hatched chicks
(23.6+1.0, 17.2+£1.0), percent hatch

(49.5+£3.2, 37.1£2.5%) and hatchability
of the fertile eggs (89.4+2.2, 79.7+3.7)
were recorded higher (P <0.05) with
semen cryopreserved with 15% egg yolk
compared to control (20% glycerol). It is
concluded that 15% egg yolk can be used
in cryopreservation protocol of Indian red
jungle fowl sperm.
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imdgenes en 3D
revelan una entrada
restringida a los
tubulos de
almacenamiento  de
espermatozoides del
pinzén cebra

(Sperm Gatekeeping:
3D imaging reveals a
constricted entrance to
Zebra Finch sperm
storage tubules)

Tania Mendonca,
Ashley J. Cadby,
Nicola Hemmings

Biophysical Journal

Females across many internally fertilizing
taxa store sperm, often in specialized
storage organs in their reproductive
tracts. In birds, several hundred sperm
storage tubules exist in the utero-vaginal
junction of the oviduct, and there is
growing evidence that sperm storage in
these tubules is selective. The
mechanisms underlying female sperm
storage in birds remain unknown because
of our limited ability to make three-
dimensional, live observations inside the
large, muscular avian oviduct. Here, we
describe a new application of
fluorescence selective plane illumination
microscopy to optically section oviduct
tissue from zebra finch Taeniopygia
guttata females label free by harnessing
tissue autofluorescence. Our data provide
the first description of the three-
dimensional structure of sperm storage
organs in any vertebrate to the best of our
knowledge and reveal the presence of
gate-like constricted openings that may
play a role in sperm selection.
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Theriogenology

Artificial insemination (Al) in ostriches
may present potential solutions to high




fertilidad optima tras la
inseminacién artificial
en avestruces

(Minimum sperm dose
for optimal fertility after
artificial  insemination
in ostriches)

A. Malecki, Schalk
W.P. Cloete

proportions of infertile eggs commonly
recorded on commercial farms and assist
in reducing the number of males for
breeding purposes thereby leading to a
more economical and efficient farming
system. Although non-invasive methods
to collect semen and to artificially
inseminate female ostriches have been
developed, the insemination dose for
maximum fertility of eggs remains
unknown. This study was thus conducted
to determine the minimum sperm dose
that would promote fertility of eggs
following Al in female ostriches. A total of
22 South African black ostriches (7 males
and 15 females) aged between 2 and 9
years old were used. Semen samples
were collected using the dummy female
method and diluted 1:4 (semen: diluent)
with an ostrich specific semen diluent.
Females were inseminated with various
sperm doses of diluted semen from the
same male three times a week, every
second day resulting in a total sperm dose
of A: <2.5 x 109, B: 2.5-5 x 109, C: 5-7.5
x 109 and D: 7.5-9.6 x 109 sperm/week.
Eggs produced after insemination were
opened to determine the fertilization
status of the germinal disc (GD) with an
unaided eye. The fertile period was then
calculated as the number of days fertilized
eggs were laid after the last Al
Furthermore, the number of sperm
trapped in the outer perivitelline
membrane (spermOPVL) above the GD
region was counted under fluorescent
light, following staining with 4',6-
diamidino-2-phenylindole to determine
the rate of sperm loss and the number of
days up to when the last egg containing
sperm was laid. On average, a mean
(xsd) of 35.34 + 25.72% eggs produced
after Al were fertilized. Fertility was lower
(mean + se) when sperm dose A was
used (6.71 £ 9.40%), as compared to
sperm dose B (46.01 + 6.71%), C (37.34
+ 6.60%) and D (37.75 + 8.36%) (P <
0.05). No significant difference was
recorded in the latter three doses (P >
0.05). Furthermore, the length of the fertile
period and the rate of sperm loss did not
differ significantly between sperm doses
(P > 0.05). Hence, a sperm dose of
between 2.5 and 5 x 109 sperm/week is
recommended to optimize fertility after Al
in ostriches, as increasing the sperm dose




would not benefit fertility. Further studies
are, however, needed to determine the
frequency of insemination that would
maintain fertility throughout the breeding
season as well as hatchability of eggs laid
after Al.
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Jottreau, Frangois
Seigneurin,

Elisabeth Blesbois

Theriogenology

Among the reproductive biotechnologies
needed to improve Japanese qualil
conservation and valorization, optimized
conditions of semen methodologies
including sampling, treatment, and
artificial insemination are a prerequisite.
However, they have been poorly
developed due to specific physiological
and behavioral features of the species.
The aim of the present study was to
optimize them, from semen
collection/treatment up to artificial
insemination procedures. We studied
different parameters including semen
preparation (individual/pooled, presence
of foam, type and pH of extender) and
zootechnical parameters (depth  of
insemination in the female tract, number
of sperm inseminated, insemination
frequency). We showed that the
separation of semen from individual
males was required to optimize fertility, as
a prerequisite for future semen
cryopreservation. The deleterious effect
of mixed foam extract addition on the
fertility level was demonstrated. These
results highlight parameters involved in
male copulatory competitions and in
sperm  post copulation  selection.
Furthermore, we took into account
extender effects and standardized the
zootechnical conditions of insemination.
The depth of intravaginal insemination
(1cm) was a key factor, but not the
number of sperm inseminated (15-60
million sperm/female). Finally, artificial
inseminations with optimized conditions
led to successful fertility rates (up to 80%)
and a duration of the fertile period
equivalent to that obtained by natural
mating.

2018

La proteccién de la
pareja y la condicion
corporal del macho
determinan el éxito de
la fecundacion
masculina y el sistema
de apareamiento de la

Sanchez-
Carles
Manel

José

Ines
Donoso,
Vila,
Puigcerver,
Domingo
Rodriguez-Teijeiro

Animal Behaviour

In species with female polygamy, pair
bonds are frequently established since
mate guarding can determine male
fertilization success. However, extending
the duration of pair bonds also implies
reducing the chances of finding new
mates. Males face a trade-off between




hembra en la codorniz
comin

(Mate guarding and
male body condition
shape male fertilization
success and female
mating system in the
common quail)

mate guarding and looking for new mates,
which can be shaped by their body
condition. Here, we investigated the effect
of male body condition and mate guarding
over the female mating system (genetic
monogamy or polygamy) and the male
fertilization success in the common quail,
Coturnix coturnix, a species with sperm
storage and thus the potential for
postcopulatory selection, and without
paternal care. We monitored 20 females
and 32 males. We genotyped them, the 21
clutches laid by these females and a large
proportion of the males present in the
population, which could have sired the
clutches, to perform paternity analyses.
We tested whether it is the pairing order
or the duration of the pair bond that
determines the fertilization outcome in
clutches with multiple fathers. We
hypothesized that males with better body
condition might be able to find a mate
faster, reducing the cost of mate switching
and increasing fertilization success by
spending less time in a pair bond. We
observed socially monogamous and
polygamous females, and our genetic
analyses revealed that broods could be
sired by one and by multiple fathers.
Female genetic polygamy was more
frequent when first matings were with
males in good body condition. We
detected two or three different fathers in
multiple paternity broods. The male that
mate guarded for longest was the one that
sired most of the clutch. Although males
in better body condition seemed to
establish shorter pair bonds, further data
are needed to confirm this trend.

Tabla 2. Base de datos 2 como resultado de la seleccién de articulos




Anexo 3, Tabla 3.

Plataforma virtual

NUmero de articulos
encontrados sin criterios de
exclusiéon/inclusién

GreenFILE 1
CABI Digital 13
JAYPEE Digital 93
Cambridge 1949
Science 42
Fuente Académica 138
Plus
Environment Complete 4
LWW Health Library 0
Wiley Online Library 3296
Science Direct 3354
JSTOR 419
Springer Link 1605
PubMed 221

Tabla 3. Numero de articulos encontrados
por plataforma sin criterios de exclusion




Anexo 6, Tabla 6.

No. Especie

1 Passerina cyanea

2 Regulus regulus

3 Sitta europaea

4 Poecile atricapillus

5 Parus major

6 Periparus ater

7 Cinclus cinclus

8 Turdus merula

9 Erithacus rubecula
10 Luscinia svecica
11 Phoenicurus phoenicurus
12 Ficedula albicollis
13 Ficedula hypoleuca
14 Acrocephalus palustris
15 Acrocephalus schoenobaenus
16 Sylvia atricapilla

17 Phylloscopus collybita
18 Phylloscopus trochilus
19 Delichon urbicum
20 Hirundo rustica

21 Riparia riparia

22 Tachycineta bicolor
23 Poephila acuticauda
24 Taeniopygia guttata
25 Passer montanus
26 Passer hispaniolensis
27 Emberiza schoeniclus
28 Geothlypis trichas
29 Setophaga ruticilla
30 Passer domesticus
31 Agelaius phoeniceus
32 Chloris chloris

33 Anthus pratensis
34 Fringilla coelebs
35 Acanthis flammea
36 Emberiza citrinella

Tabla 6. Especies de aves de estudio en el articulo “La morfologia
de la cabeza de los espermatozoides esta asociada con la
velocidad de natacion de los espermatozoides: un estudio
comparativo de pdajaros cantores utilizando microscopia
electronica”.



