
 

 

 

 

 

UNIVERSIDAD NACIONAL AUTÓNOMA DE MÉXICO 

POSGRADO EN CIENCIAS BIOLÓGICAS 

INSTITUTO DE ECOLOGÍA 

 

Valor adaptativo de la incorporación de materiales urbanos en la construcción del 

nido; posibles ventajas de la plasticidad conductual 

 

TESIS 
QUE PARA OPTAR POR EL GRADO DE: 

DOCTORA EN CIENCIAS 

PRESENTA: 

MONSERRAT SUÁREZ RODRÍGUEZ 

 

TUTOR PRINCIPAL DE TESIS: DR. CONSTANTINO DE JESÚS MACIAS GARCIA 

                                                              INSTITUTO DE COLOGÍA, UNAM 

COMITÉ TUTOR: DRA. LAURA ROXANA TORRES AVILÉS 

                                                  INSTITUTO DE COLOGÍA, UNAM  

  DR. JORGE ERNESTO SCHONDUBE FRIEDEWOLD  

INSTITUTO DE INVESTIGACIONES EN ECOSISTEMAS Y SUSTENTABILIDAD 

 

MÉXICO, D.F. ENERO, 2017.

Veronica
Texto escrito a máquina

Veronica
Texto escrito a máquina



 

UNAM – Dirección General de Bibliotecas 

Tesis Digitales 

Restricciones de uso 
  

DERECHOS RESERVADOS © 

PROHIBIDA SU REPRODUCCIÓN TOTAL O PARCIAL 
  

Todo el material contenido en esta tesis esta protegido por la Ley Federal 
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México). 

El uso de imágenes, fragmentos de videos, y demás material que sea 
objeto de protección de los derechos de autor, será exclusivamente para 
fines educativos e informativos y deberá citar la fuente donde la obtuvo 
mencionando el autor o autores. Cualquier uso distinto como el lucro, 
reproducción, edición o modificación, será perseguido y sancionado por el 
respectivo titular de los Derechos de Autor. 

 

  

 



 
3 

 

AGRADECIMIENTOS 

 

Agradezco al Posgrado en Ciencias Biológicas de la Universidad Nacional Autónoma de 

México por ser la institución más importante para el nacimiento y el desarrollo de este 

trabajo. Agradezco al Instituto de Ecología, que ha sido mi casa durante muchos años y 

donde sigo sintiéndome bienvenida. 

 

Gracias al Consejo Nacional de Ciencia y Tecnología, por otorgarme una beca que 

me permitió realizar mi doctorado (480142/280493). Sin su apoyo no podría haber 

logrado sacar adelante esta investigación. 

 

Este trabajo no hubiera nacido sin el Doctor Constantino Macías Garcia, mi tutor 

principal, le agradezco el haberme recibido en su laboratorio, su apoyo constante, sus 

pláticas fascinantes y su buena disposición conmigo y mi trabajo durante este periodo. 

 

Gracias a mi comité tutor: la Dra. Roxana Torres y el Dr. Jorge Schondube por estar 

dispuestos a ayudarme y escucharme siempre. Nuestras pláticas siempre mejoraron y 

esclarecieron nuestro trabajo y nuestras ideas. 

 



 
4 

Gracias a mi jurado: la Dra. Regina Montero Montoya, la Dra. Clorinda Arias, el Dr. 

Sergio Ancona y la Dra. Ek del Val por sus comentarios tan valiosos y que enriquecieron 

este trabajo.  

 

Además, agradezco a las instituciones que me abrieron las puertas para buscar 

nidos y capturar aves: el Instituto de Investigaciones Filológicas de la UNAM, la Dirección 

de Presupuesto de la UNAM, en especial a L. Gómez Pérez y J. Andraca Lara, la 

Coordinación de Áreas Verdes y Forestación de la Dirección General de Obras y 

Conservación de la UNAM, en especial al Ing. A. Martínez Sigüenza y a los jardineros bajo 

su dirección que me ayudaron a bajar y revisar nidos. Agradezco al Biólogo Omar 

Maldonado Pérez Campos de la Comisión Nacional de Áreas Naturales Protegidas, por 

darse el tiempo de recorrer conmigo el parque Izta-Popo buscando aves y al señor 

Francisco Villanueva de la UMA Temazcal. 

 

Este trabajo no hubiera podido terminarse con tanto éxito sin el equipo del 

Laboratorio de Ecotoxicología Ambiental del Instituto de Investigaciones Biomédicas de la 

UNAM. Muchas gracias a la Dra. Regina Montero Montoya, Luis Serrano-García, Soledad 

Solís Ángeles y al Dr. Omar Arellano-Aguilar por apoyarme y compartir sus conocimientos 

conmigo.  

 

Muchas gracias a las personas de la Universidad de Indiana que hicieron 

comentarios a este trabajo: Dra. Emilia Martins, Dra. Laura Hurley, Jesualdo Fuentes, 



 
5 

Piyumika Suriyampola, Delawrence Sykes, Stephanie Campos, Jay Keche Goldberg y 

Johanel Cáceres. 

 

  



 
6 

AGRADECIMIENTOS A TÍTULO PERSONAL 

Primero quisiera agradecer a la Universidad Nacional Autónoma de México. Siempre me 

he sentido orgullosa de pertenecer a esta gran institución que hace que este país se sienta 

menos caótico y con mejores expectativas para el futuro.  

Gracias a Tino, mi tutor, que siempre está disponible para mis dudas académicas y 

existenciales. Aprecio mucho tu presencia en este camino que parecía tan largo y de 

pronto se hizo muy corto. Espero que conservemos nuestras pláticas, discusiones y cenas.  

Gracias a la Dra. Roxana Torres que me ha compartido su opinión y experiencia en 

asuntos académicos y personales.  

Gracias al Dr. Jorge Schondube. Su presencia (virtual o física) siempre tuvo impacto 

en las decisiones y caminos que se tomaron en este trabajo. Aprecio mucho tu actitud y 

disposición. 

Este trabajo no hubiera podido realizarse sin todas aquellas personas que me 

ayudaron en el trabajo de campo.  Gracias a Jaime Zúñiga, Ruth Tejeda, Eira Bermudez, 

Víctor Argaez, Marcela Méndez, Roxana Maceda, Berenice Jiménez, Andrea Urrutia y 

Alejandro Martínez por soportar conmigo el primer año, que costó más trabajo por ser el 

inicio. El segundo año no fue más fácil, pero tuve conmigo personas que se desmañanaron 

y me apoyaron en la captura de las aves: Selene Vargas, Víctor Argaez, Ania Vargas, 

Tetsuya Nakamura y Jaime Zúñiga. Terminé este trabajo con una ayudante de campo que 

valía por 10, muchas gracias a Mariel Placier. Quiero agradecer especialmente a mis 

padres, que fueron conmigo al campo cuando nadie más podía. 

Veronica
Texto escrito a máquina



 
7 

Tuve algunas personas que me ayudaron con todo lo que tuve que aprender de 

cero (como las matemáticas tan complejas que requerían mis datos). Gracias a Jaime 

Zúñiga, Lynna Kiere, Oscar Sánchez y a Diego Carmona. Un agradecimiento especial a René 

Beamonte que me ayudó a darme cuenta que la estadística que estaba utilizando estaba 

mal y que se tomó el tiempo de revisarla conmigo. Lamento que este mundo te haya 

perdido, pero estoy infinitamente agradecida por haberte conocido. 

Mi estancia en el laboratorio se convirtió en mi hogar. Gracias a todas las personas 

que forman y formaron parte del laboratorio, en gran parte es por ustedes que disfruto 

tanto estar en este grupo de trabajo. Disfruté mucho de nuestras pláticas y en general 

nuestra vida cotidiana. Gracias a: Marce, Nadia, Ruth, Bibiana, Yoli, Eira, Víctor, Alejandro, 

Laura, Marina, Dante, Vero, Ale Ramos, Óscar, Aldo, Santiago, Lynna, Tania, Jaime, David, 

David (francés), Natalia Lifshitz, Ilu, Natalia G., Sayuri, Lucía, Daianna, Diana, Melissa y 

Evelyn. En especial quiero agradecer a Ruth que me hizo sentir como en casa en el 

laboratorio, gracias por siempre estar dispuesta a darme tu opinión y tus consejos. Gracias 

a Yoli por ser mi vecina durante tanto tiempo. A Vic que siempre está dispuesto a 

acompañarme al campo y a tomar fotos. Gracias a Ale por llegar a poner equilibrio de 

género al laboratorio y por siempre estar de buen humor. 

Gracias a aquellas personas que se hicieron muy cercanas a mí en este camino. 

Gracias a Nadis, por ser tan ella, por compartir conmigo experiencias buenas y malas, por 

ser tan cariñosa y por darme su apoyo en situaciones en las que muchos no lo hacen. 

Gracias a March por tener pláticas interminables conmigo de cualquier cosa, por 

ayudarme con decisiones difíciles, por echarme porras y jalarme las orejas cuando lo 



 
8 

necesito, eres muy especial para mí. En este mismo rubro pondré a Gonz. No fue tu 

decisión conocerme, pero sí lo ha sido ser mi amigo y te lo agradezco, gracias por hacerme 

reír tan fuerte y por las pláticas interminables sobre libros y Star Wars.  

Finalmente quiero agradecer a mi familia, que son las personas que más amo en el 

mundo. Mis padres y mi hermana son parte fundamental de mi vida. No pude haber 

nacido en una mejor familia. Gracias a mi mamá por seguir mostrándome el camino, por 

demostrarme que no importa que tan feo se ponga el panorama, ella está conmigo. Te 

amo mamá. Gracias a mi papá, estoy orgullosa de que seas mío.  Para mí tus consejos y 

palabras son muy importantes. Tal vez no lo veas tan claro como me gustaría porque a 

final de cuentas tu y yo somos muy parecidos. Gracias a mi hermana por ser mi mejor 

amiga. Nunca dejas de sorprenderme. Aunque te parezca raro te admiro y muchas cosas 

que hago las hago pensando en tí.  

Gracias a mi abuela, por siempre tener comida especial para mí. Te quiero, te 

admiro y te respeto. Gracias a mi tía Mireya, mi segunda mamá. Tu apoyo y tu forma de 

ver las cosas han afectado mi vida en gran medida. Gracias a mis hermanos Lauren y Hugo. 

Crecer con ustedes me hace muy afortunada, siempre los llevo conmigo.  

Además, quiero agradecer a las personas que se han incorporado a mi familia: 

Lulú, Jaime, Chilu, Car, Jadz, Vane, Leo y Julia. Los quiero mucho, gracias por ser parte de 

mi vida. 

Para cerrar quiero agradecer a Jaime. No te puedo decir con palabras lo mucho 

que ha significado que estés en mi vida. No importan todas las diferencias que pueda 



 
9 

haber entre nosotros, si estamos juntos no parecen tener importancia. No hay nada más 

grande para mí que tu compañía. Gracias por iniciar una familia conmigo, gracias por ser 

mi más grande apoyo, gracias por hacerme una mejor persona, gracias por haberme 

elegido, gracias por compartir tu vida conmigo.  

 

 

    

 

 

 

 

  



 
10 

 

ÍNDICE 

AGRADECIMIENTOS............................................................................................................................. 3 

 

AGRADECIMIENTOS A TÍTULO PERSONAL ........................................................................................... 6 

 

I. RESUMEN .................................................................................................................................. 11 

 

II. INTRODUCCIÓN GENERAL ......................................................................................................... 14 

 

I. CAPÍTULO I. “Becoming citizens: avian adaptations to urban life” ........................................... 21 

 

II. OBJETIVOS ................................................................................................................................. 39 

 

III.     CAPÍTULO II. “There is no such a thing as a free cigarette; lining nests with discarded butts 
brings short-term benefits, but causes toxic damage” ..................................................................... 44 

 

IV.     CAPÍTULO III. “Anthropogenic nest materials may increase breeding costs for urban birds” . 53 

 

V.  CAPÍTULO IV. “An experimental demonstration that house finches add cigarette butts in 
response to ectoparasites” ............................................................................................................... 83 

 

VI.     DISCUSIÓN GENERAL .............................................................................................................. 112 

 

VII.    REFERENCIAS .......................................................................................................................... 120 

 

VIII.  APÉNDICE……………………………………………………………………………………………………………………………126 

 

 

  



 
11 

I. RESUMEN 

Los ambientes urbanos, comúnmente, presentan condiciones nuevas y dinámicas a los 

organismos que habitan en ellos. En algunos casos, las especies pueden sobreponerse y 

obtener ventaja de las condiciones urbanas, llegando a ser habitantes exitosos de las 

ciudades. Un aspecto al que se enfrentan muchos organismos en las ciudades es la basura 

que, a veces, simula otros recursos naturales, por lo que puede afectar a la fauna silvestre. 

Las aves han sido objeto de estudio en muchos trabajos de ecología urbana, ya que 

muchas especies han colonizado exitosamente las ciudades a veces mediante ajustes de 

su conducta o historias de vida. Sabemos que diferentes aves de la Ciudad de México 

utilizan distintos materiales sintéticos o industriales, incluidas colillas de cigarro. Este 

material es parte de la estructura interna de los nidos, por lo que está en contacto con 

huevos, pollos y padres durante toda la época reproductiva. Muchos trabajos han 

mostrado que diversas sustancias presentes en el tabaco, y que se acumulan en los filtros 

al ser fumados los cigarros son tóxicas. En nidos de gorrión inglés y de pinzón mexicano los 

filtros están asociados negativamente a la cantidad de ectoparásitos (ácaros), por lo que 

usarlos podría ser benéfico para estas especies. Sin embargo, en este trabajo exploramos 

otras posibles consecuencias de agregar este material. Examinamos estas consecuencias 

durante el crecimiento de las crías y en los adultos que manipulan las colillas. Finalmente, 

a través de experimentación evaluamos la idea de que las aves responden activamente a 

la carga ectoparasitaria, ajustando el uso de colillas de cigarro en sus nidos. Encontramos 

que pollos y adultos muestran daño genotóxico asociado a la cantidad de filtros de cigarro 

en los nidos. Además, las aves agregan filtros de cigarro cuando aumenta la carga 
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ectoparasitaria, lo que también parece depender en parte de la experiencia previa. La 

prontitud con la cual estas especies incorporan en sus nidos este repelente de 

ectoparásitos, de origen antropogénico, tanto como la aparente capacidad para enfrentar 

sus efectos tóxicos, podrían contribuir a explicar por qué estas especies son tan exitosas 

en sitios urbanos. A la luz de nuestros resultados se hace evidente la necesidad de 

explorar las posibles consecuencias tanto para pollos como para los adultos, de la 

incorporación de materiales antropogénicos, en sustitución o además de los usados 

naturalmente en la construcción de nidos, al menos con tanto cuidado como se ha 

estudiado el efecto de los sitios de anidación, o las respuestas a contaminación acústica 

por aves urbanas. 

 

Abstract 

Urban environments present new and dynamic conditions to the organisms that inhabit 

them. In some cases, species can take advantage of urban conditions and become 

successful colonizers. Many organisms have rubbish in anthropogenic environments, 

which can simulate other resources and affect wildlife. Some bird species have 

successfully colonized cities by adjusting their behavior or life histories. Different birds of 

Mexico City use synthetic materials, such as cigarette butts, which form part of the 

internal structure of their nests. This material is in contact with eggs, chickens and parents 

during the breeding season. Several studies have shown that the substances present in 

cigarette and cigarette butts are toxic. In nests of house sparrows and house finches, butts 

are negatively associated with the amount of ectoparasites, so using them could be 
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beneficial. However, in this paper we explore other possible consequences of adding this 

material. We examined consequences for chick growth and for adults handling cigarette 

butts. Finally, we evaluated if birds respond actively to the ectoparasitic load by adjusting 

the use of butts in their nests. We found that chickens and adults show genotoxic damage 

associated with the number of butts in nests. In addition, birds add butts when the load of 

ectoparasites increases, which also seems to depend on previous experience. The 

readiness with which these species incorporate in their nests this anthropogenic repellent, 

as well as the apparent capacity to face its toxic effects, could contribute to explain why 

these species are so successful in urban sites. This study makes evident the need to 

explore the possible consequences of the use of anthropogenic resources by animals in 

cities. 
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II. INTRODUCCIÓN GENERAL 

1. Los ambientes urbanos y las aves 

Con la expansión de las ciudades, los humanos cambiamos nuestras condiciones de vida y 

la de otros animales y plantas, ya que modificamos el ambiente con el que muchas 

especies han interactuado a lo largo de su historia evolutiva. Estos nuevos ambientes 

introducen retos para muchas especies, debido a que las condiciones son muy diferentes 

de las que se encuentran o se encontraban en ambientes no perturbados (Vuorisalo et al. 

2003, Blair 2004). Como consecuencia de las modificaciones al hábitat, algunas especies 

son excluidas, pero algunas se ajustan exitosamente a las nuevas condiciones (Ditchkoff et 

al. 2006). Esto sucede porque el cambio modifica las condiciones naturales que 

experimentan los organismos. Ello inicia un proceso de ajustes, frecuentemente 

conductuales. Así en las ciudades algunas especies tienen la oportunidad de tener ciclos 

reproductivos extendidos, recursos alimenticios abundantes, menor diversidad de 

depredadores y patógenos, sitios y materiales de anidación novedosos, etc. (Jokimaki and 

Huhta 2000, Ditchkoff et al. 2006). Es por lo anterior que muchos biólogos estamos 

interesados en estudiar y entender las consecuencias de estas modificaciones, en nuevos 

ambientes como las ciudades, en la biología de especies de animales y plantas (Marzluff 

2001, Marzluff et al. 2001). 

Debido a que las ciudades cambian en función de avances demográficos, 

industriales y tecnológicos, la plasticidad de caracteres morfológicos, fisiológicos y la 

innovación y plasticidad conductual pueden contribuir en las primeras etapas de la 

colonización de las ciudades (Gross et al. 2010). Estas características permiten la 
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explotación de nuevos recursos y ayudan a que los animales ajusten o modifiquen la 

forma en la que interactúan con el ambiente nuevo (incluso cuando no es un ambiente 

urbano; Piaget 1978, Snell-Rood 2013, Sol et al. 2013). Algunas especies, inicialmente, son 

capaces de explotar recursos que provee la ciudad además de los que se encuentran 

naturalmente (Mckinney 2002). Frente a la escasez de recursos, las especies 

potencialmente colonizadoras pueden reemplazarlos por otros de manera más eficiente 

que las más estereotipadas. Eventualmente, las poblaciones de éstas aumentarán, 

compitiendo exitosamente con las especies menos prontas a usar los recursos que ofrecen 

las ciudades (Beissinger and Osborne 1982, Blair 2001, Martin II and Fitzgerald 2005, 

Mckinney 2006). 

El caso particular de las aves es muy interesante, ya que muchas especies han 

colonizado exitosamente las zonas urbanas, posiblemente por la forma en la que se 

mueven entre sitios (mediante el vuelo), su tamaño, su versatilidad alimenticia y su 

tolerancia a la presencia de humanos (Marzluff et al. 2001, Antczak et al. 2010). Por 

ejemplo, algunas especies aprovechan alimentos humanos, abundantes en las ciudades, 

como una alternativa en su dieta (Galbraith et al. 2015, Scott et al. 2015). Además, se han 

estudiado casos de ajustes de atributos del canto como la frecuencia mínima (Slabbekoorn 

and Peet 2003, Burhans and Thompson 2006, Bermúdez-Cuamatzin et al. 2009, Nemeth 

and Brumm 2009), la duración (Slabbekoorn and Den Boer-Visser 2006) y el momento del 

día en el que cantan (Gil et al. 2014). Es por esto que las aves son un sistema muy bueno 

para responder preguntas sobre ajustes a las ciudades y sus consecuencias (Ver apéndice 

para más información). 
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2. Construcción del nido 

El grupo de las aves se distingue porque todas las especies son ovíparas. Debido a esto la 

construcción del nido es una parte muy importante de su reproducción (con algunas 

excepciones; Collias 1964). Se ha sugerido que la incubación parental de los huevos 

optimiza el desarrollo embrionario y puede haber favorecido la evolución del cuidado 

biparental al forzar a uno de los padres a efectuar tareas complementarias que el que 

incuba no puede realizar. Esta división del trabajo habría promovido la supervivencia de 

los pollos (Wesolowski 1994), al tiempo que la estructura del nido habría evolucionado al 

facilitar el cuidado parental (Collias 1964, Roff et al. 2005, Mainwaring et al. 2014, Macías 

Garcia et al. 2016). 

Las aves se distribuyen prácticamente en todo el planeta, excepto en las zonas más 

frías de los casquetes polares. Los nidos suelen variar de un ambiente a otro, incluso entre 

poblaciones de una misma especie en función de los diferentes tipos de sustratos y de los 

materiales disponibles (Mennerat et al. 2009a, Álvarez et al. 2013). En el caso de la 

colonización de nuevos ambientes, las aves pueden explotar diferentes tipos de recursos, 

para construir y ubicar sus nidos. En las ciudades, la basura es una de las fuentes de 

recursos de origen humano que pueden tener disponible (por ejemplo para material de 

nido; Yeh et al. 2007). Naturalmente, la elección de sitios y materiales de anidación  

contribuiría a la seguridad de las crías, la regulación de la temperatura y la humedad. El 

uso de los materiales para la anidación estaría en función de su disponibilidad en las 

inmediaciones de los sitios de anidación o de las fuentes de alimento (Collias and Collias 

1984, Macías Garcia et al. 2016). Por lo tanto, en los procesos de colonización de nuevos 
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ambientes la plasticidad e innovación de la construcción del nido podrían promover mayor 

supervivencia y mayor éxito reproductivo (Duckworth 2009). 

2.1 Materiales del nido 

La habilidad de las aves para elegir materiales correctos para la estructura del nido es 

fundamental para el éxito de la nidada (Bailey et al. 2014). Esta conducta incorpora toma 

de decisiones que dependen de la experiencia, el ambiente y la especie de la que se trate 

(Muth et al. 2013, Collias and Collias 2014), ya que determinan sus propiedades físicas 

(Nilsson 1984, Healy et al. 2008, Bailey et al. 2014, Muth and Healy 2014) y algunas veces 

químicas (Clark and Mason 1988, Gwinner et al. 2000).  

El ensamble de materiales del nido es típicamente muy parecido a nivel de género, 

aunque también hay variación significativa entre individuos (Collias 1997, Hansell 2000). 

Esta flexibilidad puede ser adaptativa, cuando hay variación de materiales entre 

ambientes, y puede ser alcanzada a través del aprendizaje (Mennerat et al. 2009a). Bailey 

et al. (2014) evaluaron las hipótesis de que la elección de materiales depende  de 1) la 

experiencia, 2) el éxito reproductivo previo o 3) la experiencia temprana, en el pinzón 

cebra (Taeniopygia guttata). Encontraron que lo más importante para estas aves fue la 

experiencia previa, ya que las aves eligieron los materiales que, en subsecuentes intentos 

de construcción, mejoraron la estructura del nido. Además en diversos estudios se ha 

encontrado que la experiencia mejora la elección de los materiales y los sitios correctos 

para construir el nido, resultando en un mayor éxito de la nidada (Muth and Healy 2011, 

Muth et al. 2013). 
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3. Efectos particulares de los materiales del nido 

La mayoría de los materiales que las aves utilizan para construir sus nidos cumplen 

funciones de soporte y estructura, además de proporcionar condiciones térmicas y de 

humedad apropiadas. Adicionalmente, algunas especies incluyen elementos como 

materiales coloridos, hojas verdes y/o aromáticas (Pearce et al. 1997, Gwinner and Berger 

2008, Mennerat et al. 2009a). Estos materiales pueden influir en las propiedades del nido 

(Brouwer and Komdeur 2004, Veiga et al. 2006, Moreno et al. 2010, Peralta-Sanchez et al. 

2010).  

Muchos investigadores han reportado casos de uso de materiales vegetales verdes. 

Se ha encontrado que esta conducta es importante, ya que, puesto que muchos linajes de 

plantas han evolucionado adaptaciones para combatir la herbivoría a través de sustancias 

volátiles (Wink 1988), algunas de las plantas que las aves eligen pueden tener propiedades 

repelentes (Clark and Mason 1988, Mennerat et al. 2009b). La supervivencia de los pollos 

y la salud de los padres frecuentemente se ven afectadas por los ectoparásitos malófagos 

y hematófagos (que además son vectores de endoparásitos) en los nidos (Lehmann 1993, 

Weddle 2000, Fitze et al. 2004, Cantarero et al. 2013, López-Arrabé et al. 2015). Uno de 

los ejemplos mejor estudiados del uso de materiales que asisten en el control de la 

cantidad de ectoparásitos es el de los estorninos europeos (Sturnus vulgaris). Clark y 

Mason (1987) encontraron que los estorninos europeos agregan hojas de distintas plantas 

en sus nidos, y que estas plantas son agregadas mientras están frescas, siendo 

reemplazadas constantemente. Con una cantidad muy baja de compuestos tóxicos en las 

plantas, los ectoparásitos no mudan o retrasan su reproducción, lo que provoca una 
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disminución de sus poblaciones. Uno de los aspectos más interesantes es que los 

estorninos prefieren ciertas especies de plantas, cuya función repelente es mayor. Ahora 

sabemos, en este mismo sistema  y en otros más, que ciertos materiales en los nidos 

pueden tener efectos directos sobre la salud de los pollos y los padres (Clark and Mason 

1988, Gwinner et al. 2000, Petit et al. 2002, Mennerat et al. 2009b, Peralta-Sanchez et al. 

2010, Polo et al. 2010).  

Los materiales, que han sido estudiados y reportados como repelente de 

ectoparásitos, son exclusivamente de origen vegetal (Dubiec et al. 2013). Sin embargo en 

las ciudades, la diversidad de plantas es muy inferior o diferente a la que se encontraría 

naturalmente o en el campo (Muratet et al. 2008). Su permanencia en estos ambientes 

alterados depende más de los beneficios (estéticos o ambientales) que obtienen los 

humanos por su presencia, que de su capacidad para enfrentar herbívoros (cuyo control 

recae en los humanos). Estas condiciones probablemente desfavorecen la presencia en las 

ciudades de aquellas plantas que podrían ser utilizadas como repelentes de ectoparásitos 

del nido en zonas urbanas.  

 

3.1 El curioso caso de los filtros de cigarro 

Recientemente encontramos que en un ambiente urbano, aves como el gorrión inglés 

(Passer domesticus) y el pinzón mexicano (Carpodacus mexicanus) utilizan filtros de 

cigarro en la estructura de sus nidos. Con base en los estudios sobre la utilización de 

plantas repelentes y a que los cigarros contienen tabaco (Nicotiana tabacum; reconocida 
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por sus propiedades como repelente de artrópodos; Pascual-Villalobos 1998, Kaplan et al. 

2008), encontramos que este material ayuda a las aves a reducir significativamente la 

abundancia de ectoparásitos (Suárez-Rodríguez et al. 2013). Sin embargo, a diferencia de 

las plantas, el cigarro no es un material completamente natural. El cigarro contiene otras 

sustancias sintéticas que son peligrosas para los humanos y otros organismos (Sopori 

2002, Witschi et al. 2002, DeMarini 2004). Además, los filtros usados pueden retener del 

25 al 30% de las sustancias del cigarro (Wu et al. 1997).  

Considerando que el uso de diferentes materiales en la construcción del nido ha 

sido moldeado mediante selección natural, resulta interesante evaluar cómo los 

individuos responden a cambios en la disponibilidad de materiales como los filtros de 

cigarro, qué efecto tienen en la nidada, en los padres y, en consecuencia, en el éxito 

reproductivo. Es por esto que esta tesis está centrada en estudiar los efectos positivos y 

negativos, de la incorporación de filtros de cigarro en el nido. 
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I. CAPÍTULO I. “Becoming citizens: avian adaptations to urban life” 

 

Resumen 

Aunque las ciudades han existido desde hace algunos milenios, ha sido en los últimos 

siglos en los que se han expandido para convertirse en el rasgo dominante del paisaje. El 

crecimiento de las ciudades ha desplazado los hábitats originales y ha creado nuevos, 

obligando a las aves a ajustar su conducta, fisiología y sus historias de vida a las 

condiciones novedosas o a ser desplazadas a un paisaje rural, alterado y en constante 

disminución. Aquí identificamos las características más importantes –estructura del 

hábitat, estacionalidad, interacciones interespecíficas y la contaminación- que hacen que 

las ciudades difieran de los ambientes naturales y a las cuales las aves deben responder. 

Posteriormente, describimos algunas formas en las cuales las aves urbanas difieren de las 

que se encuentran en ambientes rurales. Finalmente, evaluamos si estas diferencias son 

adaptaciones a las condiciones urbanas o si son expresiones pre-existentes de 

adaptaciones a condiciones naturales, como plasticidad conductual, que también 

permitiría la colonización de ambientes urbanos. 

Capítulo en prensa. 
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Abstraet Although cities have existed for sorne millennia, it has been only in the 6 

last few centuries that they have expanded to become a dominant feature of the 7 

landscape. Their growth displaces original habitats and creates new ones, facing 8 

birds with the challenge of adjusting their behaviour, physiology and life histories 9 

to the novel conditions or be displaced into a shrink:ing and also increasingly altered 10 

rurallandscape. Rere we identify the salient features- habitat structure, seasonal- 11 

ity, interspecific interactions and pollution-in which cities differ from natural 12 

environments and to which birds must adjust. Then we describe the several ways 13 

in which urban birds have been found to differ from their rural counterparts. 14 

Finally, we evaluate whether these differences constitute adaptations to urban 15 

conditions or whether they are expressions of pre-existing adaptations to natural 16 

conditions, such as behavioural plasticity, which also permit the colonisation of 17 

urban habitats. 18 

Keywords I 

6.1 There Was Once a Country Sparrow 

Organisms constantly modify the environment, and it has been argued that virtually 
every trait they exhibit has consequences on other organisms (Bailey 2012). Indeed, 
our constant physical and chemical interactions with the surroundings, inc1uding 
the biota, inftuence in several ways the functioning of the ecosystems. While most 
such inftuences may be important, their impact on the environment is usually minor, 
yet sorne have major, even drastic environmental effects. The history of life on 
Earth provides several examples of massive effects of organisms on the 
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6.2 How Are Cities Different from Natural Areas? 

6.2.1 Habitat Structure and Seasonality 

Cities represent a local change in habitat structure, climate and productivity, in 
which the adaptations of local organisms to the pre-existing natural environment 
may no longer work. Such disturbance alters ecological interactions thus leading to 
changes in the biological cornmunities (Shochat et al. 2006). Both the identity and 
the distribution of plant species- sources of food, shelter, nesting place s and 
materials for native birds- are different between the cities and their surroundings 
(e.g. McDonnell et al. 1997), and bird communities are responsive to those differ­
ences (Day 1995; Carbó-Ramírez and Zuria 2011 ; Becker 2013). Cities are not built 
to promote biodiversity; thus their plant communities include only a small number 
of species, ofien ornamental of exotic origin, which may not cover the needs of the 
local avifauna (but see G1editsch 2016). Neverthe1ess , green islands ofvegetation­
parks and gardens- which receive regular irrigation, palliate sorne of the conse­
quences of urbanisation. Urban gardens help to buffer the ftuctuations of temper­
ature and humidity due to the chyness and reftection coefficient (albedo) of concrete 
and asphalt surfaces (Gilbert 1989; Jauregui 1991). Gardens also provide birds with 
regular food supplies in the form of invertebrates that feed on the irrigated plants 
and thrive in the thermal conditions provided by the vegetation (pickett et al. 2001). 
Finally, gardens offer shelter from the weather and predators to potential nesting 
places; it is in them that native and exotic avian species alike concentrate (Susca 
et al. 2011 ; Lugo et al. 2012). Urban gardens may also be frequented by predators, 
thus potentially acting as ecological traps (Sorace and Visentin 2007). Because of 
the constant irrigation, and also from design (as they include many perennial 
species), these urban green islands can also represent a buffer from seasonality. 

Many organisms adaptively time several aspects of their life history to the 
predictable periodic changes that are caused by geophysical cycles (Lack 1968; 
Murton and Westwood 1977; Nicholls et al. 1988). In addition to internal rhythms, 
such tracking of the seasons occurs in response to changes in environmental vari­
ables (e.g. temperature, photoperiod, rainfall and food availability; Dawson 2008). 
In cities, however, seasonality is buffered, and the cues that birds use to track it may 
be blurred by gardening activities (Haggard 1990; Shochat et al. 2006). Also 
urbanisation could alter phenology through altered photic conditions due to altifi­
ciallights at night. Yet, reduced seasonality does not necessarily need to be bad for 
birds and may be the key to the success of sorne urban birds. For instance, bird 
assemblage composition in parks of Valencia is maintained through the constant 
alTival of migrant species through the year, arguably favoured by the stability of the 
conditions, including food availability (Murgui 2007). These circumstances favour 
resident species that can become dominant by excluding others from their urban 
park territories and also contribute to the lack of functional response, by which 
population size responds to ftuctuations in food production. 
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110 For other species, however, becoming urban residents is not an option, either 
111 because they are migrants who need to reach their breeding or wintering grounds on 
112 time or because the seasonality of key elements of their ecology (e.g. food or 
113 predators) is not inftuenced by the conditions in the cities. Therefore, it is crucial 
114 for them to correctly read the changes in the season in order to not risk local 
115 extinction through the timing offood, shelter and other resources (Lugo et al. 2012). 

116 6.2.2 Interspecific Interactions 

117 Urbanisation modifies the structure of animal communities and the way in which 
118 organisms interact. Cities do harbour a much reduced diversity of vertebrate 
11 9 predators than natural environments (McKinney 2002). This is somewhat 
120 counterbalanced by the very high numbers of those predators that are found in 
121 cities, particularly domestic cats (Fe lis catus) , whose reported effect on urban birds 
122 canrange from minor (e.g. Gering and Blair 1999; Gillies and Clout 2003) to severe 
123 (e.g. Woods et al. 2003 ; Loss et al. 2013), often compromising the persistence of 
124 urban bird populations (e.g. Baker et al. 2005; Van Heezik et al. 2010). The latter 
125 may be particularly true for native bird species in are as where cats are not originally 
126 native (Sorace 2002). Predation by cats may inftuence the composition ofthe urban 
127 bird assemblage, with the least susceptible species becoming dominant (e.g. Noske 
128 1998); it is intense, affecting millions of birds every year, although perhaps not 
129 more so than in nonurban environments (Baker et al. 2008), and it appears to afftict 
130 birds in low condition (old, diseased, injured), as would be expected elsewhere 
131 (Baker et al. 2008). 
132 The responses of avian predators to urbanisation vary between species and as a 
133 function of the urbanisation process. Specialist predators, being more sensitive to 
134 changes in the prey community, are typically much less frequent in cities than in the 
135 surrounding habitats (Blair 2001 ; Mckinney 2006), which is not the case of more 
136 generalist predators (Sorace and Gustin 2009). lt has been argued that since 
137 predator size is positively correlated with ftight distance (from humans), large 
138 predators are less likely to colonise urban habitats, thus allowing sorne relative 
139 large prey species to settle there (M011er et al. 2012). This process would not apply 
140 to nocturnal predators, as human activity is much reduced at night (Chace and 
141 Walsh 2006; Sorace and Gustin 2009). 
142 An impoverished community of large predatory birds (see M011er et al. 2012) 
143 appears to contribute to the settlement oflarge corvids in sorne cities (e.g. Vuorisalo 
144 et al. 2003). Corvids, in tUlTI, are often responsible for high rates of nest predation in 
145 cities (Major et al. 1966). Other known nest predators such as snakes and small 
146 carnivores (i.e. viverrids or procyonids) are also scarce in most cities , which instead 
147 harbour unnaturally high concentrations of cats. 
148 Th evidence of how urbanisation affects the interaction between birds and 
149 predators is not uniform, probably due to the fact that the planning of urban 
150 landscapes varies across cities, thus affecting the assemblage and functioning of 
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urban biological communities. Sorne authors report that predation decreases with 151 

urbanisation (e.g. M011er 2010), which is consistent with the fact that the density of 152 

breeding birds is higher in urban areas than in their surroundings (although the 153 

diversity of breeding species follows the opposite trend; Lancaster and Rees 1979; 154 

Beissinger and Osborne 1982; Shochat 2004). However, other works report that in 155 

the cities, there is a higher risk of predation, particularly on nests (Haskell 156 

et al. 2001; Sorace 2002; Jokim3ki et al. 2005; Chace and Walsh 2006), which 157 

constitutes a clUciallimiting factor for avian populations (Martin 1993; Conway 158 

and Martin 2000). Again, cats frequently prey on fledglings, and it has been argued 159 

that they have a major negative impact on breeding success of urban birds (Sorace 160 

2002; Woods et al. 2003 ; Baker et al. 2008). 161 

Because urbanisation brings about major changes in the composition of biolog- 162 

ical communities, it is reasonable to expect that it has an effect on parasite-/ 163 

pathogen-host interactions. In the case of birds, this possible link has not been 164 

very extensively investigated (c.f. Delgado and Prench 2012), but available infor- 165 

mation suggests that the effect ofurbanisation on the prevalence of avian parasitic 166 

infections is a function of the parasites' life cyc1e. On the one hand, both helminth 167 

parasite richness and prevalence (Aponte et al. 2014; Calegaro-Marques and Amato 168 

2014) and diversity of blood parasites have been found to decrease with urbanisa- 169 

tion, arguably due to loss of interrnediate hosts (Fokidis et al. 2008; Geue and 170 

Partecke 2008). Conversely, viral infection (Avipoxvirus) and the severity of 171 

coccidial (Eimeria spp.) infection are positively associated with the degree of 172 

urbanisation in the house finch (Haemorhous [= Carpodacus] mexicanus; 173 

Giraudeau et al. 2014). These two pathogens are directly transmitted, and their 174 

prevalence may be linked to the high density of finches in the cities and possibly 175 

also to the abundance of bird feeders that promote contagion. This latter effect is 176 

worrying, since high densities of parasitised urban birds may spill infection to the 177 

wild bird living in the neighbourhood of cities (see Bradley and Altizer 2007). 178 

1t is unc1ear why interrnediate hosts (mainly ectoparasites) should be less 179 

abundant in the cities than in lUral areas, given that a large proportion of avian 180 

ectoparasites complete their life cyc1es in the bird nests (López-Rull and MacÍas 181 

García 2015) or on their plumage, while small water deposits that act as breeding 182 

sites for Diptera (mainly mosquitoes) are norrnally abundant in urban areas. As 183 

indicated aboye, most studies suggest that the effect of urbanisation on avian 184 

parasite biology depends on the life cyc1e of the parasites , yet other factors such 185 

as pollution may mediate this link. Por instance, Bichet et al. (2013) found that lead 186 

pollution, which is high in cities, is linked with prevalence of P. relictum. This 187 

protozoan is responsible for one type of avian malaria, and since it requires an 188 

intermediate (arthropod) host, it would not have been expected to be too prevalent 189 

in cities. 190 
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will review sorne examples of phenotype changes following urbanisation and the 316 

nature of them. 317 

6.5 Adapting to Life in the Cities 

6.5.1 Habitat Structure and Seasonality 

Responsiveness to attributes that indicate seasonality varies amongst and between 
species and depends on phenotypic plasticity, which allows colonisation of differ­
ent environments (Lambrechts et al. 1996). As we saw aboye, cities buffer the 
seasonal changes in the weather and in food availability. Cities also blur sorne of the 
cues that can be used by birds to adjust their physiology /behaviour to changes of the 
season. These changes should have led urban birds to become less seasonal. One 
demonstration that this is the case comes from studies showing increased 
sedentariness in urban blackbirds (Turdus merula; Partecke and Gwinner 2007). 
The authors looked at the pattern of nocturnal activity and fat deposition, two 
variables tightly linked to predisposition to migra te, of hand-reared birds from 
urban to nonurban localities and found that the former had a significantly reduced 
tendency to migrate. An earlier common-garden experiment by the same group 
(partecke et al. 2004) demonstrated that, although the timing of reproduction was 
not different between birds from urban to nonurban are as , the former initiated 
earlier (both sexes) and finished also earlier (females) their reproductive hormonal 
activity, implicating a genetic difference in their physiological response to envi­
ronmental cues (see also Partecke et al. 2005). As the authors recognise (partecke 
and Gwinner 2007), these experiments do not quite preclude the possible inftuence 
of early developmental (e.g. maternal) effects , yet taken together they constitute 
one of the most convincing cases so far of adaptation by birds to urban life. As 
indicated aboye, light pollution is associated with the adaptive shift in the timing of 
breeding and sedentariness of urban blackbirds (Dominoni and Partecke 2015), yet 
other ecological variables are associated with life-history differences between city 
and field blackbirds in Spanish populations (Ibáñez-Álamo and Soler 2010). Since 
membership to different lineages suggests that blackbirds have invaded European 
cities several times independently (Evans et al. 2009), it is conceivable that 
different processes have led to subtly different adaptations to urban life in different 
cities, although to date only the case of the Munich population (Partecke et al. 2004; 
PaItecke and Gwinner 2006) constitutes a demonstration of life-history adaptation 
of blackbirds to life in the cities. 

Other environmental variables may also drive changes in seasonality or migra­
tory patterns of urban birds. For instance, regular food availability promotes earlier 
breeding in urban than rural populations of Florida scrub jays (Aphelocoma 
coerulescens; Schoech and Bowman 2001 ), possibly because it reduces the pro­
duction of corticosterone, a hormone with negative effects on reproduction. The 
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toxicants and has generally a low ratio of nutritional to energetic contento This 396 

might have promoted adaptations in generalist urban birds to avoid less nutritious/ 397 

more toxic food as well as physiological adaptations in food-supplied urban birds 39B 

(such as hummingbirds which are commonly attracted to feeders) to cope with a 399 

diet rich in refined sugars. 400 

Reports abound ofbirds starting to exploit anthropogenic food sources, from the 401 

opening of milk bottles by tits in Britain to the cracking of nuts using cars by 402 

Japanese crows (Corvus macrorhynchos; Nihei and Higuchi 2001 ). Blue (Cyanistes 403 

caeruleus) and great tits (Parus majar) were originally found in 1921 to open milk 404 

bottles to consume the cream accumulating under the lid. At the time fresh milk was 405 

customarily delivered at the doorstep in glass bottles fitted with a flexible metal lid 406 

(tin and more recently aluminium). As bottles remained sorne time before being 407 

taken indoors, this provided opportunity for birds to approach, inspect and exploit 40B 

this source of fat. The spread of this behaviour was mapped and quantified by Fisher 409 

and Hinde (1949; Britain) and Hinde and Fisher (1951 ; Europe). This enabled 410 

Lefebvre (1995) to evaluate the spread rate with models used in the study of 411 

human cultural transmission (Cavalli-Sforza and Feldman 1981). That bottle open- 412 

ing by Paridae was cultural1y transmitted which was not certain, particularly since 413 

Sherry and Ga1ef (1984, 1990) demonstrated that American parids (Parus [= 414 

Poecile] atricapillus) are very likely to spontaneously open a bottle and that the 415 

probability that this happened was not influenced by the presence of an experienced 416 

tutor. Lefebvre (1995) found that acce1erating (e.g. exponential) functions best 417 

described the spread of bottle opening by tits in Britain and in Belfast. This is 41B 

consistent with the cultural transmission assumption of an autocatalytic increase in 419 

the rate of spread over time. The idea that cultural transmission is involved was 420 

further suppOlted by the fact that data only poorly fitted the linear wave-of-advance 421 

model which would describe the spread of the behaviour as a function of a constant 422 

rate of untutored leaming. 423 

We devoted sorne time to this phenomenon as it is a textbook example of how 424 

birds adjust their behaviour to exploit anthropogenic food sources. The controversy 425 

regarding the mechanism of spread of milk bottle opening could be framed in the 426 

wider discussion of whether such examples are genuinely novel traits that reflect 427 

adaptation to cities or whether they represent exaptations (the expression in a novel 428 

context of a pre-existing adaptation to deal with similar conditions; in this case the 429 

adaptive behaviour of tits to uncover food items under lichens and bark). As seems 430 

to be the case, this exemplifies two different exaptations: a tendency to seek food 431 

under lichens and bark and a predisposition for cultural transmission. Also it 432 

illustrates the transient nature of cities and the challenges and opportunities they 433 

pose to colonising birds (and other organisms). The capability of leaming- whether 434 

socially or otherwise- and thus adjusting the behaviour to novel conditions may be 435 

a key factor enabling sorne species to colonise urban environments (although we 436 

note that cognitive abilities such as problem-solving need not necessarily be better 437 

in urban than in rural populations; Papp et al. 2015 ). Maklakov et al. (2011 ) 438 

demonstrated that brain size was positively associated with the probability that 439 

members of passerine bird families, as well as individual species, bred in European 440 
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441 city centres. These comparative analyses were prompted by the idea that cities 
442 present birds with new challenges, and the previous demonstrations that big brains 
443 facilitate the colonisation of novel environments, and that this effect is due to the 
444 cognitive consequences of having a big brain (Sol et al. 2005). In their work, Sol 
445 et al. (2005) used, as proxy of cognitive ability, the number of foraging novelties 
446 reported for the species included in their study. This is a widely used index, yet it is 
447 not exempt of problems, for it relies on perfect knowledge of foraging strategies. 
448 For instance, the finding that P arus (= P oecile) atricapillus spontaneously opens 
449 bottles suggests that this is likely to be an exaptation rather than a genuine urban 
450 novelty. Still, employing behaviours evolved in one environment to exploit 
451 resources encountered in a novel , one may require a degree of behavioural plastic-
452 ity. Since both technological and cultural changes ensure that the conditions 
453 confronted by urban birds change constantly, it is likely that sorne degree of 
454 behavioural plasticity is required to remain a successful urban coloniser. However, 
455 even if behavioural plasticity requires large brains, the reported link between brain 
456 size and urbanism (Maklakov et al. 2011 ) is as likely to be a consequence of 
457 differential colonisation of cities by large-brained species as it is ofbeing the result 
458 of adaptation to urban life. 

459 6.5.3 Interspecific Interactions 

460 Nest predation inftuences both nesting strategy (cavity, open, etc.) and patterns of 
461 nest attendance (e.g. Conway and Martin 2000) and determines the nature ofurban 
462 bird assemblages (Jokirnati and Huhta 2000). But is there evidence that birds adapt ljW8J 

463 to the particular predation regimes found in cities? 
464 A first line of defence against predation is avoiding encounters with predators. 
465 Birds may achieve this by selecting safe/secluded perching, roosting and nesting 
466 places (see Marzluff 2001 ). We are not aware of adaptive differences in those 
467 behaviours between wild and urban bird populations; birds in forests and cities alike 
468 take readily to breeding in nest boxes, and birds nesting in building crevices are 
469 probably even safer than their rural, cliff-nesting counterparts. 
470 Encounters with predators can also be avoided by preventing detection, for 
471 instance, through cryptic colouration. There is no suggestion, however, that the 
472 reported cases of difference in colour between urban and rural birds (e.g. Haag-
473 Wackemagel et al. 2006; see aboye) are the consequence of difference in predation 
474 regimes. Also, although adaptation is suspected in the case of rapid evolution of 
475 geographic colour races of P. domesticus in North America, as it parallels the 
476 pattem of geographic variation of other species it is now sympatric with (Jolmston 
477 and Selander 1964), there is no evidence that this is a response to predation, nor that 
478 it constitutes an adaptation to urban life. 
479 Early detection of predators in the neighbourhood may allow the birds to either 
480 avoid the place altogether (e.g. Amo et al. 2015) or to monitor its behaviour and 
481 take evasive action as necessary. In birds, evasive action means to fty , and the 
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distance at which a bird decides to fly is a function of both its fleeing tendency and 482 

of the cost of leaving the place (Blumstein 2006). When low-risk encounters are too 483 

frequent, tolerance would be advantageous, as it may allow birds to exploit feeding 484 

resources efficiently. Accordingly, Moller (2008) found that urban birds have a 485 

reduced flight distance than their rural conspecifics. Further, Moller (2009) found 486 

that rural populations of bird species that have successfully become city dwellers 487 

have shorter flight distances than sympatric populations of nonurban species. This 488 

suggests that short flight distance may preadapt species to life in the city, although 489 

the possibility that flight distance in rural populations has been influenced by gene 490 

flow from urban populations cannot be ruled out. Mutually supporting evidence 491 

strongly suggests that this is useful for city birds to have a short flight distances and 492 

that a short flight distances enab1e colonisation of urban habitats. Yet there is no 493 

evidence so far demonstrating that flight distance of a particular species has been 494 

reduced following colonisation of cities and that such modification is genetically 495 

based, i.e. short flight distance appears to be and exaptation, not an adaptation to life 496 

in the cities. 497 

Urbanisation also affects the interaction between parasites and their hosts. One 498 

intriguing possibility is that cities provide sorne effective means for birds to deal 499 

with ectoparasites. Indeed, urban birds have been reported to collect discarded 500 

cigarette butts, rip them open and use the tar-Ioaded filter fibres as lining material 501 

for their nest, thus bringing about a reduction in the number of ectoparasites 502 

recovered from the nests (Suárez-Rodríguez et al. 2013). Since a similar effect is 503 

achieved by wild birds using green material from plants with known repellent 504 

activity (Dubiec et al. 2013), such behaviour may not be an adaptation to life in 505 

cities but a modification of the materials used for antiparasitic defence. This 506 

assumes that similar cues at the nest trigger the use of green aromatic plants and 507 

discarded cigarette butts and that similar cues are also used to find and gather both 508 

materials. On the other hand, the effectiveness of both aromatic plants and 509 

discarded cigarette butts as ectoparasites repellent has not been compared. 1t may 510 

be that the high concentration of substances in the smoked-through filters makes 511 

them more effective at repelling ectoparasites (and also toxic; Suárez-Rodríguez 512 

and Macías Garcia 2014), thus further promoting their use. The impact of urban 513 

nest materials on ectoparasites abundance and diversity, and hence on the preva- 514 

lence of the pathogens they transmit, remains hypothetical. 515 

6.5.4 Pollution 516 

Pollution may, in principIe, select for advantageous physiological traits to detoxify 517 

(chemical), adjust response thresholds (light) or modify the emission of signals to 518 

avoid masking (noise). Although chemical pollution has diverse impacts on bird 519 

populations, both within and outside the cities , we found no reports of novel 520 

adaptations to contend with it, but there is one possible case of an exaptation 521 

(Chatelain et al. 2015). The capture of zinc (and other heavy metals) by feather 522 
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523 melanin makes advantageous for birds to be dark in areas polluted with heavy 
524 metals. Urban pigeons have been found to be darker than their suburban counter-
525 parts (Chatelain et al. 2015), and this seems to represent an example of directional 
526 selection in cities of an attribute evolved earlier in the lineage ofvertebrates. Work 
527 in this area is likely to become more common as avian genomic tools become more 
528 abundant (see Zhang et al. 2014), which will allow the characterisation of urban-
529 rural differences, if any, on the expression of genes involved in detoxification. 
530 Birds undoubtedly adapt to prolonged exposure to light in the cities, as they 
531 sleep through the night (albeit less than in wild conditions; see aboye). Yet this is 
532 likely sensory adaptation and is unlikely to be different from that undergone 
533 through the year by birds living at high latitudes. But this sensory adaptation is 
534 not complete, and as we saw aboye, hOlmonal activity, circadian rhythms, length of 
535 breeding season and onset of maturity are all affected by urban light pattems in a 
536 way that suggest that no evolutionary adaptation to light pollution is taking place. 
537 Sound pollution in cities evokes a variety of responses from birds. When 
538 exposed to noise that may mask their vocalisations, birds can modify the song 
539 output (Díaz et al. 2011 ), increase the duration of their songs (Ríos-Chelén 
540 et al. 2013) or otherwise modify their structure (prancis et al. 2011 ), and they 
541 may be uttered at different times (puller et al. 2007) and/or have sorne frequency 
542 components altered (see reviews in Slabbekoom 2013; Gil and Brumm 2013). A IAU91 

543 small but growing number of papers also report that sorne bird species can adjust in 
544 real time their songs in response to sudden bursts of noise (Betmúdez-Cuamatzin 
545 et al. 2009, 2010; Gross et al. 2010; Verzijden et al. 2010), whereas only a handful 
546 involve species which lack (or appear to lack) the capability to vmy their songs 
547 (prancis et al. 2011 ; Ríos-Chelén et al. 2013). These later cases may be examples of 
548 adaptation to urban conditions by non-learning songbirds, although sorne degree of 
549 vocal plasticity in suboscine birds cannot be ruled out (e.g. Ríos-Chelén et al. 2005 , 
550 2012), and other mechanisms such as differential habitat use (discussed in both 
551 Francis et al. 2011 andRíos-Chelén et al. 2013) could explain the difference in song 
552 attributes between urban and rural populations of non-leaming bird species. 
553 Halfwerk et al. (2011) provide perhaps the best case for the adaptive value of 
554 song adjustrnent to overcome masking of vocalisations by urban noise. They 
555 showed experimentally that although low-frequency songs are preferred by females 
556 and linked to female fecundity, exposure to urban noise impairs their effectiveness 
557 and favours higher-pitched songs. Yet, this convincing evidence of the fitrIess value 
558 of adjusting the frequency of song to prevent masking does not demonstrate 
559 adaptation to cities, because male great tits can adjust the frequency of their 
560 songs in real time (i.e. this is an adaptive plastic response, presumably evolved 
561 elsewhere, that is also useful in cities). 
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6.6 Conclusion 

We have seen that most differences between rural and urban birds can be explained 
as being consequence of either phenotypic plasticity or of differential colonisation 
by individuals or species with sufficient behavioural plasticity to move into novel 
environments. These two patterns raise the question of whether cities in fact 
represent novel, more complex environments than birds would have experienced 
in their evolutionary past. It is possible, instead, that cities are as challenging as any 
novel environment that may confront birds, and the re1ative paucity of globally 
successful urban species is the result of the rapid overtaking of other environments 
by the cities. Still, it may be that the vely speed at which urban landscapes spread at 
the expense of natural ones poses a particular novel challenge to would-be urban 
birds. We also saw that biodiversity within the cities, although lower than in their 
surroundings, is dominated by local species. 

We argue that, in terms of complexity, cities cannot compare with forest 
ecosystems, particularly with those in the tropics. Cities do not have the vast 
numbers of species (and hence of potential interactions) of tropical forests, and 
their physical complexity is also probably lower. Seasonality is buffered in the 
cities, and many links to parasite transmission are therein disrupted. It is also 
unlike1y that cities expose birds to physical or biological conditions that are 
genuinely novel, in the sense of not having being experienced by birds over their 
evolutionary past. Yet in one attribute, these environments pose a fundamentally 
different challenge, cities keep changing. The urban conditions that house sparrows 
confronted in the cities of the Fertile Crescent sorne 10,000 years ago are much 
more similar to current rural conditions than to anything the same species confronts 
in the midst of contemporary cities. Yet this urban species persists, suggesting that 
it has kept pace with urban change (but see below). Whether being possessed of a 
large brain has been the key to such behavioural plasticity is an open question. 
Another open question is whether the current urban species will persist, and the 
answer to this question seems to be negative in the case of one of the earliest city 
dwelling birds , the house sparrow currently dec1ining in Europe (Surnmers-Smith 
2003). Even as birds adapt- or adjust- to living in cities, the cities continue 
changing; waste management modifies every few human generations the distribu­
tion and availability of food, environmental awareness means that measures are 
taken to promote both the number and the diversity of species in our cities 
(e.g. green roofs and walls, Baumann 2006; Chiquet et al. 2013). As successful 
city dwellers become enormously numerous compared with their rural conspecifics, 
the rural environment shrinks. This may lead to a constant ftow of inadequate 
phenotypes or maladaptive genes from the city to wild, which arguably may drive 
to extinction the rural populations and seal the destiny of such species that have 
colorused them, to that of the cities. 

Finally, in spite of an already large and rapidly increasing number of works 
centred on potential bird adaptations to urban life, there is a dire need of studies that 
use in the cities the same tools traditionally used for detecting adaptation in nature, 
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605 the direct measure of fitness in relation to the putative urban-adapted traits, together 
606 with measures of its genetic underpinning. 
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II. OBJETIVOS 

 

Objetivo General 

Explorar la posible causa de la elección, así como las consecuencias, de utilizar filtros de 

cigarro para construir el nido. 

Objetivos e hipótesis por capítulos 

 

Capítulo II. “There is no such a thing as a free cigarette; lining nests with discarded butts 

brings short-term benefits, but causes toxic damage” 

Cuantificar los costos y beneficios que experimentan los pollos al crecer en nidos forrados 

con filtros usados de cigarro. 

Hipótesis y predicciones 

La presencia de filtros usados de cigarro en el nido tiene consecuencias benéficas para las 

aves. 

a) La tasa de crecimiento (peso y talla) de los pollos incrementará en función de la 

cantidad de filtros de cigarro incorporados en el forro del nido ya que éstos 

reducen el número de ectoparásitos presentes. 
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Figura 1. Representación gráfica de las predicciones sobre las consecuencias del uso de filtros de 

cigarro en los pollos que crecen en contacto con ellos. 

El uso de filtros de cigarro en el nido tiene consecuencias negativas para las aves.  

a) El éxito de eclosión y la respuesta inmune estarán negativamente relacionados con 

la cantidad de filtros de cigarro. 

b) La cantidad de daño genotóxico sufrido por los pollos -medido en sus eritrocitos- 

se asociará positivamente con la cantidad de filtros de cigarro en los nidos (Figura 

1). 

 

Capítulo III. “Anthropogenic nest materials may increase breeding costs for urban birds” 

Evaluar el daño genotóxico causado por el uso de filtros de cigarro, en adultos 

reproductores de gorrión inglés y pinzón mexicano. Determinar si el nivel de exposición a 

los filtros de cigarro durante la reproducción determina la cantidad de daño genotóxico.  

Hipótesis y predicciones 

En Carpodacus mexicanus la construcción del nido la llevan a cabo las hembras, el 

macho solo vigila y tiene poco contacto con el nido. Las hembras tienen contacto con el 
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nido durante casi toda la temporada reproductiva, desde el tejido del nido (que efectúan 

con el pico), la incubación (durante la cual pasan día y noche en el nido), y hasta la crianza 

de los pollos (cuando solo están en el nido para alimentar a las crías). En Passer 

domesticus, ambos padres construyen, incuban y crían a los pollos. Por lo tanto: 

Los padres que construyen nidos con filtros de cigarro sufren consecuencias negativas 

debido a la manipulación de los filtros de cigarro, y éstas pueden variar con el grado de 

contacto que tengan con los filtros. 

 

Figura 2. Predicciones sobre la genotoxicidad de aves adultas que incorporan filtros de cigarro a 

sus nidos. Esperamos que el efecto sea dinámico debido a la magnitud del contacto con el material 

de filtros. 

a) El daño genotóxico será mayor cuando haya un contacto prolongado con el 

material del nido.  



 
42 

b) Las hembras experimentarán mayor daño genotóxico que los machos debido al 

contacto constante que tienen con los filtros de cigarro. 

c) Al no tener mucho contacto con el nido, los machos de C. mexicanus tendrán un 

menor daño genotóxico que las hembras. En P. domesticus, machos y hembras 

tendrán el mismo grado de daño genotóxico, ya que ambos participan de manera 

similar en las actividades reproductivas (Figura 2). 

 

Capítulo IV. “An experimental demonstration that house finches add cigarette butts in 

response to ectoparasites” 

Determinar si las aves agregan filtros de cigarro a sus nidos en respuesta a incrementos en 

la cantidad de ectoparásitos. 

Hipótesis y predicciones 

Las aves ponen en sus nidos fibras de celulosa de filtros usados de cigarros en respuesta a 

la presencia de ectoparásitos en sus nidos. 
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Figura 3. Esperamos que las aves agreguen filtros de cigarro a sus nidos cuando aumentemos la 

carga de ectoparásitos. 

a) Al incrementar la carga de ectoparásitos, las aves agregarán filtros de cigarro a 

sus nidos (Figura 3). 
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III. CAPÍTULO II. “There is no such a thing as a free cigarette; lining nests with 

discarded butts brings short-term benefits, but causes toxic damage” 

 

Resumen 

La adaptación a los ambientes modificados por los humanos, como las ciudades, es y será 

un componente muy importante de la historia natural de muchas especies. Las aves han 

mostrado adaptaciones en sus vocalizaciones, el uso de sitios de anidación y en sus ritmos 

de actividad en los ambientes urbanos. Anteriormente reportamos que algunas especies 

como el pinzón mexicano (Carpodacus mexicanus), utilizan filtros de cigarro como 

material de nido, y esto se relaciona con la disminución de ectoparásitos en el nido, 

probablemente porque la nicotina funciona como repelente de artrópodos. La nicotina es 

solamente una de las sustancias peligrosas que contiene el cigarro. En este estudio, 

investigamos si la presencia de estos químicos afecta al pinzón mexicano. Encontramos 

que el éxito de eclosión y de emplumado, así como la respuesta inmune de los pollos se 

relacionan positivamente con la proporción de filtros de cigarro en el nido. Sin embargo, 

encontramos signos de genotoxicidad en las células de la sangre asociados con la cantidad 

de material de filtros de cigarro en el nido. Aunque desconocemos los efectos de la 

genotoxicidad en la supervivencia de post-volantón y en el éxito reproductivo, parece que 

los filtros de cigarro en los nidos tienen consecuencias negativas que pueden balancear los 

beneficios de su uso como repelente de ectoparásitos. 

Capítulo publicado. 
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Introduction 

Abstract 

AOllpW¡jOT1 LO hurnan-modifkd cnvirOnrnenlS ~u ch as cities is [Joised tu he él 

major (urnpoI.lcnl of rHl tu ml history in liJe fOH'sccalJk fUlU rC. Birds huvc 
bCCIl shown LO adapt thcir vocalizations, usC o[ ncsling placcs and acüvit y 
rhythms to the urban environmems, and we have previously reponed that 
some species, inclu ding the home fincb (Carpodacus lIlexicanus), use cellulose 
from smoked cigareue butrs as lining material and tbus redu ce fhe Dumber 
o f ertoparasitt's in their Dests, prubably bt'G1USe tbe ni<'otiuc n:pels tt.nbro­
pOUS. Nkolinc is unly UIle 0 1' hunureus uf pOLcnlially harrnful subsLances 
foun d in cigarelle bUIIS, Here, we investigated whelher Ihe presencc 01 sueh 
chemicals is harnúul 1m house finches addillg cigarene blltts to tbeir nests. 
We 101lnd that batching and f1edging Sllccess and chiek immune response 
were al! posilively correlaled LO Ibe propon ion o f lhe neSl Ibal was made uJl 
or bll ll.s. Howevcr, tbe signs or genol.Oxidly in I.hc hJuud cells abo in(ft~ascd 
wilh lhe proponion 01 bUI I (e¡¡u lose in Ihe neSls. Althou gh \Ve have nol 
measured lhe dIcel nj gcnnloxicily on posl·[Jcdging sllrvival and brceding 
Sl1ccess. it seems Ihat bringing cigarette bl1tts to rhe nesr has negarive conse ­
quences that may counterbalance tbe benefits of using thelll as eaoparasites 
repellen ls. 

A rapidly expanding tiekl in Evolutionary Ecology is 
the study 01 how - and whieh - mganisms adapt 10 

urban environ ments (Alberti el al., 2003). Besides beiog 
rhe newcst signifi cant environrncnrs on eanh, drics 
differ in many key attributes from nalUral environ­
menr.s (Ilowman & Marzlu fr. 200 1; Marzl uff, 200 1), 
panicul arly in ¡he absenc:eJlooseness of feedback loops 
belwccn Ib<: dcrnogmphy of intemcling specics (noLably 
belweeo the demograpbl' of consumers and food pro­
duction). One o[ the questions [m which there is nOl, 
as ye!, a unified answer, is which attributes detenuine 
tbal some (most?) species are exc1uded rrom cilies, 
whereas omers thrive not only in lhe original cities 

Ibey coloniz(~ d, 11tn seemingJy in a.ny dty where tbey 
are subsequcnlly iOlroduccd (Gcring &. BI¡]ir~ 1999; 
Luniak, 2004; DiLcbkoff el al., 2006; M(1IJcr, 2009) , 
Conditions in the cilies may match the natural histmy 
of some species, or, more likely, species may colonize 
cirios by adapLing Ihoir behaviour/ccology 10 lhe new 
conditions (Jokimiiki f,. Hulua, 2000; Ditchkoff ee al., 
2006 ). Work 011 birds has uncovered vocal adaJltations 
lo urbao noise (Sla.bbekooru & Peel, 2003; Rermúdez­
Cuarnalziu el al., 2009; Ríos-Chd" u el al., 20 12), use of 
human -made SlnJ (Lur('s as ncst.ing placc..:s (BILli c 2004; 
Moller, 2009), and adj uslmcnls 01 Ihe aCliviLy b udgels 
and reproduCTive rhythms (Fernández-Juricic f,. Tell­
ería, 2000; Pleiscber el al., 2003). 

Reprod ll C'tive adapt.at.ions, sueb as huilding nesl.s in 
Ibe righl placcs a.nd using I.hc corren (lest. rnal.erials, 
are a pr<:n.:quisiLc fur t.hc sun:c:ssru l uccup.lIiOn of 
habilals by birds. In addition lO buffering changcs in 
temperamre and hUlllidity (Collias E,. Collias, 1984; 
HanseU, 2000), bird nests provide sbelter agaulst 
preda l.ors aud ma)' also iuc1udE' sorne protection against 

Cllrresl'ondmo!: COllS tantino !\'ladas García, Instituto de Ecología, 
J..,homtorio d~ Cnrulut'ln Anima!, Uni"ersi(hHI Nfldolll1 l All tónomn de 

.México. A. P. 70-275. C.P. 04510 . .l\'léxico D.F., Méxim. 
Te-l : + 5255 ')6229D44; fa);: + 52 55 56161976; e- mAil : fl1<1 da~g@l1 l1 afIl. 
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ectoparasites, such as green leaves 01 aroma tic 
plants that act as arthropod repeIlents (Clark & Mason, 
1988; Ontiveros el al ., 2007; Mennerat el al., 2009). 
Appropriate plants may n ot be available in dties, wh ere 
at least the house linch (Carpodacus meximnu.<) , and the 
common house sparrow (Passer domesticus) line their 
nests with ceIlulose from smoked dgarette butts and as 
a consequence reduce the number 01 nest ectoparasites 
(lice and ticks; Suárez-Rodríguez el al. , 2013) . Tbis may 
be because nicotine, lound in the smoked bu tts, is a 
secondary metabolic compound 01 tobacco plants, 
wbich probably evolved it as an adaptation lO combat 
herbivory (Baldwin & PreslOn, 1999; Strauss & Agra­
wal, 1999; Adler el al., 2006). However, unlike plants 
with secondary metabolites, fi lters lrom commerdal dg­
arettes con tain in excess 01 400 substances. many 01 
wbich are known to be toxic (Wu el al., 1997; Pascual­
VilIalobos. 1998). Adult birds would be exposed tú such 
toxkants when manipulating the butts to extract the 
smoked-through ceIlulose fibres, and both adults and 
chicks would also be exposed when sitting on top 01 
these libres (hens would be additionally exposed when 
preen ing during incubation and brooding). Given that 
nestlings' exposure to stressors has long-term conse­
quences on bird Iilespan (e.g. Monaghan el al., 2011) . it 
is Iikely that such exposure to butts toxicants is harmlul 
to the birds. Here, we evaluated whether the reduction 
in nest parasites that results from tbe use of dgarette 
butts promotes fitness, and whether being exposed to 
toxic substances in the filters results in toxic damage 
that could counter such hypothesized benefits (Suárez­
Rodríguez el al. , 2013). 

To evaluate the fitness consequences 01 Iinin g nests 
with discarded dgarette butts, we recorded dutch size, 
hatching success, fledgling success and growth rate 01 
first dutches 01 house finch (C. meximnus) nesting in 
Mexico City and assessed their possible assodations 
with amount 01 ceIlulose from dgarette butts and 01 ec­
toparasites in the nests, that we quantified using the 
methods developed by Suárez-Rodríguez el al. (2013). 
As an additional measure 01 condition, we assessed the 
immune respon se (reaction to phytohaemagglutinin; 
Gwinner el al., 2000) 01 13-day-old chicks . Finally, we 
quantified the number 01 nudear abnormalities in red 
blood ceIls (micronudei, nudeoplasmic bridges, nudear 
buds and bi -nudeated celIs), wbich are the result 01 
genotoxidty leading to chromosomes brealang either in 
anaphase or during CYlOkinesis (Fenech. 1993, 1997, 
2007; Ph ilIips & ArIt, 2009) . 

Materials and methods 

We induded nests Irom three areas (S 1 S3) with vary­
ing degree 01 urbanization, located around ladlities 
witbin the main campus 01 UNAM (Ciudad Universitar­
ia; México City). Starting in mid January 2013 (one 
month before the expected onset 01 nest building), each 

site was visited every five days. During the visits, we 
identified the potential nesting locations and 10Ilowed 
the progress 01 the breeding activities until laying began 
(n = 89 nests built and 87 dutches) . Then , we quanti­
fied the number 01 eggs laid and their hatching success 
(No. 01 eggs hatchedldutch size). At the first visit alter 
hatching, the cbicks' right tarsi were individually 
marked with nontoxic acrylic paint (colour blue, ye!­
low, green was randomIy assigned to each chick) . 
During the subsequent weeks, we recorded the weight 
(g) and tarsus len gth (mm) 01 as many chicks as possi­
ble, ensuring that at least one chick was measured 
always (measuring aIl chicks was not always compatible 
with minimizing the stress lor chicks and parents) . 
Only data from tbis reguJarly measured individuals 
were en tered in the analyses (n = 74). 

When chicks were ca. 8 days old, we punctured the 
righ t brachial vein 01 the regularIy measured chicks and 
coIlected 2 f!L of blood in heparinized capilIary tubes . 
Samples were kept and transported to the laboratory 
witbin 5 h. Then two smears were prepared Irom each 
sample, each using 1 f!L 01 blood. These were fi xed 
with methanol lor 10 min, aIlowed tú dry overnigh t 
and exposed to Schiff staining, which involves an oxi­
dation 01 nudeotides and thus colours the nuclei and 
any segment 01 DNA present. Smears were then coun­
ter-stained with haematoxylin and observed under the 
phase-con trast microscope (Axiostar; CarI Zeiss Vision 
Inc., Toronto. ON, Canada) @ 1200X. One thousand 
red ceIls 01 each smear were characterized as either 
normal, containing micronuclei, nucleoplasmic bridges, 
nuclear buds or as being bi-nudeated; the last lour con­
ditions being taleen as evidence 01 genotoxidty. Only 
66 regularly measured chicks were ind uded as some 
chicks could not be reached at the spedfied age. 

When chicks were between 13 and 15 days old, we 
measured the width 01 both lelt and right patagia 
(wing webs) 01 regularIy measured chicles, then inocu­
lated phytohaemagglutinin (PHA 0.4 mg 0.04 roL 01 
PBS buffer) lO one randomIy-seJected patagium and 
0.04 roL 01 PBS (PBS Buller) to the other wing as a 
control. We measured both patagia again 24 h later 
and used the increase in tbidmess as a measure 01 
the magnitude 01 the immune response to PHA (only 
n = 62 chicles could be inoculated and recaptured 
witbin 24 h). AlI measures were taken three times, 
and the average value entered in the analyses. The 
first 38 chicks were measured with a Truper'M 
(Jilotepec, México) dial calliper (± 0.02 mm) and the 
remaining 24 with a Mitutoyo'M (Aurora, IL. USA) 
micrometre (± 0.00 1 mm). Nineteen 01 those mea­
sured with a micrometre were measured also with the 
calliper, and we lound that the two methods gave the 
same measure 01 the magnitude 01 the immune 
response (r = 0.96, P < 0.0001; see Fig. SI). 

At the end 01 the season, we coIlected all the nests in 
individual plastic bags . In the laboralOry, they were 
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processed lollowing the same protocol used in 2011 by 
Suárez-Rodríguez el al. (2013) . Briefly, each nest was 
placed in a BerJese-Tullgren lunnel to collect and 
quantily all the ectúparasites that it con tained (Newell, 
1955; Sandler el al., 2010). These were kept in 
containers (one per nest) with 70% ether untiJ counted 
under the stereoscopic microscope (Zeiss™ Stemi, earl 
Zeiss Vision Inc., Jena, Germany). We then un-weaved 
the nests, separated and weighed the different materials 
that made it. 

Slalislical analyses 

We evaluated whether, as in 2011, the number 01 ecto­
parasites in the 2013 nests was a lunction 01 the pro­
portion 01 the nest weigh t that was made 01 cellulose 
from smoked agarettes (herealter amount 01 cellulose), 
using a generalized linear model with a dedared Pois­
son distribution. We induded site and celIulose as pos­
sible explanatúry variables and selected the model 
according to the Akaike inlormation criterion (AlC) . 
Weekly changes in chick weight were used to calcula te 
growth rates using linear models, with proportion 01 
cellulose in the nest as potential explanatory variable. 
As our estimate 01 age was imprease, we induded tar­
sus length as a co-variable to control lor differences in 
growth rate due to differences in size (age) at which 
chicks were measurecL Again, we seJected the best 
model using the Ale. 

Then, we used general linear models (GIMs) tú 
determine whether exposure to toxic substances 
embedded in the celIulose Irom smoked agare ttes 
affects hatching (as egg shells are permeable; Marco 
el al., 2004) and fledgling success . Explanatory variables 
were the amount 01 celIulose Irom butts, site, laying 
date and either dutch size (Ior hatching success) or 
brood size (Ior fledging success) . For both response 
variables, we dedared a binomial distribution with a 10-
git link and selected the best model according to the 
Ale. 

We used the total number 01 cells with genotoxic sig­
n als (cells with micronudei, nucJeoplasmic bridges. 
nudear buds or bi-nudeated) out 01 2000 erythrocytes 
as the dependent variable in generalized linear Poisson 
models tú evaluate whether this was a lunction 01 the 
amount 01 cellulose Irom agarette butts. We incJuded 
site and size measures (chick weight and tarsus length 
at the time when the sample was tal(en) as potential 
explanatúry variables and selected the best model lol­
lowing the Ale. Irnmune response was assessed by first 
comparing (with al-test) the increase in thickness in 
both patagia tú ensure that the swelling in the wing 
inoculated with PHA was a measure 01 the intensity 01 
the irnmune response, then applying linear models tú 
determine wheth er there was an association between 
the intensity 01 the irnmune response and the amount 
01 cellulose Irom dgarette filters in the nest. We used 
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site and size (chick weight and tarsus length at the time 
01 the irnmune challenge) as potential explanatory vari­
ables. As belore, we selected the best model according 
to the Ale. 

FinaJIy, a structural equation modelling (SEM) anaJy­
sis was used to explore the (potentially causal) direct 
and indirect Iinks between the severaJ variables mea­
sured. This type 01 analysis is useluJ to explore reJation­
ships between severaJ variables that explain a 
dependent variable ol interest (Klem, 2000). We 
entered as an independent variable the amoun t 01 
celIulose from dgarette butts in the nest and as a 
dependent variable the weight 01 the regularly mea­
sured chick at fledging. We retained the models that 
maximized the comparative fit index (CFI) and mini ­
mized the root IDean square error of approxÍmation 
(RMSEA), aJso ensuring that the observed data did not 
differ significan tly Irom the mode! predictions (X2

). 

Results 

One model best explains the variance in number ol ec­
túparasites; it indicates that the number 01 ectoparasites 
recovered from the nests, is a 10calIy varying negative 
lunction 01 the amount 01 cellulose in the nest (Fig. 1), 
thus mirroring the results 01 our previous study. Tarsus 
growth rate was explained only by the size at the 
beginning 01 m easures and by site, whereas weight 
gain, was a positive lunction 01 amount of cellulose 
Irom butts (p = 0.851) and a negative lunction 
(p = - 0.015) 01 initial weight (Fig. 2; the best ten mod­
els are shown in Table S2). The amount 01 cellulose 
Irom butts was positiveJy linked to hatching success 
(Table S3), and it was explained by site according to 
the model with the lowest Ll.Ale (Fig. 3; Table 1). 
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Hg. 1 The number oC parasites recovered from the nests was a 
negative function of the proportion of the nest materials that was 
made up by cellulose from discarded smoked cigarette butts . 
Although there were significant differences between sites, the 
model was additive (Le. not interactive ), meaning that the 
direction of the effect was the same in all sites. 
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wirh largcr proportlons of ccllu losc fmm disca rdcd cigan:m: bmts. 
The signiJkillH 1IloLids are t.lt:~(:ril;etl in Tablt' 1. 

AmounL oI cell ulose was also posilively associated with 
fledging success, which was negatively assodated with 
brood size (f ig. 3; Table 1; note that this function 
varied with site). 

Thc nUrlIher 01' n uclear ahno rrn nli tics in thc red 
hlond ce ll s, a meas ure 0 1' genntnx ic da mage, \ovas a pnsí­
tive funcli on nI' lhe arnO ll nl 01' cellu}n$c Irom smokcrl 
cigareHes lound in the nests (~= 2.459j . GenoLOxici ty 
was a negalive [ullerioll 01 size (P ~ - 0.044) and was 
assoeiated with site (fig. 4: the best ten models are 
ShüWll in Table S4) , The magnitude üf the imJllu ne 
.respü.nse was a. püsiti.ve fUllC'tjo.n of a.roount of cellu]ose 
I" rOI1l hutts (~ - 1.042) and (1 ncgiJ tí ve fUllctinIl of 
we ighl ([1 ~ - 0.007; Tablc 2) accn rding lo lhe mode! 
wilh Ihe lowesl Aje (se e lhe leo besl modcls in TabJc 
55). 

Tbe stnlctural equation modelling produced one besl 
model (Ale ~ 380.087; Fig_ 5). This includes only signi!­
icant regressions and it.s predictions fitted. tbe data 
(X'; - 5.1 1.4, P - 0.244: CF! - 0.99; I?MSJ::A. - 0.01.9). 
Accord ing to the rcs tll ting 'pc1 th, the grcc1 tcr tit e amOllrll 
n I' cellu lnsc frnrn cigare Ue hutts, the fcwer ectoparasi tcs 
lha t are retrieved Irom Lhe nest and Ihe g reaLcst the 
evidence oi" genotoxic dalnagc; ectoparasites load in 
lum negativol)' a!lecl s Ihe weighl ollledglings, whereas 
ge.1lotoxic damage i.s posi.t.iveJy rel.at.ed 10 t.he i.nlnlune 
response, whkh posit ivt:ly affens the 6nal weigh t of 
fl edglings (see Fig. 5), 

Discussion 

()ur dala conlirm wilh a new, larger sample, lhe Ilega ­
tive association lound earlier (Suárez-Rodríguez el al., 
201. 3) bet.ween tbe amoun.t of cel]u lose ubres froro dg­
arene butts u sed ro line th e llt'stS of c. meXiCal1ltS ()nd 
t1l (;' n urnb(;"r uf (;~rtop(lr(ls í tes ret riev(;'d frorn the Tll'sts ilt. 

t he coo of thc $eaSOTl . EClnparn sitc'i nrc known to in fl ll ­
cnee hird lil ness (Lehmann, 1993; Browo el al .. 1995; 
Prnelor ¡;. ()wens, 2000), and in parlicular, miles alld 
ticks are knovvn 10 decrease bird survival (Proclor & 

üwens, 2000 ). Witll high melabolie demands and olten 
competirion by nest mates, ehicks are likely lo be ver)' 
vul.nerable 10 haemat.ophaguus jJilrasites (Bro\lvll el al., 
1995; Merino & Poni, 1995; Fit.ze er al., 2004) ilnd a 
rcducti on 01" para site inl"cstiltiofl in the nest sh ould p r()­
m ote survival. Whcrcas \'Ve fnund no efrect nI' the 
alTIOunt 01 butt ceUuJose 011 Ihe rale al w hich the rarsi 
grew, we fou nd Ihat it had a substantial effeet on the 
mas> gain. The lllodels explailling bOlh growlh mtes 
induded the original measure, as larger (older) chieks 
should have redu ced growth rates. As weight al 
fl edging is i.I ma yo r predict.or uf post-fl edging survivil l 
(c.g. Nilcf-Dilenzcr el al., 200 1), there ís an nhviou$ 
advantage in gaining weighl rapidly, and growing in a 
OcSl wilh fe", (pa rticul arly haemalophagous) I,arasi les 
- because of the amou nt of butt eeHulose used 10 !ine it 
- is likely lo promote weigh l gain. Given the positive 
e.ffect un. su rvjva l, thi.s suggests rha.t rh en:> is a. short.­
term benefit uf using dgarette butts tu Hne 1he nests, 
hu t th is mil)' involve iI costs later in life. 'Ve fo un d thilt 
t he arnount of ccllu lose frorn dgiJrctte hutts in t he ncst 

:n: 2lJ1L I:.UHOI-'I:AN SOCI I; IY I-O,-l =VOLlJ I I ONAKY I:IIOLOGY. ,J. I:VOL. U/OL . 27 (:¿014) :a 1 9-2726 

JOU~NAI 0 1- ¡- VOl u IIU\jAHY HIOI OGY © JO (L I- UHOPI-AN $OCI I-I y "OH ~VOI U IIONAHY ¡,jIOL O(;\Y 



 
49 

Butts in nests promote growth but are toxic 2723 

Table 1 E..;timates from tht· hest modelo,; tha t cxplain hatching {amount of cellulosc + site) and flcdging sueces" (brood size - amount of 
(c ll ll.losc). 

Hatching SJccess 

Estimate SE Z P 

Inteicep: 0.465 0.329 1.457 0.145 

Amo.lnt of cellulose 3.571 1.371 7 .604 0.01 
Site 1 

Site 3 

3D 

'1 25 

1'. 
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0.274 0.346 0.792 0.428 
0.555 0.489 1.135 0.256 
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Fig. 4 Thc pmportion 01 cc!lulo<;c fmm cigilrr.uc hum r.hJT. mJclr. 
up the nest "va,:; Jlositivdy cOITt"latt:d \"vith rhe total l1umber of 
r: ryllHocytes wilh evi.dencf' 01 geno\m.:ir dami'lge (see ¡ex I). TlJe 
l'cgrc<;<;ion Hile ie; c;hm-vn ro ;:¡icl inrcI1wcr;:¡t.ion, hlll rhc significJm 

lwxl.d (Tault' S4) wa::; buiJt dec.:lariug a Poi::,soll di::.LributioIl, 

Ta.bJe 2 l\Sl.imatts rrom lhe bt'st r.tlod.tl w eXpl(lj¡l irnmune 
rcs-pomc (amOllllT. of cclhllosc - wcigln). 

ES1ilTló:C SE f' 

Intcrccp: 0.467 01 4.673 <: O.CX)1 

Weight 0.007 0.005 1.139 0.259 

AmoJnt of ceHulose 1.042 0.182 5.731 " O.CX)1 

._----------------~ 

'-'---~ 

, 
-0.113 , 

+ 
Fin .. lwc ight 
(fledglngsl 

O.8R~ § mmune 0.493 t 
-----+ rcspon~c ~ 

Fig, 5 PJth JnJ1r<¡is di.Jgram shm'ving lhe inclin.'cl. and din.'cT. 

efIects uetvvt'tll amollut 01" cdlulost' IrotIl bu" ::. iu lhe Hes!s 
( i nclcpcndC"l1t. vin i,10Icj, IhC" ll11mbcr o( n CSI C"Clop,1rflSil.C"'i, I.he 

me.JSUTe of genotoxicity fSl:e text), the magnitude of immUllC 
response (lO phytohaemaggLulinin) and lhe weight oC lhe chicks al 
flC"rlging (rc"iponse V,1Tiflblc). Smn rfnrciizcd rcgTC:ssion rodlkicms 
are indica ted ncxt to CJch parh . 

Fledging $Llccess 

Est ~nate SE Z P 

i'l1ercept 0.341 0.868 0.393 0.694 
8rood Si78 -0.704 0 .361 -0.566 0.571 
Amount of cellulose 18.164 3.328 4.431 < 0.001 

is positively assodated wirh the probability of hatehing 
and of fl edging. lt is nndear why tlle smoked-throngh 
cellul ose -Abres p rorT\ot.e hatdll Tlg SlI ccess, but one pos­
sib ilí ty is tha t they reduce the ncgJtive cHects of nest 
eCLoparasi tes on sitLing hens (which m ay ("ven ahandon 

inle'led nC'l'; Oppliger el al., 1991 ). 
One reason to 111easure the ill11uune response of 

chicks in this study was that nicotine has been fonnd lO 

be. a.n i.m.ll1.UnOSUppressant. in .hum.a.n s (Sopoo, 2002). 
Vet we fOllnd t.hat th e mTIount uf ce.lluluse hum ciga­
reUe filter..:; Wil,":; pIlo;;i livcly associaled wilh a rohusl 
immune response induced by PHA, 0 1" a magnitude 
comparahle to tha t reported using n simi la r protocol on 
ch ieks o¡lhe ,ame age and speeies (Na vara el al .. 2006). 
If a strong immu ne response is an indica tion of healLh, 
th is resull may be consequenee of a reduced exposnre 
to e.ctoparasi.tes (whkh. woul d detel'i.orat.e. tb e ge.neral 
cond ition of ch.icks). Alternatively. lhe immune system 
of lhe chicks ITliIy havt' het:n sensi ti zed hy lhe expusll re 
10 cigarcttc LOxic subslanccs, lead ing to a strong rcac­
lion lO PIlA. Indeed, Gwinner el al. (2000) lound lhal 
slarlings (SlUrnus vulgaris) have an increased response 
ro PHA when u5ing green plams in their nests, and lhe 
authors anributed tllis lO th e presence of sorne sub­
staTln~ (s) in p larlT.'i that 'itirn 1l1 ate thl~ irnrn une syst.l~rn. Tf 
- as it is likcl y - th c nrth ropod- rcpcllcnt d feCls of ciga­
relle hullS and 0 1" grccn plants addcd to neSlS are 
homologous, it would nnl be su rprising that their 
effeets on lhe bird 's immune system is a150 homolo­
gou s. 

Genotoxjc da.lJl.a.ge induces chromoso.m al b rea.ks - fo l' 
installce lbrollgh impairment of c:ytukill esis (Fenec:h , 
1991) - and io:; a frequent conscq llence of oxidaLive strcss 
(Risom el al., 2005). The gr~ntcr lhe nmounl or cellulosc 
lrom cigare lte bullS in the neSl. lile more erythroeyle, 
showed signs 01 genotoxicity. The le ve! 01 ely throcyle 
damage tba t we fou.nd i.n bun-exposed c.h i.cks 
(m e,," ± SD; 1. 3 ± 0.96 roo micrOlllldei, 1.91 ± 1. 33 roo 
hi""de,,ted cell s, 1.09 ± 0.79 hl" h il "d 0.74 ± 0.S7 
nudc(l r hridgcs) is )(lrgcr than lhe re portcd frcq uc ncy 01 
micronuclei in bird erf 1hrocytes frol1l 30 species 
(0.12 .1 0.21. range 0-1.06 '1.0; Zúñiga-González el al .• 
2000). bm this reporl is based lllOStly nn eaptive (zoo) 
and domestie birds. eaeh speeies represented by only 
4 ± 3 .1 (range 1-13) individuals of unknown (or unre­
poned) histury/cundi.tion and indudes un]y two Passeri-
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formes. Our data also indicate greater damage than that 
found by Skarphedinsdottir el al., (2010) in much larger 
(and Jongevous) free -living herring gulls (Larus argenla­
tus) exposed to urban pollution (range 0. 18 0.28 roo)' 
tbus we are confident tbat our data indicate that during 
the stay at the nest, the substances that are embedded in 
tbe smoked-tbrougb cellulose are interfering witb cell 
division in growing Mexican finch chid(s. We have no 
information on tbe likelibood tbat tb is damage may bave 
long-term negative effects such as reduced survival in 
sbort-lived passerine birds, yet nestling exposure to stress 
bormones wlúch promote oxidative stress and tbus 
genotoxic damage (Risom el al., 2005) does reduce Iile ­
span in captive zebra linches (Taeniopygia gullala; Mona­
gban el al., 2011) . Additionally, tbere are anecdotal 
reports 01 cage birds being in toxicated and subsequen tly 
dying lollowing ingestion 01 dgarette butts (Novotny 
el al., 201 1), as well as experimental evidence tbat expo­
sure to dgarette bu tts causes mortality in otber sbort­
lived vertebrates (e.g. fish such as tbe lathead minnow 
Pimephales promelas; Slaugbter el al., 2011 ). Also, inas­
much as damage has to be repro red, birds may have to 
pay later in lile tbe use 01 valuabJe resources (e.g . an tiox­
idants; Blount el al., 2001; Barja, 2002; Coben el al., 
2007) to contain genotoxic damage . In male C. mexicanus, 
tlús may impair carotenoid -based ornament expression 
and hence mating success (Hill & Montgomerie, 1994; 
McGraw el al., 2001). 

Our study is correlational, and thus our inferences 
about ca usality sbould be regarded as provisional. How­
ever, tbe application 01 structural equation modelling 
(SEM) allows the comparison 01 several models tbat 
is patb diagrams to generate robust causal explana­
tions (Mitchell, 1992) wlúch may later be tested experi­
mentally. Following such SEM approach, we were able 
to trace the consequences lor C. mexicanus 01 using ceJ­
Julose Irom dgarette bu tts to line tbeír nests. Butts 
deter (possibly because tbe nicotine tbey contain) and 
may also barm (due to the otber chemicals in tbem) 
ectoparasites . Butts aIso generate genotoxic damage. 
We counted damage in erytbrocytes, yet there is no 
reason to suppose tbat tbis is not a reflection 01 toxic 
damage in otber tissues (MacGregor el al., 1997). Tbe 
increased toxidty was assodated to an increase in the 
immune response, and altbougb tbe causal link is 
unknown it is possible that substances in tbe butts are 
botb genotoxic and stimulants (sensitizers) 01 tbe 
immune system (see aboye). As t1ús increase in 
immune response was equivalen t to that reported in a 
study that applied a comparable protocol to chid<s 01 
the same spedes and age (Navara el al., 2006), we sus­
pect that the correlated increase in genotoxicity was 
not due to a heigbtened immune sensitivity produdng 
autoimmune reactions. Finally, botb tbe reduced num­
ber 01 parasites and the enhanced immune response are 
linked to f1edging weight a correJate of survival (Mag­
rath, 1991; Nael-Daenzer el al., 2001; Suedkamp Wells 

el al., 2007). Altbough important links are missing, we 
propose that this patbway is an accurate representation 
of tbe consequences 01 in corporating dgarette butts in 
nests by urban birds. Still, the lull li tuess consequences 
01 t1ús behaviour can onJy be known once we have 
evaluated the negative long- term consequences, such 
as a reduced expression 01 male ornaments or an accu­
mulated toxic damage in lemales lollowing repeated 
breeding attempts. 

Use of cigarette bu tts in nests seems to be an adapta­
tion to urban lile that refl ects, as most adaptations, a 
trade-off between short-term benefi ts and long-term 
costs. Lile-lústory tbeory predicts tbat attributes 01 tlús 
type should be promoted because 01 the greater 
demograplúc impact 01 earJy vs. late reproduction 
(Stearns, 1989). However, urban ecology is lar Irom 
invariant, and widespread adaptations to dties wlúch 
may entrol a loss 01 genetic variance may rapidly 
become obsolete or even turn maladaptive, a problem 
tbat may increasingly lace urban biota. 
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IV. CAPÍTULO III. “Anthropogenic nest materials may increase breeding costs for 

urban birds” 

 

Resumen 

Aún en especies socialmente monógamas, el conflicto sexual es una de las razones que 

promueve diferencias en los roles sexuales durante la reproducción. Esto puede provocar 

que uno de los sexos realice una contribución desproporcionadamente grande, y por lo 

tanto experimente costos muy altos en momentos particulares de la época reproductiva. 

En la Ciudad de México, algunas especies de aves agregan fibras de filtros de cigarro a sus 

nidos, lo que reduce la cantidad de ectoparásitos, pero también aumenta el daño 

genotóxico. Los machos de Passer domesticus realizan una contribución sustanciosa en la 

construcción del nido mientras que los machos de Carpodacus mexicanus no contribuyen 

a esta actividad, por lo que pensamos que los efectos tóxicos de la exposición a los filtros 

de cigarro debe de ser mayor para las hembras de C. mexicanus que para los machos 

conespecíficos, pero no debe haber diferencias entre sexos en P. domesticus. Como 

esperábamos, encontramos más daño genotóxico en los glóbulos rojos de las hembras 

que incuban de C. mexicanus relacionado con la cantidad de filtros que había en el nido y 

además era mayor que el de sus machos conespecíficos. El daño en los macho no estaba 

asociado con los filtros de cigarro; inicialmente fue menor que el daño de las hembras, 

pero incrementó cerca del momento de volantones, momento en el que los machos 

alimentan a las crías. En ambos padres de P. domesticus, sin embargo, el daño genotóxico 
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se presentó de manera similar y se relacionó con la cantidad de filtros de cigarro en el 

nido. El uso novedoso de un material tóxico, que funciona como repelente de 

ectoparásito, provoca costos en la época reproductiva para el miembro que invierte más 

en la construcción del nido y la incubación. 

Capítulo en prensa. 
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19 Abstl'act 

20 Even in socially monogamous species, sexual conflict is one reason that ofien promotes differences 
21 in the roles of sexes during reproduction, which may lead to one sex making a disproportionate 
22 contribution, and thus incurring disproportionate costs, at particular moments ofthe breeding 
23 process. In Mexico City, a number of songbird species line their nests with fibres from discarded 
24 cigarette butts, which reduce ectoparasite load but are genotoxic. As male Passer domesticus make 
2S substantial contributions to nest building whereas male Carpodacus mexicanus do not contribute to 
26 nest building, we hypothesized that the toxic effects of exposure to cigarette butts should be greater 
27 for females C. mexicanus than for conspecific males, but that there should be little or no difference 
28 inP. domesticus. As expected there was more exogenous genotoxic damage in the red-blood cells of 
29 incubating female C. mexicanus the more cigarette butts were found in their nest, and much more 
30 than in their conspecific males . Damage in males was not associated to cigarette butts; it was 
31 initially lower than in females, but it increased near fledging, together with their breeding effort. In 
32 both mal e and female P. domesticus, however, genotoxic damage was equally apparent and greater 
33 the more cigarette butts were in the nest. The novel use of a toxic, anthropogenic parasite repellent 
34 by urban birds may be thus asymmetrically increasing the breeding costs paid by the member ofthe 
3S pair most involved in nest building and incubation. 

36 Key-wol'ds: cigarette butts, genotoxicity, Carpodacus mexicanus, Passer domesticus, parental care, 
37 sex roles 
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38 Intl'oduction 

39 Human activities impact the environment in a variety ofways, ofien with negative consequences for 
40 the local biota (Miller and Hobbs, 2002). This is clearly the case with urbanization, where organisms 
41 are exposed to a new an'ay of stressors that impose substantial constraints on their biology 
42 (Ditchkoff et al. , 2006). Behavioral modifications are amongst the first responses of animal s to Jife 
43 in the cities (Baldwin, 1896; Price et al., 2003). This is because behaviour can be speedily adjusted 
44 through leaming, thus providing a rapid means to adapt to new conditions (Ditchkoff et al. , 2006; 
45 Sih, 2013; Sih et al. , 2011). For instance, the plasticity of Passerifonnes ' song production 
46 (Slabbekoom, 2013) allows them to make instantaneous adjustments offrequency in response to 
47 sudden increases of anthropogenic noise, as has been experimentally shown by Bennúdez-
48 Cuamatzin et al., (2010) and Gross et al., (2010). Other examples inc1ude short-tenn increases in 
49 competitive behaviour of invasive crabs (Tanner et al. , 2011) and changes oftime budgets in birds 
50 near airports (Gil et al., 2014). 

51 Animals may modify behaviourally to an array of human disturbances. Thus the negative 
52 effects ofhabitat fragmentation may be contended with by adjusting dispersal and foraging pattems 
53 (Hovland et al. , 1999; Rathcke and Jules, 1993; Schtickzelle et al. , 2006; Tschamtke and Brandl, 
54 2004). For instance, the bog fritillary butterf1y (Proclossiana eunomia) show a dispersal depression 
55 in fragmented landscapes, as dispersal between landscape fragments is Ji.nked to high mortaJity 
56 (Schtickzelle et al. , 2006), whereas root voles (Microtus oeconomus) forage preferentially on the 
57 edges offragmented landscape patches (Hovland et al. , 1999). Human alteration ofthe environment 
58 ofien involves the translocation of organisms. For instance, urban biota is increasingly comprised of 
59 non-native species, which may negatively interact with native organisms. Consequently, prey 
60 species ofien have to adapt their behavior to the presence of invading predators, whereas competing 
61 local species may need to escalate competition to reduce the negative effects of such introductions 
62 (Sih et al. , 2010). Equally insidious is the effect of invasive species on the local species mating 
63 systems (e.g. Valero et al. 2008). 

64 Humans also modify the environment by polluting it. In particular, anthropogenic chemicals 
65 may interfere with the expression of sexual traits such as coloration, courtship or singing 
66 perfonnance (Gorissen et al. , 2005; Markman et al. , 2008) partly because they ofien act as homlOnal 
67 disruptors, which may provoke changes in the operational sex-ratio, thus interfering with mating 
68 behavior (Fry, 1995). A complex fonn of pollution is that caused by solid waste. This is composed 
69 of discarded traces of products used by humans. A sometimes large fraction of the consumables that 
70 we use is discarded; it is mostly unfriendly with the environment and may take a long time to 
71 degrade. Several types of solid waste are harmful to humans, animals and the ecosystems (Hamer, 
72 2003). Human-generated waste is ubiquitous in cities and elsewhere, and, as it ofien resembles 
73 natural materials, it is frequently used by mammals (Cavia et al., 2009) and birds (Townsend and 
74 Barker, 2014; Votier et al., 2011; Wang et al., 2009) in the construction oftheir nests . Since the 
75 distribution and physical properties of waste products is not the same as those of natural materials, 
76 the use of waste products requires behavioural adjustments, such as the ripping-of and unweaving of 
77 cigarette butts to line nests (Suárez-Rodríguez et al 2013). Given the paramount influence ofthe nest 
78 materials on the microclimate and the biota to which developing offspring are exposed (Collias, 
79 1964; Hilton et al., 2004), incorporating anthropogenic materials on the nests is likely to have a 
80 major influence on the natural history ofthose usingthem (Antczak et al. , 2010; Hartwig et al. , 
81 2007; Suárez-Rodríguez et al., 2013; Wang et al. , 2009). 
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82 Eggs and chicks are directly in contact with the nest lining; a thin soft structure offeathers, 
83 fur and the like. Often, it also includes green plant materials that serve to repel ectoparasites (e. g. in 
84 the common starling Sturnus vulgaris; Clark and Mason 1987; Clark and Mason 1988) as they 
85 contain secondary metabolites evolved to prevent herbivory (Wink, 1988; Wittstock and 
86 Gershenzon, 2002). hl other species such as blue tits (Cyanistes caerules), green materials seem to 
87 act against bacteria in the skin of chicks (Mennerat et al. , 2009a) which is Iinked with faster mass 
88 gain (Mennerat et al., 2009b). Note, however, that the same materials may be added for reasons 
89 unrelated to egglchick wellbeing. For instance, in spotless starlings (S. unicolor) the addition of 
90 green plant material to the nest serves mainly as a sexually selected signal that stimulates the 
91 production oftestosterone in females, and may also signal male status (Polo et al., 2010; Veiga et 
92 al. , 2006). Sorne bird species use this strategy to repel arthropods from their nests (Gwinner and 
93 Berger, 2006; Ontiveros et al., 2007; Wimberger, 1984) thus it has be en considered a way of 
94 actively protecting the nest from ectoparasites (Clark and Mason, 1988). Bird ectoparasites are a 
95 well-known to be hamlful, especially those occupying their nests (Clayton et al. , 2010; Hund et al. , 
96 2015; also see López-Rull and Macías Garcia, 2015). 

97 fu addition to natural materials, two common city birds, P. domesticus and C. mexicanus 
98 weave anthropogenic materials (Van Riper I1I, 1976), including cotton fibres from discarded 
99 cigarette filters into the nest lining (Suárez-Rodríguez et al., 2013). Cigarette butts have a repellent 

100 effect similar to that of green materials (Suárez-Rodríguez et al., 2013), yet they also contain many 
101 toxic substances in addition to Nicotine, such as ethylphenol, heavy metals (e.g. titanium dioxide), 
102 propylene glycol, diverse insecticides, and even cyanide (Jensenl et al., 2004; Moriwaki et al. , 
103 2009; Register, 2013; Slaughter et a. , 2011; Witschi et al. , 2002). Thus chick erythrocytes show 
104 signs of genotoxic danlage proportional to the amount of cigarette butts used to line their nests 
105 (Suárez-Rodríguez and Macías Garcia, 2014), probably as the toxic substances enter their bodies 
106 through their skins, which are in contact with the nest materials. Although we cannot exclude the 
107 possibility that at least those that are volatile are also inhaled. Genotoxic damage occurs when an 
108 exogenous or endogenous agent (including reactive oxygen species) breaks DNA chains during 
109 mitosis, a process that can lead to mutagenicity and eventually to carcinogenic processes (DeMarini, 
110 2004; Fenech, 2007; Valko et al., 2004). DNA damage results in nuclear abnormalities, with cells 
111 containing a nucIeus plus one or more micronuclei, or bi-nucIeated cells with bridged nucIei. 
112 Damage to the mitotic apparatus (microtubules and microfilaments) results in true bi-nucIeated cells 
113 (with a duplicated genome; Fenech 2007). While sorne damage may go undetected upon visual 
114 inspection, standardized counts of cells with nuclear abnonnalities can be used as direct measures of 
115 genotoxic damage (Fenech, 1997). 

116 Contact with discarded cigarette butts is toxic to chicks (Suárez-Rodríguez and Madas 
117 Garcia, 2014), and perhaps also to adults. Thus, by lining their nests with such materials, urban P. 
118 domesticus and C. mexicanus may be exposing themselves to a novel breeding cost, which we 
119 expect to differentially affect males and females given their unequal share ofthe breeding activities. 
120 Here we conducted standardized counts of damaged erythrocytes to quantify the cost incurred by 
121 male and female P. domesticus and C. mexicanus at different moments in their breeding season 
122 (stages). We hypothesized that the amount of direct contact with cigarette butts through 
123 manipulation and incubation should be positively correlated with genotoxic damage, and should thus 
124 differ between sexes and species in accordance to their breeding roles. We tested the above on the 
125 house finch and the house sparrow. These species coexist in North American cities, where they 
126 occupy similar ecological niches (Bent and Austin, 1968; Lowther and Cink, 2006; Woods, 1968), 

4 



 
62 

127 to the point that competition often occurs between them (Bennett, 1990; Kalinoski, 1975; McClure 
128 et al., 2011). 

129 Methods 

130 Study species 

131 Cmpodacus mexicanus (Müller 1776), a native finch from North America (see Figure 1), is a 
132 socially monogamous bird with well-defined sexual roles and sexual dimorphism in color -adult 
133 males displaying bright carotenoid-dependent red crowns, bibs and rumps- as well as a large song 
134 repertory. Females are less conspicuous and choose males for their color and their songs (Nolan and 
135 Hill, 2004). Females are more actively involved in parental care than males, at least initially. They 
136 choose the nest site, build the nest, incubate the eggs and participate in the feeding ofthe chicks, 
137 whereas males feed the female during the incubation and do most ofthe feeding offledglings, often 
138 also taking over the feeding of pre-fledging chicks (Hill, 2002). 

139 Passer domesticus (Linnaeus 1758), the ubiquitous house finch (see Figure 1), is a socially 
140 monogamous European finch long naturalized in the Americas. It is also sexually dimorphic. Male 
141 omaments (maroon and grey crown, black patches around beak and the eyes, a black bib, and dark 
142 back and wings that contrast with their pale underparts) are due to melanin, while females lack 
143 contrasting patches and seem drabber. Parental care is shared between sexes; both members ofthe 
144 pair choose the nest site, build the nest, incubate the eggs (female more actively) al1d feed the chicks 
145 (male more actively; Voltura et al. 2002; Hoi et al. 2003; Schwagmeyer et al. 2005; Liker et al. 
146 2008). 

147 Study site and blood samples 

148 We conducted this study in a mixed colony ofe. mexicanus and P. domesticus at the main campus 
149 ofthe Universidad Nacional Autónoma de México (UNAM) in the south ofMexico City. These 
150 species were breeding in natural conditions, constructing their nests on building structures or in 
151 trees. We worked with a mixed-species colony where nests are placed in close proximity (from 30 
152 cm to 200 cm). Here, pairs ofboth species interact with each other throughout the breading season, 
153 feeding and collecting nest materials from the same places. Discarded cigarette butts are available 
154 on the ground, and are locally abundant at particular spots around the gates ofthe surrounding 
155 buildings. In the spring of2014 we monitored the activity ofthe colony with binoculars (Minox™ 
156 BV 10 x 42) to assess the breeding stage and the number of eggs or chicks. We captured both 
157 members of each pair by setting mist nets for three days at the end of each of four 15-days intervals 
158 starting 15 days after the majority ofthe pairs had begun nest building. We could not re capture both 
159 members ofthe pair at all breeding stages, and this was declared in our statistical models. Thus we 
160 sampled breeding adults at end of a) nest building, b) incubation, c) early (chicks S; 15 days old) and 
161 d) late breeding (chicks 2: 16 days old). Rodnan et al. 1956 reported that after 30-40 days 
162 radioactively marked erythrocytes were no longer present in pigeon (Columba livia) chick (Gallus 
163 domesticus) and duck (A nas platyrhynchos) blood samples, and from the reported curves it can be 
164 inferred that between 40-50% erythrocytes are removed from the bird ' s circulating blood every two 
165 weeks (see Reddy et al., 1975) for comparable results). Because oftheir higher metabolic rate (see 
166 Speakman, 2005) blood tumover is likely to be faster in smaller species, thus we decided that 
167 sampling every 15 days should provide a fair estimate ofthe condition ofthe birds (see below) in 
168 the preceding 2-3 weeks. We recorded the species, sex and size (tarsus length [mm] and weight [g]) 
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169 and took a blood sample (~5f.l1) from each bird in a heparinized capillary tube afier puncturing the 
170 brachial vein. Birds were marked with individual combinations of coloured plastic rings and one 
171 metal ring with a unique number. We identified the nest of each pair with the aid ofbinoculars and 
172 visited each nest to check attendance by the parents and to record the clutch and brood size. Only 
173 one ofthe 58 nests followed was deserted, and it happened before egg-laying (the nest is not 
174 included in the analyses). The remaining 57 nests were followed until their chicks fledged. Within 
175 12 hours of collection we took the blood samples to the laboratory where we prepared two smears of 
176 each individual, to which we applied Schiff staining and counterstained with Hematoxylin. A 
177 coverslip was fitted with Entellan resin to each smear, which was inspected under a phase contrast 
178 optic microscope (Carl Zeiss™ Axiostar at a 1000X). We assessed 1000 erythrocytes from each 
179 smear (two smears per individual), counting every instance of a cell with micronuclei , nuclear buds, 
180 bridges in binucleated cells, and binucleated cells. At the end ofthe season we collected each focal 
181 nest, removed its parasites with a Berlese-Tullgen funnel, and separated and weighed all its 
182 component materials (Suárez-Rodríguez et al., 2013). We obtained the proportion of cigarette butts 
183 by dividing the butts weight between the total weight ofthe nest. 

184 Statistical analyses 

185 We captured and recaptured 41 parents from 26 nests of Cwpodacus mexicanus and 55 parents from 
186 31 nests of Passer domesticus. We analysed separately the two species, applying one generalized 
187 linear model to each, to determine which of our independent variables explained the number of 
188 blood cells with genotoxic damage (declaring a Poisson distribution for our dependent variable) 
189 using Rx64 s 3.1.2 software. Factors included were breeding stage (four levels), sex (two levels) and 
190 weight of cigarette butts in the nest (continuous variable). 

191 After looking at the results we detected that there was an increment in the genotoxic damage 
192 experienced by males during the last two breeding stages. At this point, males make the bulk ofthe 
193 contribution to the feeding ofthe chicks. So, we explored whether the genotoxic damage was 
194 actually different from that experienced by females (see results and Figures 2 and 4) applying 
195 generalized linear models using only the data from the last two stages (early breeding and late 
196 breeding) and declaring a Poisson distribution for our dependent variable. We selected the best 
197 model using the Akaike lnformation Criterion (AIC) and ó.AIC, with ó.AIC <2 indicating that two 
198 models were equally supported by the data. 

199 Results 

200 CarpoiÚlclls mexicanlls 

201 We obtained two models that best explained the number of erythrocytes with evidence of 
202 genotoxicity (see supplementary Table SI). The best model was a three-way interactive model ofthe 
203 three potentially explanatory factors (proportion of cigarette butts, sex and breeding stage). 111e 
204 amount of cigarette butts in the nest was positively associated with the level of female, but not of 
205 male, genotoxic damage (Table 1). This effect was evident during nest building, and during 
206 incubation; it was much less pronounced during early- (Figure 2), but again very substantial in late 
207 breeding (Table 1; Figure 2). Thus the level of genotoxicity experienced by females during breeding 
208 is both large and linked to the amount of cigarette butts in the nest (Table 1; Figure 2). 

209 Males had fewer red-blood cells with signs of genotoxic damage, and their number was 
210 consistently independent ofthe amount of cigarette butts incorporated into the nests. However, the 
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211 number of damaged cells increased through the breeding stages and appeared to be larger than the 
212 damage in females at the last breeding stage (Table 1; Figure 2). We evaluated whether breeding 
213 effort could explain the increase in male genotoxic damage (for instance through endogenous 
214 oxidative stress) by mnning a new model-selection procedure restricted to the early and late 
215 breeding stages, and incorporating brood size as a novel predictive factor. The model that best 
216 explains the amount of genotoxic damage includes an interaction between sex and brood size. It 
217 demonstrates that males attending larger broods had evidence of more genotoxic damage than males 
218 attending smaller broods (Figure 3). Female genotoxic damage was unrelated to brood size (Table 2; 
219 Figure 3). 

220 Passer domesticlls 

221 The number of cells with evidence of genotoxic damage in P. domesticus was best explained by a 
222 three-way (sex, cigarette butts and stage ofbreeding) interactive model (Table S4). In this case, 
223 damage in both males and females during nest constmction and incubation seemed positively 
224 influenced by the amount of cigarette butts in the nest (Table 3; Figure 4). However, during nest 
225 building, incubation and early breeding females had more cells with evidence of genotoxic damage 
226 than males. As we expected, the association between amount of cigarette butts in the nest and 
227 genotoxic damage was lowest in the last two breeding stages, when parents no longer occupy the 
228 nest. However, males had more genotoxic damage than females at the late breeding stage. (Table 3; 
229 Figure 4). 

230 The number of erythrocytes with signs of genotoxic damage in males increased above the 
231 number ofsuch cells in females during late breeding, and it was not related to the amount ofnest 
232 cigarette butts. Consequently, we tested whether, as in C. mexicanus, this increase could be 
233 explained by endogenous stress related to the effort offeeding chicks. We thus ran the same model-
234 selection procedure looking for a differential effect ofbrood size on genotoxic damage in male and 
235 female parents. Males showed more evidence of genotoxic danlage than females during early and 
236 late chick breeding, but tbis damage was not associated with brood size in either sex (Table 4; 
237 Figure 3). 

238 

239 Discussion 

240 We found fluctuating levels of genotoxic damage - measured as the number ofred-blood ce lis with 
241 nuclear abnonnalities- in breedingP. domesticus and C. mexicanus ofboth sexes. In females, at 
242 least during the early stages ofthe breeding attempt (nest building and incubation) such damage can 
243 be expressed as a function of the amount cigarette butts that they use to build their nest, and thus 
244 reveals a novel breeding cost for birds nesting in cities. This effect is evident in female C. 
245 mexicanus, which are in contact with the material during nest building and incubation, and in both 
246 members of P. domesticus, as they share the activities that lead to exposure with cigarette butts. Our 
247 results might be explained as a consequence of differences in health or condition between sexes or 
248 species. Yet this would not explain the significant link between the amount ofbutts in the nest and 
249 the numbers of erythrocytes with evidence of genotoxic damage; this was found in the sex most 
250 exposed to cigarette butts, and was found in the period when it is in a prolonged, direct contact with 
251 them. Since foraging is not restricted to areas where cigarette butts are abundant, we have no 
252 evidence of sex-specific diets in these species, and given that butts are never so copious that they 
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253 may substantially leak toxicants into the ecosystem, we think that our results cannot be explained as 
254 a result of species/sex differences in diet. 

255 We argue that nuclear abnomlalities reveal physiological costs because they are the result of 
256 genotoxic damage, and thus can be a proxy to estimate oxidative stress (Bartsch, 2002; Valko et al., 
257 2004) such as that generated by exposure to toxic substances (DeMarini, 2004; Fenech, 1993; López 
258 Gordillo, 2012; Skarphedinsdottir et al. , 2010; Valko et al., 2004). In addition to revealing damage, 
259 abnormalities in the nuclei of erythrocytes can inform approximately when it took place. This is 
260 because birds fi!ter their blood through the spleen in cycles of approximately 15-30 days (Rodnan et 
261 al., 1956), thus between one half and the whole ofthe red-blood cells are replaced approximately 
262 every two weeks, which is similar to the duration of each of the breeding stages that we defined, and 
263 hence the span oftime between our consecutive samples. Therefore, our measure of genotoxic 
264 damage and our sampling program allow us to explore the consequences of exposure to discarded 
265 cigarette butts during particular moments ofthe breeding cycle, when the relative commitment of 
266 males and females to the breeding effort may vary. 

267 Our data not only reveal a novel breeding cost for urban birds, but show these costs to be 
268 unequally shared by both sexes. Male and female C. mexicanus play different roles in parental care 
269 (Badyaev and Hill, 2002; Duckworth et al., 2003b). Females build the nest, which means they, and 
270 not the males, manipulate all the materials that go into its constmction. 111ey also perform all the 
271 incubation (Badyaev and Hill, 2002; Duckworth et al. , 2003a; Hill, 2002), thus being virtually 
272 continuously in contact with the nest materials. Accordingly, we found that not only females had 
273 more evidence of danlage than males, but the number of nuclear abnonnalities in their blood was 
274 tightly correlated with the amount of cellulose fibres from cigarette butts in their nests (= amount of 
275 cigarette butts). By contrast, during the same stages the males had very few damaged erythrocytes, 
276 and their numbers were independent ofthe amount ofbutts that went into the nest constmction. This 
277 is evidence that a novel, anthropogenic nest material can generate breeding costs that are a function 
278 ofthe sexual differences in parental roles. 

279 Males of Carpodacus mexicanus were apparently unaffected by the amount of cigarette butts 
280 in their nests, but they also showed evidence of genotoxic damage, particularly later in the breeding 
281 attempt. In C. mexicanus, males deliver food to the nest (Badyaev and Hill, 2002); this does not 
282 bring them into direct contact with nest-lining but there could be a certain amount of exposure to the 
283 toxic material, thus inducing variable amounts of genotoxicity. Furthermore, providing food is a 
284 demanding activity, particularly afier hatching and increasingly so as fledging approaches. Exertions 
285 such as this can raise the level of oxidative stress, and we propose that this is the explanation ofthe 
286 increase in the number of nuclear abnormalities in male erythrocytes in the last two breeding stages 
287 (Figure 2), and ofthe apparent association of genotoxic damage with brood size (Figure 3). 

288 Data from P. domesticus were also consistent with our prediction that exposure to cigarette 
289 butts promote genotoxic damage in breeding birds. In this case, however, the association between 
290 cigarette butts and nuclear abnormalities during nest building was indistinguishable between males 
291 and females (Figure 4). This may be due to the fact that male and female house sparrow participate 
292 in the constmction ofthe nest and in the incubation off eggs (Bartlett et al., 2005). That the 
293 association was weaker in males during incubation is consistent with their reduced share in this 
294 activity (Figure 4). Thus, as in C. mexicanus, we uncover a breeding cost resu!ting from the use of 
295 anthropogenic nest material s by urban birds. FUIthermore, we confirm that the extent of such cost is 
296 linked to the roles played by each pair member during the breeding effort. 
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297 In females ofboth species damage to the red-blood eells was redueed during early and late 
298 breeding, and in female house sparrows it was unrelated to the amount of cigarette butts that went 
299 into the making ofthe nest. Nor were nuclear abnormalities in females related to the number of 
300 ehieks being raised, but we have little statistical power to detect su eh an effect. 

301 FemaIes of C. mexicanus show a late-breeding increase in genotoxic damage, which is 
302 linked, once more, to the amount of cigarette butts in the nest. We studied the genotoxie damage of 
303 birds raising their frrst brood, but since our population of C. mexicanus make several sueeessive 
304 breeding attempts every year, and given their reported praetice of cluteh overlap (Evenden, 1957), 
305 we propose that the eigarette butt related increase in female nuclear abnormalities during late 
306 breeding is the consequence of renewed exposure to the nest lining due to ineubation of a new cluteh 
307 (as we systematically monitored the colony, we were able to detect clutch overlap). However, 
308 females do not build a new nest, but rather lay new eggs in the old one, thus exposure to butts, and 
309 hence genotoxic damage, are only moderately increased at this time. Indeed, we have witnessed 
310 clutch overlap within a nest, starting as early as when the chieks were approximately 5 days old. 

311 The nests of C. mexicanus and P. domesticus contain the same proportion of cigarette butts 
312 (Suárez-Rodríguez et al., 2013), yet there appears to be more genotoxic damage in the former (see 
313 supplementary materials). If confirmed, this pattern could be the consequence of male and female 
314 sparrows sharing, and thus diluting, the effeet of exposure to cigarette butts, yet in both speeies the 
315 extent of damage is similar during early breeding, but lower in house sparrows than in finehes 
316 (compare Figure 2e and 4e). Another possibility is that this interspecific difference indicates thatP. 
317 domesticus, with a long urban history that should have brought it into eontaet with anthropogenie 
318 pollutants, may have developed adaptations sueh as enhaneed enzymatie aetivity (e.g. Rainio et al. 
319 2012), that increase its ability to detoxify itself(Schwagmeyer and Moek, 2003). This tantalizing 
320 possibility would constitute one of very few cases of phenotypic adjustments to cities that may not 
321 be explained just a eonsequence of plasticity, but as genuine adaptation to urban life (see Suárez-
322 Rodríguez et al. in press). 

323 While we are confident that our measures of nuclear abnormalities are indicative of 
324 genotoxic damage, we have no inkling on what the long teml eonsequences ofthis damage may be. 
325 Indeed, there is a paueity ofworks on the effects oftoxicity on the longevity of short-lived Passerine 
326 birds. To be of consequence, genotoxicity - the damage of genetie material during eell division-
327 should result in mutagenesis, which involves a modification ofthe genetic code that is transferred to 
328 the next generation of cells (Fenech, 2008). As we worked with ce lis that are constantly being 
329 produeed and replaced (Rodnan et al. , 1956), it may be that even if exposure to eigarette butts 
330 results in mutagenesis , this may not have time to express itselfbefore the eell earrying it being 
331 discarded, unless the damage took place in erythropoietie stem cells, which would continue 
332 produeing damaged erythroeytes. We counted nuclear abnormalities in erythrocytes beeause 1) their 
333 short life span allowed us to !rack the possible association between breeding aetivity and damage, 
334 and 2) extracting small amounts of blood to make two smears is both easy and relatively little 
335 intrusive. Still, damage may be occurring to other celllineages -notably in the germ line- and in 
336 tissues or organs where it may have a more consequential effect on the condition, life expeetancy 
337 and fertility ofbirds. 

338 We have uneovered genotoxie eonsequences ofbreeding activities ofbirds using 
339 anthropogenie nest materiaIs, and show that the amount of damage is linked to the roles played by 
340 both sexes during breeding. Cigarette butts repel nest parasites (Suárez-Rodríguez et al., 2013), 
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341 presumably because they contain nicotine (Harveyet al., 2007), and arsenic (Slaughter et al. , 2011) 
342 which have been used as insecticides, as well as polycyclic aromatic hydrocarbons and other metals 
343 which could be responsible for the genotoxic damage experienced by both chicks (Suárez-Rodríguez 
344 and Macias Garcia, 2014) and adults (this work). Birds in nature also utilize sorne particular (plant) 
345 materials to deter parasites offthe nest (Brouwer and Komdeur, 2004; Clark and Mason, 1988; 
346 Gwinner and Berger, 2008; Lafuma et al. , 2001; Ontiveros et al., 2007; Polo et al., 2010), and it is 
347 conceivable that sorne ofthe substances involved (Gwinner and Berger, 2006) are also harmful to 
348 the birds. Still, both the diversity and the concentration of substances in discarded, smoked-through 
349 cigarette butts are likely to be much higher than those found in plants brought to the nests for 
350 prophylaxis, and we propose that the costs reported here apply mainly, if not only to birds using 
351 cigarette butts to line their nests. On the other hand, the ubiquitous application of insecticides and 
352 herbicides to crops, and their subsequent leaking into non-agricultural habitats, should make the 
353 exposure ofbirds to toxicants from nest materials a global reality, with consequences on the costs 
354 paid by the parents in accordance to their respective parental roles. This increasing risk of exposure 
355 to anthropogenic pollutants could elevate the cost of nest-building aud incubation, with potentially 
356 negative demographic consequences. 
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598 Figure legends 

599 Figure l. Female (far left) and male Carpodacus mexicanus (left), female (right) and male (far right) 
600 Passer domesticus (drawings by MSR). 

601 Figure 2. During nest building (a) and incubation (b), genotoxic damage (expressed as the number of 
602 cells with nuclear abnormalities per 2000 erythrocytes) was associated in female C. mexicanus with 
603 the amount of cigarette butts incorporated into the nest. Variables are represented in the original 
604 scale to faci litate interpretation, but data were analysed using generalized linear models. 

605 Figure 3. Genotoxic damage in erythrocytes of adult C. mexicanus (top) and P. domesticus (bottom) 
606 ofboth sexes during early and late breeding, as a function ofthe brood size (see text). 

607 Figure 4. During nest building (a) and incubation (b), genotoxic damage (expressed as the number of 
608 cells with nuclear abnormalities per 2000 erythrocytes) was associated in female and in male P. 
609 domesticus with the amount of cigarette butts incorporated into the nest. Variables are represented in 
610 the original scale to facilitate biological interpretation, but data were analysed using generalized 
611 linear models. 
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612 Table 1. Comparison of effects of cigarette butts, sex and breeding stage on the amount of genotoxic 
613 damage (number ofred-blood cells with nuclear abnormalities per 2000 cells) in C. mexicanus. 
614 Coefficients1 come from the best supported model (see Table 1 ofsupplementary materials). Model 
615 = amount of cigarette butts x sex x breeding stage. Intercept = amount of damage at the onset ofthe 
616 breeding stage; SIope 1 = steepness ofthe association between amount of cigarette butts innest and 
617 genotoxic damage; * = significant difference between sexes. (An ana1ysis in which each nest is 
618 represented only by one ifthe parents, and only on one breeding stage, yielded essentially the same 
619 results; see Supplementary Materials Tables S8 and S9). 

Breeding Intercept Slope 

moment Females Males Females Males 

Nest building 1.656 1.652 5.241 * 1.523 

Incubation 1.983* -0.501 4.657* 1.842 

Early breeding 1.668 1.347 2.788 3.666* 

Late breeding -1.563 2.189* 12.335* 2.454 

620 

621 1 Both intercepts and slopes in the table are composite (added) values of different coefficients ([3) in 
622 the full model (see explanation in supplementary materials Table 3). 
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623 Table 2. Results ofthe best model that explains the amount of genotoxic damage in erythrocytes of 
624 male Carpodacus mexicanus at the last two stages ofreproduction (early and late breeding, entered 
625 together in the analys is so as not to atomize the sample size). Model = sex x brood size; females and 
626 one-chick broods are coded as zero, hence their contribution is included in the intercept. 

627 

Variables Coefficient SE Z P 
Intercept 1.569 0.204 7.685 < 0.001 
Sex: males 0. 11 8 0.281 0.420 0.675 
Brood size: 2 chicks -0.429 0.286 -1.502 0.133 
Brood size: 3 chicks -0.1 82 0.247 -0.739 0.460 
Sex: males x brood size : 2 chicks 0.689 0.373 1.846 0.065 
Sex: males x brood size: 3 chicks 0.710 0.326 2.178 0.029 

628 
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629 Table 3. Comparison of effects of cigarette butts, sex and breeding stage on the amount of genotoxic 
630 damage (number of red-blood cells with nuclear abnormalities per 2000 cells) in P. domesticus. 
631 Coefficients1 come from the best supported model (see Table 4 ofsupplementary materials). Model 
632 = amount of cigarette butts x sex x breeding stage. Intercept = anlOunt of damage at the onset ofthe 
633 breeding stage; Slope = steepness ofthe association between amount of cigarette butts innest and 
634 genotoxic damage; * = significant difference between sexes. (An analysis in which each nest is 
635 represented only by one ifthe parents, and only on one breeding stage, yielded essentially the same 
636 results; see Supplementary Materials Tables S 10 and S 11). 

637 

Breeding Intercept Slope 

moment Females Males Females Males 

Nest building 1.997* 0.954 2.696 4.709 

Incubation 2.001 * 0.271 4.009 5.614 

Early breeding 1.688* 0.918 -1. 060 -0.261 

Late breeding 0.844 2.148* -0.811 -0.294 

638 

639 1 Both intercepts and slopes in the table are composite (added) values of different coefficients in the 

640 full model (see explanation in supplementary materials Table 6). 
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641 Table 4. Results ofthe best model that explains the amount of genotoxic damage in erythrocytes of 
642 male Passer domesticus at the last two stages of reproduction (early and late breeding entered 
643 together in the analysis so as not to atomize the sample size). Model = sex + brood size; females and 
644 one-chick broods are coded as zero, hence their contribution is included in the intercept. 

Variables Coefficient SE Z P 
Intercept l.276 0.120 10.668 <0.001 
Sex: males 0.279 0.119 2.335 0.020 
Brood size: 2 chicks 0.173 0.123 l.403 0.161 
Brood size : 3 chicks 0.204 0.267 0.762 0.446 

645 
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Carpodacus mexicanus 
(House finch) 

Figure l.TIF 

Passer domesticus 
(House sparrow) 
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Figure 3.TIF 

House finch (Carpodacus mexícanus) 
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V. CAPÍTULO IV. “An experimental demonstration that house finches add 

cigarette butts in response to ectoparasites” 

 

Resumen 

Un reto al que se enfrentan diferentes especies en los ambientes urbanos es la basura. Existen 

muchos estudios que han encontrado que la basura es peligrosa de muchas formas para la fauna 

silvestre. En la Ciudad de México encontramos filtros de cigarro como material de nido en algunas 

especies de aves. En nidos de gorrión inglés y de pinzón mexicano, los filtros están relacionados 

negativamente con la cantidad de ectoparásitos, pero también provocan daño genotóxico en los 

pollos y en los padres que los cuidan. Sin embargo, aún desconocemos por qué las aves agregan 

este material a sus nidos. En este trabajo, exploramos la hipótesis de que el pinzón mexicano 

(Carpodacus mexicanus) responde a la carga ectoparasitaria ajustando la cantidad de colillas que 

incorpora en sus nidos. Realizamos cambios de camas de nido por una artificial y los dividimos en 

tres tratamientos 1) ectoparásitos vivos (aumentado), 2) ectoparásitos muertos (control 1) y 3) 

simulación de la manipulación (control 2). Nuestra hipótesis fue parcialmente apoyada por 

nuestros datos. Las hembras agregaron más material de filtros al tratamiento de ectoparásitos 

vivos. Además, los individuos que pusieron más filtros en su cama original, también pusieron más 

en la cama artificial. Esto, podría deberse a experiencia previa o a experiencia temprana 

(plasticidad en la conducta durante el desarrollo). Si el uso de este material antiparasitario es algo 

que se originó en las ciudades, podría ser una causa adicional del por qué esta especie ha tenido 

mucho éxito en ambientes urbanos. Así, mostramos que es importante estudiar la relación de los 

animales con los “recursos sintéticos” que les ofrecen las ciudades y cómo han aprendido a 

utilizarlos. 

Capítulo en revisión. 
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12 Abstract 

13 Urban species are expose to different types of resources in cities, like rubbish. There are many 

14 studies that have found that rubbish is dangerous in many ways to wildlife. In Mexico City we 

15 found that house finches use cigarette butts as nest material. In nests of house finches and house 

16 sparrows, material from cigarette butts are negatively related to the amount of ectoparasites. Also 

17 this material seems to affect genotoxic damage in chicks and parents However, we don 't know if 

18 there is a particular reason from which birds use cigarette butts to build their nests. In this wark 

19 we tested the hypothesis that house finches (Carpodacus mexicanus) adjusts the amount of 

20 cigarette butts in response to ectoparasites load, We made a manipulation to their nests where 

21 we change the lining of their nests (getting rid of the cigarette butts and ectoparasites in that part 

22 of the nests) and then we randomly assigned each nests to a different treatment: 1) live 

23 ectoparasites (ectoparasites added), 2) dead ectoparasites (negative control) and 3) simulation of 

24 the manipulation (second negative control) , Our hypothesis was supported by our data, females 

25 added more material from cigarette butts in the live ectoparasites treatment. Additionally, we 

26 found that females added more butts material when they had already used more butts in their 

27 first lining (befare manipulation). Apparently the addition of this material is the result of several 

28 stimuli. Among these could be the experience previous the manipulation (that could include early 

29 experience) and the ectoparasite load. 

30 Keywords, Self-medication, urban birds, nest materials 
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I ntroduction 

Urban environments pose challenges that are often at odds with those historically experienced by 

species reaching the cities (Andersson 2006, Slabbekoorn and Den Boer-Visser 2006, Romieu et al. 

2008, Geens et al. 2009, Dominoni and Partecke 2015). Consequently, urban ecologists frequently 

focus on studying the attributes that have allowed certain species to successfully colonise urban 

environments (Slabbekoorn and Den Boer-Visser 2006, Macias Garcia et al. 2016). One such trait is 

behavioural plasticity , which together with the expression of innovative behaviours (or of 

traditional behaviours translated to novel situations) have been found to be often associated with 

the colonisation of cities (Reader 2003, Antczak et al. 2010, Lowry et al. 2013) . These allow the 

exploitation of new resources and helps adjusting the way in which species deal with their novel 

environment (Piaget 1978, Snell-Rood 2013, Sol et al. 2013). At least initially, urban species are 

able to exploit both human-provided and naturally-occurring resources (Mckinney 2002). In the 

cities, lack of feedback loops between the production and the use of such resources allow 

exploiter species to increase their abundance. Species that are unable to replace their natural 

resources with those found in cities (for instance beca use of lack of behavioural plasticity) do not 

become urban dwellers (Beissinger and Osborne 1982, Blair 2001, Mckinney 2006). 

So me behavioural adjustments or innovations by birds have been extensively studied in 

the changing and challenging city environments. Examples include the use of food alternatives 

(Galbraith et al. 2015, Scott et al. 2015), and adjustments to song attributes such as minimum 

frequency (Slabbekoorn and Peet 2003, Burhans and Thompson 2006, Nemeth and Brumm 2009, 

Bermúdez-Cuamatzin et al. 2010), duration (Ríos-Chelén et al. 2013), and timing (Gil et al. 2014). 

Conversely, nest building behaviour has been thought to be evolutionarily conserved. Building a 

nest is an essential part of avian breeding and it entails making a series of decisions such as where 
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54 and what with to construct the nest, which depend on the environment they live on( Martin 1993, 

55 Collias 1997, Mazgajski 2007) . Those decisions in turn determine the structure, thermal 

56 properties, resistance and vulnerability of the nest (Nilsson 1984, Healy et al. 2008, Bailey et al. 

57 2014) and sometimes also their chemical attributes (Clark and Mason 1988). 

58 While some traditional nest materials and nesting sites are sufficiently abundant in cities, 

59 others are not, and must therefore be substituted with anthropogenic materials and structures 

60 which are locally available; this requires a degree of plasticity on the part of the breeding birds 

61 (Mennerat et al. 2009, Wang et al. 2009, Moreno et al. 2010) . Thus, urban birds nest on buildings 

62 instead of on cliffs (Mi2!lIer 2010) and use paper and other urban materials for nest building (Wang 

63 et al. 2009) . Nesting innovations could be among the factors that allow so me species adapt to 

64 cities, given that failing to use suitable urban nest sites and materials must impair reproduction 

65 (Reader and Laland 2003). There are some reports of anthropogenic materials finding their way 

66 into avian nests including plastics (Morris 1980, Hartwig et al. 2007, Antczak et al. 2010), paper 

67 (Wang et al. 2009) and cigarette butts (Igic et al. 2009) . Interestingly, there are also reports of the 

68 use of novel nest materials in nature, as a consequence of the introduction of exotic species or of 

69 anthropogenic materials (Van Riper 1111977). In addition to availability, it is possible that unusual 

70 materials are used in nest building because they resemble traditional materials in so me relevant 

71 property (Antczak et al. 2010), although they often have other attributes which ha ve additional 

72 consequences for nesting birds(Suárez-Rodríguez et al. 2013, Suárez-Rodríguez and Macias Garcia 

73 2014). 

74 While most materials brought into the nest appear to have some clear structural or 

75 thermal function (e.g. (Hilton et al. 2004), others may perform a variety offunctions, from mate 

76 attraction and pair bonding (Brouwer and Komdeur 2004, Veiga et al. 2006, Polo et al. 2010), to 
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77 promoting hatching (Rendell and Verbeek 1996, Dawson 2004, Polo et al. 2015) or fledging success 

78 (for instance by enhancing chick immune responses;(Gwinner et al. 2000, Mennerat et al. 2009). 

79 Some of these effects can be the consequence of a reduction in the probability or intensity of 

80 ectoparasitic infestation (e.g. Dawson 2004), as demonstrated in cases where green leaves with 

81 arthropod-repellent properties are brought to the nest (e.g. Clark 1991). Chick survival can also be 

82 promoted by adding materials that reduce the risk of nest predation with materials that conceal 

83 the nestfnestlings (i.e. provide camouflage; M\1lller 1987). 

84 One favoured hypothesis to explain the often reported addition of green plant materials to 

85 bird nests I their potential role in deterring or even harming ectoparasites. This is because 

86 ectoparasites can lower the condition of parents and chicks, and may reduce the survival of the 

87 latter (M\1lller 1993, Lehmann 1993, Fitze et al. 2004). This constitutes a relentless selective 

88 pressure promoting the evolution of bird defences against ectoparasites (Bucher 1988, Hart 1992, 

89 Heeb et al. 1998, Cantarero et al. 2013) . Studies on common starlings (Sturnus vulgaris; Clark & 

90 Mason 1988), blue tits (Cyanistes caeruleus; Lafuma, Lambrechts & Raymond 2001; Petit et al. 

91 2002; Tomás et al. 2010) and Bonelli's eagle (Aquila fasciata; Ontiveros, Caro & Pleguezuelos 

92 2007) have shown that the addition of particular green plant materials have negative effects on 

93 the amount of ectoparasites on nests. Green plant materials often contain secondary metabolic 

94 compounds likely evolved because they reduce the risk of herbivory by either killing or repelling 

95 arthropod herbivores (Wimberger 1984, Dubiec et al. 2013). By carrying those materials into their 

96 nests, birds can benefit from the effects of such substances on their arthropod ectoparasites (Clark 

97 and Mason 1988, Clark 1991, Dubiec et al. 2013). Whether green aromatic plant parts were 

98 initially brought into the nest because of their structural properties, or as a consequence of their 

99 scent and scent-linked attributes, the fact is that currently they are often taken into the nest 
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100 because they repel ectoparasites (Clark and Mason 1987, Petit et al. 2002, Gwinner and Berger 

101 2008). 

102 In 2011 we found that House finches (Carpodacus mexicanus) and House sparrows (Passer 

103 damesticus) in Mexico City add cigarette butts to their nests. We also found that the amount of 

104 this material is negatively related to the nest ectoparasite load (Suárez-Rodríguez et al. 2013). 

105 Some aspects of chick performance are affected by this toxic material (Suárez-Rodríguez and 

106 Macías Garcia 2014) and now we know that also the parents experience toxic costs from using 

107 cigarette butts (Suárez-Rodríguez et al. under review). The cellulose fibres that make up the 

108 cigarette butts seem to have the thermal and structural properties of other materials naturally 

109 used to line passerine nests, such as down and wool, but in addition, the election of this material 

110 may help to increase reproductive success by decreasing the effects of ectoparasites on chicks. 

111 However, we still ignore whether butts are brought into nests in response of the presence of 

112 ectoparasites, or whether they are taken indiscriminately to provide thermal nest lining. Here we 

113 addressed the possibility that the house finches from Mexico City add cigarette butts to their nests 

114 in response to the presence of ectoparasites in their nests. 

115 Methods 

116 We conducted an experiment that consisted on removing the lining from house finches nests 

117 shortly after the chicks hatched, and substituting it with an artificial, parasite- and cigarette butt-

118 free lining. Parasites, either dead (control) or alive were then added, or mock added, and the nest 

119 -including the new lining was- collected after the chicks fledged. We counted the number of 

120 parasites and of cigarette-butt fibres in the originallining and in the artificiallining, and evaluated 

121 the effect of the treatment on the addition of butts after the manipulation. 

122 Study site 
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123 We studied a house finch population at the main campus of the Universidad Nacional Autónoma 

124 de México (UNAM) within Mexico City. We observed nestsfbreeding pairs every other day from 

125 January 2015, and waited for pairs to finish building and egg laying. Birds were identified as they 

126 had colour and metal rings fitted during the previous sea son (Suárez-Rodríguez et al., submitted). 

127 We have observed nest sanitation, including bringing new nest materials, throughout the breeding 

128 season . This afforded the possibility of manipulating nest parasite content and then recording 

129 whether and by how much the amount of cigarette butt fibres was increased in response to the 

130 manipulation. At hatching (±1 day) we swapped the lining of the nests with a new artificial one 

131 (see below) . Only the lining was changed, and only after hatching, because house finches from this 

132 population usually abandon nests when they perceive unusual changes in the nest befare the eggs 

133 hatch (pers obs). 

134 Design olartiliciallining 

135 We made artificial nest linings (AL) with circular pieces of brown felt to substitute the original 

136 lining, which was normally made of feathers, cotton, hair and butts seemingly assembled to 

137 provide a 50ft, thermally-insulating bed (see also temperature analysis). A wreath of 

138 approximately 0.05 g of dry thin branches of Glossy Privet shrub (Ligustrum lucidum) was woven 

139 with ,,0.03 g of Kikuyu grass (Pennisetum c/andestinum) leaves to form a small cup into which the 

140 felt piece was fixed to create the new lining bed. We have found both plants in house finch nests. 

141 Since the grass depends largely on silicification to fend off herbivores, and as we did not use the 

142 tissues (e.g. lea ves and flowers) of the privet shrub that concentrate its chemical defences, our 

143 choice of materials did not influence the results (also, all treatments received AL build in the same 

144 manner; see below). The artificiallinings had the shape and measures of naturallinings (,,8 cm of 

145 diameter and ,,2 cm deep) and the nest owners were able to add materials to it (. To test whether 
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146 our manipulation altered the temperature of the nest (which could influence ectoparasite load; 

147 Hubálek, Halouzka & Juricova 2003; Proctor 2003) we measured nest temperature two days 

148 before and two days after the lining change, between 10 am and 1 pm, with an infrared 

149 thermometer (Extech'M42529; ± 0.05 oC). 

150 Collection of ticks and manipulation 

151 To decide how many parasites to add in our treatments, we collected five nest linings prior to the 

152 experiment, and used the average number of ectoparasites found in them (70 ± 10.7) to increase 

153 the ectoparasite load. The same ectoparasites extracted from the first linings (ticks of the genus 

154 Haemolaelaps) were used in the subsequent manipulation; ticks were recognised by the presence 

155 of a hypostome (blood-sucking structure). Ticks were collected in 50 mi Eppendorf tubes using a 

156 Berlese-Tullgren funnel, then they were isolated with a brush under a stereoscopic microscope 

157 (Carl Zeiss Stemi), and separated in Eppendorf vials containing 70 ticks each, to use as stimuli. 

158 Ticks used in the dead (DE) treatment were immersed in 70 % alcohol for 24 hours and allowed to 

159 dry for another 24 hours. 

160 After swapping the original (FL) with the artificial (AL) lining, we randomly assigned each 

161 nest to one ofthree different treatments: 1) live ectoparasites (LE), 2) dead ectoparasites (DE) and 

162 3) no ectoparasites (NE). We placed the live mites within 48 hours after their capture. In the NE 

163 treatment we simulated adding the ectoparasites with an empty Eppendorf. 

164 Collectian af nests 

165 The first (FL) and the artificial (AL) linings were cleaned under a Berlese-Tullgren funnel as 

166 in (Suárez-Rodríguez et al. 2013, Suárez-Rodríguez and Macias Garcia 2014). In each case we too k 

167 apart the constitutive materials and weighted them. Thus we obtained a measure of the amount 
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of cigarette butts that the birds had put into their nests before (FL) and after the manipulation 

(AL) . 

Statisticalanalysis 

Nest temperature influences ectoparasite load, and may also determine the use of 

cigarette butts if these are added for thermal reasons. To explore whether our treatment affected 

the temperature we applied a paired t-test to compare the temperature before and after the 

manipulation. Additionally, we applied an ANOVA to compare nest temperatures among 

treatments, expecting no effect of the change of lining or of treatment. 

To examine variation in the amount of cigarette butts that birds added to the artificial 

lining we used normal lineal model analysis. The independent variable was the amount of 

cigarette butts in the artificiallining (taken to be a response of the treatments LE, DE and N E; 

independent factor). Since an initial assessment of the nest/nest site may determine the 

subsequent addition of cigarette butts by the parents, we used as covariable the amount of 

cigarette butts in the first lining. Also, if butt cotton fibres are added for thermal reasons, variation 

in temperature among nests could determine how many more are added by the parents, thus 

temperature in the two days following the manipulation was also added as a covariable. We 

employed the Box-Cox transformation in the response variable (Box and Cox 1964). 

We tested different hypotheses (competing models) based on the different combinations 

of variables. These were models with only one variable: 1) cigarette butts in the first lining (FL), 2) 

temperature and 3) treatment. We also proved two-way interaction models, but only additive 

hypotheses with three variables. We compared the fit of the models using the corrected version 

for small samples of the Akaike Information Criterion (AlCe). The lowest value of the AlCe indicates 
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190 the best-fitting model and a differenee between two models in AlCe values (I'.AICe) larger than two 

191 indieates a clear differenee in their fit to the data (Burnham and Anderson 2002). 

192 Results 

193 The population that we study in Mexieo City has shown to be very sensitive to manipulations, so 

194 we managed to conduet our experiment in natural conditions. Furthermore, we tried not to 

195 disturb them before egg laying, when they are less likely to abandon their nests. We took 

196 advantage of the maintenanee behaviour that this species present to modify the strueture and the 

197 eetoparasite load of the nests. Even when we just ehanged the lining of the nest after hatehling, 

198 the adjustment of materials was evident and signifieant. 

199 We didn' t find signifieant differenees in temperature before and after the ehanging of the 

200 lining (Paired t3 1 = -0.33, P=0.7437) . We also didn' t found temperature differenees among 

201 treatments (F2,29= 1.591, P=0.221). So we sueeessfully controlled the ehange in temperature by 

202 randomizing the nests to the different treatments and by using the felt for lining. 

203 At the end of the experiment we eould reeover 10 nests of live eetoparasites, 10 nests of 

204 dead eetoparasites and 12 of the non eetoparasites added treatment. Three models were 

205 supported by our data (I'.AIC < 2). In this models, the treatment and the eigarette butts from the 

206 first lining (FL) were important to explain the number of butts that females ineorporated to the 

207 artifieiallining (Table 1). The Box-Cox transformation indieated us to use 1/(/) from a }"=-2 and a 

208 log likelihood= 27.9 (Note that sinee the transformation is the inverse the interpretation we made 

209 is inverse too). Three models were equally supported by our data. The firs one (Iowest AlCe value) 

210 showed that the amount of cigarette butts that female added in the artificiallining were related to 

211 the treatment, the no eetoparasite treatment (NE) had slightly more butt material (j3=-0.03±0.07) 

212 than the dead eetoparasite (DE; in the intereept) treatment but the live eetoparasites treatment 
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213 (LE) had more butt material (~=-0.21±0.07; Figure 1; Table 2). The second model has treatment as 

214 an important factor to explain the butts added, here the tendencies of the previous model are 

215 maintained (N E: ~=-0.07±-0.073; LE: ~=-0.07±-2.61). In addition, this model has the variable ofthe 

216 amount of butts in their originallining (FL: ~=-0.50±-1.27.53; Table 2 and Figure 2). The last 

217 supported model also showed that females that had more butts in their first lining also added 

218 more butts to the artificiallinings (~=-1.02±0 .48; Figure 2; Table 2). 

219 Discussion 

220 The use of novel nest materials may be very convenient for species that live within cities. If such 

221 materials have particular attributes that promote the birds' fitness, then their use would be 

222 favoured by selection. Cigarette butts provide a novel tool to fight against parasitism during chick 

223 development and, for adults, while incubating. This benefits, however, need not be related to the 

224 cues used by birds to collect and add such materials to their nests. For example, if cigarette butts 

225 are perceived as similar to fur or down, birds might take them to the nests as thermally-insulating 

226 nest lining, and their effect in reducing ectoparasite load would be a collateral consequence. Vet 

227 since cigarette butts are toxic, their use as substitutes of fur or down should be penalised unless 

228 the latter were scarce, or if the additional benefit of repelling ectoparasites did not 

229 overcompensa tes their toxic effects. Butts are found in most sections of house finch nests, but 

230 most are weaved into the lining. 

231 Our hypothesis that house finches bring fibres from discarded butts into their nests in 

232 response to the presence of ectoparasites was supported by our data. Additionally, we found that 

233 in nests where birds had initially la id more fibres, they also added more following the bed lining 

234 manipulation. It is possible that the latter reflects the need in certain nests to improve thermal 

235 insulation by adding fur-like material, yet since temperature was not included in the best 
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236 supported models, we believe that this was not the case. Instead, it is possible that the initial 

237 addition of butt material was a response to the parasite load experienced by the females during 

238 nest building, which would accord with the fact that having live ticks added to their nests did 

239 promote the addition of fibres from cigarette butts. 

240 In different types of environments, populations of the same species use different types of 

241 materials and sites for nesting, as long as they share particular attributes (Mennerat et al. 2009) . 

242 We do not have information of house finches in more natural populations using plant material 

243 that reduce the ectoparasite load in their nests. In Mexico City, house finches have access to wild 

244 tobacco plants (Nicotiono glauca and N. tabacum). However, we have not found these plants or 

245 other fresh green materials in their nests. It may be that N. glauca is not as potent as cigarette 

246 butts to repel arthropods, or that its presence in the nests is inconvenient for other reasons. 

247 Whether or not in natural environments house finches use nest materials to reduce ectoparasite 

248 load -of which we have no evidence-, the prevalence of this behaviour in the very large population 

249 at Mexico City, and its recent discovery at other cities (e.g. Ciudad Juarez; l. Delgadillo Ramirez 

250 pers. com.) suggests that plasticity in the use of (useful) nest materials may provide an extra 

251 reason of why this species has been so successful in colonising cities. 

252 Females find, manipulate and collect the fibres form discarded cigarette butts, but it is not 

253 clear what cues are they using to find them. We know that house finches have the ability to 

254 discriminate odours (Amo et al. 2012, 2015), so they could use scent to home into the cigarette 

255 butts if such odour is naturally attractive to them. Additionally, they might learn to associate butt 

256 odour to the relief from ectoparasites cues; an association that could also be established while the 

257 chicks are in the nest, and influence their choice of nest materials when adults. These are not 
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258 mutually exclusive explanations, but the latter (learnt association between odour and comfort) 

259 could promote the rapid spread of this behaviour in the cities. 

260 It is a matter of concern that cigarette butts, being toxic, are part of house finch nests in 

261 Mexico City. We have observed a breeding colon y since 2011, and we have not come across 

262 evidence of long-term costs of using this material (Suárez-Rodríguez and Macias Garcia 2014) . Yet 

263 a systematic evaluation of the demography and physiology of this population is necessary to 

264 determine whether the use of cigarette butts as nest materials is a positive or a detrimental 

265 novelty of these urban birds. What our experimental manipulations shows, nevertheless, is that 

266 cigarette butts are added in response to an increase in the number of ectoparasites in the nest, 

267 and thus must be regarded as a form of self-medication (Clayton and Wolfe 1993). 

268 
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437 Table 1. Models that examine variation in the amount of eigarette butts in the artificiallining (AL). 

Number of 
Models 

parameters (k) 
N AlCe MICe 

Treatment 3 32 -20.79 0.00 

Treatment + FL 4 32 -20.07 0.72 

FL 2 32 -20.01 0.78 

Treatment + temperature 4 32 -18.38 2.41 

FL + temperature 3 32 -18 .13 2.66 

Treatment + FL + temperature 5 32 -17.58 3.21 

Null 1 32 -15.70 5.08 

Temperature 6 32 -14.75 6.04 

Treatment * temperature 2 32 -13 .68 7.10 

438 

439 
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440 Table 2. Est imates of the three models that explain the addition of butts to the nests after 

441 treatments. 

AL - Treatment 

Estimate SE P 
Intercept 0.99 0.05 19.66 

Treatment: LE -0.21 0.07 -2.96 

Treatment: N E -0.03 0.07 -0.45 

AL - Treatment + FL 

Estimate SE P 
( Intercept) 0.06 18.49 <0.001 

Treatment: LE 0.07 -2.61 0.01 

Treatment: N E 0.07 -0.73 0.47 

FL 0.50 -1.27 0.21 

AL- FL 

Est imate SE P 
( Intercept) 0.96 0.04 25.56 

FL -1.02 0.48 -2.12 

442 
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443 Figu re lege nds 

444 Figure 1. Box-plot of mass of butts added by female house finches to the lining of their nests 

445 following the treatments (see text). 

446 Figure 2. Association between the initial amount (mass) of cigarette butts placed in the nest lining 

447 before manipulation and the amount added after the treatments (see text). (Non-significant 

448 regressions are indicated by dotted lines; b= slope). 
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VI. DISCUSIÓN GENERAL 

 

6.1 Objetivos logrados e hipótesis generadas 

En el segundo capítulo de esta tesis nos interesaba explorar las consecuencias del uso de 

los filtros de cigarro en los huevos y pollos que crecen en el nido. El éxito de eclosión se 

vio afectado positivamente por los filtros, probablemente porque la presencia de 

parásitos incomoda a las hembras y reduce su eficiencia durante la incubación al 

obligarlas a acicalarse constantemente. Esto no afecta a los machos de Carpodacus 

mexicanus puesto que no incuban.  

 Otra ventaja importante después de la eclosión, es que los pollos pueden 

aprovechar mejor los nutrientes que obtienen del alimento, ya que las colillas de cigarro 

disminuyen la cantidad de ectoparásitos en el nido. Esto podría explicar que la ganancia 

en peso sea mayor en nidos con muchas colillas. La masa de los pollos es un predictor de 

éxito de supervivencia, como también lo es la talla al emplumado. No encontramos una 

relación de la cantidad de colillas con la tasa de crecimiento en masa. Una posible 

explicación es que la ganancia de masa tiene menos restricciones ontogenéticas que la 

talla (Gould 1966), pero esto es algo que no sabemos con certeza. Sin embargo, 

proponemos que la condición de los pollos, debida a una mayor ganancia de peso, es una 

ventaja derivada del uso de filtros de cigarro en la construcción de los nidos. Sería 

interesante verificar si esta aparente ventaja repercute en el éxito de reclutamiento. 
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El cigarro es tóxico y esperábamos encontrar evidencia de toxicidad en las aves que 

se exponen a las colillas fumadas. Sin embargo, no encontramos efectos negativos 

directos en los pollos. La genotoxicidad que detectamos puede o no derivar en resultados 

perjudiciales a largo plazo. Si las mutaciones que son provocadas por las sustancias del 

cigarro se pasan de célula en célula o dañan sitios clave en los genes (como promotores) 

podría existir mutagenicidad que podría derivar en efectos graves como procesos 

cancerígenos. Además, es importante considerar que las células germinales son 

especialmente importantes, ya que podrían producir mutaciones en la descendencia y 

esto provocaría efectos en el éxito reproductivo. Sin embargo, con el método que 

utilizamos no podemos saberlo, pero es importante tenerlo en cuenta en futuras 

investigaciones.  

Sabemos que en las aves las células de la sangre se filtra en ciclos de 

aproximadamente 30 días (Rodnan et al. 1956), aunque sabemos que puede detectarse 

antes de este tiempo (ver capítulo dos). Eventualmente la sangre de las aves se recicla en 

su totalidad y esto podría permitir que no tengan efectos negativos más graves por la 

toxicidad de los filtros de cigarro. Para determinar si el daño genotóxico observado 

conduce a mutagénesis sería preciso realizar un estudio a largo plazo. En ausencia de 

mutagénesis, podría ser que al dejar el nido y estar aproximadamente seis meses sin 

contacto con colillas tanto pollos como adultos podrían detoxificarse por completo y no 

sufrir consecuencias duraderas. Dado que medimos toxicidad en una línea celular de vida 

relativamente corta, podríamos estar subestimando el daño inducido por la exposición a 

las substancias de las colillas, de manera que sería prudente evaluar el daño indicado por 
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sustancias en las colillas, en tejidos de más larga vida, como por ejemplo el eritropoyético 

en la médula espinal. Evaluar la respuesta a la intoxicación por colillas de cigarro usando 

técnicas genómicas nos daría a la vez información sobre los mecanismos de detoxificación, 

y sobre procesos de adaptación de las aves a ambientes tóxicos como lo son las ciudades. 

En el capítulo tres realizamos una evaluación de los adultos que cuidan a los 

huevos y pollos. Debido a que obtuvimos una muestra relativamente grande de ambas 

especies, Passer domesticus y Carpodacus mexicanus, aprovechamos la oportunidad de 

explorar los efectos genotóxicos bajo dos contextos diferentes de cuidado parental.  

La genotoxicidad que detectamos se relacionó con las diferencias conductuales 

entre machos y hembras asociadas a los roles parentales. Aparentemente, las propiedades 

de los materiales del nido pueden afectar de manera diferencial a machos y a hembras. 

Esto provocaría que los costos por el cuidado parental tuvieran un peso mayor para las 

hembras de C. mexicanus, ya que ellas se encargan por completo de las primeras dos 

etapas de la anidación (construcción del nido y la incubación). En P. domesticus el costo de 

agregar filtros al nido parece ser compartido de manera casi igual entre machos y 

hembras. Si la genotoxicidad reflejara un costo a largo plazo, tal vez este efecto podría 

representar un costo importante para el cuidado monoparental del pinzón mexicano. No 

obstante requerimos de un estudio más detallado para conocer de qué forma y qué tanto 

impacto tiene en las hembras esta genotoxicidad.  

Finalmente, en el tercer capítulo nos preguntamos cuál es el estímulo que impulsa 

a estas especies a colectar y agregar filtros de cigarro a las camas de sus nidos. 
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Manipulando la cantidad de ectoparásitos vivos y muertos (control), encontramos que la 

cantidad de colillas agregadas después del tratamiento está explicada por 1) el haber 

percibido un aumento (experimental) en la cantidad de ectoparásitos, y 2) la cantidad de 

colillas que habían puesto originalmente en el nido (que podría también haber ocurrido en 

respuesta a l número inicial de parásitos). Las hembras de pinzón mexicano agregaron 

más material de filtros a los nidos con más ectoparásitos vivos. Aparentemente la elección 

de este material es una combinación de la posible experiencia previa (al inicio del evento 

de anidación) y un ajuste de las condiciones actuales (adición de parásitos). Así las 

hembras pueden evaluar el estado de su nido constantemente y manipular su contenido 

durante la anidación. 

 

6.2 Direcciones futuras 

7.2.1 Efectos en la adecuación (Capítulos 1 y 2) 

Este trabajo da paso a distintas líneas de investigación en el tema de los materiales de 

nido y su efecto en el mismo y en los individuos que tienen interacción con él. El tema de 

los materiales de nido ha sido poco estudiado en comparación con otras conductas, como 

el canto, de las aves. Sin embargo, es una estructura muy importante, ya que los pollos 

pasan mucho tiempo en este microambiente. Necesitamos seguir indagando sobre los 

efectos negativos y positivos que encontramos para conocer a más largo plazo si los 

efectos se mantienen, qué otros efectos tienen y si las aves aprenden de estas 

experiencias. 
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Ahora que sabemos que las hembras de C. mexicanus podrían hacer más eficiente 

la incubación debido a la disminución de ectoparásitos, es importante probar esta 

hipótesis de manera más directa. Se podría iniciar con observaciones de conducta de 

acicalamiento. Por ejemplo, se podría cuantificar acicalamiento en nidos con y sin filtros 

de cigarro. Esto nos permitiría saber si las hembras de nidos sin filtros salen más del nido 

y/o se acicalan más durante la incubación. Posteriormente podríamos comparar el éxito 

de eclosión de ambos escenarios. Para manipular la cantidad de filtros podríamos hacer 

uso de experimentos en cautiverio, o utilizar la variación natural (en vida libre) de la 

cantidad de filtros que agregan las hembras a los nidos. 

La genotoxicidad podría tener implicaciones muy importantes en las aves. En estos 

años de trabajo con C. mexicanus y P. domesticus no hemos observado alguna señal 

somática de procesos cancerígenos en los individuos, pero no hicimos una búsqueda 

sistemática. También pensamos que es importante realizar un estudio demográfico, para 

saber si la exposición a colillas puede afectar medidas directas de adecuación como la 

supervivencia después de volantones. La mayoría de los pollos se reproducen en la 

siguiente primavera, pero los efectos fisiológicos de la exposición a colillas podrían 

retrasar su reproducción, reducir su fertilidad o afectar a los descendientes y su 

supervivencia. 

7.2.2 Más allá de los ectoparásitos 

No sabemos cómo es la plasticidad de la construcción del nido; más específicamente la 

elección de materiales, entre grupos taxonómicos. Sabemos que la diversidad más alta de 
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nidos ocurre en aves altriciales paseriformes (Starck and Ricklefs 1998, Macías Garcia et al. 

2016). Hasta donde sabemos todas las aves experimentan la presión selectiva que 

imponen los ectoparásitos. Sin embargo, no sabemos si hay la plasticidad en uso de sitios 

y materiales de nido tiene un componente filogenético. Existen estudios que demuestran 

que la complejidad del canto está asociada con la pertenencia a clados particulares (e.g. 

Paseriformes Oscinos y Suboscinos, o no Paseriformes; Feenders et al. 2008). Además, 

conocemos las relaciones filogenéticas de esta característica de las aves (Feenders et al. 

2008), pero no existen estudios similares sobre el componente filogenético en la 

construcción del nido. El conjuntar ambos rasgos en un análisis comparativo permitiría 

evaluar si el hecho de que las aves paseriformes muestren un área de aprendizaje muy 

desarrollada, que les permite ajustar y aumentar el repertorio de sus cantos, se relaciona 

con algún aspecto de la construcción del nido (como la plasticidad en el uso de materiales, 

o en la elección de sustratos), debido a que el aprendizaje es muy importante en la 

construcción e incorporación de nuevos materiales. Además de que el movimiento motor 

fino, que se podría requerir para tejer el nido, está estrechamente relacionado con los 

núcleos de canto. 

 Debido al efecto de la nicotina (y otras sustancias del cigarro) en el organismo, de 

muchas especies, ha provocado una serie de investigaciones sobre el tema. Es interesante 

saber que los efectos que se han encontrado en modelos animales, como la rata, se 

mantienen en los humanos. Algunos de estos describen el proceso de adicción y el 

desarrollo de genotoxicidad. No obstante, al ser un tipo de basura que tiene tanto 

impacto directo en la salud de las personas, también debemos pensar en lo que pasa con 
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otro tipo de animales. Shingo y Kito (2005), encontraron que inyectar nicotina a ratas de 

laboratorio disminuye la neurogénesis en la zona del hipocampo. Esto podría ser de gran 

interés en estas aves paseriformes, ya que el inicio de la época reproductiva induce la 

neurogénesis de los centros vocales de los machos para la producción del canto (Alvarez-

Buylla and Theelen 1988, Alvarez-Buylla and Ling 1992, Hofman et al. 2002). El utilizar y 

manipular los filtros podría traer consecuencias a los machos que dependen del desarrollo 

del canto para atraer pareja. Esta idea podría ser explorada para saber si no ocurre o 

podría ocurrir en los ambientes urbanos, ya que podría representar una amenaza para el 

éxito reproductivo de las aves. 

Por otra parte, se ha discutido mucho sobre los beneficios de la plasticidad de la 

conducta (Dingemanse et al. 2010, 2012, Ghalambor et al. 2013, Grunst et al. 2014). Por 

distintos trabajos, sabemos que la temeridad y la innovación, a veces, aumentan la 

probabilidad de permanencia de una especie en ambientes novedosos. Probablemente, 

resulte mejor utilizar un material desconocido, pero parecido al natural que podría igualar 

o aumentar el efecto en los nidos. Por ejemplo, los filtros de cigarro son un material que 

está disponible y es muy abundante en donde P. domesticus y C. mexicanus habitan. Este 

material podría hacer que estas aves ahorren energía al estar cerca. No sabemos si su uso 

inició como una necesidad estructural o de propiedades físicas del nido. Sin embargo, sus 

propiedades químicas parecen tener efectos importantes en la vida de las aves. Es por 

estas razones que es importante hacer un seguimiento de esta conducta y de cómo afecta 

la salud de las aves. Estudios a largo plazo, en vida libre o en cautiverio, nos podrían 

ayudar a determinar si los filtros de cigarro realmente están afectando a las poblaciones 
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que estudiamos. Además, con este trabajo invitamos a la investigación de los efectos de 

los recursos artificiales que muchas especies utilizan en los ambientes urbanos.  

Necesitamos explorar sus efectos positivos y negativos en las poblaciones y así fomentar 

una conciencia sobre el daño que hacen las actividades humanas, y lo que producen, a las 

especies que quedan atrapadas en las ciudades. 
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VIII. APÉNDICE

Table 2. l. Values of~ used to calculate ofthe relative contributions ofthe different levels offactor sex 
(males, females) and breeding stage (nest building, incubation, early and late breeding) to the overall 
mode!. Slope = the steepness ofthe association between amount of cigarette butts and the number of cells 
with genotoxic damage per 2000. 

Breeding lntercept Slope 

moment Females ~ used Males ~used Females ~used Males ~used 

Nest building l.656 ~O, ~2 l.652 ~O 5.241 * ~1 , ~6 1.523 ~1 

lncubation l.983* ~O, ~2, ~3,1O -0.501 ~O, ~3 , 4.657* ~1 , ~7, ~13 l.842 ~1, ~7 

Early breeding l.668 ~O, ~2, ~4, ~ll 1.347 ~O, ~4 2.788 ~1 , ~8, ~14 3.666* ~1, ~8 

Late breeding -1.563 ~O, ~2, ~5 , ~12 2.189* ~O, ~5 12.335* ~1, ~59, ~15 2.454 ~1 , ~59 

Table S3. Five models evaluated to explain the amount of genotoxic damage in erythrocytes of 
Carpodacus mexicanus (house finch) males in the last two breeding stages (nest building, incubation, 
early and late breeding). We selected as the best model that with the smallest value of AIC. 

Models AlC L'l AIC 
Sex x brood size 386.199 0.000 
Sex + brood size 387.186 0.987 
Sex 388.150 l.951 
Brood size 418.804 32.605 
Null 420.325 34.126 

Table S4. Five models evaluated to explain the amount of genotoxic damage in erythrocytes of Passer 
domesticus (house sparrow) males in the last two breeding stages (nest building, incubation, early and late 
breeding). We selected as the best model that with the smallest value of AIC. 

Models AIC L'lAIC 

Amount of cigarette butts x sex x breeding 
635.542 0.000 

stage 

Breeding stage x sex 674.539 38.997 

Amount of cigarette butts x breeding stage + sex 801.355 165.813 

Amount of cigarette butts + sex + breeding 
826.121 190.579 

stage 

Amount of cigarette butts x sex + breeding stage 828.098 192.556 
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Table S5. Description ofthe best model to explain the amount of genotoxic damage in erythrocytes of 
Passer domesticus (house sparrow). ~n indicate the coefficients used to calculate the slopes and intercepts 
ofparticular factor levels (i.e. ~2 quantifies the global contribution offemales to the model; see below for 
an explanation on how we calculated the magnitud e ofthe interaction effects). 

B Variable Coefficient SE Z P 

~O Intercept 0.954 0.175 
< 

5.455 
0.001 

~1 Amount of cigarette butts 4.709 1.145 4.113 
< 

0.001 

~2 Sex: females 
< 

1.043 0.211 4.944 
0.001 

~3 Incubation -0.683 0.295 -2.319 0.020 

~4 Early breeding -0.036 0.263 -0.136 0.892 

~5 Late breeding 1.194 0.208 5.734 < 
0.001 

~6 Amount of cigarette butts x sex: females -2.013 1.448 -1.391 0.164 

~7 Amount of cigarette butts x breeding stage: incubation 0.906 2.059 0.440 0.660 

~8 Amount of cigarette butts x breeding stage: early breeding -4.970 2.565 -1.938 0.053 

~9 Amount of cigarette butts x breeding stage: late breeding -5 .003 1.663 -3 .008 0.003 

~1O Sex: females x breeding stage: incubation 0.687 0.339 2.028 0.043 

~11 Sex: females x breeding stage: early breeding -0.273 0.316 -0 .865 0.387 

~12 Sex: fe males x breeding stage: late breeding -2.348 0.331 -7.103 
< 

0.001 

~13 Amount of cigarette butts x sex: females x breeding stage: incubation 0.408 2.412 0.169 0.866 

~14 
Amount of cigarette butts x sex: females x breeding stage: early 

1.214 3.121 0.389 0.697 
breeding 

~15 
Amount of cigarette butts x sex: females x breeding stage: late 

1.497 2.831 0.529 0.597 
breeding 
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Table 85.1. Values of ~ used to calculate ofthe relative contributions ofthe different levels of factor sex 
(males, females) and breeding stage (nest building, incubation, early and late breeding) to the overall 
model. 810pe = the steepness ofthe association between amount of cigarette butts and the number of cells 
with genotoxic damage per 2000. 

Breeding 
Intercept 810pe 

moment Females Bused Males B used Females Bused Males Bused 

Nest building 1.997* ~0,~2 0.954 ~O 2.696 ~1 , ~6 4.709 ~I 

Incubation 2.001* ~O, ~2, ~3 , 10 0.271 ~O, ~3, 4.009 ~1 , ~7, ~13 5.614 ~1, ~7 

Early breeding 1.688* ~O, ~2, ~4, ~Il 0.918 ~O, ~4 -1.060 ~1 , ~8 , ~14 -0.261 ~I , ~8 

Late breeding 0.844 ~O, ~2, ~5 , ~12 2.148* ~O, ~5 -0.811 ~1, ~59, ~15 -0.294 ~1 , ~59 

Table 86. Five models evaluated to explain the amount of genotoxic damage in erythrocytes of Passer 
domesticus (house sparrow) males in the last two breeding stages (nest building, incubation, early and late 
breeding). We selected as the best model that with the smallest value of AIC. 

Models AIC ~AIC 

Sex + brood size 342.5974 0.000 
Brood size 346.103 3.506 
8ex x brood size 346.3325 3.735 
8ex 350.2487 7.651 
Null 354.8781 12.281 
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Table S7. Mean (± standard deviation) frequency of erythrocytes with nuclear abnonnalities12000 cells, 
taken as an index of genotoxic damage, during four breeding stages (males + females) of C. mexicanus 
and P. domesticus. 

C. mexicanus 
Breeding stage Average SD 
Nest building 6.86 4.32 
lncubation 5.41 6.39 
Early breeding 5.93 4.3 
Late breeding 5.75 6.37 
P. domesticus 
Breeding stage Average SD 
Nest building 6.51 4.14 
lncubation 5.63 5.56 
Early breeding 3.83 2.36 
Late breeding 5.39 3.88 

Table S8. To test if our assumptions of independence in the data were true, we applied a GLM (Poisson 
distributions of dependent variable) with only one individual, male or female, and one nest per breeding 
stage. We chose with random numbers in Excel each individual fram our data base. We did this for both 
species. Five models evaluated to explain the amount of genotoxic damage in erythrocytes of Carpodacus 
mexicanus (house finch) among breeding stages (nest building, incubation, early and late breeding). We 
selected as the best model that with the smallest value of AlC. 

Models AlC llAlC 

Amouot oC cigarette butts x sex x breeding stage 135.5286 O 

Amouot oC cigarette butts + sex x breediog stage 137.2181 1.6895 

Sex x breediog stage 137.3512 1.8226 

Amount of cigarette butts x sex 198.5734 63 .0448 

Amount of cigarette butts x sex + breeding stage 203.2028 67.6742 
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Table S9. Description ofthe best model to explain the amount of genotoxic damage in erythrocytes of C. 
mexicanus. This anaIysis was made from only one individual per nest per sex (N= 26; nest building n= 3 
males, 4 females; incubation n= 3 males, 4 females; early breeding n= 4 males, 2 females; late breeding 
n= 3 males, 3 females). 

Variable Coefficient SE Z P 

hItercept 1.770 0.361 4.902 < 
0.001 

Amount of cigarette butts 2.723 5.841 0.466 0.641 

Sex: females -0.841 0.565 -1.487 0.137 

In cu bati on -1.685 0.911 -1.849 0.064 

Early breeding 0.096 0.443 0.2l7 0.828 

Late breeding 0.751 0.415 1.808 0.071 

Amount of cigarette butts x sex: females 5.469 6.951 0.787 0.43 1 

Amount of cigarette butts x breeding stage: incubation -3.540 8.414 -0.421 0.674 

Amount of cigarette butts x breeding stage: early breeding -3.195 6.278 -0.509 0.611 

Amount of cigarette butts x breeding stage: late breeding -2.426 5.854 -0.415 0.679 

Sex: females x breeding stage: incubation 2.818 1.031 2.734 0.006 

Sex: females x breeding stage: early breeding 1.229 0.879 l.399 0.162 

Sex: females x breeding stage: late breeding -2.329 l.305 -1.784 0.074 

Amount of cigarette butts x sex: females x breeding stage: incubation -0.470 9.300 -0.051 0.960 

Amount of cigarette butts x sex: females x breeding stage: early breeding -20.979 30.884 -0.679 0.497 

Amount of cigarette butts x sex: females x breeding stage: late breeding -6.365 7.074 -0.900 0.368 
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Table SI O. Five models evaluated to explain the amount of genotoxic damage in erythrocytes of Passer 

domesticus (house finch) among breeding stages (nest building, incubation, early and late breeding). We 
selected as the best mode1 that with the smallest value of AIC. 

Models AIC ~AIC 

Amouot oC cigarette butts x sex x breeding stage 152.4047 O 

Sex x breeding stage 160.6505 8.2458 

Amount of cigarette butts x sex + breeding stage 172.9074 20.5027 

Amount of cigarette butts + sex + breeding stage 180.0322 27.6275 

Amount of cigarette butts x sex + breeding stage 181.4212 29.0165 
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Table SIL Description ofthe best model to explain the amount of genotoxic damage in erythrocytes of P. 
domesticus. This analysis was made from only one individual per nest per sex (N=31; nest building n= 4 
males, 4 females; incubation n= 4 males, 4 females ; early breeding n= 3 males, 4 females; late breeding 
n= 3 males, 5 females). 

Variable Coefficient SE Z P 

Intercept 0.764 0.415 1.839 0.066 

Amount of cigarette butts 7.937 2.541 3.124 0.002 

Sex: females l.306 0.480 2.720 0.007 

Incubation -0.767 0.753 -1.019 0.308 

Early breeding 0.167 0.624 0.267 0.790 

Late breeding l.375 0.522 2.634 0.008 

Amount of cigarette butts x sex: females -4.509 5.090 -0.886 0.376 

Amount of cigarette butts x breeding stage: incubation 0.136 4.074 0.033 0.973 

Amount of cigarette butts x breeding stage: early breeding -9.450 5.899 -1.602 0.109 

Amount of cigarette butts x breeding stage: late breeding -12.418 7.973 -1.557 0.119 

Sex: females x breeding stage: incubation 0.732 0.822 0.890 0.373 

Sex: females x breeding stage: early breeding -0.388 0.729 -0.532 0.595 

Sex: females x breeding stage: late breeding -3.092 0.806 -3.838 <0.001 

Amount of cigarette butts x sex: females x breeding stage: incubation 0.350 6.292 0.056 0.956 

Amount of cigarette butts x sex: females x breeding stage: early breeding 3.523 9.079 0.388 0.698 

Amount of cigarette butts x sex: females x breeding stage: late breeding 13.038 9.710 l.343 0.179 


	Portada 
	Índice
	I. Resumen   
	II. Introducción General   
	Capítulo I. Becoming Citizens: Avian Adaptations to Urban Life 
	Capítulo II. There is no Such a Thing as a Free Cigarette; Lining Nests With Discarded Butts
Brings Short-Term Benefits, but Causes Toxic Damage 
	Capítulo III. Anthropogenic Nest Materials may Increase Breeding Costs for Urban Birds
	Capítulo IV. An Experimental Demonstration that House Finches add Cigarette Butts in Response to Ectoparasites
	Capítulo V. An Experimental Demonstration That House Finches add Cigarette Butts in Response to Ectoparasites 
	VI. Discusión General  
	VII. Referencias  
	VIII. Apéndice



