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Esteban Botero Delgadillo

Esteban  naci6  en  Bogota,  Colombia,  y  estudi6  Biologia  en  la  Universidad  Militar
"Nueva   Granada"   (2002-2008).   Omit61ogo   de   formaci6n,   Esteban   logr6   adquirir

muchisima  experiencia  en  estudios  de  ecologia  y  monitoreos  poblacionales  de  aves
migratorias Nearticas Neotropicales y  especies end6micas  a Colombia.  Su experiencia
en  estudios  sobre  la  distribuci6n  de  aves  anenazadas  de  extinci6n  de  los  Andes
colombianos  y  de  la  increible  y  fragil  Sierra Nevada  de  Santa  Marta  lo  llevaron  a

preguntarse cuales son los factores responsables de la vulnerabilidad de las poblaciones
y las especies, motivindolo a indagar sobre la variaci6n geografica de rasgos de historia
de vida y  comportamiento.  En un curso  intemacional  de  anillamiento y monitoreo  de
aves del cual era instructor, Esteban conoci6 a un estudiante chileno, qui6n le habl6 de
las interesantes posibilidades de estudiar aves a lo largo de un impresionante gradiente
de variaci6n ambiental en el pals mss largo del mundo.  Su tesis,  llevada a cabo  en el
centro-norte y extremo sur de Chile, no solo le mostr6 la increible diversidad ambiental
de este pals, sino que le ayudo a reconciliar la idea de que los patrones a escalas regional

y  ecol6gica  son  el producto  de  procesos  a  escalas  local  e  individual.  Esto,  en tiltima
instancia,  1e  ratific6  sus  intereses  a  futuro:  1a variaci6n  individual  e  inter-poblacional
como motores  de cambio de los rangos de distribuci6n de las especies.
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cqITelacionadosconlaconductadispersiva(i.e.,sindromesdispersivos)tanbi6nvan'an

en funci6n del contexto ambiental.  Es por ello que los estudios c ntrados en rna sola

poblaci6n proveen rna visi6n limitada de los efectos de variaci6nl ambiental sobre los

patrones  y  los  sindromes  dispersivos  en  uria  especie.  Debido  a  su  rango  geografico

extenso  con poblaciones  establecidas  en  areas  ecol6gicamente  disfmiles,  este  trabajo

utiliza  al  rayadito  (4pforczsfz"  fpz.J€z.cazjc7cz)  como  modelo  para  evaluar  rna  posible

covariaci6n  inter-poblacional  entre  la  conducta dispersiva y  condiciones  ambientales.

Para ello, se consider6 una poblaci6n aislada en el Parque Nacional Fray Jorge, centro-

norte de Chile, caracterizada por un ambiente fragmentado, densamente poblado y con

altos niveles de estr6s fisiol6gico, y rna poblaci6n memos densa y con menores niveles

de  esties`  en  isla  Navarino,  sun  de  Chile,  1a  cual  habita  un  ambiente  relativamente

continuo. Combinando datos de captura-marcaje-recaptura (CMR), analisis gen6ticos y

experinentos  conductuales,  se  determin6  que  la  sobrevivencia,  la  dinamica  espacial

local, la estructura gen6tica a fina escala y las causas y consecuencias de la dispersi6n

natal y reproductiva varian de forma predecible ,de acuerdo  al  contexto  ambiental.  La

dispersir6n natal en Navarino mostr6 un patr6n aleatorio y no afect6 1a condici6n fisica o

la reproducci6n  de  hembras  y machos  dispersantes,  lo  que  explican'a la  ausencia  de



diferencias en los patrones de dispersi6n entre sexos. Por el contrario, 1a dispersi6n natal

en Fray Jorge exhibi6 un marcado sesgo hacia las hembras, con machos filopatricos que

conformaron  agrupaciones  de  individuos  relativamente  emparentados,  probablemente

debido a los altos costos asociados con dispersar. La dispersi6n reproductiva fue memos

frecuente  en anbas poblaciones,  pero  implic6  mayores  costos  en Fray Jorge,  con un

incremento en la mortalidad de las aves que dispersaron con mayor frecuencia durante
(

su  vida,  ademas  de  rna  disminuci6n  en  el  6xito  reproductivo  de  los  machos.  Los

sindromes    dispersivos    tanbi5n    variaron    en    funci6n    del    contexto    ambiental,

observindose  una  relaci6n  entre  rasgos  de  personalidad  y  dispersi6n  reproductiva

iinicamente en Fray Jorge, 1o que podr'a haber surgido como rna estrategia para reducir

los costos de la dispersi6n en dicha localidad. Los resultados de este estudio indican que

los patrones, estrategias y sindromes de dispersi6n varian conjuntamente en funci6n del

ambiente local y no  son caracten'sticas necesariamente compartidas entre poblaciones,

resaltando  la  importancia del  contexto  ambiental  en la  determinaci6n  de  la conducta

dispersiva de los organismos, como ocurrin'a con cualquier rasgo de historia de vida.
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StJ-Y

It is known that dispersal patterns and strategies can vary in distinct envirorments, and

recent evidence suggest that phenotypic traits that are correlated with dispersal behavior

(i.e.,  dispersal  syndromes)  also  show  context-dependent  variation.  Therefore,  studies

focused on single populations provide a limited insight into the effects of envirormental

variation  on  species  dispersal  behavior.  Given  its  wide  geographic  distribution  with

populations occurring along ecologically differing localities, this study uses the Thorn-

tailed   Rayadito   (4p¢7`czSf#rcz   fpz.J€z.cat/c7¢)   as   a   study   model   to   assess   a  potential

interpopulation  covariation between  dispersal  behavior and  environmental\ conditions.

Two contrasting environments were considered for this, including an isolated population

in Fray Jorge National Park, north-central Chile, which represented a fragmented and

densely  populated   environment  with  high  levels   of  physiological   stress,   and   an

uncrowded population with lower stress levels in Navarino Island, southern Chile, which

inhabits  a relatively  continuous  environment.  Combining  capture-mark-recapture  data

(CMR), genetic analyses and behavioral experiments, it was observed that survival rates,

local spatial dynamics, fine-scale genetic structure and the causes and consequences of

natal  and breeding dispersal predictably vary according to  the environmental  context.

Natal dispersal in Navarino showed a random pattern and did not affected the physical

condition or the breeding performance of dispersed females and males, which would be

in accordance with the absence of sex-biased dispersal. On the contrary, natal dispersal
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in Fray Jorge was female-biased, with highly philopatric males conforming clusters of

genetic relatives, probably due to the higher costs of dispersal. Breeding dispersal was

far less frequent in both populations, but implied higher costs for birds in Fray Jorge,

with an increase in mortality rates for those individuals frequently engaging in dispersal

throughout  their  lives,  and  also  a  decrease  of  males'   breeding  success.  Dispersal

syndromes  also  varied  according  to  the  environmental  context,  and  a  relationship

• betwe.en  personality  traits  and  breeding  dispersal  was  observed  only  in  Fray  Jorge,

which could have arisen as a strategy to reduce dispersal costs in this locality. Results

from this  study  suggest that  dispersal patterns,  strategies  and syndromes  covary  as  a

function  of  the  local. envirorment  and  are  traits  not  necessarily  shared  between

populations, highlighting the importance of the environmental context as a causal factor
\

of dispersal behavior,. as should occur with any life history trait.
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INTRODUCCI0N

La dispersi6n es considerada como un atributo conductual de los in.dividuos y un rasgo

de  historia  de   vida  con  multiples   consecuencias   a  distintas   escalas   espaciales   y

temporales, desde la colonizaci6n de un anbiente nuevo por unos pocos individuos hasta

la estructuraci6n espacial de poblaciones y la dininica de los rangos de distribuci6n de

las  especies  (Duckworth y Badyaev 2007,  Cote  et al.  2010,  Clobert et al.  2012).  Esta

conducta puede involucrar el movimiento de un individuo desde su area natal hacia rna

eventual  area  reproductiva  (i.e.,  cJz.spersz.672  77czfcro,  o  el  desplazamiento  entre  areas

reproductivas sucesivas (i.e., c7z.spersz.67? reproc7zJcfz.vcr). La dispersi6n implica nunerosos

riesgos, ya que los dispersantes incurren en rna serie de costos que pueden deberse a rna

conformaci6n del paisaje que desfavorezca el desplazamiento y asentamiento, a un alto

gasto  energ5tico  en  la  bdsqueda  de  un parche  de  habitat  adecuado,  a  la  inadecuada

selecci6n de un area y/o a la falta de faniliaridad con el habitat, entre otros (Clobert et

al. 2001, 201.2, Bowler y Benton 2005). Dados los mtiltiples costos, se ha propuesto que

la  dispersi6n  evolucionan'a en  las  poblaciones  como  rna  estrategia  que permitin'a  (i)

evitar  las  interacciones  competitivas  entre  parientes  o  co-especificos,  (ii)  evitar  los

efectos  adversos  generados por la endogamia y  (iii) responder de  foma adaptativa a

ambientes variables espacial o temporalmente @owler.y Benton 2005, Matthysen 2012,

Starrfelt y Kokko 2012). Una vez que la dispersi6n ha evolucionado, mtiltiples factores

pr6ximos podn'an generar que los individuos dispersen de un lugar a otro, inclnyendo las
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interacciongs  intra  e  inter-especificas,  1a  raz6n  de  sexos  poblacional,   el  grado  de

parentesco entre individuos, la calidad del habitat,  las caracteri'sticas del paisaje, entre

otras (Bowler y Benton 2005, Clobert et al. 2004, 2009).

Los patrones (i.e., frecuencia, distancias y sesgos en la dispersi6n) y estrategias

de   dispersi6n   en  poblaciones   naturales   suelen   ser   el   producto   de   rna   compleja

interacci6n entre mtiltiples factores anbientales (i.e., extn'nsecos) y rasgos de historia de

vida  de  las  especies  (i.e.,  intrinsecos).  Dicha  interacci6n  puede  afectar  los  costos  y

beneficios asociados con la dispersi6n, generando en riltima instancia diferencias inter-

individuales  en  la propensi6n  a  dispersar,  ademas  de  variaciones  inter-poblacionales

(Matthysen  2012).     La  dispersi6n  sesgada  al  sexo,  por  ejemplo,  dependera  de  las

diferencias entre hembras y machos en las presiones ecol6gicas y sociales que afectan el

comportamiento  dispersivo,  las  que  a  su vez variarin  en funci6n del  tiempo/energfa

invertidos  en  la  competencia  por  territorios  o  parejas  versus  el  esfuerzo  parental

individual  (fezz7ozefz.f c7e sz.sre7#crs c7e czpczrecrmz.e77fo;  Arcese  1989). Esto quiere decir que

las diferencias observables entre poblaciones o especies en la dispersi6n sesgada al sexo

pueden ser producto de la estacionalidad en la formaci6n de parejas, los roles sexuales

en la defensa territorial  y  la  selecci6n de areas  para la reproducci6n,  1a  contribuci6n

relativa   de   ambos   sexos   al   esfuerzo   parental,   la   saturaci6n   del   habitat,   y   las

oportunidades para reproducirse (Wolff y Plissner 1998, drlt y Pan 2008). En especies

socialmente mon6gamas, por ejemplo, la presencia de un leve sesgo hacia las hembras o

la ausencia de diferencias entre sexos es el patr6n dominante (e.g., Clarke et al. 1997),1o

que se explicari'a por una relativa simetri'a en los roles de cada sexo en la competencia

por territorios reproductivos y/o en el c.uidado parental.
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En general, la dispersion natal es mss condn que la dispersion reproductiva en

las  poblaciones,  ademas  de  involucrar  un  mayor  niiniero  de  individuos  y  abarcar

mayores  extensiones  geograficas  (Greenwood  y  Harvey  1982).  La  fidelidad  al  lugar

natal  es menor que a los  sitios reproductivos  en varias  especies  de  aves y mamfferos

(Greenwood 1980), y al menos en aves, el grado de filopatria parece incrementar con la

edad (Greenwood y Harvey 1982, Clarke et al.  1997). La dispersi6n natal ocurre como

respuesta a numerosas  causas  (v6ase  arriba)  y  su preponderancia se  explicari'a por la

mayor movilidad, mayor propensi6n al riesgo y carencia de territorios y/o recursos para

defender por parte de los individuos j6venes ®rz.J?czZ7z.o c7e.profeccz.o'# c7e rec#rsoS; Clark

1994).  La dispersi6n reproductiva,  en cambio,  esta mss ligada a la calidad del habitat

seleccionado  para  la  reproducci6n,  al  5xito  reproductivo  de  los  individuos  o  de  sus
\

vecinos  y  a  la  sobrevivencia  de  los  miembros  de  las  parejas  sociales/reproductivas

(Greenwood y Harvey  1982).  El hecho  de no responder necesarianente a los mismos

factores implica que la dispersi6n natal y reproductiva podr'an estar sujetas a distintas

presiones en una misma poblaci6n, mostrando patrones contrastantes (Hinde 1956).

Ademas  de la conocida influencia de  la edad y  el  sexo  sobre  la propensi6n a

dispersar (Bowler y Benton 2005, Matthysen 2012), es sabido que otros aspectos afectan

la probabilidad de dispersi6n de los individuos', incluyendo rasgos fenotipicos variados

(Rpnce y Clobert 2012),  la` condici6n fisica y las  condiciones  anbientales  (Bowler y

Benton 2005, Matthysen 2012). La asociaci6n entre rasgos fenotipicos y dispersi6n ha

sido  observada en varios  organismos y es denominada c7z.xpersz.6# /e#oZzZ7o-c7epe77c7z.e73fe

(Bowler y Benton 2005, Clobert et al. 2009). A su vez, al conjunto de rasgos fenotipicos

consistentemente asociados con la conducta dispersiva de los individuos se les denomina
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sindromes dispersivos (Cote y Clobert 2012, Ronce y Clobert 2012). La asociaci6n entre

la dispersi6n y la morfologfa ha sido muy bien docunentada en plantas e invertebrados,

pero   en   vertebrados   existe   poca   evidencia   de   ello   (e.g.,   1a   rata-topo   desnuda

freferocepfrczJcts g/cr6er;  O'Riain et al.  1996).  En contraste,  1a co-variaci6n con rasgos

fisiol6gicos o de historia de vida ha sido descrita en estos tres grupos (Bonte et al. 2012,

Ronce y Clobert 2012). En cuanto a los rasgos conductuales, varios autores sugieren que

la dispersi6n esta relacionada con la variabilidad conductual de los individuos (Ronce y

Clobert 2012); 1os individuos no dispersantes suelen ser memos agresivos (Duckworth y

Badyaev 2007, Duckworth 2008), mss sociales (Cote y Clobert 2007), mas propensos a

colaborar (Sinervo y Clobert 2003), menos exploradores (Dingemanse et al. 2003), mas

aversos al riesgo (Dingemanse y de Goede 2004) y menos audaces (Fraser et al. 2001)

que los dispersantes.

Los  estudios  sobre  dispersi6n  fenotipo-dependiente  estin restringidos  a pocas

especies  y/o  poblaciones  de  rna misma  especie,  lo  que  limita  la  generalidad  de  sus

c.onclusiones  (Cote  et  al.  2010).  En  aves,  solo  dos  especies  han  sido  estudiadas  con

relativo  detalle,  habi5ndose  descrito  la existencia de  sfndromes  dispersivos  en ambas

(Cote et al. 2010, Ronce y Clobert 2012). Estudios en el carbonero comin Pcrrz4S "cz/.or

en Europa indican que las distancias de dispersi6n estin relacionadas  con la conducta

exploratoria de los individuos, donde individuos con mayores indices de exploraci6n en

aviarios   experimentales   recorren   mayores   distancias   durante   la   dispersi6n   natal

(Dingemanse   et   al.   2003).   En   el   azulejo   de   garganta   azul   Sz.cz/I.a   777exz.cc77zcr   en

Norteam6rica,  los  machos  dispersantes  que  inmigran  a  un  area  para  establecer  un

territorio muestran mayores niveles de agresividad que aquellos que eclosionaron o se
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han  reproducido  anteriomiente  alli  (i.e.,  residentes;  Duckworth  2006,  2008,  2009,

Duckworth y Badyaev 2007). En 6sta ultima especie se ha enc`ontrado, adem5s, que la

variaci6n  en  algunos  rasgos  morfol6gicos  (e.g.,  longitud  del  tarso  y  del  ala)  entre

residentes  y  dispersantes  se  asocia  con  sus  patrones  de  uso  del  espacio  y  su  6xito

reproductivo  en  los  tipos  de  habitat  seleccionados  (Duckworth  2006a).  La  teon'a  y

evidencia empfrica asociada no solo sugiere que la propensi6n a dispersar es heredable

(Hansson  et  al.  2003,  Sinervo  et  al.  2006,  Doliguez  et  al.  2009),  sino  que  al  estar

correlacionada  con  la  habilidad  para` dispersar  (Verhulst  et  al.  1997),  los  sindromes

dispersivos  tambi5n  sen'an heredables,  dada la integraci6n  gen6tica y funcional  entre

dispersion y  algunos  rasgos  morfo16gicos  y  conductuales  (e.g.,  agresividad,  conducta

exploratoria;  Duckworth  y  Kruuk  2009,  Duckworth  2012,  Korsten  et  al.  2013).  Sin

embargo,  tambi5n  es  sabido  que  las  condiciones  ambientales  expe'rimentadas  por un

individuo a lo largo de su ontogenia influencian su propensi6n a dispersar, un fen6meno

denominado    c7z.spersz.c577    COJ?c7z.cz.c;77-c7epeJ?c7z.e72fe    (Ims    y   Hjermarm   2001).    Algunos

trabajos en reptiles (Sinervo et al. 2006) y aves (Le Galliard et al. 2003, Tschirren et al.

2007,  Duckworth  2009,  Duckworth  et  al.  2015)  ban  mostrado  que  las  condiciones

anbientales  experinentadas  por  hembras  reproductivas  afectan  el  fenotipo  de  su

progenie a trav5s  de efectos matemos, regulando la expresi6n de los rasgos asociados

con  la  dispersi6n  y  su  probabilidad  de  dispersar.  La  informaci6n  que  un  individuo

obtiene de su habitat (i.e., informaci6n extema) y su condici6n fisica (i.e., informaci6n

intema)  tanbi6n pueden tener efectos  sobre  subsecuentes  decisiones relacionadas  con

dispersar, flexibilizando las estrategias individunles (Ims y Hjermarm 2001).



Si bien la dispersi6n ha sido tradicionalmente concebida como uri rasgo fljo de

poblaciones y especies, evidencia creciente sugiere que se trata de rna respuesta flexible

a  las  condiciones  ecol6gicas  y  sociales  imperantes  (Bowler  y  Benton  2005,  Cote  y

Clobert  2012,  Duckworth  et  al.  2015).  Por  ejemplo,  diferencias  en  los  niveles,  de

competencia  o  heterogeneidad  ambiental  entre  poblaciones  pueden  incrementar  la

variabilidad en los costos asociados a la dispersi6n (Wheelwright y Mauck 1998, Ward y

Weatherhead   2005).   Ademas,   ambientes   mss   competitivos   podr'an  promover   la

expresi6n  de  mayores  diferencias  fenotipicas  entre  dispersantes  y  no  dispersantes,

mientras que dichas diferencias  se cancelarl'an si las presiones sobre la dispersi6n son

menores  (Spinks et al.  2000,  Arag6n et al.  2006).  Por ende,  la variabilidad ambiental

puede afectar las causas y consecuencias asociadas a la dispersi6n (Verhulst et al.  1997,

Eeva et al. 2008, Terraube et al. 2014), las caracteristicas de los individuos dispersantes

y ia variaci6n en la expresi6n de los  sindromes  dispersivos  (Cote y Clobert 2012),  y

consecuentemente,  1os  patrones  de  dispersi6n local  qawkes  2009,  Matthysen  2012).

Esta  variaci6n  asociada  al  ambiente  se  conoce  como  c7z.spe7.Sz.o'#  co77fexzo-c7epe#c7z.e72fe

(Clobert et al. 2012).

Dada  esta  aparente  flexibilidad  en la conducta dispersiva  (v6ase  Clarke  et  al.

1997),1os estudios centrados en rna sola poblaci6n proveen rna visi6n limitada de los

efectos de un ambiente canbiante sobre los patrones y los sindromes dispersivos en rna

especie   (Spinks   et  al.   2000,   Bonte  y   Saastamoinen  2012).   Algunos  trabajos  ham

mostrado como condiciones ambientales variables afectan las causas y consecuencias de

la dispersi6n (e.g., Eeva et al. 2008, Terraube et al. 2014), pero las comparaciones inter-

poblacionales en respuesta a la calidad del anbiente local y la densidad poblacional ate
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son  escasas  (e.g.,  Verhulst  et  al.  1997,  Spinks  et  al.  2000).  Adicionalmente,  no  hay

evidencia concreta sobre co-variaci6n de patrones, estrategias y sindromes de dispersi6n

en  distintas  poblaciones,  lo  cual  proveen'a  un  visi6n  tinica  para  (i)  inferir  ,si  las

diferencias   entre   poblaciones   implican  la  variaci6n   conjunta   de   multiples   rasgos

fenotipicos  (Matthysen 2012);  (ii)  determinar la prevalencia de distintos patrones bajo

escenarios  contrastantes  (Clarke  et  al.   1997);   (iii)  entender  las  bases  ecol6gicas  y

conductuales de las decisiones individuales respecto  a la dispersi6n (Bowler y Benton

2005);  (iv)  comprender  c6mo  la variabilidad  ambiental  mantiene  el  polimorfismo  en

estos rasgos a lo largo de la distribuci6n de rna especie (Matthysen 2012); y (v) predecir

la respuesta  de  las  poblaciones  a variaciones  en  las  fuentes  de  estr5s  ambiental  que

pueden encontrarse  en el  espacio  o  el tiempo  (Le  Galliard et al.  2012).  Debido  a su

anplio    rango    geogrifico    con   poblaciones    establecidas    en    dreas    ecol6gica   e

hist6ricamente  disfmiles  (Gonzalez  y  Wink  2010,  Quirici  et  al.  2014),  el    rayadit6

4pfercrs'f#rc7   spz.7zz.cocfc7cr   (Funariidae)   es   un   excelente   modelo   para   comparar   la

dispersi6n natal y dispersi6n reproductiva en localidades cQntrastantes.

El rayadito  es un ave distribuida en los bosques templados del centro y sun de

Chile y el sun-occidente de Argentina, llegando hasta las islas Malvinas, el archipi51ago

de  Cabo  de  Homos ,y  la isla Diego  Ranirez  (Figura  1).  Esta  aparente  capacidad  de

colonizar  habitats  remotos  son  caracten'sticas  poco  comunes  en  los  miembros  de  la

fanilia  Fumariidae  (Remsen  2003).  Algunas  de  las  poblaciones  del  borde  norte  del

rango  de  distribuci6n  continental  experimentan aislaniento  con respecto  a las  demas

poblaciones  (Gonzalez y Wink 2010,  Yffiez 2013), habitando remanentes  de bosques

hinedos  completamente  rodeados  de  matorral  sub-xerofitico,  como  es  el  caso  de  la



poblaci6n del Parque Nacional Bosque Fray Jorge ovillagrin et al. 2004, del Val et al.

2006).  Si bien la vegetaci6n de bosque exhibe altos grados de fragmentaci6n al sun de

Fray  Jorge,  hasta la VI y  VII regi6n,  las  poblaciones  mss  australes,  desde  las  zonas

cordilleranas  de  la  VII  regi6n  hasta  la  regi6n  de  Magallanes,  incluyendo  las  islas

cercanas al continente como Tierra del Fuego y Navarino, se ubican en areas con mayor

continuidad de la vegetaci6n boscosa nativa (v6ase Luebert y Pliscoff 2006).

Figura 1. Distrib,uci6n del Rayadito 4pfrcrsf#rcz spz.#z.cazft7cz a lo largo de Chile, el occidente de
Argentina y las islas Malvinas. Basado en Jaramillo (2003).
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Similar a otras aves socialmente mon6ganas, el rayadito carece de dimorfismo

sexual evidente y los roles parentales son compartidos (Moreno et al. 2007). La conducta

territorial  se  presenta  solo  durante  la  temporada  reproductiva,  ya  que  durante  las

semanas posteriores conforman bandadas faniliares (v6ase Moreno et al. 2005, Vergara

et al. 2010, Ippi et al.  2011);  durante el resto del afro,  se observan en bandadas de co-

especfficos de hasta 15 individuos o bandadas mixtas (Ippi y Trejo 2003). Debido a que

lps machos reproductivos deben establecer su territorio anualmente, es probable que la
'

competencia entre ellos  se  centre  en la btisqueda de  areas  de  alta calidad y el rapido

establecimiento de territorios; las hembras por su parte, podrian competir por cavidades

de   alta  caliaad  y  un  rapido   inicio   de   la  reproducci6n  (v6ase   Greenwood   1980,

Greenwood y  Harvey  1982).  Por  ende,  los  costos  en los  que  incurrin'a un  individuo

dispersante   pueden   ir   desde   el   desconocimiento   de   la   ubicaci6n   de   zonas   de

alimentaci6n y nidificaci6n en un territorio nuevo hasta un retardo  en el  inicio  de la

reproducci6n (v6ase Greenwood y Harvey 1982).

Se ha sugerido que las distancias de dispersi6n en poblaciones del rayadito .del

centro de Chile sen'an de ca. 300m (Vergara et al. 2010), por I.o que la fragmentaci6n del

habitat  parece  actuar  como  un  importante  filtro  para  su  desplazamiento,  afectando

ademas su 5xito reproductivo (Vergara et al. 2013). Su densidad poblacional parece estar

limitada  por  la  disponibilidad  de  cavidades  (Tomasevic  y  Estades  2006),  siendo  la

calidad de las mismas y la conectividad del paisaje los factores mss relevantes para la

selecci6n   de   los   sitios   de   nidiflcaci6n   (Comelius   2008,   Vergara   et   al.   2010).

Aparentemente, la fragmentaci6n del paisaje boscoso implica rna mayor exposici6n de
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los rayaditos a la escasez de alimento, depredaci6n de nidos y eostos mss elevados para

dispersar (Vergara y Marquet 2007, Vergara et al. 2010).

Un monitoreo a largo plazo de la biologfa reproductiva del rayadito ha permitido

estudiar la variaci6n intra-especffica de aspectos tan variados como el repertorio vocal

(Ippi et al. 2011), la conducta anti-depredatoria (Ippi .et al. 2013) y el estr5s fisiol6gico

en respuesta al contexto anbiental (Quirici et al.  2014). Algunas de las localidades de

estudio cuentan con informaci6n de captura/recaptura de individuos de ocho afros y se

encuentran  ubicadas  en  los  bordes  norte  y  sun  de  su  distribuci6n  geogrifica  (v6ase

Quirici et al. 2014). Esto brinda rna oportunidad tinica para docunentar y comparar las

estrategias  y patrones  de  dispersi6n natal/reproductiva  a  escala local  y  determinar  la

existencia  de  sindromes  dispersivos  en  el  rayadito.  Este  trabajo  plantea  examinar  la

variaci6n inter-poblacional de la conducta dispersiva y sus correlatos en dos ambientes

contrastantes  en  el  centro  y  sun  de  Chile:  el  Parque  Nacional  Bosque  Fray  Jorge

(30°38'S,  71°40'W),  en la IV regi6n y la isla Navarino  (55°4'S,  67°40'W),  en la XII

regi6n.  Fray Jorge  corresponde  al  borde norte  del  rango  geogrifico  y representa rna

discontinuidad   climatica   y   vegetacional   con   iespecto   a   las   demas   poblaciones

continentales (Luebert y Pliscoff 2006; Figura 2A),  en tanto Navarino, se encuentra al

sun de la poblaci6n continental mss austral, pero la variaci6n espacial de la vegetaci6n y

el clima es mss homog6nea en toda la regi6n (Gonzalez y Wink 2010, Ippi et al. 2013,

Quirici et al. 2014; Figura 28). La extensi6n de vegetaci6n boscosa disponible en las dos

areas  de  estudio  (FJ:  2.4 km2  o ca.  45%  del  area estudiada; Nav:  3.3  km2 o  ca.  770/o;

v5ase  Capitulo  1)  y  estimaciones  de  densidad  de  individuos  reproductivos  (FJ:  8.2

parejastha,  v6ase  Vergara  y  Marquet,  2007;  Nav:  2.9  parejastha,  Botero-Delgadillo,



datos  sin  publicar)  sugieren  que  Fray  Jorge  albergan'a  una  poblaci6n  mas  hacinada

respecto a Navarino. Las tasas de ocupaci6n de cajas nido entre 2008 y 2015 (FJ:  17°/o;

Nav:  10%; Botero-Delgadillo, obs. pers.),  aunque deben ser intexpretadas con cautela,

podrian reflej ar rna mayor disponibilidad de cavidades naturales en Navarino.
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Figura  2.  Poblaciones  de  Rayadito 4pferc}sforcz spz.7zz.ccz#c7cz  consideradas  en  este  estudio:  (A)
Parque Nacional Fray Jorge;  a)  isla Navarino.  El  area gris  representa  la  distribuci6n  de  la
especie en Chile. Basado en Jaramillo (2003).

Ademas, estimaciones de la concentraci6n plasmatica de corticosterona para adultos y

pollos  QrJ:   0.79,  0.92  ng/ml;  Nav:  0.49,  0.83  ng/inl;  valores  Log  reportados  para

corticosterona) y su relaci6n negativa con la longitud telom5rica sugieren que los niveles

de estr6s  son mayores en Fray Jorge que en Navarino  (Quirici et al.  2014, 2016). De

hecho,  se  ha propuesto  que  Fray  Jorge  sen'a un    ambiente  estresante  debido  a rna



eventual  saturaci6n  poblacional  (Quirici  et  al.  2014).  En  conjunto,  1os  antecedentes

sugieren que ambas poblaciones ofrecen dos contextos ambientales contrastantes, siendo

Fray  Jorge  una poblaci6n mas  aislada y  un  ambiente  mas  fragmentado,  densamente

poblado y con mayores niveles de esrfes que Navarino.

Objetivos

Objetivo  General:  Evaluar  las  estrategias,  patrones  y  sindromes  de  dispersi6n  en  el

rayadito  4pferczsfafrcz  Spz.7%.cczalcJcz  y  su  variaci6n  inter-poblacional  en  dos  localidades

ambiental y ecol6gicamente contrastantes en el centro-norte y sun de Chile.

Objetivosespecificos:

1.   Determinar  y  contrastar  los  patrones  locales  de  dispersi6n  natal  y  dispersion

reproductiva en dos poblaciones de rayadito expuestas a ambientes contrastantes

en los lfmites norte y sun de su distribuci6n.

2.   Identificar y contrastar las potenciales  causas y consecuencias de la dispersi6n

natal  y  dispersi6n reproductiva  a  escala  local  en  dos  poblaciones  de  rayadito

expuestas a ambientes contrastantes en los lfmites norte y sun de su distribuci6n.

3.   Determinar  la  asociaci6n  entre  dispersi6n  reproductiva  local  y  el  fenotipo

conductual  en  el  rayadito  y  contrastar  estos  sindromes.  en  dos  poblaciones

expuestas a un contexto ambiental contrastante.
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Hip6tesis y predicciones

Las hip6tesis y predicciones fueron formuladas de acuerdo a los patrones esperados para

aves  socialmente  mon6gamas,  de  acuerdo  a  la teon'a y  evidencia  asociada  relevante

(Greenwood  y  Harvey  1982,  Clarke  et  al.  1997,  Wolff y  Plissner  1998,  Arlt y  Part

2008),   y   teniendo   en   cuenta   los   antecedentes   antes   descritos   sobre   la   biologia

reproductiva y ecologfa espacial del rayadito.

Hip6tesis  1.  Los  patrones  locales  de  dispersi6n  natal  y  dispersi6n  reproductiva  de

hembras   y   machos   son   dependientes   del   contexto   ambiental   local   y   son   mas

contrastantes en poblaciones que ocupan paisajes mas heterog6neos o habitan ambientes

densanente poblados.

Predicciones:

a.   En un ambiente  continuo  y menor densidad poblacional  QTavarino),  la

dispersi6n natal no estara sesgada al sexo ,y la distribuci6n de distancias

de dispersi6n seguife un patr6n aleatorio; por el contrario,  se espera un

marcado  sesgo  hacia  las  hembras  y  movilhientos  no  aleatorios  en  un
\

ambiente fragmentado y densamente habitado (Fray Jorge).

b.   Los   movimientos   asociados   a   dispersi6n   reproductiva   serin   mas

restringidos  que la dispersi6n natal  en ambas poblaciones, pero  con un

sesgo hacia las hembras mas marcado en un ambiente fragmentado.

c'.   La  estructura  gen6tica  a  escala  flna  en  cada  poblaci6n  reflejara  los

patrones   locales   de   dispersi6n   natal,   esperindose   rna   distribuci6n

espacial de genotipos no aleatoria en un ambiente fragmentado.



Hip6tesis   2.   La  importancia  de   los   factores   que   determinan  la  dispersi6n  y  sus

consecuencias  a  escala  local  son  contexto-dependientes  y  reflejan  diferencias  en  las

presiones ecol6gicas y sociales sobre la conducta dispersiva entre poblaciones ubicadas

en areas expuestas a ambientes contrastantes.

Predicciones:

a.    Factores  como  la  evitaci6n  de  la endogamia y/o  1a  evitaci6n  de  competencia

intra-especifica  serin  las   causas  mss  probables  de  dispersi6n  natal  en  un

anbiente  fragmentado  y  densanente  habitado  (Fray  Jorge),  pero  no  en  un

ambiente  continuo  y  con  menor  densidad  poblacional  (Navarino),  donde  la

informaci6n ptiblica es probablemente un mej or predictor.

b.   La consecuencias negativas en el 6xito reproductivo o la condici6n fisica de los

individuos   despu6s   de   la   dispersi6n  natal   son   esperables   en  un   ambiente

fragmentado y densalnente ocupado, pero no en un ambiente continuo donde la

densidad poblacional es menor.

c.   Independiente  del  contexto  anbiental,  la  probabilidad  de  que  un  individuo

incura en dispersi6n reproductiva sera mayor luego de un fracaso reproductivo

(o bajo 6xito reproductivo) o posterior a la p6rdida de su anterior pareja social.

d.   Las consecuencias negativas de la dispersi6n reproductiva sobre los componentes

de la adecuaci6n biol6gica (5xito reproductivo y sobrevivencia)  serali mayores

en un ambiente fragmentado y densanente ocupado que en un habitat continuo y

con menor densidad poblacional.
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Hip6tesis 3. La relaci6n entre la conducta dispersiva individual y el fenotipo conductual

(i.e.,   personalidad)   depende   del   contexto   ambiental   local   y  las   diferencias   entre

dispersantes  y  no   dispersantes   se  incrementan  en  ambientes  mfs  heterog6neos  o

densamente habitados.

Predicciones:

a.   Los  individuos  de  un  ambiente  continuo  y  con  menor  densidad  poblacional

(Navarino)  serin en promedio mas exploradQres, mas agresivos y mas audaces

que individuos en un aribiente fragmentado y densamente ocupado (Fray Jorge).

b.   En  un  ambiente  con  menores  restricciones   a  la  dispersi6n,   es   decir,   m5s

homog6neo   y  con  menor  densidad  poblacional,   no   se  esperan  diferencias

marcadas  entre  individuos  dispersantes  y  no  dispersantes;  no  obstante,  en  un

ambiente fragmentado y densanente habitado, donde los costos de la dispersi6n

son presumiblemente mayores,  los  dispersantes  debiesen exhibir rna conducta

mas exploratoria, mayor agresividad y mayor properisi6n al riesgo en relaci6n a

los no dispersantes.
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1       ABSTRACT

2      Dispersal is considered a plastic response to the local ecological and social environment.

3       Given  its  facultative  nature,  it  is  surprising  the  lack.  of studies  .testing  for  predictable

4      differences in dispersal patterns in contrasting environments.  Here,  we combine capture-

5      mark-recapture data from eight years (2008-2015) and molecular genetics to examine local

6      natal  and  breeding  dispersal  patterns  of  a  passerine  bird,  the  Thorn-tailed  Rdyadito

7       (4pfe7.crsz#rcz  spz.73z.cczafc7cz),  in  two  localities  of Chile:  Navarino  Island,  a  continuous  and

8      uncrowded habitat,  and Fray Jorge National Park,  a fragmented,  densely populated  and

9      more  stressful  environment.  Natal  dispersal  in Navarino  showed  no  sex  bias  and  birds

10      exhibited a random pattern of territory settlement. In contrast, female-biased natal dispersal

11       and restricted male movement was  observed in Fray Jorge,  where delayed breeding also

12       appeared   to   occur.   Spatial   genetic   autocorrelation   analyses   using   13   polymorphic

13      microsatellite loci confirmed this pattern, as fine-scale genetic structure was detectable for

14      male  birds  in  Fray  Jorge  for  a  distance  up  to  450.  in.  Furthermore,  two-dimensional

15       autocorrelation  analyses  and  estimates  of genetic  relatedness  indicated  that  genetically

16      related males  tended to  be  spatially clustered.  Breeding  dispersal  was  restricted in both

17      populations and showed no sex bias, although nesting-site fidelity was more fi.equent for

18      breeding adults in Fray Jorge. Taken together, our results indicated that apparent survival,

19      local  spatial  dynamics,  and  within  population. genetic  structure  can  predictably  vary  in

20      localities with contrasting conditions. Our data also suggested that local dispersal patterns

21       in this passerine bird are context-dependent.

22      Ke)in;orc7S: Breeding dispersal; capture-mark-recapture; fine-scale genetic structure;

23       intexpopulation differences; natal dispersal; Thorn-tailed Rayadito
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INTRODUCTION

The patterns  of dispersal  behaviour have  been  studied  in  a wide  variety  of species  (Clobert,

Baguette,  Benton,  &  Bullock,  2012).  Among  birds,  the  frequency  and  extent  of dispersal  is

usually sex-biased (see Clarke,  Szether, & R®skaft,  1997;  Greenwood,  1980), depending on the

timing of pair formation, the sex roles in territory establishment and selection of the breeding

site, asymmetries in parental effort, habitat saturation, breeding site availability, and reproductive

opportunity (Arlt & Pan, 2008; Wolff & Plissner, 1998). Most of the socially monogamous birds

studied up to date exhibit female-biased dispersal, whereas polygynous,  colonial breeding and

cooperative  breeding birds tend to  show male-biased dispersal  (Greenwood  &  Harvey,  1982;

Clarke et al.  1997). The inteaplay between sex differences in the amount of time/energy invested

in  competition  for territories  and/or  mates  versus  the  amount  of parental  effort  is  the  most

invoked explanation for the  extent  and direction of such biases  (`Mating  system hypotheses'

sensu Arcese,  1989). Other hypotheses propose that population demography, social dominance,

and inbreeding avoidance could also act as causal factors of sex-biased dispersal (Arcese,  1989;

Szulkin & Sheldon, 2008).

Dispersal  was  traditionally  considered  a  fixed  trait  of populations  or  species,  despite

marked intra-specific variation, but most recent studies suggest it is a plastic response to the local

ecological and social environment (Bowler & Benton, 2005; Cote & Clobert, 2012; Duckworth,

Belloni,  & Andersson,  2015). As  a result,  interpopulation differences in dispersal patterns  are

expected  under  distinct   environmental   contexts   (Matthysen,   2012;   Hawkes,   2009).   Some

capture-mark-recapture  studies  have  documented temporal  variation in the  frequency and the

intensity or even the direction of sex-biased dispersal in populations of passerine birds (Eikenaar,

Brouwer, Komdeur, & Richardson, 2010; Komdeur et al.1995). Moreover, recent studies using
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molecular approaches also  show intra-specific differences in dispersal patterns that depend on

habitat  availability  and/or  comectivity  (Banks  &  Peakall,  2012).  Docunenting  variation  in

dispersal behaviour and detemining the prevalence of distinct patterns under variable scenarios

is  nece.ssary  to  understand  the  ecological  and  evolutionary  pressures  driving  such  variation

(Clarke  et  al.,  1997),  and to  predict how populations  will  respond to  specific  envirormental

changes  (Le  Galliard,  Mass6t,  &  Clobert,  2012).  Despite  the  available  studies  describing

interpopulation  differences  in  avian  dispersal  (e.g.  Payne  &  Payne,   1993),  comparisons  of

dispersal patterns between populations differing in key factors remain rare.  Given the apparent

facultative nature  of dispersal  (Clarke  et  al.  1997),  the  lack of studies testing  for predictable

differences in dispersal behaviour between populations under distinct contexts (e.g.  comparing

populations inhabiting contrasting environments) is surprising.

Here,   we   combine   capture-mark-recapture   (CMR)   data  and  molecular  genetics  to

examine   local   dispersal   patterns   of  a   South   American   bird,   the   Thorn-tailed   Rayadito

(4pfercrs/a"  spz.77z.ccrcfc7cr),  a  secondary-cavity  nester  distributed  along  an  extensive  latitudinal

gradient  (30°S-55°S)  in  Chile  and  Argentina  (Remsen,  2003).  Given the  vast  envirormental

variation  covered by its  breeding range,  this  bird offers  an  excellent  opportunity to  assess  if

dispersal patterns vary predictably between contrasting environments. As other members of the

family Funariidae,  rayaditos  are  socially monogamous  and  lack  obvious  sexual  dimorphism

(Moreno, Merino, Lobato, Rodr'guez-Giron6s, & Vasquez, 2007). Both sexes incubate the eggs

and almost equally share nestling provisioning (Moreno, Merino, Vasquez, & inesto, 2005).

There  is  no  information  regarding  sex  differences  in  territory  establishment  and  nest-site

selection,  but  it  is  expected  that  both  sexes  are  involved,  as  seems  to  be  the  case  in  other

fumariids  (see  Remsen,  2003).  Rayaditos  appear to  be  limited  by  the  availability  of natural
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cavities  in  secondary-growih  and  human-altered  landscapes  (Comelius,  2008;  Tomasevic  &

Estades,  2006),  and  also  are  negatively  affected  by  forest  fragmentation  at  the  local  scale

(Vergara & Marquet, 2007). Although able to colonize distant islands located up to 80-100 kin

from the  continent,  rayaditos  seldom fly  distances  longer than 300  in to  cross  open areas  or

unsuitable habitat (Vergara, Hahn, Zeballos, & Armesto, 2010).

In this study, we focused on two populations of Rayadito located on opposite ends of its

breeding range and differing in habitat heterogeneity, population density and levels of stress. The

first population was  located in Navarino  Island  (55°4'S,  67°40'W),  southern Chile  qereafter

Navarino  or Nav),  which represents  a continuous  and less populated envirorment; the  second

population,   located  in  Fray  Jorge  National  Park  (30°38'S,   71°40'W),  north-central   Chile

qereafter Fray Jorge or FJ), represents a fragmented and densely occupied habitat (se.e Methods

for a detailed description of each locality). Taking advantage of the differing conditions present

in  these  populations,  we  used  eight-year  data  on  individually  marked  birds  to  address  the

hypothesis that the patterns of local natal and breeding dispersal vary predictably between two

contrasting envirorments. Although natal and breeding dispersal do not necessarily respond to

the  sane  factors  (Greenwood  &  Harvey,  1982),  several  studies  report  ho.w  they  would  be

affected by envirormental variability (see below), allowing us to make explicit predictions. Sex-

biased  natal  dispersal  is  expected  to  be  absent  in  socially  monogamous  birds  with  similar

parental roles (Clarke et al.,1997; Greenwood,1980), especially in coritinuous environments and

uncrowded populations, because dispersal will not be restricted by habitat structure (Winkler et

al., 2005) and the costs of movement may be similar for both sexes as breeding opportunities are

abundant (Weatherhead & Boak,  1986). In contrast, heterogeneous environments and crowded

populations  can  exert  opposite  effects,  as  the  first  factor  can promote  longer  natal  dispersal
'
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distances  (Matthysen, Adriaensen,  & Dhondt,  1995), while the second would favour natal site

fidelity (Ward & Weatherhead, 2005; Wheelwright & Mauck,1998). This could result in female-
(

biased dispersal, because selection may favour male philopatry when breeding opportunities are

scarce or when territory quality is highly variable (Ward and Weatherhead 2005). We therefore

predicted (i) no sex-biased and unrestricted (i.e. random distribution of dispersal distances) natal

dispersal  in a continuous  and  less  occupied  envirorment (i.e. Navarino);  on the  contrary,  we

expected  pronounced  female-biased  natal  dispersal  and  non-random  movement patterns  in  a

fragmented and densely populated envirorment (i.e. Fray Jorge).  Increased territory fidelity in

adult monoganous  birds  commonly  result  in moderately  female-biased  or unbiased  breeding

dispersal (Clarke et al.,  1997; Greenwood & Harvey,  1982), although increased male philopatry

can be anticipated under crowded conditions and low territory quality (Bensch & Hasselquist,

1991 ; Ward & Weatherhead, 2005). Accordingly, we predicted (ii) more restricted movements in

comparison to natal dispersal in both populations, but with moderately female-biased or unbiased

breeding dispersal in the continuous habitat, and more accentuated differences among the sexes

in the fragmented envirorment, with highly philopatric males and dispersing females. Given the

expected  longer  distances  resulting  from  natal  dispersal  events  and  the  limited  effect  that

breeding dispersal  can have on population structure  (see Payne & Payne,  1993), we predicted

(iii) that the fine-scale genetic structure in each population reflects local natal dispersal patterns

(e.g.  Beck,  Peakall,  &  Heinsohn,  2008;  Double,  Peakall,  Beck,  &  Cockbun,  2005),  but not

movements related to breeding dispersal.

METHODS

Study areas
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This study is part of a long-term research on the breeding ecology of the Thorn-tailed Rayadito

in Navarino  and  Fray  Jorge,  where  171-222  and  101-157  nest  boxes  have  been  offered  for

occupation  during  2006-2015  in  each  locality,  respectively.  Nest  boxes  were  systematically

distributed at regular distances in second-growth forests in Navarino (24 ± 0.6 in between nearest

nest boxes;  mean ±  SE)  and forest relicts  in Fray Jorge  (2`1  ± 2.6 in),  and their position was

georeferenced with a 2 in measurement error. The spatial arrangement of nest boxes was defined

after considering previous density estinates of breeding birds (e.g. Vergara & Marquet, 2007).

The study area plot at Navarino covers ca. 4.3 km2 in a landscape dominated by sub-Antarctic

forests @ozzi & Jim5nez, 2014; see Supplementary Fig. S 1), with woodland habitats comprising

ca.  3.3 km2. The study area plot at Fray Jorge covers ca.  5.3 km2 in a predominantly semiarid

landscape, dominated by matorral steppe (Luebert & Pliscoff, 2006; see Supplementary Fig. S 1),

with a relict forest composed of several fragments located in a coastal mountain range reaching

up to  630 in a.s.1.  (del Val et al., 2006; Villagrin et al., 2004).  Forest fragments range in size

between 0.5-22.5 ha and have a combined area of 2.4 km2 (Comelius, Cofr6, & Marquet, 2000).

While  birds  from Navarino  have  maintained  recurrent  gene  flow  with  other rayadito

populations, the Fray Jorge population is isolated (Gormalez & Wink, 2010; Yffiez, 2013). Bird

density estimates during the breeding season suggest that Fray Jorge harbours a more crowded

population (FJ: 8.2 pairstha, see Vergara & Marquet, 2007; Nav: 2.9 pairstha, Botero-Delgadillo,

in prep.), whereas mean rates of nest box use during 2008-2015 indicate there could be a higher

availability of natural cavities for nesting in Navarino (FJ: 18%; Nav: 10%; data from this study).

These data along with recent estimates of baseline CORT levels for 2010-2011  (FJ:  0.79,  0.92

ng/ml; Nav:  0.49, 0.83 ng/inl; reported Log values for CORT by Quirici et al., 2014) and their
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negative relation with telomere length (Quirici, Guerrero, Krause, Wingfield, & Vasquez, 2016)

suggest that Fray Jorge is a competitive and stressful environment.

Field methods                1

Data for our study were obtained fi.om eight consecutive breeding seasons (2008-2015) in both

localities. Breeding adults were captured inside the nest boxes when nestlings were  12-14 days

old (see details in Moreno et al., 2005). For this, we used a manually triggered trap when nestling

provisioning  took  place  (Quirici  et  al.,  2014).  Adults  and  nestlings  were  marked  with  a

lightweight, uniquely numbered, metal ring, and a blood sample was obtained afterwards (ca.  17

H1) by puncturing the brachial vein with a sterile needle (Quirici et al.,  2014).  Blood samples

were  stored  on FTA"  Classic  Cards  (Whatman")  for subsequent  genetic  analyses.  Dispersal
\

events were identified based on recaptures of individuals in subsequent years.

Genetic analyses

DNAwasextractedfromblood;amplesusingaQIAamp®DNAMicroKit(QIAGEN®#56304).

Given the  absence of evident sexual  dimorphism in rayaditos  (Moreno  et al.,  2007),  sex was

determined using one  chromosome-linked marker (P2ff 8;  Griffiths,  Double,  Orr,  & Dawson,

1998).  All  individuals  were  genotyped  at  13  polymorphic microsatellite  loci  (Supplementary

Table  S1):  species-specific  markers  Asl,  As7,  Asl8,  As25-1,  As25-5,  As25-8,  As25-10,  and

As25-14  (Ydiez,  Quirici,   Castafio-Villa,  Poulin,  &  Vasquez,  2015),  and  the  cross-species

amplifying markers Aspr 1 5_ZEST, CcaTgu23  (Olano-Man'n et al., 2010), Tgri06 (=CK307697),

Tgu05 (=DV946651) (Slate, Hale, & Birkhead, 2007), and marker ZF_AC138573 (van Oosten,

Mueller, Ottenburghs, Both, & Kempenaers 2016).
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Microsatellite amplifications were performed in multiplex PCR reactions using the Type-

it®MicrosatellitePCRKit(QIAGEN®#206246)andprimermixescontainingfourtofiveprimer

pairs  (mix   1,  2,  and  3;   Supplementary  Table  S1).  The  forward  primer  of  each  pair  was

fluorescently  labelled  with  6.-FAM",  VIC®,  PET®  or  NED"  (Dye  Set  G5;  Themo  Fisher

Scientific).   Primer   concentrations   in   these   mixes   were   adapted   due   to   differences   in

amplification efficiency and dye strength (see Supplementary Table S1).  Each  10 prl multiplex

PCR contained 15-80 ng DNA, 5 Hl of the 2x Type-it® Microsatellite PCR Master Mix, and 1 prl

of one of a primer mix.  Cycling conditions were:  5 min initial denaturation at 95°C, 23  (mixl

and 2) or 28 cycles (mix 3) of 30 s denaturation at 94°C, 90 s annealing at the temperature given

in Table S1, and  1  min extension at 72°C, followed by a 30 min completing final extension at

60°C. After amplification,1.5 Hl of the PCR products were added to 13 Hl formamide containing

the Genescan" 500 LIZ®  Size Standard, heat denatured and resolved in POP4 polymer on an

ABI" 3130 Genetic Analyzer (Thermo Fisher Scientific, Darmstadt, Germany). Raw data were

analysed and alleles assigned using the GENEMAPPER 4.0 software (Applied Biosystems).

Data analysis - dispersal estimates and CMR data

All  analyses  of natal  and breeding dispersal  were based on CMR data obtained  during 2008-

2015.  Natal  dispersal was  defined  as  the movement between the  natal  nest box  and the  first

recorded  breeding  box,  while  breeding  dispersal  comprised movements  between  consecutive

breeding  seasons.  The  frequency  of dispersal  (%  of dispersing  individuals)  and the  distance

moved (in) by recaptured birds were both used as descriptors of dispersal behaviour (Clarke et

al.,    1997).   For   calculating   dispersal   frequency,   we   first   applied   Dirichlet   tessellation

(Aurenhanmer,  1991) to model the territories of all breeding pairs in both localities for every
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year (2008-2015), using the spatial patterns of nest box occupation as input data (Adams, 2001;

Valcu & Kempenaers,  2008).  Mean territory diameters were subsequently  calculated for each

year/population, and individuals were considered as  `dispersed'  if they moved over a distance

equal or longer than the upper limit of the 95%  confidence interval  (CI)  of the annual mean

territory  diameter  (see  Valcu  &  Kempenaers,  2008);  .shorter  movements  were  defined  as

`natal/nesting-site  shifts',  while  the  absence  of movement  was  referred  as  `natal/nesting-site

fidelity'.  Dirichlet  tessellation  and  estimation  of territory  dianeters  were  performed  in  the

Analysis tools in ArcGIS 9.3 (ESRI, 2008).

All descriptive analyses and statistical tests were performed with R version 3.3.1 (R Core

Team, 2016), using or = 0.05 for hypothesis testing. Within-population comparisons between the

sexes were made for the frequency of dispersal and the distance moved. Fisher-Freeman-Halton

tests of independence were used to assess sex and/or age-related differences in the proportions of

dispersers/non-dispersers (see Eden,  1987), while Kolmogorov-Smimov tests were employed to

compare the distribution of dispersal distances during natal or breeding dispersal events (Harvey,

Greenwood, & Perrins, 1979; Harvey, Greenwood, Canpbell, & Stenning, 1984). Because some

breeding adults were recaptured more than once, K-S tests for breeding dispersal were performed

on two datasets: a first reduced set comprising only the first breeding dispersal distance recorded

for every individual, and a second, expanded set, including all distances from some repeatedly

recaptured birds (Montalvo & Potti,  1992). We used randomization tests to evaluate the spatial

patterns  of natal  and breeding dispersal  for each sex and population,  comparing the  observed

median dispersal distances against null. distributions of medians generated by 1000 Monte Carlo

simulations to calculate exact probabilities (Wheelwight & Mauck,1998).  Simulated distances

were obtained by assigning each breeding individual to any of. the `available' nest boxes during
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the year of its recapture, with none of them being assigned more than once in every run (see

Wheelwhght  &  Mauck,  1998).  We  tested  two  null  models  that  varied  in the  probability  of

assignment of the  `available'  nest boxes  for each individual:  the  first was  used for testing  if

median distances departed from a completely random pattern, using a null uniform distribution

for the probability of assignment (i.e. probability of assignment was equal for all nest boxes); the

second  was  used  to  .test  if median  distances  departed  fi.om  a random-walk  search,  using  an

exponential distribution for the probability of assignment that varied as a function of the distance

from  the  natal  site  (Waser,  1985;  Winkler  et. al.,  2005).  Exponential  null  distributions  were

simulated for each locality based on the regression of the probability of recapture on distance

(Winkler  et  al.,   1995).  None  of these  models  assumed  age-related  social  dominance  (see

Wheelwhght  &  Mauck,  1998).  All randomization tests  were  run with the  coin package  in R

(Hothom, Hornik, van de Wiel, & Zeileis, 2008).

Among-population   comparisons   were   performed   to   assess   if   sex-differences   in

natal/breeding  dispersal  distances  varied  between  localities,  using  generalized  linear  mixed

models (GLMM; Bolker et al., 2008). Because density of breeding pairs, and therefore, territory

size, can vary between populations and years, the distance moved (in) by dispersing birds inight

not be directly comparable. Thus, we transformed distances into territory units (Arcese,  1989),

using the mean territory diameter estimated for every year and for each study site. For the natal

dispersal analysis, the full model included bird sex, population of origin and their interaction as

fixed  effects,  and  the  natal  year  and  the  time  interval  for recapture  (not  all  nestlings  were

recaptured the following year as adults) as random effects. The full model for breeding dispersal

included the  same  fixed  effects,  and  as random  effects  we  added year.of recapture,  bird  age

(Montalvo & Potti,  1992), and bird identity, given that some birds were recaptured in multiple
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years  (see Ward &  Weatherhead, 2005).  We fitted negative binomial models with a Log link

function using the lme4 (Bates, Maechler, Bolker, & Walker, 2015) package in R. We assessed

goodness of fit of a set of candidate models with AICc values using the MUMln package (Bartori,

2014),  generating  a  minimum  most  adequate  model  by  manually  removing  non-significant

parameters (Crawley,1993).

Finally, to test the critical assumption that dispersal patterns were not affected by sex-

differences in mortality rates or probability of recapture (Ward & Weatherhead, 2004), we used

two  different  approaches.  For  adult  birds,  we  used  CMR  data to  calculate  apparent  survival

probability (p) and recapture rate to) using the Comack-Jolly-Seber model (Sandereock, 2003)

as implemented in MARK 5.1  (Cooch & White, 2008; White & Burnham,1999). We generated

different  candidate  models  with  different  restrictions  on the  parameters  (Lebreton,  Burnham,

Clobert, & Anderson,  1992), and used AICc values for model selection (Supplementary Table

S2).  For fledgling survival,  we had to use  sex-specific recovery rates  as  an approximation of

survival  given  the  low  recapture  rates  (see  Results).  We  corroborated  the  validity  of this

approach by calculating the percentage of fledglings recaptured during our study in relation to an

estimation of all surviving post-fledging birds in each locality. This was done by first building a

static  life  table  (see  Gotelli,  2008),  using  CMR  da,ta  to  compute  age-specific  survival  and

fecundity (Supplementary Table  S3).  Subsequently,  assuming no population increase/decrease

during  the  study  period,  we  calculated  fledgling  survival  rates  needed  to  maintain  both

populations  constant  (i.e.  r  =  0;  Supplementary  Table  S3)-.  The  ratio  of recaptured/surviving

nestlings was interpreted as a rough estimate of how representative the recapture rates were.

Data analysis - spatial genetic structure
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All genetic analyses were based on genotyped breeding adults that were captured during 2010-

2015.  We tested for linkage disequilibrium separately on datasets for each sex and population,

using  exact  tests  in  GENEPOP  4.0  (Raymond  &  Rousset,  1995).  Tests  for  deviations  from

Hardy-Weinberg equilibrium (HWE) and estimation of frequency of null alleles were applied on

the sane datasets in CERVUS 3.0.7 Qcalinowski, Taper, & Marshall, 2007). Details on genetic

diversity measures are addressed elsewhere (Yffiez et al., 2015; Botero-Delgadillo, in prep.).

We    evaluated    sex-differences    in   dispersal   patterns   in   three   ways:    (i)    spatial

autocorrelation  analyses  and  heterogeneity  tests  were  applied  to  investigate  if local  spatial

genetic structure in each population corresponded to dispersal patterns observed with CMR data;

(ii)  two-dimensional  autocorrelation  analyses  (2D  LSA)  were  implemented  to  explore  how

spatial genetic autocorrelation was distributed in a two-dimensional landscape; and (iii) Mantel

tests (Mantel,  1967) of matrix correspondence were used to evaluate if patterns of isolation by

distance  were  present  at  the  local   scale.   Separated   spatial   autocorrelation  analyses   were\

performed for each sex/population O{av: 82 females, 79 .males; FJ: 69 females, 66 males) based

on all genotyped individuals for 2010-2015 (e.g. van Dijk, Covas, Doutrelant, Spottiswoode, &

Hatchell,  2015).  We  repeated  the  same  analyses  on  `snapshot'  years  to  check  for  possible

temporal   sampling   effects   due   to   demographic   processes   (Foerster,   Valcu,   Johnsen,   &

J
Kempenaers,  2006;  van  Dijk  et  al.  2015),  selecting  the  year  with  the  largest  number  of

captured/recaptured   adults   0+av:   2014;   FJ:   2013).   Spatial   autocorrelation   analyses   were

conducted  in  GENALEx  6.5  (Peckall  &  Smouse,  2012)  following  the  methods  described  in

Peakall, Ruibal, and Lindenmayer (2003), and Banks and Peakall (2012). For calculating genetic

correlation coefficients  (r),  GENALEX uses pairwise  squared genetic  and pairwise  geographic

• distance matrices, and then plots r values as a function of distance across different distance class
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intervals   (Peakall,   Smouse,   &   Hubb,   1995).   For  the   geographic   distance   matrix,   UTM

coordinates  from  nest  boxes  were  entered  as  input  data.  Given  the  difficulties  to  define  a

representative  distance  that  could  reveal  the  extent  of  non-random  genetic  structure,  we

calculated r  for  increasing  distance  classes  using the  Multiple  Dclass  option in  GENALEx to

define the first distance interval for traditional correlograms (Peakall et al., 2003). We explored

several distance classes ranging from the overall mean territory diameters in .Navarino and Fray

Jorge (100 and 50 in, respectively) to the maximum distance between nest boxes in each locality

(2.9  and 4.2  kin).  The  minimum  distance  class  size  for which r was  significant  (150  in;  see

Results) was subsequently used as the distance interval for traditional correlograms (Peckall et

al.,  2003).  Significance  of positive/negative  autocorrelation  values  for  traditional  and  Multi

Dclass analyses were assessed by estimating the 95°/o CI about r using bootstrap resampling, and

also through 1000 random permutations of bird genotypes to generate estimates of r that would

be obtained by random (rp).  We rejected the null hypothesis of no autocorrelation when both

estimations indicated significant non-random genetic structure (i.e. the 95% CI around r i 0 and

r > 95% CI around rp). Although this is a conservative approach, it is highly recommended when

sample sizes are relatively small (Peakall et al., 2003). Nonparametric heterogeneity tests were

applied  for testing  se.x-differences  in the  correlograms  by  computing the  f  statistic  for  each

distance  class  and  the  correlogram  wide  `Omega'  (co)  (see  Banks  &  Peakall,  2012;  Smouse,

Peakall, & Gonzalez, 2008).

The 2D LSAs were performed separately for each sex/population,  estimating the local

genetic  correlation  (/r)  based  on  pairwise  comparisons  between  every  individual  and  its  IV

nearest neighbours. Calculation of /r and standard permutation tests (1000 permutations/run) for

significance were conducted in GENALEX as described in Double et al. (2005). We used multiple
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runs  calculating  /r for four,  nine,  and  14  nearest neighbours  (i.e.  subsets  of five,  10  and  15

individuals), but only presented results for 14 nearest neighbours, as such subsets comprised an

equivalent linear distance to the distance class size used for spatial autocorrelation analyses (see

results).  Mantel  tests  were  also  implemented  in  GENALEX,  using  permutation  tests  (1000

permutations) to assess the significance of correlation betweeh matrices of genetic similarity and

geographic distances (Peakall et al., 2003).

Ethical Note

All birds were captured and marked under the authority of Servicio Agri'cola y Ganadero (SAG;

permits 5193/6295) and Coxporaci6n Nacional Forestal (CONAF), Chile. Research was carried

with the supervision of the Ethics Committee of the Sciences Faculty, Uhiversidad de Chile.

RESULTS

Natal dispersal patterns

From a total of 565 fledglings marked in Navarino (southern population) up to 2014,  17 (3%)

were recaptured at least once as breeding adults, of which eight were females and nine were

males. Twelve individuals were recaptured the year after hatching, the remainder after two (IV =

3)  or  three  years  (IV =  2).  Based  on  the  distance  moved  from  their  natal  nest  box,  all  17

recaptured birds were  defined  as  dispersers.  The median distance moved by females  (480  in,

range:  180-760) and males (420 in,190-840) were similar, and there were no sex-differences in

the distribution of travelled distances (Kolmogorov-Smimov test: Z = 0.66, IV = 17, P = 0.52; see

Fig.  1A). Monte Carlo simulations revealed that the median distance moved by either sex was
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not significantly different from median distances generated by the completely random (females:

P = 0.44; males: P = 0.49) and random-walk models (females: P = 0.21 ; males: P = 0.28).
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Figure  1. Natal dispersal patterns in two populations of Thorn-tailed Rayadito based on capture-mark-
recapture data obtained during 2008-2015. A total of 17 (females: 8, males: 9) and 29 (females:  14, males:
15) post-fledging birds were recaptured in Navarino and Fray Jorge, respectively. Frequency distribution
of natal dispersal distances travelled by female and male birds  in Navarino Island  (A)  and Fray Jorge
National Park (8). Natal dispersal was compared between both populations after transforming distances
into territory units based on Dirichlet tessellation for each breeding season (C).
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From 491  marked fledglings  in Fray Jorge  (northern population) up to  2014,  29  (6°/o)

were  recaptured  as  breeding  adults,  including   14  females  and  15  males.  Individuals  were

recaptured after one (IV =  1), two  (IV =  19), three (IV = 8), or four (IV =  1) years after hatching.

Three males were recaptured in their natal box (natal-site fidelity); all other cases were defined

as  dispersal  events.  Females travelled  longer median  distances  (740  in,  range:  40-2700}  than

males  (100  in,  0-1800),  and  the  distribution  of  movement  distances  differed  significantly

between the sexes (Kolmogorov-Smimov test: Z = 1.95, IV = 29, P < 0.001 ; see Fig.18). Monte

Carlo simulations showed that female median distances were not different from values generated

by the  completely random model,  but  distances  moved by males  were  shorter than  expected

(females: P = 0.35; males: P = 0.041); on the other hand, the random-walk model showed that

females  moved  significantly  longer  distances  than  expected,  but  male  movements  were  not

different from values generated under the null hypothesis (females: P = 0.045; males: P = 0.58).

As expected based on differences in breeding density, adult birds in Navarino occupied

larger territories (Dirichlet tiles) than those in Fray Jorge. The upper limit of the 95% CI of the

mean teritory diameter in Navarino ranged from 63 to 110 in across breeding seasons, while in

Fray Jorge it ranged from 29 to 39 in. Comparing natal dispersal distances as territory units (tu),

we observed that movements of females (median:  5 tu, range: 3-8) and males (4 tu, 3-9) were

similar in Navarino, whilst there was a marked difference between females (25 tu,  1-94) and

males (3 tu,, 0-60) in Fray Jorge (Fig.  1C). After correcting for random effects (natal year and

interval of recapture), the best-fitting model showed a significant sex x population effect on the

number of territories moved by natal dispersers (Table 1).      .
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Table 1. Minimal adequate GLMM to test for sex-differences in natal dispersal distances of Thorn-tailed
Rayadito  in  two  populations,  Navarino  Island  and Fray  Jorge National  Park.  Main  effects  were  not
reported when interactions were significant.

Fixed effects        Estimate*           SE*                Test"                  P                Variance^
htercept                        3.31                0.39

Sex*Population

Random effects
Natal year
Recap. Interval

1.34                  0.65               z42 = 2.05               0.04

7.66 %

28.65 %

'Paraneter estimates and SE (Standard errors) were estimated relative to `Female' level in variable `Sex' and `Fray

?*°zrgtea't£]:t¥:]c:0:evsg:1:bd[set`opfapeu*ti::.'t.est.
^The proportion of random variance explained by each random effect.

Breeding dispersal patterns

Within-I)opulation patterns of breeding dispersal were similar between the reduced and expanded

datasets (see Methods), and therefore, we report descriptive and statistical analyses including all

distances,  including those  from  adults that were recaptured more than once  (see Montalvo  &

Potti, ,1992).

From a total of 210 captured adults in Navarino, we obtained 127 recapture events of 69

individuals between consecutive breeding seasons (57 recaptures of 35 females, 70 recaptures of

33 males). Of these, 24% were cases of nesting-site fidelity (females:  17%, males: 28%; Fisher-

Freeman-Halton exact test of independence P = 0.21). Nesting site-shifts (i.e. small movements

to   adjacent  nest  boxes)   where   observed  in   59%   of  all   cases,   while   17%   of  recaptures

corresponded to breeding dispersal events, which tended to be more frequent in females than in

males  (females:  240/o,  males:  11%;  F-F-H  exact test:  P =  0.07).  The  distribution of travelled

distances did not differ significantly between the sexes, even though females moved somewhat
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father (females: median: 45 in, range: 0-390; males: 30 in, 0-90; Kolmogorov-Smimov test: Z =

1.23, IV = 127, P = 0.07; see Fig. 2A). Monte Carlo simulations suggested that median distances

for females and males were shorter than expected under the completely random model (females:

P  =  0.039;  males:  P  =  0.033),  albeit  not  different  from  values  taken  from  a  random-walk

distribution (females: P = 0.64; males: P = 0.68). Recaptured adults had a mininurn age of 2-8

years  old  (exact  ages  were  not  always  certain),  but there  was  neither  a  decreasing trend  in

travelled distances as bird age increased, nor a difference in the frequency of dispersal between

age classes (F-F-H exact test, P = 0.21 ; Fig. 2C, 2E).

From  the  197  captured  adults  in  Fray  Jorge,  133  recaptures  of 81  individuals  were

obtained between consecutive breeding seasons (67 recaptures of 42 females, 66 recaptures of 39

males).  Of these, 57% corresponded to nesting-site fidelity (females:  59%, males:  56%; F-F-H

exact test: P '= 0.85). Small movements (nesting site-shifts) comprised 27% of all cases, whereas

breeding  dispersal  events  were  observed  in  16%  of recaptures  and  showed  no  differences

between the  sexes  (females:  17%,  males:  14%;  F-F-H  exact  test:  P  =  0.79),  as  also  did  the

distrib.ution   of  travelled   distances   (females:   median:   11   in,   0-270;   males:   7   in,   0-270;
\

Kolmogorov-Smimov  test:  Z '=  0.45,  IV =  133,  P  =  0.77;  see  Fig.  28).  As  in  the  Navarino

population, Monte Carlo simulations suggested that median dispersal distances were shorter than

randomly generated distances in the two sexes (females, P = 0.028; males, P = 0.012), but not

differing from values generated under the random-walk model  (females, P = 0.28; males, P =

0.37).  Recaptured birds were at least 2-7  years  old,  and the travelled distances by both sexes

tended  to  be  lower  in  older  animals,  particularly in males  G7ig.  2D).  Data  also  evidenced  a

difference in the relative frequency of breeding dispersal between age classes (F-F-H exact test,

P = 0.03), with an apparent decrease for 4-7 year-old birds (Fig. 2F).
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Figure 2. Breeding dispersal patterns in two populations of Thorn-tailed Rayadito based on capture-mark-
recapture data obtained during 2008-2015. A total of 127 (females: 57, males:  70) and  133 (females:  67,
males:   68)  recapture  events  were  obtained  in  Navarino  and  Fray  Jorge,  respectively.   Frequency
distribution of distances travelled by birds between consecutive breeding seasons in Navarino Island (A)
and Fray Jorge National Park (8).  Mean travelled distances (error bars are ± 2 standard errors) between
consecutive breeding seasons by birds  in Navarino  (C)  and Fray Jorge  (D) according to their sex and
minimum  estimated  age  (exact  ages  for  adult birds  were  not  always  known).  Frequency  of breeding
dispersal  events  for  female  and  male  birds  in  Navarino  (E)  and  Fray  Jorge  (F)  according  to  their
minimum estimated age.
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Overall, females (Navarino: 0.6 tu, 0-4; Fray Jorge: 0.01 tu, 0-46) and males QTavarino:

0.4 tu, 0-1; Fray Jorge: 0.0 tu, 0-9) from both populations tended to move ver} short distances

between consecutive breeding seasons, usually not crossing an entire territory. According to the

best  model  for  the  among-population  comparison,  most  of the  total  random  variance  was

attributed  to  intrinsic  differences  between  individuals,  .and  there  was  no  effect  of  sex  or

population on breeding dispersal distances (Table 2).

Table 2. Minimal adequate GLMM to test for sex-differences in breeding dispersal distances of Thom-
tailed Rayadito in two populations, Navarino Island and Fray Jorge National Park. Main effects were not
reported when interactions were significant.

Fixed effects        Estimate            SE                  Test                   P                Variance^
Intercept                       -0. 83               0.26

Rejected terns
Sex                                      -0.35                 0.35i             z258 = -0.99              0.32

Population                     -0.18                0.37            z257 = -0.49             0.62

Sex*Population            0.47                 0.54             z256 = 0.88             0.3 8

Random effects
Age
Recap. year
Bird identity

0.000/o

0.05'%

49.62 %

+Parameter estimates and SE (Standard elTors) were estimated relative to `Female' level in variable `Sex' and `Fray

5*°zrgtea,t£]:t¥:[c£°:evs;::bd]setcop&Peu#:::.,t.est.
^The proportion of random variance explained by each random effect.

Apparent survival

For adult birds, the best model only included six parameters and considered temporally-varying

values for apparent survival (mean ± SE: p 1: 0.69 ± 0.04, P 2: 0.43 ± 0'.09, p 3: 0.47 ± 0.06, p4:

0.61 ± 0.08) and recapture rate ®i: 0.59 ± 0.04, p2: 0.77 ± 0.07). According to this model, there
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were   no   sex-differences   in   survival   probabilities   or  recapture   rates   in   each   population

(Supplementary Table  S2),  although mean apparent between-year survival was higher in Fray

Jorge (0.68 ± 0.0002 SE, IV =  197) than in Navarino (0.55 ± 0.0008, IV = 210). Recapture rates

for post-fledging individuals were  almost  equal  between  sexes  (see IVofcz/ c7z.5perfcz/ pczffer7?s),

and also  suggested higher  survival  in Fray Jorge.  Vital rates  calculated with static  life tables

indicated that  fledgling  survival  should approximately be  17%  in Navarino  and 23%  in Fray

Jorge  to  maintain  both  populations  constant  (Supplementary  Table  S3).  Assuming  that  the

contribution of long-distance immigrants and emigrants to population dynamics is relatively low

in comparison to mortality and fecundity (i.e.. closed populations), this gave us a rough recovery

rate of 18  and 26% of all surviving fledglings that were marked during this study in Navarino

and Fray Jorge, respectively.

Spatial genetic structure

There was no evidence of linkage disequilibriuni between any pair of loci. With the exception of

marker  Asl   (not  included  in  further  analyses),  no  significant  deviations  from  HWE  were

detected  after  applying  Bonferroni  correction  for  multiple  comparisons  (all  P  >  0.1),  and

frequency of null alleles never exceeded 0.05.

Genetic  autocorrelation  for  increasing  distance  class  sizes  for  the.  2010-2015  dataset

(MultiDclass  analyses)  showed that neither of the  sexes in Navarino  departed from a random

distribution of genotypes at any of the assessed distance intervals (Fig. 3A). Although females in

Fray Jorge showed a similar pattern, males exhibited positive genetic structure beyond 300 in

(Fig. 38). Furthemore, r values were above the 95% CI around rp beyond 600 in, but the 950/o

CI around r was significantly different from 0 only up to 450 in (Fig. 3). Analyses for `snapshot'
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years showed similar results, without detectable genetic structure in Navarino (females, IV =, 32;

males, IV = 31), and contrasting patterns in Fray Jorge, where males showed a positive structure,

but only beyond 150 in (females, IV = 25; males, IV = 25; details not shown).
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Figure 3.  Spatial genetic autocorrelation coefficients (r) for increasing distance classes for female and
male thorn-tailed rayaditos in Navarino Island (A) and Fray Jorge National Park (8).  Squares represent

`       correlation coefficients (r) with 950/o confidence error bars determined by bootstrapping; white and black

squares  represent  females  and  males,  respectively.   Solid  horizontal  dashes  represent  the  950/o  CI
generated by  1000 random permutations  assuming a random distribution of genotypes (r not different
from rp).

Traditional  correlograms  indicated,  again,  no  detectable  genetic  structure  in Navarino,
T

with correlations for both sexes oscillating between positive and negative values G7ig. 4A, 48).

The nonparametric heterogeneity test revealed no significant differences between the r values for

both sexes at any particular interval (Single-class Z2,  all P > 0.05),  and also no  sex-differences
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when  comparing  the  whole  correlograms  (co  =  5.39,  P  =  0.86).  Similarly  to  Multi  Dclass

analyses, correlograms for Fray Jorge suggested no genetic structure for females (Fig. 4C), but

positive and significant 7` values for males  (Fig.  4D).  The correlograms for females oscillated

between high and low autocorrelation, whereas for males they showed a positive structure at 150

in. The heterogeneity test showed that r values differed only significantly at the  1,50 in interval

(J2 = 3.03, P = 0.04), but the autocorrelation patterns did not reveal significant sex-differences (cD      r

= 12.31, P = 0.17). Analyses for `snapshot' years confirmed the same patterns as obtained with

the whole 2010-2015 dataset (details not shown).
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Figure 4. Correlograms showing the genetic correlation (r) as a function of spatial distance for Thom-
tailed  Rayadito.  Autocorrelation  for  distance  class  sizes  of  150  in  for  females  (A)  and males  (8)  in
Navarino Island, and females (C) and males (D) in Fray Jorge National Park. Dotted lines represent the
95% CI assuming a random distribution of genotypes (Ho: r not different from rp ). The 95% confidence
error bars about r were determined by bootstrapping.

Results of the two-dimensional autocorrelation analyses revealed that for Navarino only

5% and 1% of the /r values were significantly positive for the 89 females (P values for one-tailed

tests:  0.006-0.029)  and  the  72  males  (P  =  0.047)  sampled,  respectively.  Positively-correlated

subsets of individuals were not clustered, and there were no significant negative /r values (Fig.
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5A,  58).  Although  analyses  for  Fray  Jorge  suggested  a  sinilar  pattern  for  the  69  sampled

females  Q'ig.  5C), with only 4% of positive /r values (P  =  0.012-0.021),  17% of all /r values

were  significant and positive for the  66  males  (P  =  0.002-0.048),  and three  small  clusters  of

correlated  subsets  of males  were  distinguishable  Q7ig.  5D).  Again,  there  were  no  significant

negative /r values.
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Figure 5. Two-dimensional autocorrelation analyses for Thorn-tailed Rayadito. Local autocorrelation (/r)
values were estimated for females (A) and males (I) in Navarino Island, and females (C) and males (D)
in Fray Jorge National Park. Only positive and significant /r values are surrounded by bubbles. Relative
bubble size is proportional to the magnitude of /r, which ranged from 0.04 to 0.13. All negative /r values
were non-significant.

Althougb  Mantel  tests  are  less  powerful  than  autocorrelation  analyses,  the  observed

relationships   between   pairwise   geographic   and   pairwise   genetic   distance   matrices   were

53



consistent  with  autocorrelation  results.  Random  permutation  tests  indicated  that  correlation

coefficients were not different from 0 for females (ray = 0.033, P = 0.28) and males (7ny = 0.009,

P = 0.41). in Navarino, and for females in Fray Jorge (7'xp; = 0.035, ip = 0.26); however, there was

a weak, but significantly positive correlation for males in Fray Jorge (rap/ = 0.1, P = 0.046).

DISCUSSION

In this study, we compared natal and breeding dispersal between two populations of Thorn-tailed

Rayadito  to  investigate  the  differences  between  a  continuous,  uncrowded  and  less  stressful

habitat and a fragmented, densely populated and presumably saturated environment. Overall, we

-     observed  that  rayaditos  travelled  relatively  short  distances  during  dispersal  events,  and  the

combined results from CMR data and population genetic analyses consistently showed that local

natal  dispersal  patterns  and  sex-specific  fine-scale  genetic  structure  varied  between  the  two

populations.  Local  breeding  dispersal  was  far  less  frequent  than  natal  dispersal,  although

exhibited a similar pattern in both sites.

Most of our predictions about local dispersal patterns were supported by both CMR and

genetic  data  (see  below),  indicating  that  our  results  were  robust.  Nevertheless,  the  observed

patterns of natal dispersal should be interpreted cautiously given the reduced dataset (especially

in  Navarino).  However,  this  does  not  mean  that  the  dispersal  distances  reported  here  are

underestimations of the actual dispersal distances, or that the spatial scale of our study was not

appropriate. In general, low recovery rates of post-fledging individuals' are a corrmon issue in

dispersal studies regardless of the spatial scale involved. For instance, nestling recapture rates in

studies  encompassing  smaller  (e.g.  Payne,  1991)  or larger  areas  (e.g.  Matthysen  &  Schmidt,

1987;  Winkler et al.,  2005) than ours,  ranged between 3  and  5%  (but see Potti  &  Montalvo,
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1991).  Furthermore,  because mortality in  altricial birds  is much higher  for juveniles than for

adults (Naef-Daenzer,  & Grtiebler, 2016), it is likely that most fledglings have died instead of

having dispersed long distances (see Birkhead, Eden, Clarkson, Goodbum, & Pellat,1986; Eden,

'1986).  Our data support this assumption, with estimated fledgling survival rates (assuming no

population growlh) being three to  four times  lower than the rates  of adult apparent survival.

Despite the impossibility to estimate the distance moved by riissed dispersers, we do consider

unlikely  that  the  majority  of  surviving  j.uveniles  have  moved  longer  distances  than  those

described here. For example, missed dispersers in Navarino could have moved to nearby forest

patches without the need of travelling long distances, and in the case that most of them were

moving farther away (e.g. > '1 kin), this could have been noticed with genetic analyses given the

high polymorphism of microsatellite markers in this population (Y5fiez et al., 2015). In the case

of missed dispersers in Fray Jorge, they could also have moved to other patches around the study

area,  but  none  of these  were  farther  apart  than  the  longest  distances  between  nest  boxes.

Although long-distance movements outside the study sites do occur, they are infrequent (Botero-

Delgadillo et al., in prep.).

Interpopulation dijf erences in natal dispersal

It has been proposed that the costs and benefits of natal dispersal will be relatively similar for

males  and  females  when  both  sexes  select  a nesting  site  or  establish  and  defend  a territory

(Clarke et al.,  1997;  Greenwood,  1980),  leading to no  sex-biased dispersal (e.g. Arcese,  1989;

Eden,    1986;   Enokson,    1987;   Kalas   and   L©faldli,   1987;   Matthysen   &   Schmidt,    1987).

Furthermore, this pattern should hold when there are no differences in sex-specific survival rates

(Murray,  1967;  Waser  &  Jones,  1983;  Waser,  1985),  and when movement is  not limited by
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nesting site availability or habitat saturation (Arlt & Part, 2008;  Weatherhead & Boak,  1986).

However, a saturated and fragmented babitat could increase social competition (see Payne,1991)

and dispersal frequency/extent Q4atthysen, Adriaensen, & Dhondt,1995), generating potentially

different responses in each sex depending on the costs  and benefits related to  dispersal under

such  conditions  (Matthysen,  2012;  Starrfelt  &  Kokko,  2012).  Supporting  prediction  (i),  the

observed distribution of natal dispersal distances  did not differ between the sexes in the more

continuous environment (i.e. Navarino), while females moved longer distances than males in the

fragmented and saturated environment (i.e. Fray Jorge).

The   mechanisms   underlying   sexual   asymmetries   in  natal   dispersal   under   a  more

heterogeneous and saturated habitat could be manifold, but some authors propose that dispersing

males  run higher risks  of losing  all  breeding  opportunities  due  to  difficulties  of finding  and

defending suitable breeding sites, and also due to the increased uncertainty regarding the quality

of those sites  (Bensch & Hasselquist,1991;  Winkler et al., 2005).  Females, on the other hand,

usually find breeding opportunities as.they depend on the presence of an already settled male in a

territory, regardless of the female's role in subsequent nest-site  selection (Arlt & Pan,  2008).

Once a subtle sex bias in dispersal behaviour has arisen, the social environment could reinforce

the  asymmetries  in  dispersal-related  costs  experienced  by  each  sex  (Payne  &  Payne,  1993),

particularly if adult survival is high, as it is the case in Fray Jorge. Because levels of aggression

may increase in saturated and stressful environments, dispersal costs for males will also increase

due to the difficulty of establishing a territory' in an area with unfamiliar neighbours of the same

sex (Payne & Payne,  1993).  On the contrary, the  social incentive for females returning to the

natal area will be low, as their already higher dispersal tendency will decrease the probability of

encountering a socially familiar p.lace (Payne & Payne,1993).
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We did not find direct evidence for more restricted breeding opportunities in Fray Jorge

compared to  Navarino,  but  CMR  data  and  analyses  Of movement patterns  support this  idea.

While most recaptured fledglings from Navarino were yearlings (70%), nearly all recaptures in

Fray Jorge  were  2-3  year-old birds  (930/o),  suggesting that both  females  and  males  could be

delaying their first breeding attempt in the fragmented and densely populated envirorment (Potti

&  Montalvo,  1991).  Although these birds  could have remained undetected while breeding in

natural cavities inside the study area during their first year, this is unlikely, because bird counts

and searches for marked individuals around the nest boxes were carried out on a weekly basis

during all years. We cannot rule out the possibility that these birds bred in nearby forest patches

beyond the extent of the study area, but limited breeding dispersal suggests that this is unlikely.
J

Regarding the movement patterns, results from Monte Carlo simulations indicated that unlike

Navarino, birds from Fray Jorge would have more restricted options for finding and establishing

a  breeding  territory.  A  completely  random  null  model  assumes  that  birds  are  aware  of the

breeding opportunities in the entire study area, and that the probability of establishing is unifom

across  the  study  site`;  in  contrast,  the  random-walk model  assumes  that birds  search  for  any

available breeding site starting at their natal nest box and moving outwards until an unoccupied

area is found (Waser,1985; Winkler et al., 2005). Natal dispersal in Navarino seemed to follow a

combination of both processes, suggesting that birds could be establishing almost anywhere but
\

also could search for a breeding area near their natal site (Payne,1991; Winkler et al., 2005). On
\

the other hand, the data suggest that females in Fray Jorge did not occupy the first available

vacant site, but travelled longer distances following a more random pattern, possibly resulting

from trying to  find an unpaired territorial male  (Arlt  & Par,  2008;  Wolff & Plissner,  1998);
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meanwhile, movements of males in Fray Jorge appeared to be restricted to the nearest available

area to their natal site (Payne,1991).

Interpopulatipn diff erences in breeding dispersal

Theoretical and empirical studies suggest that adult birds, once they established a territory, may

pay higher  costs  of dispersal  than younger birds,  who  have not  yet invested in  finding  and

defending a suitable breeding site (Greenwood & Harvey,  1982; Wheelwhght & Mauck,  1998)

and thus  may have  less  to  lose  (`asset-protection'  principle;  Clark  1994).  Compared to  natal

dispersal,   less  frequent  and  shorter  movements   during  breeding  dispersal  would  then  be

expected. The observed frequency/extent of breeding dispersal in both populations support this.

The  expected  contrast  in  breeding  dispersal  between  the  two  studied  populations,  as

stated in prediction (ii), received partial support. The observed pattern in both localities suggests

no sex-biased breedin~g dispersal, with median dispersal distances being shorter than expected by

chance,  albeit  not  significantly  different  from  a  random-walk  process.  There  were  also  no

differences  between  the  populations  when  the  uncorrected  distances  were  transformed  into

territory units.  Nonetheless,  nesting-site  fidelity  was  twice  as  frequent  in Fray  Jorge  than in

Navarino, and only birds in Fray Jorge apparently decreased the frequency of breeding dispersal

as they  aged  ®articularly the males).  Taken together,  these results  indicate  that despite  high

philopatry in breeding adults from both sites, mature birds in Fray Jorge rarely moved away from

an   established   breeding  territory   (`social   constraint'   hypothesis;   Payne   &   Payne,   1993),

suggesting  that  habitat  fragmentation  and  saturation  also  imposes  restrictions  to  breeding

dispersal (Bensch & Hasselquist,1991 ; Ward & Weatherhead, 2005).
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The number of travelled territories during breeding dispersal did not differ between the

sexes regardless  of the  environmental context,  and only individual identity seemed to  explain

some of the observed variation. This points at breeding dispersal as an individually determined

trait,   which  might  depend  on,   for  example,   genetic  variation  or  differences  in  breeding

experience  or phenotypic quality (Matthysen,  2012).  However,  Other factors not considered in

this study could also influence breeding dispersal, particularly interactions within the breeding

pair.  It  is  well  known  that  pairing  status  affects  breeding  dispersal  probability,  such that  in

faithful  pairs  males  and  females  will  show  a  similar  degree  of philopatry,  whereas  divorce

induces  sex-specific  (typically  female-biased)  dispersal  (e.g.  Calabuig,  Ortego,  Cordero,  &

Aparicio, 2008; Harvey et al.,  1979,  1984; Payne & Payne,  1993; Valcu & Kempenaers, 2008;

Ward & Weatherhead, 2005). This should be considered in future studies intended to assess the

costs and benefits of breeding dispersal.

Genetic consequences Of dispersal

Spatial genetic structure usually reflects a complex interaction of population demography, social

and mating systems, and dispersal behaviour (Double et al., 2005).  In contrast to other studies

focused on polygynous (Double et al., 2005) or cooperatively breeding birds (Beck et al., 2008;

Temple, Hoffman, & Amos, 2006; van Dijk et al., 2015), social interactions are not expected to

influence the genetic structure in species with mating systems such as social monogamy (Banks

& Peakall, 2012; Peakall et al., 2003). We found no sex-related differences in apparent survival,

so potential effects of differences in mortality can also be discarded. Therefore,  differences in

population genetic patterns  can be  attributed to  different natal  dispersal patterns with relative

confidence (Banks & Peakall, 2012).



Both analyses with a complete 2010-2015  dataset and those based on  `snapshot'  years

were consistent with prediction  (iii).  Results fi.om Navarino  supported the hypothesis  of non-

restricted, perhaps nearly random, natal dispersal in both sexes. Similarly, females in Fray Jorge

also showed no fine-scale genetic structure, confirming that despite dispersing over much longer

distances  than  males,  their movements  were  not  different  from  a random  pattern.  Although

rayaditos moved relatively short  distances,  we  still  expected no  local  genetic  structure  in the

aforementioned  cases,   because  positive  or  negative   genetic   autocorrelation  may  only  be

detectable under stropg restricted or exacerbated dispersal, respectively (Goudet et al., 2002).

Males in Fray Jorge showed a pattern of isolation by distance according to Mantel tests,

and a positive genetic structure extending not much beyond 450 in (Fig.  3;  see Peakall et al.,

2003;  Double  et al.,  2005).  Considering these results  along with the  distribution  of dispersal

distances,  it  seems  that  male  natal  dispersal  in  Fray  Jorge  is  restricted  to  within-fragment

movements,  given that.diameters  of the  largest  forest patches  in this  locality are  150-500  in

(Botero-Delgadillo, pers. obs.).

The 2D LSA allowed us to confirm that positive genetic structure for males in Fray Jorge

was the result of a patchy signal (Peakall et al., 2003; Double et al., 2005), as would be expected

if habitat fragmentation is  restricting male natal  dispersal.  Males  were  grouped in  clusters  of

local genetic autocorrelation. Moreover, a closer look at the pairwise genetic distances of males

composing   such  clusters  revealed  that  in  several  cases,   half  sibs   or  even  full   sibs   and

fathers/offspring tended to be at distances no longer than 100-200 in away fi.om each other (see

Supplementary Table S4). Despite a risk of potentially deleterious inbreeding, the higher rate of

female  movement  could  override  any  negative  effect  (see  van  Dijk  et  al.,  2015).  Whether

inbreeding avoidance is a major cause of female natal dispersal in Fray Jorge is beyond the scope

60



of this  work,  but  this  would  be  interesting  to  study,  given  the  apparent  isolation  of this

population of rayaditos and its relatively low genetic diversity (Ydiez, 2013).

C onchading r emarks

Non-migratory movements of passerine birds are usually reported as being <  1  kin (see Eden,

1986; Paradis, Baillie, Sutherland, & Gregory,  1998), and in forest-dwelling species occurring in

fragmented landscapes these distances  can `be even shorter (50-600 in;  Harris  & Reed,  2002).

With the exception of females in Fray Jorge, distances travelled by rayaditos seem to follow this

pattern,  and  even  dispersal  distances  transformed  into  territory  units  were  comparable  to

distances  described  for  other  species  showing high  site  fidelity  (see  Arcese,  1989).  Previous

evidence already suggested that movements of rayaditos at the local scale rarely exceed 900 in

(Vergara et al., 2010),  and that forest fragmentation has  consequences for breeding behaviour

(Comelius, 2008) and population density (Vergara & Marquet, 2007). Our results support these

findings, and show that apparent survival, local spatial dynamics, and within-population genetic

structure  varied  predictably  in  areas  with  contrasting  local  conditions.  It  seems  that  natal

dispersal  patterns  of  rayaditos  are  context-dependent:  in  a  non-isolated,  less  stressful  and
\

continuous-habitat  environment,  their  spatial  dynamics  resembled  the  patterns  described  for

other  socially  monoganous  birds.  In  contrast,  in  an  isolated,  crowded,  more  stressful  and

fragmented  envirorment,  rayaditos  showed  female-biased  natal  dispersal  and  restricted  male

movements. Although breeding dispersal did not vary markedly between the populations, adult

birds from the more crowded environment were also more faithful to their previously established

territory.
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Further studies  should test the effects of habitat fragmentation, population density,  and
I

social interactions  separately.  It would also be interesting to include additional  study areas to

better represent environmental variation along the distributional range of this bird. We suggest

that studies looking at context-dependent dispersal patterns are still needed to fully understand

the  evolution  of  distinct  dispersal  strategies  in  different  taxa  (Clarke  et  al.,   1997),  ideally

focusing on species with varying mating and social systems.
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Supplementary Material Table S1. Details of 13 polymorphic microsatellite loci and one chromo'some-
linked  marker  (PsAI)  for  Thorn-tailed  Rayadito.  The  first  eight  loci  are  species-specific  markers.  M:
priner mixes containing four to five primer pairs. Ta: annealing temperature. C: primer ?oncentration in
mix. Size range is in base pairs (bp).

Locus                                   Fluorescent dye                              M Ta(°C)       C(HM)       Sizerange(bp)

Asl

As7

Asl8

As25-1

As25-5

As25-8

As25-10

As25-14

Aspl5
ZEST

CcaTgu23

Tgu05

Tgud6

NED-TTTCCAGTTGTATCTCTCAGCA
GAAGAATGGGATCTAAGAAGTC
6FAM-GCTGGGCTTGCATATTCTTC
TCTTGTTTTGAAGGGAAGTGGA .
VIC-GGAAGCCATCTTAGGCTGTG
GGGCATAGATGGTTGCTGAT
PET-GGAGGGTATTTGGCAAGGTT
AGGATGGCTTGCTAGCTGTG
NED-TGGGTTCAGTATCCTGGAAGA
GAGTTGCTCTTCTCTCCCTCA
PET-AAGAAGCTCACCCGCTACCT
TGTTGTCGTGCCTGAAGAAG
VIC-GGAGTTATACCAGTTATAAAGG
TGCTGTTGTCTGGCTAGCA
6FAM-TTTCTGCTGCTGGAAAGGTT
GTTCATCCAGGGAGAGTCCA
6FAM-AATAGATTCAGGTGCTTTTTCC
GGTTTTTGAGAAAATTATACTTTCAG
PET-CAAGGMYCATGCCAAAATAA
CCCTYCCTCCCTTCAGTHT
NED-CACAGAAAAGTGAGTGCATTCC
TGGGAAAACATCTTTACCATCA
VIC-CGAGTAGCGTATTTGTAGCGA
AGGAGCGGTGATTGTTCAGT

ZF  AC13 8    NED-ATGYCAACTGAAATGTCAAGGT
ATGAGGTCACTGAAAGKTWTAATA
6FAM-CTCC CAAGGA TGAGRAAYTG
TCTGCATCGC TAAATCCTTT

74

154

255

255

255

255

154

154

154

355

351

351

351

351

255

0.4                   217-245

0.36                   213-253

0.6                   212-220

0.3                    176-208

0.4                    172-210

0.5                   224-230

0.4                   142-202

0.3                     177-23.9

0.4                      101-133

0.8                      120-161

0.42                 252-260

0.34                   189-219

0.5                     134-192

0.6                   356-382
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Supplementary Material Table S3. Static life tables for Thorn-tailed Rayadito assuming no population
increase/decrease (r = 0) in two localities during 2008-2015. Approximated per capita rates of population
growth (r) were calculated as ln(Ro)/G (Steams,  1992). All 'survival and fecundity rates for ages 2-8 were
estimated  from  capture-mark-recapture  (CMR)  data.  Numbers  in  bold  represent  adjusted  vital  rates
calculated by trial and error until obtaining r = 0.  cr* = surviving individuals;  /# = age-specific survival
rate;  7#. =  age-specific fecundity (mean number of fledglings produced by a female);  Ro = number of
fledglings produced by a female during its entire lifetime (I: /x7#*); G = generation time (I: x /xJ#*Ait).

population lxmx                  x axmJ
Navarino Island

Fray Jorge NP

8076          1.000

1400          0.173

110             0.014

71              0.009

50             0.006

34            0.004

9               0.001

6               0.001

2              0.000

0.0                  0.000                     0.000

4.4                 0.763                    0.763

5.1                    0.071                      0.142

5.4                 0.047                    0.142

5.4                  0.033                     0.134

5.3                  0.022                     0.112

5.2                 0.006                    0.035

5.1                  0.004                     0.027

5.0                   0.001                      0.010

Ro=0.95            G= 1.40

00             0.0                 0.000                    0.000

32            3.0                 0.697                   0.697

33              3.1                    0.101                      0.203

22            3.2                 0.070                    0.210

13              3.1                   0.042                      0.167

06             3.1                  0.020                    0.098

03             3.0                 0.009                    0.052

02            3.0                  0.006                    0.038

01             2.9                  0.002                    0.014

Ro=0.95             G=  1.51
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ABSTRACT

Populations   exhibit  contrasting   dispersal  patterns   in  specific   environmental   contexts,   but

intraspecific  comparisons  of  dispersal  causes  and  consequences  are  necessary  to  gain  key

insights  into  the  variation  of  environmental  effects  on  dispersal.  Combining  capture-mark-

recapture  (CMR)  data  from  eight  years  with  molecular  genetics,  we  tested  for  predictable

differences in factors promoting local natal and breeding dispersal and their fitness consequences

in two populations of a forest passerine bird, the thorn-tailed rayadito (4p¢rczsf2" spz.72z.ccr#c7cz).

Comparisons were made between populations facing contrasting local conditions in north-central

and  southern  Chile.  A  northern population represented  a  fragmented,  densely populated  and

more stressful environment, while the southern population corresponded to a continuous forest-

dominated landscape  and a less  occupied and less  stressful habitat.  A set of 24 variables was

selected  for representing  breeding  success  and  apparent  survival,  and  GLMMs  were  used to

predict the main drivers and the benefits/costs of local dispersal. None  of the assessed factors

explained variation in the causes and consequences of natal dispersal in the southern population.

By   contrast,   density-dependence   and  kin  competition  avoidance  predicted  natal   dispersal

distances of females and males in the northern locality, respectively. In addition, a reproductive

cost  for males  was  also  evident  in this population.  Breeding  dispersal  might  be  an  adaptive

response  of females to bad breeding  experiences in previous years, but it appeared  costly for

males  and  for  newly  formed  breeding  palrs  in  both  localities.  High  reproductive  costs  and

decreased long-term survival were only detected for adult birds in the northern population. We

found sex-specific consequences despite the absence of sex-biased breeding dispersal, which can

be   explained   by   sex-specific   trade-offs   between   social   and   ecological   pressures.    The

correspondence  between  results  and  predictions  in  this  study  supports  our  hypothesis  that
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population-specific dispersal patterns can be explained by context-dependent costs and benefits

of local natal and breeding dispersal.

Key words:      Breeding performance;  Chile;  contrasting errvirorrmehis;  inbreeding  avoidance;

intraspecific  variation;  kin  competition;  long-term  mortality;  mate  and  site  choice;  public

z.7€/or7% cz/z.o77,. thorn-tailed rayadito.
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INTRODUCTION

Determining the causes and consequences of dispersal is critical to increase our understanding of

the evolution and preponderance of dispersal behavior, but also to predict population responses

to spatial and temporal environmental variation (Bowler and Benton 2005, Clobert et al. 2012).

However,  given  the  differences  in  dispersal  propensity  between  pre-reproductive  and  adult

individuals  and  the  proximate  factors  and  fitness  consequences  of their  dispersal  decisions

(Matthysen 2012,  Starfelt and Kokko 2012), natal and breeding dispersal are often studied as

separated phenomena by vertebrate ecologists (Johst and Brandl 2000).

Among  birds,  natal  dispersal  is  not  only  more  frequent  than  breeding  dispersal,  but

involves  more  extensive  movements  with  different  effects  on  population  spatial  dynanics

(Greenwood and Harvey  1982, Clarke et al.  1997, Paradis et al.  1998). Natal dispersal (i.e., the

movement from the natal site to that of first breeding) is often viewed as a strategy to reduce

mating  between   closely  related  individuals,   or  simply  to   avoid   competition  among  kin

(`inbreeding avoidance'  and `kin competition' hypotheses, respectively; see Arcese 1989). Also,

natal dispersal can be forced by interactions with older and/or socially dominant conspecifics, or

by a decrease in the quality of the natal site as a consequence of high population density (`social

dominance' and `population demography' hypotheses, respectively; see Arcese 1989, Byholm et

al. 2003). On the other hand, breeding dispersal (i.e., subsequent move between breeding sites)-is

commonly regarded as a strategy to increase breeding success by adult individuals (Greenwood

and Harvey  1982), particularly after mate loss through divorce  or death of one member of a

breeding pair, or after breeding failure (`mate choice'  and  `site choice' trypotheses; Payne and

Payne 1993, Daniels and Walters 2000). Breeding dispersal decisions can also be affected by the

quality  of an  individual's  breeding territory  in  comparison to  nearby patches,  for which the
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density and/or breeding productivity of conspecific neighbors can be used as a proxy of habitat

quality  (`public  information'  hypothesis;  Danchin  et  al.  2004).  Despite  the  aforementioned

differences in their proximate factors, natal and breeding dispersal can have the same potential

fitness consequences,  as both can affect individual survival rates (Eden  1987,  Cilimburg et al.

2002), physical condition (see Calabuig et al. 2008), or breeding success (Pan 1990, Ward and

Weatherhe.ad 2005).

Although the scientific literature is plenty of detailed assessments of the potential costs

and benefits of natal and breeding dispersal for numerous bird species (see Clobert et al. 2012),

the influence of local environmental variation and the context-dependence of their causes  and

consequences  are  still  poorly  understood,  as  relevant  factors  related  to  dispersal  have  been

mostly studied in specific populations under a particular environmental context (but see Verhulst

et  al.  1997,  Eeva  et  al.  2008,  Terraube  et  al.  2015).  Considering that populations  can  exhibit

differing  dispersal  patterns  in  contrasting  environments  (Lidicker  and  Stenseth  1992,  Spinks

2000), intexpopulation comparisons of dispersal strategies may prove valuable to determine how

the  direction  and magnitude  of the  causes  and  consequences  of natalforeeding  dispersal vary

depending on local conditions.

In this study, we explicitly test for differences in the factors promoting natal and breeding

dispersal and their fitness consequences at a local scale in two peripheral populations of a forest

passerine bird, the thorn-tailed rayadito (4z?ferasfc" spz.J€z.ccz#c7cz).  The thorn-tailed rayadito is a

secondary-cavity nesting bird that occupies the temperate forests of Chile and western Argentina,

covering  a  long  latitudinal  gradient  (30°  S-55°  S;  Remsen  2003).  This  species  is  negatively
lil

affected by forest clearance and fragmentation, probably due to the subsequent decrease in the

availability/quality  of  nesting  cavities  (Comelius  2008),  and  also  to  its  reluctance  to  use
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relatively small gaps of non-suitable habitat (>300 in; Vergara et al. 2010). A long-tern research

has revealed differences in relevant ecological factors between two peripheral populations of this

bird, which are located in contrasting environments near the northern (Fray Jorge National Park,

north-central Chile; 30.63 S, 71.67° W) and southern Ovavarino Island, southern Chile; 55.06° S,

67.67° W) limits of its distribution. The northern population occurs in a highly fragmented forest

relict surrounded by a vast semiarid matrix.(del-Val et al. 2006), resembling an isolated oceanic

archipielago  (Comelius  et  al.  2000),  whereas  the  southern population  inhabits  a  continuous

forest-dominated  landscape  (Luebert  and  Pliscoff  2006).  In  addition  to  this  difference  in

landscape configuration, the northern locality appears as a densely populated_and more stressful

environment than the southern locality, as suggested by estimates of population density `(Vergara

and  Marquet  2007,  see  also  Chapter  1),  baseline  CORT  levels  (Quirici  et  al.  2014),  and

telomere lengths (Quirici et al. 2016).

As  would be  expected under these  different  environmental  contexts,  a  comparison of

dispersal behavior between these two populations showed contrasting patterns (see Chapter 1):

natal  dispersal  in  the  northern  population  is  female-biased  and  male  movement  is  highly

restricted, whereas bird movements in the southern locality follows a random pattern with no sex

bias; breeding dispersal distances are more restricted than natal dispersal and nesting-site fidelity

is more frequent apiong adult males in both populations, although age-related increased fidelity

is only observed in males in the northern locality. These patterns might imply that the costs of

dispersal are higher for birds in the northe'm population relative to those from the southern one

and for males compared to females (Chapter 1). Combining capture-mark-recapture (CMR) data

from  eight  years  and  molecular  genetics,  we  address  the  hypothesis  that  the  causes  and

consequences  of  local  natal  and  breeding  dispersal  for  thorn-tailed  rayaditos  are  context-
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dependent  and  that  local  differences  in  the  pressures  on  dispersal  underlie  the  contrasting

intexpopulation  variation  in  dispersal  patterns.  We  assessed  how  kin  interactions,  density-

dependence,  habitat  quality,  mate  choice,  public  infomation,  breeding  success  and  apparent

survival are linked to dispersal strategies and how they interact with individual condition (i.e.,

age and sex) and the local environment (see Table 1).

As restrictions to dispersal and its related costs are expected to be lower in homogeneous

environments and uncrowded populations (see Weatherhead and Boak 1986, Wotton et al. 1986,

Wheelwhght and Mauck 1998, Ward and Weatherhead 2005, Winkler et al. 2005), we predicted

density-dependence  and  relatedness  (inbreeding  avoidance  and/or kin  competition  avoidance;

Bowler and Benton 2005) to be the proximal factors explaining variation in natal dispersal in the

fragmented and densely populated environment (northern population), whereas habitat quality

would  better  reflect  natal  dispersal  in  the  continuous  and  less  occupied  habitat  (southern

population; see prediction 1 in Table 1). Following the sane reasoning, adverse consequences on

the breeding success or physical condition after natal dispersal were expected in the northern, but

not  in the  southern population,  especially  in males  forediction  2).  Given  that most breeding

dispersal events take place after mate loss and/or after breeding failure (Greenwood and Harvey

'1982), we predicted increased breeding dispersal in both localities for widowed birds and after a

poor breeding season torediction 3), or if neighbor densityforeeding productivity was higher in

other patches ®rediction 4). However, we did expect higher reproductive and/or mortality costs

after  breeding  dispersal  in  the  northern  population  compared  to  the  southern  population,

particularly in males torediction 5).
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METHODS

Study areas

The northern study area was located in Fray Jorge National Park (Coquimbo Region), with an

extension  of ~4.3  km2  in  a  semiarid  landscape  dominated  by  matorral  steppe  (Luebert  and

Pliscoff 2006).  A total  of 101-157 nest boxes have been installed between 2006  and 2015  in

naturally fragmented remnants of temperate forest that occur at the top of the coastal mountain

range  at 630  in a.s.I.  (del-Val  et al.  2006).  The  southern study area was  located in Navarino

Island   04agallanes   and   Chilean  Antarctic  Region),   comprising  ~3.3   km2   of  a  relatively

continuous cover of sub-Antarctic forest and secondary growth (Rozzi and Jim5nez 2014). Here,

171-222 nest boxes have been provided for occupation during the same time period. Nest boxes

were regularly distributed in both sites after considering density estimates of breeding birds (e.g.,

Vergara and Marquet 2007), and their position was geo-referenced with 2 in measurement error.

Field procedures

Field data was gathered as part of a long-term moritoring of the breeding ecology of thorn-failed

rayaditos between 2008  and 2015  in both  study  areas.  During  each year,  nest box  occupants

(adults and nestlings) were captured and marked with numbered aluminum bands when nestlings

were  12-14  days  old  (Quirici  et al.  2014).  After  capture,  birds  were  measured  and weighted

(tarsus length, wing chord and tail length, ± 0.05 mm; body mass, ± 0.1  g;  see Moreno  et .al.

2005,  2007),  and a ~17  Ill blood sample was obtained by puncturing the brachial vein with a

sterile  needle  (Quirici  et  al.  2014),  which  were  subsequently  stored  on  FTA"  Classic  Cards

(Whatman") for subsequent genetic analyses. Nest boxes were checked regularly until fledging,
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recording in detail the breeding phenology (egg-laying, hatching day, fledging day) an-d breeding

success (clutch size, egg volume, hatching success, fledglings produced) for all occupant birds.

Genetic analyses

A  detailed  description  of DNA  extraction  and  microsatellite  amplification  analyses  is  given

elsewhere  (Chapter  1).  Briefly,  molecular  sexing was  carried  using  one  chromosome-linked

marker (P2A'8; Griffiths et al.  1998), given the lack of obvious sexual dimorphism in rayaditos

(Moreno  et al.  2007).  Individuals were genotyped at  13  polymorphic microsatellite loci, using

eight  species-specific  markers  (see  Yffiez  et  al.  2015),  and  five  cross-species   amplifying

markers:  ASLL15_ZEST,  CcaTgu23  (01ano-Maria  et  al.,  2010),  Tgu06  (=CK307697),  Tgu05

(=DV946651)  (Slate et al.  2007),  and marker ZF_AC138573  (van Osoten et al. 2016). All but

one  microsatellite  marker  were  included  for  further  estimation  of  genetic  relatedness  and

parentage analyses (see below), as they showed no significant deviations from Hardy-Weinberg

equilibrium (HWE; all P > 0.1) and the frequencies of null alleles were below 0.05.

Estimation Of natal and breeding dispersal

Estimates  of the  distance  and probability  of dispersal  were  based  on  capture-mark-recapture

(CMR)  data  obtained  during  2008-2015.  Local  natal  dispersal  was  defined  as  the  distance

between the natal nest box and the first recorded breeding nest box. We measured natal dispersal

as the linear distance (in) between natal and breeding sites, but it was not treated as a categorical

variable, given that movements of post-fledging birds were larger than the threshold values used

to categorize them as  `dispersed'  or `non-dispersed'  (see below). Natal dispersal analyses were

based on 29 recaptures from a total of 491 marked nestlings in the northern population (6%), and
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17 out of 565 marked nestlings in the southern population (3%). Although such recovery rates

could imply that our dataset was biased towards the less dispersive individuals, this bias was

probably low,  as  estimated mortality rates of juvenile birds  in both populations  Ororth:  770/oi

South: 83%) indicate that our sample comprised ~26% of all surviving fledglings in the northern

population  and  18%  in  the  southern  population  (Chapter  1).  Moreover,  local  movements

reported for rayaditos rarely exceed 900 in long overgara et al. 2010), which are far below the

maximum distance between nest boxes in the two study plots QTorth: 4.2 kin; South: 2.9 kin).

Local  breeding  dispersal  was  defined  as  the  distance  from  one  nest  box  to  another

between consecutive breeding  seasons.  Following Forero  et al.  (1999),  we  analyzed breeding

dispersal  both  as  a  continuous  (linear  distance)  and  as  a  durmry  variable  (`dispersed'/`non-

dispersed'), based on 95 (43 females, 52 males) and 133 (67 females, 66 males) adult recaptures

in Navarino and Fray Jorge, respectively. To categorize recaptures as dispersed or non-dispersed,

we used a measure of territory size as a threshold value (Valcu and Kempenaers 2008). We used

Dirichlet tessellation  (Aurenhammer  1991)  to  model  and  measure  breeding  territories  for  all

captured adults during each year (Adams 2001). We then calculated the mean territory diameter

in each population for every breeding season, in order to obtain a measurement of territory size

that  was  independent  of the  yearly  variation  of bird  density  (Valcu  and  Kempenaers  2008).

Linear distances that were equal or higher than the upper limit of the 95% confidence i.nterval

(CI)  of the  annual  mean territory  diameter were  defined  as  dispersal  events.  Tesellation  and

estimation of territory diameters were performed in ArcGIS 9.3 @SRI 2008).

Measuring the causes and consequences
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To assess the causes and consequences of dispersal, we defined 24 variables that were extracted

from  the  yearly  monitoring  of breeding  success/phenology.  These  variables  are  related  to  a

number of factors commonly invoked to explain the costs and benefits of dispersal, and were

measured either a year before (year jr) or after (year x+1) dispersal occurred (see Table 1).

The causes of natal dispersal considered five variables that did not discriminate between

sexes (Table  1), and included the standard deviation, SD, of nestling weight in the natal nest in

year x (e.g., Rabenold et al. 1991), the sex ratio in the natal nest in year x, the genetic relatedness

with adult female/male neighbors established in the natal site in year x+1 (e.g., Wheelwright and

Mauck  1998), and the density of adult neighbors in the natal site in year x+1  (measured as the

mean  distance  from  the  three  nearest  breeding  pairs).  Maximum  likelihood  coefficients  of

pairwise genetic relatedness (r) between all sampled birds were calculated using the ML-Relate

software (Kalinowski et al. 2006), and then a distance-weighted mean relatedness coefficient was

computed between every breeding adult and the nearest three female/male neighbors around its

natal site, using the linear distances between them as relative weights.

The consequences of natal dispersal included general and sex-specific variables (Table 1).

While the influence of habitat quality in the first breeding territory was tested for both sexes

®hysical  condition  index  for  each  bird  in  year  x+1,  calculated  as  the  residuals  from  the

regression of weight on tarsus lenght3; see Montalvo and Potti  1992), the effect of dispersal on

breeding  success was  assessed  separately for females  (confirmed  sexual partners  in year x+1,

categorized as `one' or `two or more mates') and males ®atemity loss in year x+1, measured as

the percentage  of extra-pair young,  EPY;  e.g.,  Valcu and Kempenaers 2008).  The  number of

mates  per  breeding  female  and  estimates  of paternity  loss  were  obtained  after  performing

parentage analyses, combining assignment and exclusion approaches (se7zSG/ Jones et al. 2010).
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We  first perfomed parentage  analyses  as  implemented  in  CERVUS  3.0.7  (Kalinowski  et al.

2007) based on 12 microsatellite loci (combined probability of e.xclusion in both populations, P

>  0.999), using the  logarithm of odds  (LOD  score)  and critical Delta for assigning paternity.

Results   from   these   analyses   were   subsequently   checked   to   confirm/exclude   paternity.

Assignment was confirmed whenever the most likely parent showed no loci mismatches with

putative offspring and there was 95% confidence around the assignment based on LOD or Delta

scores  (i.e.,  strict confidence; Kalinowski et al.  2007). If the social father was the most likely

candidate  and  showed  no  mismatches,   assignment  was   still   confrmed  regardless   of  the

confidence  around  it.  If a  set  of candidates  that  did not include the  social  father  showed no

mismatches  and  positive  LOD  scores,  but  certainty  around  the  assignment  was  below  80%

(relaxed confidence),  the whole  set was  excluded.  Because EPY were not always  confidently

assigned to any of the sampled males, paternity gain was not certain in several cases, and thus we

did not include this variable.

The causes of breeding dispersal comprised six variables focused on both sexes (Table 1),

including the potential effects of `past breeding performance' @rood size/clutch size* 100 in year

x), the  SD  of brood weight during the last breeding attempt (i.e.,  year x), timing  of breeding

during the  last year  (hatching d,ate in year x,  estimated as the number of days  after the first

recorded  hatching  date  in  the  season;  see  Montalvo  and  Potti  1992),  the  density  of  adult

neighbors  in year I+1  and their  `past breeding performance'  (e.g.,  Calabuig  et al.  2008),  and

pairing status in year x+1  (e.g., Harvey et al.1979,1984, Blakesley et al. 2006). Due to the low

frequency of divorce QTav: 2%; FJ: 60/p), we excluded these cases from further analyses and only

considered two categories of pairing status: `reunited pairs' and `widowed birds'.
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Similar to  natal  dispersal  analyses, we used the  same three variables  for assessing the

consequences of breeding dispersal on individual physical condition and breeding success in year

x+1  (Table  1),  but  also  considered  rates  of adult  apparent  survival  as  an  estimation  of the

potential long term mortality costs (e.g., Pakanen et al. 2016; see details in Sfczfz.sfz.ccz/ cz#cz/ysz.I).

Additionally, six variables were used to evaluate the effects of dispersal on reproductive success

and settlement decisions of breeding pairs (Table  1), including timing of breeding in year x+ 1,

`breeding performance'  in year x+1,  clutch volume in year x+1  (calculated as the sum of egg

volumes for the  entire  clutch;  see Moreno  et al.  2005),  a territory quality index for year x+1

®ercentage  of years  of successful  occupation of a nest box corrected by the total number of

years monitored; Forero et al.  1999), the SD of brood weight in year x+1, and nest volume in

year x+1 (cm3), a potentially adaptive trait of nest architecture for rayaditos @otero-Delgadillo et

al.  2017)  linked  to  habitat  quality  for  birds  in  general  (Mainwaring  et  al.  2014).  Given  the

difficulties to separate the potentially combined effect of both members of the breeding pair on

these variables (e.g., clutch size, brood size, brood weight; Clutton-Brook 1988), we first tried to

include  female  and  male  identity  as  crossed  random  factors  in the  analyses  (see  Valcu  and

Kempenaers 2008), but this prevented mixed models to converge.  We thus decided to analyze

these factors at the pair level, for which we categorized breeding pairs in two levels according to

the number of dispersed members (`none'/`at least one'). Although discriminating between pairs

with one and two dispersers would be ideal, this was not possible due to the difficulty to confirm

the  dispersal  history  of all  pair members,  for  example  in  cases  were  recaptures  with known

dispersal status paired with new birds entering into the study plots.

Statistical analyses



With  the  exception  of adult- apparent  survival  (see  below),  the  causes  and  consequences  of

dispersal were assessed by fitting generalized linear mixed models (GLMM; Bolker et al. 2008),

using  different  error  distributions  and  link functions  depending  on the response variable  (see

Results).  All  GLMMs  were  performed  in .R  version  3.3.1  (R  Core  Team,  2016),  using  the

packages lme4 (Bates et al. 2008), MASS ovenables and Ripley 2002), pscl (Jackman 2015), and

MUMln (Bart6h 2014).

For modeling the potential causes of natal dispersal, we considered individual travelled

distances (log transformed) as the response variable and sex and locality as interacting factors,

while the hatching year  of every  individual  (Winkler  et  al.  2005)  and  age  at recapture  were

included as random effects. A full model included all the measured variables as fixed effects (see

Table  1), from which non-significant factors were removed by a backward stepwise procedure,

subsequently obtaining a minimal most adequate model that was selected based on values of the

corrected Akaike's  Information  Criterion AICc  (Crawley  1993).  To  test the  consequences  of

natal  dispersal,  we  fitted  separated  GLMMs  for  each  sex  to  assess  the  effects  of travelled

distances on birds' physical condition and sex-specific variables of breeding success (Table  1).

These models also included locality as interacting factor and the aforementioned random effects.

In general, model building and selection for breeding dispersal followed the same logic

applied to natal dispersal analyses. We preliminarily assessed the relationship between dispersal

distances (log transformed) and probability of dispersal (dunimy variable) with the pairing status

of individual birds through linear and log-linear models (Christensen  1997), respectively. Both

lbcality and pairing status were introduced as co factors in all GLMMs to assess their interaction

with predictor variables and potential effects on dispersal behavior. Analyses were carried out

separately  for  female  and  male  birds,  mainly  to  avoid  both  members  of reunited  pairs  to
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contribute twice (see Calabuig et al. 2008). For those variables related to breeding success (i.e.,

`breeding perfomance';  SD  of brood weight;  `past breeding performance'  of neighbor adults;

clutch volume; nest volume), we used relativized values in order to reduce heteroscedasticity,

calculating the proportional value of each data point in relation to the population armual modal

value.  Only  variables  that  were  a  relative  measure  per  se  (e.g.,  hatching  date)  were  not

transfomed. Since all observations from every recaptured bird were entered in the models at the

individual level, individual identity was included as a random factor, along with birds' estimated

age  and  year  of recapture.  Analyses  at  the  breeding  pair  level  included  pairing  status  as  a

co factor (see above), and year of recapture and nest box identity as random effects.

For testing  long-term  mortality  costs,  we  used  CMR  data  to  calculate  adult  apparent

survival (p) and recapture rate a) using the Cormack-Jolly-Seber model (Sandercock 2003) in

MARK  5.1  (White  and  Bumham  1999).  We  fitted  different  candidate  models  with  variable

restrictions on the paraneters (Lebreton et al.  1992), including the individual cumulative linear

distance  across  years  and  the  number  of breeding  dispersal  events  as  covariates.  Given  the

difficulties to obtain parameter estimates and calculate effect sizes from a model using discrete

individual covariates (Cooch and White 2017), we used separate models for females and males

in  each population  instead  of grouping  individuals  by  `Sex'  and  `Locality'.  Covariates  were

corrected by the total number of individual recaptures before performing the analyses. The most

adequate models were selected based on AICc (Appendix S1 : Table S 1).

RESULTS

Proximate causes Of natal dispersal

In  the  northern population,  females  moved  longer linear  distances  (739.9  in,  875.9;  median,

interquartile rahge IQR) than did males (95.5 in,121.1), whilst in the south, distances of females
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(485.7 in, 452.7) and males (417.5, 239.1) were relatively similar (see Chapter 1 for a detailed

comparison of dispersal patterns).  Only two predictor variables explained the variation in natal

dispersal distances for post-fledging birds, although in interaction with locality and sex (Table

2). In the northern population, females dispersed longer distances when the natal patch was more

densely occupied by breeding adults during the year of establishment (year x+1; Table 2, Fig.

1 a), whereas males moved farther from their natal site as relatedness with adult neighbors of the

same sex increased (Table 2, Fig.  1b). No such effects were detected for birds in the southern

population (Fig.  1a,1b).

Fitness consequences Of natal dispersal

Dispersal distances did not explained variation in the physical condition of post-fledging birds in

any  of the  populations  studied  (Table  4).  Because  all  tested  females  had  one  sexual  partner

during  their  first  breeding  attempt,  this  variable  was  not  assessed  (Table  4).  However,  a

significant interaction effect of natal dispersal and locality on paternity loss was detected: while

the  percentage  of extra-pair  young  (EPY)  in  year  #+1  increased  as  a  froction  of dispersal

distance for post-fledging males in the northern population, paternity loss was almost negligible

in the southern population (Table 4, Fig. 1c).

Proximate causes Of breeding dispersal

Dispersal events (i.e., movements longer than the upper limit of the 95% CI of the armual mean

territory diameter) represented  32%  froin all recapture  events in the northern population,  and

42%  in the  south.  Territory  diameters  in the north ranged from 29  to  33  in during the  study

period,  and  25°/o  of all  movements  between  breeding  seasons  were  above  that range.  In  the
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southern  population,  only  8%  of  all  movements  were  longer  than  the  estimated  territory

diameters,  which  ranged  fi.om  63  to   110  in.  Because  linear  distances  above  the  range  of

estimated  territory  diameters  exhibited  low variability,  models  using  breeding  dispersal  as  a

continuous or as a dummy variable yielded similar results (but see Forero et al. 1999). Therefore,

we only present analyses on the categorical predictor/response.

The relationship between breeding dispersal and social status differed between both sexes

(see Table  3).  The minimal most adequate log-linear model for females  (Log-likelihood ratio

test:  x22 =  0.96, P =  0.61)  indicated that despite the relative frequency  of non-dispersers was

higher in the northern population,  widows were more prone to  leave their previous breeding

territory than remated females regardless of the locality (Table 3). The most adequate model for

males (Log-likelihood ratio test: #4 = 4.23, P = 0.37) showed that dispersal and pairing status

varied  independently,  and  more  importantly,  that  non-dispersers  were  more  frequent  than

dispersing individuals in both populations (Table 3).

According  to  GLMMs,  all  responses  to  potential  causes  of breeding  dispersal  were

dependent on the pairing status of adult birds (Table 2). Although variation in the probability of

dispersal among reunited pairs was not predicted by any of the independent variables, widowed

birds of each 'sex exhibited variable responses.  Overall, widowed females were more prone to

disperse  in  year x+1  when breeding productivity  of local  neighbors  during  the  last breeding

season was  low (Table 2,  Fig., 2a).  Significant interaction effects  also  indicated that dispersal

probability of widowed females in the northern population increased after a late start of the last

breeding attempt (not shown), and also following a poor breeding performance in year x (Table

2, Fig. 2b).
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In both populations, widowed males tended to  disperse after a late breeding attempt in year x

(Table 2, Fig.  2c), but there was  an opposite response to the local density of adult neighbors:

males  in the north were more  likely to  move towards  denser areas,  whilst  in the  south,  they

tended to disperse to patches with lower density of adult neighbors (Table 2, Fig. 2d).

Density of nolghbors year x+1  (log dist.)                                               Mean genetlc relatedness with male nearest nelghbors year x+1                                                     Male natal dispersal distance (Log)

Figure 1. Causes and consequences of natal dispersal in a northern po-pulation (Fray Jorge National Park)
of thorn-tailed rayadito. Variation  in female natal  dispersal distances  as  a function  of density of adult
neighbors in year ril  (a), and relationship of male dispersal and mean genetic relatedness (7`) with male
neistbors in year j¥+1  (b). Paternity loss as a function of dispersal distance in post-fledging males (c).
Levels of significance are marked for first and/or second order interactions: * P S 0.05; ** P S 0.01 ; ***
P S 0.001,.

Fitness consequences Of breeding dispersal

Analyses of the fitness consequences of breeding dispersal revealed that the number of mates per

breeding female in year x+1; increased for dispersers, although this relationship was dependent on

the locality and pairing status of birds (Table 4, Fig. 2e). In the southern population, dispersal
\

lead to an increase of sexual partners of both widowed and remated females, but suck apparent

benefit was only evident for widowed females in the northern locality (Fig. 2e). In the case of

males, breeding dispersal represented a reproductive cost that also interacted with pairing status

and locality (Table 4).
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Although in the southern population the costs of paternity loss after dispersal were only evident

for widowed males, dispersers in the northern population had higher percentage of EPY in their

own nests, independent of their pairing status (Fig. 2h).

Noth

W7dowed                          Same

palring status

population
Dispersal

s.uth   E'&

Wido`ned                          Same

Palling status

population
Dispersal

s.uth    Ei'&

Noth

\MdowBd                         Same

Pain.ng status

\
population

W«Owed

Dispersal

Sour    E!yN°es

Figure 2. Causes and consequences of breeding dispersal in two populations of thorn-tailed rayadito in
the  northern and  southern part  of its  distribution.  The  first four panels  (a-d)  depict proximate factors
affecting breeding dispersal in females (a, b) and males (c, d). Reproductive consequences for females (e)
and males (I) are also shown. Levels of significance are marked for flrst and/or second order interactions:
* P S 0.05; ** P S 0.01; *** P S 0.001.
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The analyses for mortality costs of breeding dispersal showed contrasting results between

populations. The most adequate models for both sexes in the southern population suggested that

values  of apparent  survival  varied  temporally,  but  none  of the  two  covariates  of breeding

dispersal were included (Appendix S 1 : Table S 1). hdividual mean apparent surviv.al rates in this

locality during years 2008-2015 were 0.65 ± 0.1  for females and 0.66 ± 0.2 for males (mean ±

SE).  By contrast, the best models for both sexes in the northern population included apparent

survival as a constant term,  and included the number of breeding dispersal events (BDE) as a

covariate  (Appendix  S1:  Table  S1).  The  negative  effect  of dispersal  was  expressed  by  the

following equations: 1ogit (p) =  1.27 -0.57 x (BDE), for females, and logit (p) = 1.29 -0.45 x

(BDE), for males. Individual mean apparent survival rates estimated for females and males in the

northern locality corresponded to 0.78 ± 0.04 and 0.78 ± 0.05, respectively.

A total of 67 breeding pairs from the northern population and 55  from the  south were

analyzed, from which 51  and 54% consisted of reunited pairs in each locality, including cases

with none (North: IV = 17; South: IV = 26) or at least one dispersed adults QTorth: IV = 13; South:

IV = 8). The remainder cases corresponded to pairs formed by widowed females and males, also

with none  (North: IV =  8;  South: IV =  16)  or at least one  confirmed disperser (North: IV = 25;

South: IV = 9).  Results from GLMMs  suggested no negative consequences of dispersal in the

southern population, other than a decrease in the territory quality occupied by widowed pairs in

year x+1 (Table 5, Fig 3a). In the north, ill dispersed pairs settled in less productive territories in

year  x+1   (Table   5,   Fig.   3a),   and  pairs   fomed  by  widowed  birds  had  lower  breeding

performances and broods with more variable weights after dispersal (Table 5, Fig. 3b, 3c).
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Table  5. Minimal  adequate  GLMMs for fitness  consequences  of breeding dispersal for breeding pairs
from two populations  of thorn-tailed  rayadito.  Main effects  or first  order  interactions were  not tested
when second order interactions were Significant. Response variables are in bold.

Models by factors                   Estimate        SE              Test*                 P
Time of breeding rdl
Intercept
Pairstatus
Dispersal
Breeding performance Jdrl
Intercept
Pairstatus
Dispersal
Locality*Pairstatus*Dispersal
clutch volume f+1
htercept
Pairstatus
Dispersal
Locality*Pairstatus*Dispersal
Territory quality index ]rLl
htercept
Pairstatus
Dispersal
Locality*Pairstatus
Pairstatus*Dispersal
Locality*Pairstatus*Dispersal
SD of brood weight rful
Intercept
•Pairstatus
Dispersal
Locality*Pairstatus
Locality*Pairstatus*Dispersal
Nest volume 1+1
Intercept
Pairstatus
Dispersal
Locality*Pairstatus*Dispersal

0.84              0.11

0.17             0.16           fll3=1.06            0.29
0.02             0.17          Z113=-0.75            0.45

0.87             0.07
0.04           0.10                     Not tested
-0.05           0.10                     Not tested
-0.79           0.37         fl l3=-4.48          0.034

855.54       136.94
-101.68       103.59        f77=-0.98             0.32
-61.36         94.45          J35=-0.65             0.52
-53.95       206.48        }59=-0.26             0.79

2.01             0.08
-0.12           0.13                      Not tested

-0.14           0.13                      Not tested

0.35            0.18                      Not tested
-0.82           0.26                    Not tested
0.96            0.34         zl l4=2.77          0.005

1.34             0.26
-0.08           0.37                     Not tested
-0.44          0.3 8                    Not tested
1.08           0.57                     Not tested

-2.01             0.83          J101=-2.38           0.018

689.54       455.64
-226.69       161.85         £86=-1.40            0.165
-116.95       160.61         f66=-0.72             0.46
-131.10      333.60        /84=-0.39             0.69

Models for territory quality used a binomial distribution and a log link. The remainder models used a Gaussian
distribution and identity link, excepting breeding performance, which used a log link. Nest box identity was included
as a random factor.

§Parameter estimates and SE (Standard errors) were estimated relative to `Navarino' (southern population)

in variable `Locality', `reunited' in variable `Pairing status', and `none' in variable `Dispersal'.
Ilz statistic corresponds to the Wald-test (Ho: parameter/SE = 0).

104



Dispeed

EAINaekEaston8         C

Figure 3. Reproductive consequences of breeding dispersal for breeding pairs of thorn-tailed rayadito in
two populations near the northern and southern limits of its distribution. Variation of territory quality (a),
breeding performance  (b),  and variation  of brood weight (c)  and their relationship  with  dispersal  and
pairing status  of members  of breeding pairs.  Levels  of significance are marked for first and/or second
order interactions: * P S 0.05; ** P S 0.01; *** P < 0.001.

DISCUSSION

Cohiext-depender[t strategies of local natal dispersal

Interpopulation  differences  in  natal  dispersal  strategies   are  expected  when  environmental

heterogeneity exerts varying ecological, genetic and/or social pressures on dispersal (Matthysen

20.12, Starrfelt and Kokko 2012). Although limited by a reduced sample size, our results suggest

that in two populations of thorn-tailed rayaditos, differences in the causes and consequences of

natal dispersal can be understood in light of the local environmental context. In the homogeneous

and  less  densely  occupied  environment  (southern  population),  none  of the  assessed  factors

explained variability in natal dispersal distances for either sex, even though habitat quality was

expected to  predict dispersal behavior.  In the fragmented  and densely populated  environment

(northern population), density-dependence and kin competition apparently affected female and

male natal dispersal, respectively, but the expected influence of inbreeding avoidance was not

detected.  No   apparent   consequences   of  natal   dispersal  were   evidenced   for  post-fledging
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dispersers, .excepting male birds  in the northern population,  for which a reproductive  cost in

terms of paternity loss` was apparent.

The  lack  of a relationship  between natal  dispersal  and  inbreeding  avoidance  was  not

surprising for a continuous environment like the southern locality, where random settlement after

natal dispersal and no fine-scale genetic structure have been described previously (Chapter 1).

Nonetheless, we  expected this relationship to partially  explain the  long  dispersal  distances  of

females in the north, which frequently left their natal forest patch, presumably as a response to

the  spatially  restricted  movements  of males  and  their  tendency  to  fomi  clusters  of more

genetically related individuals within forest fragments  (Chapter 1).  Although we did not find

evidence  of active  inbreeding  avoidance  (see  e.g.,  Szulkin  and  Sheldon  2008),  females  may

already be decreasing the probability of mating with relatives by moving away from their natal

sites  where  male  offspring  usually  remain.  In  fact,  a  number  of  studies  have  shown  that

demographic processes and random dispersal may suffice to account for low levels of inbreeding

in natural populations (e.g., Arcese 1989, Gibbs and Grant 1989), also hindering the detection of

active avoidance mechanisms (Wheelwright and Mauck 1998).

Many studies have shown that high population densities and habitat heterogeneity could

lead to increasing dispersal via intraspecific competition (Matthysen 2012). Despite males in the

north  are  more  philopatric  than  females  (Chapter  1),  we  still  expected  kin  competition  to

explain the variability in male dispersal distances, which indeed occurred. Adult males that were

more genetically rela.ted to local occupants around its natal site dispersed father to establish their

first  breeding  territory.  These  results  support  the  idea  that  the  northern  locality  is  a  more

saturated and highly competitive environment, where nesting cavity availability appears l`ow in

relatiori  to  the  density  of breeding  birds  (Chapter  1).  Moreover,  the  long  natal  dispersal
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distances of females  and the resulting sex-biased patterns  could also be  a consequence  of the

high levels  of intraspecific competition,  as would be expected for populations under crowded

conditions (Gowaty 1993).

Despite  density-dependence  is  important  for  dispersal  decisions  (Bowler  and  Benton

2005), we found little evidence of its potential role 'as a driver of natal dispersal. This was not

completely unexpected  in the  southern locality,  where  a lower density  of breeding birds  and

higher  availability of forested  habitats  would reduce  competition for breeding  territories  (see

Chapter  1).  Nonetheless,  we  observed  that  females  in  the  northern  population  seemed  to

respond to density of adult neighbors in their natal patch, supporting the idea that saturated and

patchy environments promote sex-specific dispersal responses (Wheelwight and Mauck 1998)..

Specifically, females dispersed larger distances to less densely occupied patches, presumably as

a  consequence  of  higher  levels  of  female-female  competition  for  breeding  opportunities.

Although direct evidence for this is lacking, the documented settlement patterns of post-fledging

females in this population indicate this might be the case,  as they gradually move away from

their natal site until the first available male/vacant site is found (Chapter 1).

Potential  costs  of natal  dispersal  can result from the  lack  of familiarity with the  first

breeding  site  and/or  the  lack  of reproductive  experience  of young  birds  (Greenwood  1980,
\

Greenwood and Harvey  1982).  Such costs  should be low, or even absent, in a continuous and

less populated environment, particularly if dispersal is not restricted by landscape configuration

(Winkler et al.  2005),  and if availability of breeding sites are higher and less variable (Payne

1991).  Furthermore,  costsfoenefits  of  dispersal  should  not  differ  between  sexes  in  socially

monoganous birds with symmetrical parental roles (Clarke et al. 1997, Arlt and Pzirt 2008), as is

the case of thorn-tailed rayaditos (Moreno et al. 2007). However, male natal site fidelity would
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be enhanced in saturated and heterogeneous environments, for dispersal can increase the risk of

not finding a suitable nesting site because of higher social competition (Ward and Weatherhead

2005, Forero et al. 1999), but also the likelihood of breeding failure due to unfriliarity with the
-

breeding territory/neighborhood (Greenwood and Harvey  1982).  Our results agreed with these

predictions, as no negative consequences were detected for either sex in the southern population,

whereas  males  in  the  north  had  higher  levels  of EPY  ®atemity  loss)  as  dispersal  distance

increased. This cost might represent a social restriction to natal dispersal, which in turn would

promote male philopatric  behavior.  In addition,  if dispersal  distance  is  inversely related with

male quality,  as the social dominance hypothesis predict (Arcese  1989), this would also imply

that females can compensate for the low quality of their social mate by incurring in more extra-

pair copulations.

We did not test the effect of natal dispersal on other variables of breeding success such as

clutch volume or breeding performance (clutch sizeforood size),  given that these factors are a

consequence of the combined parental effort of both adults (Clutton-Brock 1988; see Methods).

This means that variation in these factors could be accounted at the breeding pair ,level, but this

was not possible for natal dispersal analyses, since nearly all recaptured post-fledging birds were

mated with adults of unknown age and whose dispersal and social status were not certain (i.e.,

new captures). Mo.rtality costs were also not tested given the impossibility to estimate apparent

survival rates for post-fledging birds, but the long-term effects of dispersal on bird survival are

discussed in detail in the following section.

Context-dependehi strategies of local breeding dispersal
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Breeding  experience  in  birds  is  assumed  to  increase  with  age,  as  well  as  familiarity  with  a

breeding area (Greenwood and Harvey 1982). The higher philopatric behavior of adults is well

documented (Clarke et al.  1997), and it is explained as a `win-stay,lose-shift' strategy (Switzer

1993), which is based on the premise that philopatry is the best choice whenever past breeding

success  predicts  future  success  (Ward  and  Weatherhead  2005,  6st  et  al.  2011).  Therefore,.

breeding dispersal is widely viewed as a costly decision that can be advantageous after a poor

breeding performance (e.g., Weatherhead and Boak 1986, Calabuig et al. 2008) or after mate loss

(e.g.,  Harvey  et  al.  1979,  1984,  Forero  et  al.  1999).  The  frequency  of breeding  dispersal  in

populations of thorn-tailed rayadito is low and the distances travelled during such events rarely

exceed  100 in long  (Chapter  1),  suggesting that the benefits  of philopatry could increase for

adult individuals. We found, however, that widowed females were more likely to disperse than

those  reunited  with  their previous  mate,  whilst  males  seemed  to  be  highly  faithful  to  their

breeding  site  regardless  of their  pairing  status.  These  results  imply  that  drivers  of breeding

dispersal could vary between sexes due to differences in competition and life-history strategies,

with `mate-faithful' females competing for male availability and `site-falthful' males competing

for breeding territories (see Le Galliard et al. 2003 for a similar pattern for a lizard species).

Our  results  showed  that  the  use  of public  information  was  important  for  breeding

dispersal decisions for widowed birds from both populations. The direction of this relationship

was  not  always  consistent,  but it  was  evident that  information  on  conspecifics  either helped

avoiding dispersal towards less productive areas (i.e., females), or prompted individuals to seek

for patches with more presence of adult birds (i.e., inales in the northern locality). As discussed

above,  poor breeding performance  was  also  expected to  increase  the  probability  of breeding

dispersal,  but this  happened  only for widowed birds.  The fact that only  widowed  individuals
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seemed to respond to public information or past breeding success could` be an indicative of the

condition-dependent nature of dispersal decisions (Blakesley et al. 2006). While social benefits

of remating  may  allow  pairs  to  relocate  themselves  nearby  their  previous  nesting  site  after

breeding failure  (Bai  and  Severinghaus  2012),  widowed birds,  particularly  females,  might be

forced to move farther, and thus informed decisions prior to dispersal would have a critical value

(Cote and Clobert 2007).

Breeding  dispersal  and/or mate  loss  can have  opposite  reproductive  consequences  for

female and male birds (Montalvo and Potti 1992, Valcu and Kempenaers 2008), as we observed

in rayaditos. Despite all the potential advantages of philopatry, dispersal could be beneficial for

females due to their ability to better perceive the quality of neighboring territories in relation to

males (Part 1995), but also because of the opportunity to mate with more experienced or socially

dominant partners after leaving a breeding site (`mate choice' hypothesis; see Payne and Payne

1993). Although we did not assessed this possibility, we found that females were more prone .to

engage  in  extra-pair  copulations  after  dispersal,  suggesting  this  can be  a  strategy to  increase

breeding success, especially if dispersed females are not able to mate with the highest quality

male nearby their new breeding site. The breeding cost carried by males (i.e., paternity loss) also

point to this direction, if we assume that dispersed males are of lower quality because of their

unfaniliarity with the new habitat and/or the social neighborhood (Greenwood 1980, Greenwood

and Harvey 1982). More interesting is that only widowed males paid such a cost in the southern

population,  while  in the  north,  paternity loss  was higher for all  dispersers regardless  of their

social  status,  reinforcing  the  idea  that  levels  of social  competition  are  higher  in  the  more

populated and heterogeneous environment. Reproductive consequences at the breeding pair level

also hinted that dispersal is more costly in the northern population, and that the number/type of
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traits  affected  might  depend  on  the  local  context.  Again,  breeding  dispersal  involved  lower

reproductive  performance  for  dispersing  pairs  composed  of widowed  birds,  but  no  adverse

consequences for reunited pairs. This seems logical, as remating can provide enormous benefits
I

like  increased habitat familiarity and improved  social  coordination between breeding partners

(Black 2001, Morrison et al. 2008).

Mortality costs of breeding dispersal have been described for a number of bird species

(e.g., Daniels and Walters 2000, Pakanen et al. 2011), showing sex-differences in some instances

(Pan et al. 2009), or also co-varying with the local ecological conditions (Terraube et al. 2014).

Despite  we  did  not  find  sex-specific  differences,  we  observed  context-dependent  effects  of

breeding dispersal on adult long-term survival. In the northern population, apparent survival was

lower for females  and males that incuITed more frequently in dispersal throughout their lives,

confrming that fragmented landscapes increase the risk of mortality for this forest passerine. It

has been shown that habitat fragmentation negatively affects breeding success (Chalfoun et al.

2002, Tewksbury et al. 2006) and survival of several forest species (Horak and Lebreton 1998,

Matthysen et al.  1999, Rutz-Gutierrez et al. 2008), sometimes through an increase of dispersal-

related  mortality  (Ewers  and  Didham  2006).  Although  we  did  not  estimate  post-fledging

survival, it is reasonable to expect that natal dispersal would have the same effect on juvenile

mortality, considering that longer distances can represent a higher predation risk.

Concluding remarks

The correspondence between predictions and results in this study supports our assumption that

population-specific dispersal patterns can be explained by 'context-dependent costs and benefits

of local natal and breeding dispersal. We are not sure to what extent the limited sample size in
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the southern locality reduced our power for detecting potential causes and consequences of natal

dispersal  in  this  population,  but  this  result  agreed  with  the  random  pattern  of post-fledging

movements  and  the  consequent  random  spatial  distribution  of rayaditos'  genotypes  reported

there (Chapter 1). Random dispersal is predicted to occur in unstructured habitats (Wotton et al.

1986), and could reflect a non-adaptive or neutral process whenever no fitness consequences are

evident (see Payne 1991). In the north, fitness costs were only detected for males, as would be

expected in a population where natal  dispersal is female-biased (Chapter  1).  In this  locality,

female  natal  dispersal  can be  a response  to  increased  competition  for available  males,  while

variability in male dispersal distances might result from a trade-off between the social benefit of

settling nearby the natal site and the associated costs of kin competition.

Breeding dispersal was costly for individuals and breeding pairs in both localities, but it

appeared to be an adaptive response after a bad experience during the previous breeding season,

such  as  mate  loss  or  low  reproductive  success  (Calabuig  et  al.  2008).  Higher  costs  were

anticipated for birds and breeding pairs inhabiting the heterogeneous and more densely populated

environment (see Bensh and Hasselquist 1991, Forero et al.1999, Ward and Weatherhead 2005),

which was indeed confirmed. Results for this population also suggested that despite the higher

risk of mortality,  female  dispersal might be promoted by  intense  intrasexual  competition for

potential  mates,  which  ultimately  could  favor  mate  fidelity  in  females.  Meanwhile,  male

dispersal  would  be  a  balance  between  competition  and  breeding/mortality  costs,  potentially

benefiting site fidelity in males.

Although  some  authors have proposed that the proximate  causes  and consequences  of

dispersal may be widespread at the within-species level (Montalvo and Potti  1992), this study

provides  evidence  of intraspecific  differences  in the  costs  and benefits  of natal  and breeding
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dispersal,    showing    population-specific    responses    to    spatial    environmental ` variation.

Furthermo.re, we showed that differences between sexes in the fitness consequences of dispersal

are` particularly evident when the pairing status of individuals is considered. This illustrates the

role   of  mate   loss   on  conditioning  breeding   dispersal   decisions   in  socially  monogamous

passerines,   despite   the   relevance   of  social   bonds   in   `short-lived'   species   are   sometimes

underestimated.
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Abstract

Studies  of intraspecific  variation  on  the  relationship  between  personality  and  dispersal  are

necessary to understand the evolution of dispersal syndromes. Empirical studies have focused on

natal   dispersal,   even   though   behavioral   differences   between   dispersers   and   philopatric

individuals might hold through the whole life cycle,  subsequently affecting breeding dispersal

propensity.   Using   capture-mark-recapture   (CMR)   data  and  behavioral   trials   in  two   wild

populations   of  thorn-failed  rayadito   (4pferc}Sfa"  spz.J?z.cczzfc7cz),   we   investigated  intraspecific

differences  in exploratory behavior,  aggressiveness  and risk-taking behavior,  and tested for a

context-dependent relationship between those traits  and breeding dispersal.  We compared two

contrasting  environments;  an  isolated  population  in  Fray  Jorge  National  Park,  north-central

Chile, that represented a fragmented and saturated environment; and a population from Navarino

island, representing a homogeneous, less deansely populated and less stressful habitat. We found

that behavioral variation followed the predicted pattern, with birds from Fray Jorge being less

exploratory, less aggressive and shyer than individuals from Navarino,  suggesting site-specific

behavioral strategies. Our results also showed that personality could predict fine-scale breeding

dispersal, but this relationship would depend on the local environmental context. The absence of

breeding dispersal syndromes in Navarino was expected, as the local habitat could have relaxed

selective pressures on dispersal. The higher propensity to disperse of more exploratory females

and more aggressive males  in Fray Jorge implied that dispersal  syndromes are more likely to

occur when local conditions impose more restrictions to dispersal.
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Significance statement          Depending  on  the  ecological  and  social  conditions  in  any  given

population, dispersal syndromes can be quite variable, or even absent. Surprisingly, most studies

testing this variation have focus5d on natal dispersal, although the decision of adult individuals

to disperse could still be affected by phenotypic characteristics, particularly personality traits. To

our knowledge, this is the first study documenting a relationship between breeding dispersal and

personality, and furthermore, asse'ssing if such association is context-dependent. We found that

personality in the thorn-tailed rayadito predictably varied between contrasting envirorments, and

that breeding dispersal syndromes were absent in an environment with no apparent restrictions to

dispersal.   On  the  contrary,  breeding  dispersal  was  related  with  exploratory  behavior `and

aggressiveness   in  a  fragmented   and  saturated  habitat,   supporting  the   idea  that  dispersal

syndromes are more likely to occur when local dispersal is restricted.

Key   words   Breeding   dispersal,   dispersal   syndromes,   intraspecific   variation,   personality-

dependent dispersal, thorn-tailed rayadito
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Introduction

Dispersal   syndromes,   or   the   integration   of  dispersal   with   physiological,   morphological,

behavioral and/or life-history traits, have been documented in several animal species (Cote and

Clobert  2012;  Ronce  and  Clobert  2012).  In  addition,  recent  evidence  suggests  that  dispersal

phenotypes  may be  functionally and  genetically integrated with personality traits  (Duckworth

2012; Duckworth et al. 2015; Korsten et al. 2013), a phenomenon often referred as personality-

dependent  dispersal  (Cote  et  al.  2010).  Consistent  inter-individual  differences  in  personality

appear to be linked with the propensity to disperse: for many species, dispersers tend to be faster

explorers,  bolder,  more  active,  more  aggressive  and  less  social  than  philopatric  individuals,

although opposite  trends  have  been reported  (Clobert  et al.  2009;  Cote  et  al.  2010).  Because

animal   personalities   might   constitute   a   set   of  strategies   for   individuals   to   cope   with

environmental  stress  (e.g.,  the  fast-bold and  slow-shy  spectrum;  Sih et  al.  2004;  R6ale  et  al.

2007), it is expected that a relationship between personality and dispersal would be a complex

and  varying  response  exhibiting  population-specific  differences  (Matthysen  2012).  Dispersal

syndromes  have,  for  instance,  been  shown  to  vary  depending  on  the  ecological  and  social

environment  (Spinks   et   al.   2000;   Verhulst  et   al.   1997),  but  the   available  examples   are

particularly restricted to the association between dispersal and moxphological/physiological traits

(Clobert  et  al.  2012).  While  studies  of  intraspecific  variation  in  the  relationship  between

personality and dispersal are needed to further understand the evolution of dispersal syndromes

(Bonte and Saastamoinen 2012), these still remain scarce.

Although personality  traits  can .affect  individual  decisions  during  different  behavioral

stages of dispersal (Cote et al. 2010), natal dispersal (i.e., the movement from the natal site to the

first breeding site)  decisions  are more likely to be influenced by genetic  and matemal  effects
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than breeding dispersal (i.e., the movement between breeding sites during consecutive breeding

seasons),   given  that   adults   have   accumulated   more   experience   and   information   on   the

distribution  of resources,  which  subsequently  affects  future  dispersal  decisions  (Bowler  and

Benton 2005;  Pckanen et al.  2011).  Furthermore,  several  studies  in avian taxa reveal that the

proximate  causes  of  breeding  dispersal  are  usually  different  from  those  promoting  natal

dispersal, being habitat quality, pairing status and past breeding success the main predictors of its

occurrence  (Clarke et al.  1997;  Greenwood and Harvey  1982).  As  a result, natal dispersal has

been the main focus of interest in studies of personality-dependent dispersal, even though some

authors propose that behavioral differences between dispersers and philopatric individuals may

hold  through  the  whole  life  cycle  (Cote  et  al.  2010).   Some  studies  have  suggested  that

aggressiveness or boldness could explain differences in breeding dispersal propensity between

adult individuals (Valcu and Kempenaers 2008), but.this remains to be tested.

In this study, we investigated interpopulation variation in personality traits in a passerine

bird, and their relationship with breeding dispersal under contrasting envirormental conditions.

We studied two wild populations of the thorn-failed rayadito (4pfercrs/a" spz.#z.cacfc7cz), a small

cavity  nesting  bird  that  breeds  in  temperate  forests  along  an  extensive  latitudinal  gradient

throughout Chile and western Argentina (300 S-550 S; Remsen 20d3). A long-term study on the

breeding  ecology  of this  species  has  shown  that  populations  occurring  at  the  northern  and

southern limits  of its  distributional  range  show  important physiological  (Quirici  et  al.  2014,

2016),  behavioral  (Botero-Delgadillo  et  al.  2017),  and  ecological  differences  (Chapter  1,  2).

Close to the northern limit of its distribution, in Fray Jorge National Park (hereafter Fray Jorge;

S30° 38', W71° 40'), a relatively isolated population of rayaditos occupy naturally fragmented

forests  surounded by  an extensive  semiarid matrix,  while  in the  southern limit,  in Nav.arino
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Island (hereafter Navarino: S55° 4', W67° 40'), the species inhabits relatively continuous forests

and maintains gene flow with other populations (Gonzalez and Wink 2010; Quirici et al. 2014;

Yfiez 2013). Comparative estimates of population density (Vergara. and Marquet 2007; Chapter

1), baseline CORT levels (Quirici et al. 2014), and telomere lengths (Quirici et al. 2016) indicate

that Fray Jorge represents a more stressful and densely populated envirorment than Navarino,

and recent evidence also suggest that both natal and breeding dispersal are more restricted and

involve higher breeding and mortality costs in this locality (Chapter 2).

Using capture-mark-recapture (CMR) data and behavioral trials for two wild populations

of rayaditos, we studied intraspecific differences in exploration, aggressiveness and risk-taking

behavior,  and  tested  for  a  context-dependent  relationship  between  those  traits  and  breeding

dispersal. Based on empirical studies for birds in general and information about intexpopulation

differences in ecological and physiological traits of rayaditos, we make explicit predictions about

expected patterns  of context-dependent variation.  Levels  of aggression and activity have been

shown  to  increase  in  high-density  populations  (Cote  and  Clobert  2012).  However,  artificial

selection experiments in birds show that stress-homone profiles differ between proactive (i.e.,

fast-bold) and reactive (i.e., slow-shy) individuals, the second having higher levels of baseline

CORT  levels  and higher  stress  responses  (Baugh  et  al.  2012;  Cockrem  2007;  Groothuis  and

Carere  2005;  ®verli  et  al.  2007),  suggesting  a  genetic  correlation  between  personality  and

physiology.  Considering  that  baseline  CORT  levels  are  lower  in  both  nestlings  and  adult

rayaditos in the continuous and less densely populated environment of southern Chile (Quirici et

al.  2014),  and  assuming  that  behavioral  syndromes  in  'rayaditos  are  broad  and  consistent

associations  of personality  traits  as  in  other  bird  taxa  (see  Duckworth  2012;  Groothuis  and

Carere 2005; R6ale et al. 2007), we predicted (1) that birds from this population are on average,

/
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more  exploratory,  more  aggressive  and  bolder  than  birds  from  north-central  Chile.  Current

evidence  for  a  number  .of  species  indicates  that  faster  explorers   and/or  more  aggressive

individuals  are  more  prone  to  disperse  (Cote  et  al.  2010).  Nevertheless,  comparative  studies

show that despite saturated and competitive environments promote the differentiation between

dispersers  and philopatric  individuals  in  distinct phenotypic traits,  such  differences  might be

cancelled in the absence of competition, even though dispersal still occurs (Aragon et al. 2006;

Spinks et al. 2000).  Given the differential ecological and social pressures on breeding dispersal

between the  two  study populations  (Chapter  2;  see  above),  we  predicted  (2)  no  differences

between dispersers  and non-dispersers  in the homogeneous  and  less  stressful  environment  of

southern Chile, but breeding dispersers in the northern population to be more exprloratory, more

aggressive and bolder than philopatric birds.

Materials and methods

Study areas   .I

This study was part of a long-term nest-box monitoring program carried in Fray Jorge National

Park, Coquimbo Region, northern Chile, and Navarino Island, Magallanes and Chilean Antarctic

Region,  southern  Chile.  Fray  Jorge  is  a  semiarid  landscape  dominated  by  matorral  steppe

(Luebert and Pliscoff 2006),  where  a fog-supported fi.agmented relict  of Valdivian temperate

forest occurs at the top of the coastal mountain range (del-Val et al. 200). Navarino, on the other

hand,  comprises  a  large  and  nearly  continuous  extent  of sub-Antarctic  forest  and  secondary

growth (Rozzi and Jim6nez 2014).  A total  of 101-157 and  171-222 nest boxes were installed

between  2006  and  2015  in  forest  habitats  of Fray  Jorge  and  Navarino,  respectively,  being

regularly distributed (25-35 in) and geo-referenced with 2 in measurement error (C.hapter 1).
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Breeding monitoring and capture procedure

The frequency of second clutches  in rayaditos  is  extremely low (R.  A.  Vasquez,  unpublished

data), and the few cases recorded were not considered in this study. During each year, occupied
'

nest boxes were monitored on a daily basis to record laying dates, hatching dates and fledging

dates  (see details in Moreno  et al.  2005).  Breeding adults were  captured using nest-box tr;ps

when nestlings were 12-14 days old, and subsequently marked with numbered aluminum bands

(Moreno et al. 2005; Quirici et al. 2014), and a unique combination of plastic colored bands for

subsequent  identification  during  behavioral  trials  (see  below).  During  capture,  birds  were

measured and weighted (tarsus length, wing chord and tail length, ± 0.05 mm; body mass, ± 0.1

g; see Moreno et al. 2005, 2007), and before release, a blood sample of ca.17 prl was obtained by

puncturing  the  brachial  vein with  a  sterile  needle  (Quirici  et  al.  2014).  Blood  samples  were

stored on FTA" Classic Cards (Whatman") for molecular sexing.

Molecular sexing

Molecular sexing was necessary due to the lack of obvious  sexual dimorphism in thorn-tailed

rayaditos (Moreno et al. 2007). A detailed protocol is described elsewhere (see Chapter 1). In

brief, we used a sex-specific length polymoaphism in the CHD gene that can be PCR amplified

with primers P2 and P8 (Griffiths et al.  1998). One primer (P8) was fluorescently labelled with

6-FAM" (Thermo Fisher Scientific). The PCR products were mixed with formamide and a size

standard (Genescan" 500 LIZ®), heat denatured and resolved in POP4 polymer on an ABI"

3130 Genetic Analyzer (Thermo Fisher Scientific, Darmstadt, Germany). The size of fi.agments

was  determined  with the  GeneMapper 4.0  software  (Applied  Biosystems).  The  chromosomal

origin of the fragment was detected by their size and appearance: the 382 bp W-chromosomal
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fragment CHD-W is specific for heteroganetic females (ZW), and appeared together with one of

the   Z-chromosomal   fragments   that   are   either   357   bp   (CDH-Z1)   or   358   bp   (CDH-Z2).

Homoganetic males (ZZ) can be homo- or heterozygous at the CHD locus.
J

Behavioral trials
\

Behavioral tests were carried during 2013-2015 between 0600 and  1300 h during the last two

weeks of the breeding attempt of adult birds. It was not possible to record data blind because our

study  involved  focal  animals  in  the  field.  Exploratory  behavior  was  assessed  using  novel

environment  experiments  (REale  et  al.  2007),  following  the  methodology  described  in  van

Dongen et al. (2010). Trials were carried immediately after bird capture (see above), but prior to

marking and processing. For these tests, we used large field-portable cages (270 cm length x 150

cm width x 150 cm height) that were installed across the study plots but not in close proximity to

nest `boxes (30-60 in).  Cages were made of polyvinyl chloride poles and semitransparent black

shading cloth, with four wooden perches  diagonally arranged at regular distances  (60-70  cm)

along the long axis. A small holding cage (30 cm length x 25 cm width x 39 cm height) covered

with  a  cloth  was  placed  in  a  comer  of each  experimental  cage,  where  birds  were  initially

introduced for a 5 min acclimatization period, after which the cloth was removed and the door

open  (van  Dongen  et  al.  2010).  Experimental  trials  lasted  for  10  min, .and  all  events  were

recorded  with  a  high  definition  camera  placed  at  5-7  in  from  the  cage.  We  focused  on

documenting the nulnber of movements (flights and hops)  during trials, and the destination of

every movement in each of the  14 possible areas to be visited by the birds, including the four

perches and 10 additional surfaces (i.e., floor, walls and rooD that were defined according to the

inner  subdivisions  of the  exploration  cage  (see  van  Dongen  et  al.  2010).  All  videos  were
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analyzed  using  Jwatcher  1.0  (Blumstein  et  al.  2010).  Individual  exploratory  behavior  was

quantified using two uncorrelated variables  (Pearson's r = 0.21,, p = 0.11):  (i) movement rate

(total movements/minute), used as a proxy of exploration speed;  and (ii)  exploratory diversity

(van  Dongen  et  al.  2010),  quantified  with  the  Brillouin's  diversity  index,  which  is  more

appropriate when the probability of obtaining any sample (i.e., visited surfaces) is not necessarily

equal (see Krebs 1989). To calculate this index, we used the frequency of visits in each of the 14

areas and the exact time spent there by each bird.

For  measuring  aggressiveness,  we  used  agonistic  behavior  tests  (Carere  et  al.  2005),

simulating  territory   intrusions   by   a  cohspecific   male   (simulated  territory   intrusion,   STI;

Wingfield  et al.  1987).  These tests were  carried when nestlings  were  15-16  days  old,  always

three   days   after   exploration   experiments.   Although   measurement   of  aggression   towards

conspecifics might be best carried before incubation (Gowaty  1981;  Wingfield et al.  1990),  it

was not possible to perform these tests until both members of each pair were marked with color

bands. For these trials, we placed a stuffed mount of a male rayadito at 3-5 in from the nest box,

and played tape-recorded songs of a male from the respective population (see details in Ippi et al.

2010,  2013)  during  10  min  using  a  sound  speaker.  An  experimented  observer  recorded  all

'
behaviors  using  a digital  audio  recorder while remained hidden from view.  Recording's  were

further  analyzed  in  the  Jwatcher  software,  in  order  to  quantify  two  uncorrelated  variables

(Pearson's r = 0.42, p = 0.08):  (iii) the total number of movements during the trial, used as a

representative of an individual's alarm activity (Ippi et al.  2013);  and (iv) the total number of

aggressions  over  the  intruder,  including  physical  aggressions  (e.g.,  pecking  the  intruder),  or

aggressive maneuvers (e.g., flying over the intruder or hovering close to it).
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Finally,  risk-taking behavior was  assessed by a predator presentation test (R6ale  et al.

2007), scoring nest defense intensity towards a human observer (see Hollander et al. 2008). Tests

were performed when nestlings where  17-19  days old, three days  after the  STls.  These trials

were carried out a few days before fledging, given that increased nest defense during the end of

nestling  growth  in  several  birds  makes  this  an  appropriate  time  for  testing  this  behavior

(Montgomery and Weatherhead 1988). An observed stood at 1.5 in from the nest box, measuring

(v) the minimum approach distance of both adults during a period of 3 min after they arrived to

the nesting site. Contrary to Hollander et al. (2008), we carefully selected the observer's position

during previous days to be sure that the availability of surrounding vegetation would not limit

bird's approachability to the intruder. Exact distances were measured with a laser rangefinder.

Capture-recapture and breeding dispersal

We used CMR data obtained during 2012-2015 to track bird movements between consecutive

breeding seasons.  Although dispersal can be measured both as a continuous variable and as a

binary  state  (e.g.,  Forero  et  al.   1999),  previous  analyses  on  breeding  dispersal  strategies  of

rayaditos showed similar results when considering linear distances (in) or the occurrence/absence

of dispersal  (Chapter  2).  We  thus  defined  dispersal  status  (`dispersed'/`non-dispersed')  for

every individual according to the linear distance moved between consecutive years in relation to

a threshold value. Recaptured birds moving a distance higher than the upper limit of the 95%

confidence  interval  (CI)   of  the  annual  me:n  territory  diameter  in  each  population  were

considered as `dispersed', whereas individuals retaining the same nest-box or moving to adjacent

nest  boxes  were  defined  as  `non-dispersed'  (sensu  Valcu  and  Kempenaers  2008).  Breeding

territories  were  modeled  separately  for  every  breeding  season  using  Dirichlet  tessellation
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(Adans  2001),  and  annual  mean  territory  dianeters  were  subsequently  calculated  for  each

population. Because we contrasted bird movements with mean values computed for every year,

we avoided the potential effects of the yearly variation of bird density on territory size (Valcu

and Kempenaers 2008). All spatial analyses were performed in ArcGIS 9.3 (ESRI 2008).

Data analysis

Due to adult mortality and/or nest failure in some nest boxes, not all individuals were subjected

to all experiments, either during a specific year or throughout the sampling period. As a result,

sample  sets  for  each behavioral test were  not necessarily  composed by the  same  individuals

and/or were unbalanced, so interpopulation comparisons of behavioral traits were assessed with

separated analyses. Furthermore, we removed duplicate records  from the same individual,  and

hence, our analyses only included first captures. Although repeated measurements are essential

to  assess repeatability and behavioral plasticity (Dingemanse et al.  2010), we focused orily on

inter-individual  variation  at  the  within-  and  among-populations.  levels  (R5ale  et  al.  2007).

However, exploration, aggressiveness and risk-taking behavior in rayaditos show similar values

of repeatability  relative  to  other  bird  species,  ranging  from  0.2  to  0.5,  aid  are  considered

elsewhere (Poblete et al., unpublished data).

Normality was tested for all variables using Shapiro-Wilk's test. With the exception of

the number of aggressions during STls, all variables fitted the assumptions of normality (all p >

0.05). Preliminary tests were carried in order to test for inter-annual variation in behavioral traits

within each population.  Since no temporal variation was found for any of the variables tested

(see Results),  we  combined data from all  sampled years  for behavioral  comparisons  between

populations.  For  this,  we  used  two  separate  multivariate  general  linear  models  (Quinn  and
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Keough  2002)  for  normally  distributed  variables,  one  for  variables  describing  exploratory

behavior,  and  another  for the  alarm  activity/minimum  approaching  distance.  The  number  of

aggressions was analyzed using generalized linear models with a Poisson error structure and a

log link function (GLZ;  Quim and Keough 2002). All these models tested the main effects of

locality (i.e., population of origin) and sex, and their two-way interactions.

For validating context-dependent phenotypic  correlations between behavioral traits  and

''

breeding  dispersal  (sensu R6ale  et  al.  2007),  we  analyzed recaptured  individuals  with known

dispersal  status  and with data from at least one  behavioral  experiment carried  out during the

same year of recapture. We fitted generalized linear mixed models (GLMM; Bolker et al. 20b8),

using binomial error distributions and log link functions (Quim and Keough 2002), performing

separated  analyses  for  exploratory  behavior  and  aggressiveness/risk-taking.  Dispersal  status

(`dispersed'/'non-dispersed') was included as the response variable and behavioral traits as fixed

effects, while locality was introduced as interacting factor.  Only year of recapture and bird age

were  included as random factors,  since  other potential random effects were  accounted for by

excluding  duplicated  samples  (individual  effect)  and  by  performing  separated  analyses  for

females and males (`nest-box effect'; see Ippi et al. 2013). By separately analyzing each sex, we

also prevented both members of a breeding pair to contribute twice in the analyses (Calabuig et

al. 2008). All independent variables were introduced in full models, from which minimal most

adequate models were selected using the. corrected Akaike's Iriformation Criterion AICc and by

quanually  removing  non-significant  effects  through  a backward  stepwise  procedure  (Crawley

1993). Although pairing status of adult birds is an important predictor of breeding dispersal in

birds (e.g., Blakesley et al. 2006; Calabuig et al. 2008; Valcu and Kempenaers 2008), including

rayaditos (Chapter 2), we did not considered this variable due to the extremely low number of
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widowed or divorced adults for which behavioral information was available (< 10 individuals for

each   sex   for   novel   environment   tests   or   agonistic   b6havior/predator   presentation   tests).

Consequently, all analyses were focused on dispersed and non-dispersed birds that remated with

their previous breeding partner.

All  statistical  tests  were  performed  using  or  =  0.05  for  hypothesis  testing,  and  were

performed in R version 3.3.1  (R Core Team, 2016), using the packages lme4 (Bates et al. 2008),

MASS(VenablesandRipley2002),aridMUMln(Bartoh2014).

Etlrical note
\

Birds  were  captured and marked under the  authority of Servicio  Agricola y  Ganadero  (SA.G;

permits 5193/6295) and Corporaci6n Nacional Forestal (CONAF), Chile. Research was carried

with the  supervision of the Ethics  Committee  of the  Sciences  Faculty,  Universidad  de  Chile.

Birds  that  were  subjected  to  novel  9nvironment  experiments  were  gently  captured  with  a

butterfly net after the test, subsequently processed (mark and blood sample) in 3-5 `minutes, and

then released nearby their nest box.  Subsequent visits to the nest boxes allowed us to confirm

that   captured   adults   resumed   their   parental   duties   and   that   fledging   success   was   not

compromised.

Results

Personality traits and annual variation

Multivariate  general  linear  models  (MGLMs)  performed  with  normally  distributed  variables

revealed  that neither the  measurements  of exploratory behavior,  nor the  variables  describing

alarm activity and risk-taking behavior varied between years in Navarino (exploratory behavior:
)

Roy's Largest Root = 0.08; F3,76 = 2.05; p < 0.11 ; alarm activity/risk-taking: Roy's Largest Root
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=  0.1.1;  F3,58  =  1.62;  P  <  0.18)  and  Fray  Jorge  (exploratory  behavior:  Roy's  Largest  Root =

0.007; F2,81 = 0.27; P < 0.76; alarm activity/risk-taking: Roy's Largest Root = 0.03; F2,7i = 0.09;

P < 0.91). Similarly, GLZ models indicated that there was no effect ,of the breeding season on the

number of aggressions recorded during STls for birds in Navarino (Wald # = 1.61; cZ/= 1; p =

0.20) and Fray Jorge (Wald # = 0.04; cZ/= 1 ; p = 0.85).

Interpopulation dif ferences in behavior

The  inteapopulation  comparison  of exploratory  behavior  was  based  on  80  captured  birds  in

Navarino (40 from each sex) and 84 in Fray Jorge (42 from each sex). Mean values of movement

rates and exploration diversity per population are summarized in Table 1 . According to MGLMs,

exploratory behavior differed between populations (Roy's Largest Root = 0.66; F2,i59 = 52.45; p

< 0.001), but there was no a sex-difference (Roy's Largest Root = 0.002; F2,159 = 0.19; p = 0.87)

nor a significant interaction between main effects (Roy's Largest Root = 0.001 ; F2,i59 = 0.01 ; p =

0.98). Although there was no effect of the population on movement rates, values of exploratory

diversity were significantly higher in Navarino than in Fray Jorge (Table 2, Fig. 1 a).

Contrasts of aggressiveness and risk-taking behavior included 74 individuals captured in

Navarino  (37  from  each  sex)  and  63  in  Fray  Jorge  (31   females  and  32  males).  Table   1

summarizes for each population the mean values of the nuniber of movements during STls, the

number of aggressions towards a conspecific intruder, and the minimum approaching distance to

a human observer  (MADH).  Results  from MGLMs  showed a significant interaction between

population of origin and  sex on two  normally distributed variables,  i.e.,  alarm activity during

STls and MADH (Population*Sex effect: Roy's Largest Root = 0.07; F2,132 = 4.71 ; p = 0.01).
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After the inspection of between-subject effects, however, we noticed different patterns for each

variable:  a significant and opposite interaction was detected for the alarm activity, with males

and  females  being  the  more  active  sex  in  Navarino  and  Fray  Jorge,  re.spectively  (Fig.  1b);
I

MADH values only varied between localities, with birds of both sexes approaching more to the

observer in Navarino (Table 2, Fig. 1c). According to the GLZ model, the number of aggressions

towards a conspecific stuffed mount during STls differed between both populations (Table 2),

being higher in Navarino (Fig.  1 d). Nevertheless, a significant interaction with sex was detected

(Table 2), as females and males in Navarino almost equally attacked the intruder, whereas males

from Fray Jorge where more aggressive than females (Fig. 1d).

Sox

---------------.

-.

Sex

Figure  1.  hteraction plots  for the  effects  of population  and  sex on  personality traits  of thorn-tailed
rayadito  in  two  populations  in  southern (Navarino  Island;  dashed  line)  and  north-central  (Fray  Jorge
National Park; solid line) Chile.
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Behavioral correlates Of breeding dispersal

The  GLMMs  used  for  testing  the  relationship  between  breeding  dispersal  and  exploratory

behavior included 53  recaptured birds with known dispersal status from Navarino  (25  females

and 28 males) and 57 from Fray Jorge (29 females and 28 males). After correcting for random

effects, most adequate models for females and males showed that the relationship of exploration

and breeding dispersal was dependent on the population (see Table 3). Although there was no

effect of exploratory behavior on breeding dispersal status in Navarino, in Fray Jorge, dispersed

females  moved  faster  than  non-dispersers  during  exploration  trials  (Fig.  2a),  whereas  male

dispersers tended to show a more diverse exploratory behavior (marginally significant effect; see

Table 3).

population population

Figure 2. Relationship between behavioral traits and breeding dispersal in two populations of thorn-tailed
rayadito in southern (Navarino Island) and north-central (Fray Jorge National Park) Chile. a. exploration
speed of female birds during exploration experiments;  b. number of aggressions towards a conspecific
stuffed mount during simulated territory intrusions  (STI) by males.  Bars represent ± 2  standard errors
(SE) around mean values. Levels of significance are marked for interactions between behavioral traits and
population: * P S 0.05; ** P S 0.01; *** P S 0.001.

GLMMs  for  aggressiveness  and  risk-taking behavior  included  42  recaptured  breeding

adults  (21  from each sex)  in Navarino  and 49  in Fray Jorge  (24  females  and 25  males).  The

effect of aggressiveness  or risk-taking on breeding dispersal behavior also  interacted with the
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population,  as  no  relationship  between these  personality traits  and  dispersal  was  detected  in

Navarino  (Table 3).  On the other hand, in FTay Jorge, aggressiveness and risk-taking behavior

only  predicted  breeding  dispersal  in  males  (Table  3),  as  dispersed  individuals  w6re  more

aggressive towards the male conspeciflc intruder (stuffed mount) than non-dispersers (Fig. 2b).

Discussion

P ersonality traits and enrvirorrmental variation

Inter-individual differences in personality traits are viewed as the result of a complex interaction

between an individual's genetic make-up and environmental conditions (Dingemanse and Wolf
\

2013),  having  variable  fitness  consequences  at  the  within-  and  between-populations  levels,

depending on the social and ecological context (Dingemanse and de Goede 2004; Dingemanse et

al.  2003).  Personality traits  can be  associated in a consistent fashion  across  populations  (e.g.,

positive correlation of exploration and aggressiveness regardless of the local conditions) if they

are more or less genetically restricted (`genetic constraint models'), but if the influence of the

selective environment is more important, within and between population associations might not

be necessarily identical (`adaptive divergence models' ; see Dingemanse and R5ale 2005). At the

risk of being too simplistic, our predictions anticipated that all traits assessed in this study were

positively  correlated  in  both  populations,  implicitly  assuming  either  (i)  a  genetic  constraint

and/or (ii) selective pressures favoring the same correlation of traits in both envirorments (see

Lande  1979,   1986).  Despite  we  did  not  assess  behavioral  correlations  and  repeatability  in

rayaditos, our results suggest that exploratory behavior, aggressiveness (number of aggressions

towards  conspecifics),  and  risk-taking  consistently  varied  across  distinct  populations  of this

passerine bird.
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Moreover,   we   evidenced  that  .these   behavioral  traits  predictably  varied   between  natural

populations occurring under contrasting ecological and social conditions ®rediction  1; but see

below  for  a  discussion  of population*sex  interactions).  Anyway,  conclusions  from  this  data

should be taken with precaution, as we did not directly test the presumable factors causing this

variation (i.e., landscape heterogeneity, population saturation, levels of stress).

Differences   between  Navarino   and   Fray   Jorge   may   not   be   necessarily   adaptive

(Dingemanse and R6ale 2005), but considering the local contexts in each locality, it is reasonable

to expect that the observed `profiles' of personality could be a result of selective forces causing

such variation. A more saturated, stressful, and probably more competitive environment such as

Fray   Jorge   could   impose   higher   ecological   and   social   pressures   on   certain  phenotypes,

particularly  fast-bold  individuals.  We  found  supporting  evidence  for this,  as  birds  from  Fray

Jorge  were  less  exploratory,  less  aggressive  and  shyer  than  individuals  from  Navarino.  For

instance, field-based experiments have shown that slow-exploring Great tits (Pcrras "cz/.or) are

better at coping with social defeat and can remain in highly competitive instances,  suggesting

that the benefits of exploratory behavior (e.g., higher foraging efficiency, consecution of high-

quality territories;  Dingemanse  and  de  Goede  2004;  van  Overveld  and  Matthysen  2010)  are

traded  off against an individual's  ability to  deal  with social  stress  (Dingemanse  et al.  2003).

Because exploration is in general positively correlated with aggressive behavior, this also means

that  aggressiveness tends  to  be negatively  associated with  sociability,  and hence,  that factors

affecting competitive and social abilities might act in opposite directions (Dingemanse and R6ale

2005; Groothuis and Carere 2004; R6ale et al. 2007).

The  lower  levels  of  exploratory  behavior  and  aggressiveness  in  Fray  Jorge  can  be

interpreted  as  a  population-specific  strategy  to  deal  with  high  population  density  and  more
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frequent social  interactions  (Chapter  1),  with higher levels  of stress  (see  Quirici  et al.  2014,

2016) being a physiological consequence (Cockrem et al.  2007).  But why birds in Fray Jorge

were shyer than in Navarino during predator presentation tests? How the local conditions in Fray

Jorge might also favor risk-aversion? Landscape heterogeneity caused by forest fi.agmentation

could  be  a  valid  answer  to  these  questions,  as  adult  mortality  (Horak  and  Lebreton  1998;

Matthysen et al.  1999)  and nest predation rates  (Chalfoun et al.  2002)  in several  forest birds

increase under these conditions. In fact, previous studies point to local fragmentation as a factor

negatively affecting rayaditos'  spatial movements  (Vergara et al.  2010)  and breeding  success

(Comelius 2008), and also increasing dispersal-related mortality in adults (Chapter 2). Although

levels  of nest  defense  as  assessed  here  (see  also  Hollander et  al.  2008)  could  not  only be  a

measure  of risk-taking,  but  also  a  proxy  of reproductive  investment  of breeding  rayaditos,

current evidence is consistent with the idea that risk-aversion is favored in a risky environlnent.

There were two interesting results that are difflcult to explain with information at hand,

but  should  be  briefly  considered  and  discussed.  First,  although  exploration  diversity  differed

between populations, exploration speed did not. While there are several potential reasons for this,

differences in repeatability between these measures of exploration is likely to be the cause (see

van   Dongen   et   al.   2010),   particularly   if  within-individual   variation   is   relatively   high

(Dingemanse and Dochtermann 2013).  Another study using the same measures of exploratory

behavior in the Rufous-collared Sparrow (Zo72ogivz.chz.cz ccrpe77Sz.s) showed complex variation at the

within-  and  between-population  levels,  but  concluded  that  exploration  diversity  is  a  reliable

indicator of true exploratory tendency of individuals in an unknown envirorment (van Dongen et

al.  2010).  Repeatability  studies  in  populations  of Rayadito  currently  being  carried  out  will

provide  insights  into this,  and will help  assessing how consistent personality traits  are within
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populations (Poblete et al., unpublished data).  Second, population*sex interactions, notably for

alarm activity during STls (see Fig.  1b), revealed that inteapopulation differences in behavioral

traits  were  not  entirely  consistent,  supporting the    `adaptive  divergence'  point  of view.  Sex-

differences  can occur between wild populations whenever fltness  consequences  of personality

differ in females and males, affecting the frequency of certain phenotypes in either sex as natural

or sexual selection pressures vary in space and/or time (Dingemanse and R6ale 2005). Althotigh

a  previous  study  already  showed  that  male  rayaditos  engage  more  in  physical  aggressions

towards a conspecific male intruder (Ippi et al. in press), as we also found, average non-physical

(alarm activity)  aggressions was reported to be similar between sexes,  contrary to  our results.

The fact that females  were more involved in alarm activity than males  in Fray Jorge results

puzzling  and  seems  counterintuitive  (see  Morton  and  Derrickson  1996),  but  this  apparently

`passive' strategy of males seems compensated with a markedly aggressive territorial defense, as

evidenced by the pronounced sex-differences in mean number of aggressions.

Breeding dispersal syndromes in Thorn-tailed Rayadito                                                                 `

Individual dispersal behavior, i.e., the probability of dispersal and/or dispersal distance, appears

to co-vary with exploration and sociality in several taxa, usually in interaction with population

density and levels of intraspecific competition (Cote and Clobert 2012; Duckworth 2012). As we

mentioned earlier,  studies have  focused on disentangling the relationship  between personality

traits and natal dispersal, even though personality is suspected to influence, at least partially, the

decisions of adult birds to leave a breeding territory ovalcu and Kempenaers 2008) or how far to

disperse  (Ost  et  al.  2011).  Our  results  showed  that  personality  traits  can  predict  fine-scale

breeding dispersal,  and that this relationship depends  on local conditions.  This means that the
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optimal  dispersal  strategy  of distinct behavioral phenotypes not  only  can affect an individual

propensity to engage in natal dispersal (Dingemanse et al. 2003), but also in breeding dispersal.

It is worth mentioning that our results and subsequent conclusions might be relevant to

birds that remated with their previous social partner, but not to individials under distinct pairing

status or social conditions.  Because mate loss through mortality or divorce is as an important

precursor  of  breeding  dispersal  in  birds   (e.g.,   Greenwood  and  Harvey   1982;   Valcu  and

Kempenaers  2008;  Ward  and  Weatherhead,  2005),  perfoming  analyses  with  individuals  of

differing  pairing  status  would  allow  accounting  for  this  potential  source  of variation.  For

instance,  dispersal of reunited pairs would likely result from a collective decision and mutual

influence, whereas widowed/divorced birds, although disperse on their own, could be `forced' to

do so after a negative experience (see Calabuig et al. 2008). The fact that fitness-related costs of

breeding dispersal are more ubiquitous among widowed rayaditos (Chapter 2) support the idea

that mate loss and/or breeding failure are more influential on adult decisions than other factors,

including   phenotype-mediated   propensity   to   disperse.   We   do   believe,   however,   that   if

personality-dependent dispersal does occur in any given population, it` will affect th6 probability

to disperse, even though it will not always lead to dispersal due to the multiple causes affecting

individual  decisions  (see  Cote et al.  2010).  Further studies  incorporating this aspect should be

essential in order to validate the results observed in this study.

The  absence  of  a  relationship  between  breeding  dispersal  and  behavioral  traits  in

Navarino  was  expected  ®rediction  2),  as  the  homogeneous  landscape  structure  and  the  less

crowded social environment in this site would not impose major restrictions to natal or breeding

dispersal (Chapter 1). In fact, breeding dispersal, although more limited than natal dispersal (as

`in many other birds; Clarke et al.1997; Greenwood and Harvey 1982), appears to be less costly
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there than in Fray Jorge, and has been proposed to reflect a non-adaptive process (sensu Payne

1991)   given  the   absence   of  differences   in  fitness   consequences   between   dispersers   and

philopatric  individuals  (Chapter  2).  If  a  relaxation  of  local  environmental  pressures  upon

dispersal too.k place in this population, this could have caused a gradual decoupling of dispersal

syndromes,  for bearing specialized phenotypic traits aiding to  overcome the costs of dispersal

Would have been no  longer profitable  for individuals  experiencing  such conditions  (Cote  and

Clobert 2012; Ronce and Clobert 2012). Supporting evidence of such a process was provided by

an elegant study comparing dispersal patterns  in populations  of common mole-rat (Crj{f)fo77e);Lr

feo#e7zfofcfs) inhabiting two contrasting environments (Spinks et al. 2000). In a sub-optimal (arid)

environment where  colony  attrition was  higher,  dispersers were  larger  and heavier than non-

dispersers,  but  in  a  more  optimal  (mesic)  habitat  without  social  constrain.ts  on  dispersal,

philopatric and dispersing individuals showed no molphological differentiation.

The historical dynamics of landscape configuration and environmental conditions in Fray

Jorge National Park can be the key factor to explain the apparent presence of breeding dispersal

syndromes  in  rayaditos.  The  relict  forest  in  Fray  Jorge,  once  widely  distributed,  be/cane

gradually isolated by the end of the Tertiary due to climatic changes, and was restricted to its

current distribution by the Quaternary (see Comelius et al. 2000, Kelt et al. 2016). This mean;

that the  Fray Jorge population has  been  evolving  in  an  isolated  and  increasingly  fragmented

environment, settling the conditions for the evolution of dispersal syndromes as a mechanism to

reduce  dispersal  costs  (Ronce  and  Clobert  2012).  Because  local  natal  and  breeding  dispersal

seem  unav6idable  in  Fray  Jorge  despite  the  fitness  consequences  (Chapter  1,  2),  more

exploratory habits (speed in the case of females and diversity in the case of males) could increase

an  individual's  probability  to  procure  teITitories  of relative  high  quality  after  dispersal  by
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acquiring knowledge about the distribution of key resources away from their natalforeeding area

(van  Overveld  and  Mathhysen  2010;  Yasukawa  1979).  The  levels  of aggression  were  only

correlated to dispersal propensity in males, which make sense given the higher costs of dispersal

for them compared to females in this population (Chapter 2). Higher levels of aggression could

confer both competitive advantages to dispersers when initially establishing a breeding territory

(Bonte  and  Saastamoinen  2012;  Yasukawa  1979),  and  subsequent  site-specific  advantages

related  with  social  dominance  during  intrasexual  ericounters  (see  Dingemanse  and  de. Goede

2004). As local habitat saturation and the frequency of social interactions increase through time,

so  would  dispersal  propensity  of  aggressive  males.  In  fact,  it  has  been  documented  that

aggressive,  and usually asocial,  individuals tend to  disperse when population densities  get too

high (Cote and Clobert 2012; Ronce and Clobert 2012). Finally, the fact that nest-defense was

not coupled with dispersal might be due to similarities in parental effort between dispersers and

non-dispersers  of  both  sexes,  or  could  indicate  that  risk-aversion  have  been  fixed  in  the

population, which is plausible given that female and male dispersal-induced mortality is similar

(see Chapter 2).

Conclusions

Docunenting the presence  and variation of dispersal  syndromes  is relevant to  understand the

ecological   and   social   mechanisms   affecting   dispersal,   and  ultimately,   the   trade-offs   and

constrains driving the evolution of distinct strategies within and across populations (Ronce and

Clobert  2012).  Here  we  showed  context-dependent  variation  in  personality  traits  and  their

relationship with local breeding dispersal between populations of the Thorn-tailed Rayadito with

documented  differences  in ecological  factors,  social  environment,  and  costs  of dispersal.  The
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similarities between our results  and those from the interpopulation comparison carried out by

Spinks (2000) support the idea that contrasting environments can generate predictable variation
\

in dispersal syndromes.

To our knowledge, this is the first study documenting an association between breeding dispersal

and personality.  Moreover,  we  evidenced that this  association was  not necessarily  systematic

along the distributional range of a species due to context-dependent and sex-specific differences

in the costs of dispersal. The observed patterns, particularly in Fray Jorge, suggest that dispersal

syndromes  are  more  likely to  occur when  dispersal  is  not restricted by  local  conditions  (see

Ronce and Clobert 2012). As stated before, the absence of a correlation between dispersal and

personality in Navarino could have resulted from a relaxation of ecological and social pressures.

It is also possible, however, that even in the presence of dispersal syndromes, these could only

affect natal dispersal decisions. More capture-mark-recapture data will help clarify this and will

allow assessing the relevance of personality on individual propensity to engage in both natal and

breeding dispersal.
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DISCUSION

En  la mayoria  de  especies  de  aves  estudiadas  a  la fecha,  la dispersi6n natal  es  mas

frecuente  que  la  dispersi6n  reproductiva  y  usualmente  involucra  movimientos  mas

extensos (Paradis et al.  1998). Ademas, en aves paseriformes socialmente mon6gamas,

quiza el grupo mas estudiado, la frecuencia de la dispersi6n y/o su extensi6n exhiben un

ligero sesgo positivo hacia las hembras (Greenwood y Harvey  1982, Clarke et al.1997,

Arlt y Pan 2008). Los patrones descritos para cada especie estudiada son con frecuencia

asumidos (implicitamente) como un rasgo  caracteristico de las mismas, pese a que las

descripciones disponibles se han basado solamente en rna poblaci6n y bajo un contexto

ambiental  iinico   (v6ase  revisi6n  en   Clarke   et  al.   1997).   Debido   a  la  escasez  de

comparaciones a nivel intra-especffico (v6ase Payne y Payne  1993 para rna excepci6n)

y a que el contexto ambiental de los  estudios realizados raramente se menciona (e.g.,

habitat continuo o fragmentado; alta o baja densidad poblacional), resulta dificil inferir

hasta  qu6  punto  el  anbiente  local  es  el  responsable  de  patrones  infrecuentes  o  que

parecen atipicos en relaci6n a la moda (Clarke et al. 1997). Por ejemplo, en algunas aves

se ha registrado  ausencia de  sesgos  sexuales  en la dispersi6n natal (e.g., Arcese  1989)

y/o reproductiva (e.g., Norment  1994),  o  incluso  se ha observado mayor filopatn'a en

hembras  adultas respecto  a los machos  (e.g., Payne y Payne  1993).  Mas inusual es la

posibilidad  que  la  dispersi6n  reproductiva  sea  mas  frecuente  o  mas  extensa  que  la
I.

dispersi6n natal, 1o que puede ocurrir si la oferta de oportunidades para la reproducci6n
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en un determinado ambiente es muy alta (Harts et al. 2016). Estos antecedentes apoyan

la relevancia de considerar la influencia del contexto ambiental en la conducta dispersiva

(Matthysen 2012) y la necesidad de intelpretar los patrones de dispersi6n en funci6n de

dicho contexto. Este trabajo muestra que al comparar la dispersion en dos poblaciones

de un ave que varian en factores ambientales relevantes, es posible observar patrones y

estrategias especificos que no necesariamente son generalizables para toda la especie. En

consecuencia,  es  importante  que  futuros  estudios  incorporen  mas  localidades  para

obtener  una  visi6n  mas   detallada  de  la  variaci6n  intra-especifica  en  la  conducta

dispersiva del rayadito en el anplio gradiente ambiental que experimenta a lo largo de

su distribuci6n geografica.

Los movimientos asociados a la dispersi6n en aves paseriformes no  suelen ser

superiores    a    1    kin   de    longitud   (Paradis    et   ,al.    1998),   pero    los   restringidos

desplazamientos observados en el rayadito son tipicos de aves especialistas de bosque,

los   cuales  pueden  ser  bastante   limitados   (50-600  in),  particularmente  en  habitats

heterog6neos  (Harris  y  Reed  2002).  Estas  observaciones  fueron  comunes  a  las  dos

poblaciones estudiadas, 1o que sugiere una habilidad limitada para desplazarse a trav6s

de  paisajes  fragmentados,  como  ya  lo  sugerian  estudios  previos  sobre  la  ecologia

espacial de esta especie en otras localidades de Chile (Vergara y Marquet 2007, Vergara

et al.  2010).  Otra caracteristica que podria generalizarse para la especie  es la limitada

extensi6n/ocurrencia de  eventos  de dispersi6n reproductiva e.n relaci6n a la dispersi6n

natal. La baja variabilidad en la dispersi6n reproductiva respecto a la dispersi6n natal es

esperable cuando la disponibilidad de oportunidade§ reproductivas (o la abundancia de

sitios de nidificaci6n) es baja (Harts et al. 2016), rna situaci6n comtin para nidificadores
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secundarios de cavidades, como el rayadito, para los cuales las cavidades constituyen un

recurso  limitante  (Newton  1998).  De  hecho,  observaciones  recientes  indican  que  la

competencia intra-especifica por cavidades no  serfa la iinica presi6n para el  rayadito,

puesto  que  las  interacciones  inter-especificas  con otros usuarios  de  cavidades pueden

resultar en agresiones fisicas y la mortalidad de los polluelos dentro del nido  (Botero-

Delgadillo et al. 2015).

La comparaci6n inter-poblacional de diversos rasgos y patrones relacionados con

la  dispersi6n  en  el  rayadito  revel6  que  la  variabilidad  intra-especffica  es  predecible,

dependiendo   de   cuin   contrastantes   sean  los   contextos   ambientales   evaluados.   La

limitada  evidencia  disponible  respecto  a  diferencias  entre  poblaciones  sugiere  que  la

variaci6n entre individuos respecto al fenotipo dispersivo puede acentuarse en ambientes

heterog6neos   (Matthysen  et  al.   1995,  Verhulst  et  al.   1997),   densamente  poblados

(Wheelwright y Mauck  1998,  Ward y Weatherhead 2005)  o  estresantes  (Spinks  et al.

2000), y que  dicha variaci6n podria involucrar varios rasgos  (Ronce y Clobert 2012).

Los resultados de este estudio no solo proporcionan evidencia a favor de esta hip6tesis,

sino  que  muestran  como  las  diferencias  en  el  fenotipo  individual  y  los  costos  y

beneficios asociados a la dispersi6n se interconectan con las presiones anbientales y los

patrones  observables en la naturaleza.   A continuaci6n se discute dicha relaci6n en el

contexto  propio  de  cada  uno  de  los  ambientes  contrastados  y  sus  posibles  causas  y

consecuencias.

En ambientes  con rna conflguraci6n del paisaje relativamente homog6nea, no

solo se espera un patr6n aleatorio en las di.stancias o direcciones de la dispersi6n natal

(Wotton et al.  1986), sino una ausencia de sesgos hacia cualquiera de los sexos (Winkler

166



et al. 2005), sobretodo en especies mon6gamas, debido a que la estructura del habitat no

limitaria el movimiento de los individuos (Weatherhead y Boak 1986). Es asf como los

movimientos  aparentemente  no  restringidos  del  rayadito  y  el patr6n  de  asentamiento

aleatorio  posterior  a  la  dispersi6n  natal  en  ambos  sexos  en  la  isla  Navarino  seria

explicado, al menos en parte, por la cobertura relativamente continua de bosques sub-

Antaticos  y  zonas  de  crecimiento  secundario  en  dicha  l`ocalidad  (Luebert  y  Pliscoff

2006,  Rozzi  y  Jim6nez  2014).  Adicionalmente,  1as  bajas  densidades  de  individuos

reproductivos  y  la  aparente  mayor  oferta  de  sitios  para  nidificar  sugerirfan  mayores

oportunidades   para   reproducirse   (Weatherhead. y   Boak,   1986),   facilitando   a   los

individuos   j6venes   el   establecimiento   de   su   primer   territorio   reproductivo   en

practicamente  cualquier  direcci6n,  tal  como  sugieren  los  patrones  de  asentamiento

observados (v6ase tanbi6n Winkler et al. 2005). Aunque los datos de captura-marcaje-

recaptura (CMR) usados para analizar la dispersi6n natal eran limitados en el caso de

esta poblaci6n, 1os analisis gen6ticos, basados en rna muestra 4-5 veces mayor, tambi6n

apuntaron a que  el  desplazamiento  de  los juveniles  dispersantes  no  es  distinto  de  un

patr6n aleatorio. Como sugieren los resultados, esta posible ausencia de restricciones y

sesgos  a  la  dispersi6n  natal  en  Navarino  estaria  relacionada  con  los  bajos  costos

asociados  a  la  dispersi6n  en  ambos  sexos.  Un  escenario  donde  no   se  evidencian

consecuencias negativas sobre la adecuaci6n biol6gica de los individuos (e.g., condici6n

fisica o 6xito reproductivo) podri'a haber relajado las presiones sociales y ecol6gicas que

afectan  la  dispersi6n,  por  lo  que  los  patrones  y  estrategias  encontrados  en Navarino

pudiesen reflejar un proceso no adaptativo (v6ase Payne  1991). Aunque esto requeriria

que dichas condiciones se mantuviesen durante varias generaciones (Clobert et al. 2012),

167



la  evidencia  filogeogfafica  indica  que  esto  es  plausible.  Primero,  el  recurrente  flujo

gen5tico   entre  Navarino   y  otras  poblaciones  revelan  que  las   condiciones  de  alta

conectividad en  el  sun de  Chile  se habn'an mantenido  desde  la conclusi6n del dltimo

maximo glacial (ca.10.000 afros; Gonzalez y Wink 2010). Segundo, modelos basados en

marcadores  mitocondriales  y  estimaciones  de  diversidad  gen6tica  muestran  que  la

poblaci6n de rayaditos atn se encuentra en etapa de expansi6n desde su llegada estimada

a Navarino (Yffiez 2013), siendo probable que dicha poblaci6n no haya estado expuesta

atin a Condiciones de saturaci6n y estr6s social.

La dispersi6n reproductiva en Navarino fue mas limitada y menos frecuente que

la dispersion natal, pero talnpoco pareci6 afectar el 5xito reproductivo y la mortalidad de

aquellos individuos que incurrian en ella. Es mas,  solo los machos viudos percibieron

mayor p6rdida de paternidad tras  abandonar  su territorio  reproductivo  anterior.  En el

caso  de  los  individuos  que  se  reunieron  con  su pareja  social  anterior,  1os  resultados

muestran que su desempefio durante la temporada reproductiva posterior a la dispersi6n

no se vio afectado, y que las decisiones relacionadas con abandonar su territorio no se

correlacionan  con ningtin  rasgo  conductual  individual.  La  ausencia  de  consecuencias

negativas y de rasgos  especializados  que redujeran los  eventuales  costos  de_ dispersar

(i.e., sindromes dispersivos) sugieren nuevamente que las presiones selectivas actuando

sobre la dispersi6n en Navarino  son bajas.  De hecho,  es esperable que las  diferencias

fenotipicas y en costosfoeneficios percibidos entre dispersantes y no  dispersantes sean

minimas en anbientes relativamente homog6neos y poblaciones no saturadas (Spinks et

al. 2000, Aragon et al. 2006).

168



Dados los bajos costos de la dispersi6n reproductiva en esta poblaci6n, es 16gico

cuestionarse por qu5 esta es mas restringida que la dispersi6n natal.  La respuesta mas

probable  se relacionaria con la informaci6n adquirida y la experiencia acumulada por

parte de los adultos reproductivos, ya que la fidelidad a un sitio conocido por parte de un

individuo puede incrementar su familiaridad con el area,  y por ende,  su conocimiento

respecto  a  la  distribuci6n  de  recursos  y  la  presencia  de  eventuales  competidores  y

depredadores (Greenwood y Harvey 1982, Bowler y Benton 2005). Es mas, dado que las

cavidades  para  nidificar  pueden  llegar  a  ser  un  factor  limitante  (v6ase  arriba),  1os

beneficios  de  permanecer  en  un territorio  reproductivo  para  los  individuos  o  parejas

podn'an sobrepasar las eventuales ventajas de buscar un nuevo sitio para nidificar (Clank

1994,  Harts  et  al.  2016),  es\pecialmente  despu6s  de  un  intento  reproductivo  exitoso

(estrategia de ` ganancia-permanencia, p6rdida-cambio.> sensu Switz!er 1995).

Los resultados mostraron un marcado  sesgo hacia las hembras en la dispersi6n

natal y rna contrastante estructuraci6n gen6tica local para cada sexo en la poblaci6n de

Fray Jorge,  acorde  con el patr6n esperado  en habitats heterog5neos  (Matthysen et al.

1995) y saturados (Wheelwright y Mauck 1998, Ward y Weatherhead 2005)., Cerca del

95%  de  todos  los juveniles  recapturados  se  encontraban  entre  los  2-3  afros  de  edad,

indicando  que tanto hembras como machos podrian estar retrasando  su primer intento

reproductivo debido a la escasa disponibilidad de territorios y/o parejas reproductivas en

esta  poblaci6n  saturada  (Potti  y  Montalvo  1991).  Las  hembras  dispersaron  mayores

distancias cuando la densidad de individuos reproductores en su area natal increment6,

asentindose con frecuencia en el primer territorio disponible, probablemente a causa de

la competencia con otras hembras por oportunidades para reproducirse. Aunque no  se
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detect6    evidencia   de.  un   mecanismo   para   evitar   la   endogamia,    el   patr6n   de

establecimiento  de  las  hembras  previo  a  su  primera  reproducci6n  es  probablemente

suficiente  para  disminuir  la  probabilidad  de  aparearse  entre  parientes  (v6ase  Arcese

1989,  Gibbs  y  Grant  1989).  Por  su parte,  las  distancias  de  dispersi6n  de  los  machos

fueron mucho menores, ya que estos establecieron sus territorios lo mas cerca posible a

su lugar natal, generando un patr6n local de aislamiento por distancia y agrupaciones de

individuos cercanamente emparentados  en los fragmentos  de bosque mas grandes. Un

menor  6xito  reproductivo  posterior  a  la  dispersi6n  solo  fue  evidente  en  los  machos,

implicando que los costos serian mayores para estos que para las hembras, 1o que a su

vez  coincide  con  el  sesgo  en  la  dispersi6n  natal  (v6ase  Matthysen  2012,  Starrfelt  y

Kokko 2012).  Los beneficios de la filopatria para los machos podrfan asociarse a una

mayor familiaridad con el area (Greenwood 1980, Greenwood y Harvey 1982) o incluso

a ventajas  sociales,  puesto  que  el mantenerse  cerca  del  sitio  natal  con un vecilidario

conformado por machos emparentados podria facilitar el establecimiento de un territorio

(e.g.,  Payne  y  Payne  1993),  posiblemente  poi los  menores  niveles  de  agresi6n  entre

parientes  (Brown  y  Brown  1993,  Ekman  y  Griesser  2002).  De  cualquier  modo,  los

resultados indicaron que la dispersi6n natal en los machos es frecuente, representando un

posible mecanismo para reducir la competencia entre parientes (v6ase Starrflet y Kokko

2012).

En   Fray   Jorge,   la   dispersi6n   reproductiva   implic6   un  menor   desempefio

reproductivo para las parejas y mayores tasas de mortalidad para individuos de ambos

sexos.  No  obstante,  1os  costos  reproductivos  a nivel  individual  solo  fueron  evidentes

para adultos  que perdieron su pareja social  anterior (i.e.,  viudos),  particularmente  los
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machos, lo que apoya que la dispersi6n tiene distintos efectos para cada sexo. Entre las

hembras que enviudaron, 1as dispersantes percibieron mayores beneficios reproductivos

que  las  no  dispersantes,  posiblemente  debido  a  su  mayor  habilidad  para  evaluar  li

calidad de territorios adyacentes (Pan 1995), dada su mayor conducta exploratoria. Otra

eventual  ventaja para  estas  aves  serfa  la  oportunidad  de  emparejarse  con  machos  de

mayor experiencia o calidad tras la desaparici6n de su pareja anterior (Payne y Payne

1993).  Los  machos  dispersantes  en  cambio,  independientemente  de  su  estatus  social

(viudo o reunido con su pareja anterior), experimentaron un descenso en la patemidad.

Estos costos podrian haber propiciado la aparici6n del sfndrome dispersivo observado,

ya que la conducta exploratoria y la agresividad de los dispersantes les  conferiria rna

mayor capacidad para rastrear territorios de calidad (van Overveld y Mathhysen 2010) y

mayores  ventajas  competitivas  para  establecerse  en  areas  ecol6gica  y  socialmente

desconocidas  (Yasukawa  1979,  Bonte  and  Saastamoinen  2012).  El  hecho  de  que  los

efectos de la dispersi6n reproductiva hayan sido detectados solamente en adultos viudos

indica   que   dispersar   seria  rna  respuesta  a  las   experiencias   negativas   durante   la

temporada   anterior,`  incluyendo   la   p6rdida   de   la   pareja   o   un   bajo   desempefio

reproductivo (Calabuig et al. 2008).

La dininica hist6rica del paisaje y las condiciones ambientales en Fray Jorge son

la  causa mss  probable  de  los  patrones  y  estrategias  dispersivas  en  esta poblaci6n de

rayadito. El bosque relicto, gradualmente mas fragmentado y aislado durante el periodo

Cuatemario  se  comporta  como  un  archipi61ago  oceinico,  con  poblaciones  de  aves

cerradas  y  rna  limitada  disponibilidad  de  habitat  (Comelius  2008).   Este  relativo

aislaniento  y la baja permeabilidad  de  la matriz  circundante,  dominada por matorral
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sub-xerofitico (Villagrin et al. 2004, del Val et al. 2006), no solo habria incrementado

los costos asociados con la dispersi6n natal y reproductiva, sino que habria favorecido la

diferenciaci6n en las estrategias 6ptimas para cada sexo. Esto es analogo a los patrones

de  dispersi6n  observados  en  la  Petroica  de  las  islas  Chathaln  (Petroz.ccz  frcziJersz.),  un

paseriforme  nidificador  secundario  de  cavidades  socialmente  mon6gamo,  el  cual  es

end6mico a Nueva Zelanda (Heather y Robinson 2005). Las poblaciones de esta especie

son  cerradas  y  estin restringidas  a  los  bosques  de  dichas  islas,  siendo  la  dispersi6n

sesgada  hacia  las  hembras  un mecanismo  para  evitar  la  endogamia,  y  a  la vez,  rna

posible consecuencia de los  altos  costos de la dispersi6n para los machos  (Paris  et al.

2016). Mas interesante atn, estos autores observaron que la dispersi6n reproductiva fue

mas  restringida  que  la  dispersi6n  natal  y  ocurri6  principalmente  en  individuos  que

perdieron a su pareja social anterior.

Tornados  en conjunto,  los resultados  de  este  estudio  indican que los  patrones,

estrategias y sindromes dispersivos pueden varia.r en funci6n del contexto ambiental y

no son caracteristicas necesarialnente compartidas entre las poblaciones de rna misma

especie (contrario a Montalvo y Potti 1992), e incluso entre sexos o clases etarias dentro

de  una  poblaci6n,  dado  que  las  interacciones  sociales  (e.g.,  %zPc5Zesz.s  c7e  c7o77€z.7?cr73cz.cz

socz.cz/ e fezpo'fesz.F c7e reffrz.ccz.o77eS focz.cr/es; Arcese  1989, Daniels y Walters 2000) y las

caracteristicas  del  ambiente local  (¢zZ76fesz.s cJe se/eccz.6# c7e/ ZerrJ.rorJ.a;  Payne y Payne

1993)  pueden afectarlos  diferencialmente.  En  el  caso  del  rayadito,  se  observ6  que  la

variaci6n  en  la  conducta  dispersiva  involucra  una  interacci6n  entre  las  condiciones

ecol6gicas,  1a  estructura  del  paisaje,  1a  densidad  poblacional,   1a  disponibilidad  de

oportunidades  para  la reproducci6n y  el  fenotipo  individual.  Otros  estudios  deberian
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evaluar la magnitud o  efecto  de cada uno  de estos factores,  con el fin de inferir si su

relevancia tambi6n es dependiente del ambiente.

Este  trabajo  apoya  la  importancia  de  explicitar  el  contexto  ambiental  en  la

descripci6n de la conducta dispersiva y propone que al igual que otros rasgos de historia

de vida, 1os patrones, estrategias y sindromes de dispersi6n de una especie o grupo de

especies no deben ser asumidos como "tfpicos" en tanto no se evahien sus potenciales
\

variaciones en poblaciones expuestas a condiciones contrastantes. Los resultados de este

estudio y otros  citados  aqui podian sugerir que,  de no variar ningiin otro factor (i.e.,

raz6n de sexos, mortalidad sexo-especifica,  entre otros),  el  ampliamente docunientado

sesgo hacia las hembras en aves paseriformes podria ser el patr6n dominante en areas

donde la transformaci6n y fragmentaci6n de su habitat ha tenido lugar. Por el c6ntrario,

un sesgo leve o la ausencia de este seria un indicador de una mayor conectividad en el

paisaje  y/o  de  menores  presiones  demograflcas,  y  por  tanto,  de  poblaciones  memos

expuestas a factores de estr6s anbiental y bajos niveles de competencia intra-especffica.
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Nest-site ,availability is`a key lirniing, factor in
•bird` populatious,  especi.ally  for secondary  cavit,y

nesters, which cannot excayate their 'own cav'ities
and  therefore  lnust  r'ely  on `.exi§tipg  hole..s  pro-
du6e4 try  Other bilqs,  in§eQts, `br..de6dy  QTewtbn

1994,  1998).. Circ.[}mstaptial .eviid.en`ce  shgw's  that
bird  deusfty  often  'eorrelates  with  +ariati.ous` in
nest-site: `availability  {van  Balen  19`8`2`;  Rapllael
•.and White  1984, ,Zamowitz. and Manuwal  1985,

Snyder   et   .al.  .19,87)';.  Finrtherm,ore,   there   are
•Eepr:|ua:o'efp::::sn;::i:::tvalq|;Fnoin;trS?:Eiy[

breeding `deusities`,and/or qe .proportion of adults
able to breed `{see table 8.2.in Newton i.9J98).

Given their dependence on previously` `eristing
holes,   se.condary   cavity  <nesters   compete,  for
nesting  sites,  and  these  competitive  interactions
..riot only OCQUF.among.copspecific individuals, but
.,quso, 'be.tu!,ten  diffe..fe'nt  Spe,'9i,gs> (S`1ngsvqld   1..978,'hffinot   apd  ,Perrfus  .1986,   Gustafs§'ori   I.988).

hte'rsp eciric competition for'nest-sit;s commonly
•occurs  as pre-emptive, competition,  e.g.,  when a

bird occupies a hole 'for nesting  and temporally
removes that cavity  from the  available.resources
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for:o,ther individuals: ¢c7zSz£  Go[elh 2008).  It .can
«atso  Q.ccur, through iud.erfere.nc^e, .which .implies +a
dirfect`   s¢Qia|...d.rL  pliyScal `9t6ractioq'. ` betweexp
•g'orpp:etifo`rs   qu§rila'  Jaad  `Wigg~ing.   1995)..   Pie-

iemptive ,comp'edion ri perhaps the most co.mmon
•interaction  among  breeding  birds  but  the  least

:::¥t::toendh(ieebe¥ne¥6°cnunte9n9t:,L#toeurffr:npecs:

¥oE:?03'L:Eftri££€Ee;=O:e=s]g8do,P£¥£Ceii
an.d` Robertson  19`91,},,  and  as  lethal  aggression
among  adult .birds .(Meriha  and 'W,!ggins   1995).
Although  ?gg  mortalfty  `is  `commori!y  observed
dngjn'gi  rae.sit  urfuxpatign . (Rendell   arid.  Ray.eft§`o,ri
1991');.pest|ing>mortalfty.h`as,rar~efybechobserve:d

•`tryriig .observational  studies j.o'r. 1chg`=tem mo.ri`
toring'studies` ofnest'bores,¢ut`see Gowaty 198`4,
Belles-Isles and Pioman I.9`86). Here, we describe
`a case of` nestliiig: nioriality``riesumably. caused ky,
:in`}`erfe'r`Esfe.. e'Ohip,etiti:Qn` betty`ech\  tty,a . s.ee o^pd.a;y
:ca.vity;  'ri6ster§   qiap   inhabit   the   Sub-Antalc.tic
forests:..of I s outhem diile`^

During November 201,3`?.r;as`<part;.`of, a long-term
•sthdy of the, breeding :biology`.of',the, Thomjtailed
RayiditQ  (Apferus¢«;ri Fpfr#.6¢zrfe). at Isla;tyavar-
'ino ,(5,5.°' 5.6''.§`,` 67°`L39`  W`;  se9`: Ippi  ?t  aJ.  2q.1.'9.i

•Q[+iri,e,i {`at  Tal.:  ',20'14),i  .]ofated  in`  th.e  Mag'alhies

land, Chilean chtarctic  Region`,  we. 61]s`erved twd
Cffilean  Swa`1lows `(`Tacrtycj'.ncf& ureyer.I)`  entering
lan Qcoupi`ed nest b`ox and.`'attacting a  1'3`-any-old

:pe§tlfi?g  fey:adio.  A  jSir  Qf ':breedin.g   ray`i`ditQ§
hiii~giv.O?cupiedthe,nes`t`boxpp~60c.tgb.¥.2Q|.3,
€and 'Iiv-e  e.ggs jwer; 1'ria`<i].etween  lb-'18  0ctober'.

All  eggs  liatche`d loll  8 Nove.mber' J20l`y3i ,`and  all
nestlings``'were  alive  on `a  subsequent :inspechon
4 days ,after liatching.`Oqu ,21 Noveml]er,2013, we
ch'egked` tF? nest i:6x a order. i.b  c'agivr£, vinatk

-o#cEeca£T:sbpn±borfe=T:oamqtuo`i:#1tlo::I-.i3g:
Moreno et .al. .`2005.). Before reaching the nest<box
location   on i.ffiisi  d`ale,   we   repeatedly   heard   a
squeaking  nestling ,and.1o`udr`knocke  within  the
bck; `ari`d.,shortly  aftgi. a §vyallovy  flew`tout. bf the
bgx'`apa join`ea`'.alotl}e`r individual that w`as flying
nearby.The`.adu.1t`rayaditos'.camedc`1Qseto.the'nest
boxand emitted ,alarm`.calls and loud trills during
1'1`. mins,. while.the swallows remaine.d closet to the
ne`sf-'si.t8T,a :flying   ar,OLmd,  and  .calling  yiSsi§t`ently'.

This'tieliavi.dybS't.he;Swiauow'scoli.tipue'4.for'moie

'1¥::;;]nt£T;heb¥£iot::`::::S!j?orsine€uri;gt::
•conepecifi.c§,   alto,w`ing   them   t`o   displace  the

breeding adults from their pest-site..for.more^.than

:ro¥sw=as:;::::n:e=avi*::s:sTe;iayyag::`
swlallo`w eptdr.ed the Lbox. 'tyqulp t,h.i othp,r`rengiped
c.alling`  jri   fljgpt   nearby^   A,lthoug`h   tt'r`e.e.dips
rayaditos   are  usually   very`   aggressive   towards

b;±Pg::in:ha:]a¥¥rta±s;S;:±yr:¥P::;tfy]ttg2do°i:k2e=ffl3i:

and  faint  alarm  caps. .This .type .of  `submissiori'
b.ehavi'or   lias  I.never   been   rep\orted  iri  'simii`ar
c.ontexts,  and its .potendal' c.auses are diffi`cdl.t. to
explain.

when  we  interrupted the` interaction `90. mins.
after.Our ariiv.al..in~order tQ ch`ebk.the.h.esLt box and

b`atd th.e ,ad.ults and t.h.e chic.ng\s, giv?`foind` Only bne
nesthiig  in,sid:.   T|i8,re   wert:`  :ng   si;gns  of|hb
remaining.   cricks. .rie`  nestling-  showed  recent
signs of trauma.fro .the crown' and eyes,> a broken
w.ing., and a,leg i'Irmobilizedl]y. the nest' fibers that'
`were tan'gle,a alouiid it, Whop alte`rnpting to `in,ark
'op'6 oftha ad`ult rdyaditd's wlith``,a;nest bo:x tfap, wig

incidentally  ,.captured  botii  swallows5  whieh  did
not come back to 'the `box during  the rest, of.:fhB`.
afternoon,   B`oth   swallows'  were,.., identified   as
adults,  1igiving   fufty   ossifi`ed `skulls,  and   flight`
feathers  with  a .chajie' ty.pipal  ft}r .adults : Q`f. oql.er

::::°':oSpce]Ce£:S(S[?genp]oe£]£:::ai¥g:1::Bnhd#:::`
differences in. the measurements` o.f-their external
rectricres`apd,primaries.]edus,to.co.ngid`er.,thatLthe,
swallqwsi  dyu]d   be  a. :breeding  pair  :(s'??  .Py,|e
^] 9,97). Tli.e n?stiing`rayedito was  foiqud dead, .the
next  mdring,: btit.ineither :the  rayadiros  nor th.e`
swanows. occupied the vacant .bo.x during the rest
of the breeding season.

Although we camo[. determine whaLcaused the
di`sappealince  of the c>`ther }iestntes,  tlie. aggresr
sion .towards+`the:  6prck r.emaining, in`siwhdS the nes`t
box by the sw.aliowis.,§ug'g'ests that.competition for
nesting-sites  may  have. instigated this` event., We
have no evidence: tor rule. out altemative explana-
tions  for the  obs`erve,d behavior, +but  cQrnpefition
•for  ¢th?r .res6rurcE§  (p;g.,  f`o.od)  i§  less  prot!al]1e
`given th? differences in habitat use` p#tems  and

feeding hal>its between the two species  azemsen
2003',  Timer :2004').  The` fact that  the ,nest box
remained,umised after the eIvent se.ems counterin-
tuitiye if chlhp.etition vy.as i.he Cause,  but infantir
{pi¢F  a§ :a. be`st-`des'txpying `t)'chatrior  c'gu|d  .a5t  `t.p.

redute interference from competing birds„ even if
such aggressious  are n'ot  followe`d. .1]y. a  ne-sting
attempt  t}y  the. aggressors  -@ellesLlsles  and I'ic-
man1,98.6,Botero:Delgadill6.and,PSez2011.)`.The,
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event`  cc}`uld  have  been  motivated. by  tem`torial
defense `in the snyal]o,ws,  sine,e repr.oduchive, pairs,
exhibiting,. sulp.er-teritQri.edify ,qflep ;d.efend  unQcr

.chpie.a   ca'vit'i^§'>s:. <(Verfue.r   `|9.77),`   a'hd   such   a.
I?ghayio.I  has  be.ed  re`pgrt?-d  i.p  ia  gopgeqer  (I:
Z}jcoJzir;. `Leffela~ar.`and ¢Robertson  1:985).. .

Our   observatious' 'suppori   th.e`  notion'   that
competitibn `amon.g ,secondary. `cavity.' nesters  for

::::Si'::ifiGboe;fi;';C:g(£:#e:L{g°anrfud.`2£:i%
1`995).`.Interspecific cQnflitcts.`liave been chserved
in,:1ongjtem\nest`bo¥,moritorin.g,t]etweendl'asety.
related  aj.6hfl  1977`,,` Gowaty <19`84)  and di`stant`ly
related   ;pecies.   aie`nden  ,apd  :Roberts,9`h   199.1,.
iRob.illgivd,  .et  al.  20|3).. h  Ngrth.  Am6rifa  and
Err-Qpe,s,tyallo,ws..'Q:amily`Hirundipi`'dng):ale.ofteYp:
^riivo]¥e4. `jn  usuxpati'on  or.  agonistig  eric\o'unters.

vyit`q'  P.die`r , .pass,erinQ.  tjirqs`i  :freqpqutly  `tLsing   a:

:=bbfg-9ine#v¥:£d°ur.als±r§t:.g;.s:fi]alerye£:;:::e(;i=r
spe`ci.es' .Crawn   19-9`0\,   riended   and  Robertson
1991, `N`6wton. 1.9`9`8):  Alinough  demonstrating`` a'
demographic  effect` -be`tween  corngetit'ors` `is. the,
rnQst.61ear-out evidence for, compe.utibn. QTe.wton
1'9.98.),  this  is   diffi`cult.  to  .dete6t  and  has  been
rarely  found., Negative  individual  effects whicli`
imply  '.that  breeding  success   or  survival`  of  an
individtravl'has b?en apiripromised are m'Qra easilyr
fp\Lihd.   and   r`el,iabl?   `iHdi6`ators   of  'cQmpe{if`iori.

Oremop   .1998)..   Mp`§`t.  §upp,orting  .eyi.a.efic.ei  of'
int.?r§P.eQifLc,co.appetiti`onb`yinterf`erence`i§based
ori  in.aivigivai   eife:ct.s,.  an.d \th9 .:degree.  t6  `vylrich.
these  e`ffects. emend toJ,a^population` still requjies'fther study.

The,f`reque.ncy.`andlevelOfaggressionbetween
compBtitors are'related. to: the degree of synchiony`
in  their  breeding,  phenologies  '(Slagsvold  1978,i
Gowaty  1.98,`1). `Th6. I)opulati`Qp  df ,Q]i|'ean.\ Swat--
1o,vy`§  'at: |§1a  Na^varino  is  cQmpo.§e`d ,of. migrapts`

=a:jlre+ec`g`£`c¥dine§¥:faAIishT:`]r]asttTrraffap:ftht:t
breeding``scason of Tho`m-tailed Rayaditos  givem7`
sen2003`,.Tuner,20.04}|.Atthis,tineofyear;most
c`avitiEs  are 'already  occupie,d  l]y  rayaditos `and.
o'ther cavity-nes±ers. Therefores  a late staff t`o the
bre.6.din8``§e as`qu Of`rayaditos`. or all eaj.ly. ariv`al rty
say.g|!9.vy,s  ,a't'3  .Isla   Na-trhrin6`   .?o,Tild<   ibis,r3,£`§g   `the

::;be:?]gkfcs°#i::ti!::]Sdfi::i¥:i:iesth:r`r::£:.
ti'onship between the breeding .csynchrony among
cavity hesters and the prevalence of nest .usixpin.g,,
dy'swallo,ws<i`n.sub-Antaroti:c.forest`s.
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ABSTRACT
Nest  morphology  can  affect. the  breeding  success  of  birds.  Thus,  birds  inhabiting  different  environments  may

::!ter'aer:i:tediv:::.en#':ects'c°rrb:°rj:teesrtpsot#a:jroenandqffce:emnE:§'tjj:n::::':rscui;:e'cnt[::`ra:£eocifi;C#:ii:£#:CdvaR';ayt::ft|:
ulphrasfwi sp/'n/.cauda) ih 2 contrasting environthents near the species' distribution lirriits: a`teinpe-rate arid very humid
environment  in  north-central  Chile  (the  forest relicts  of Fray Jorge  National  Park 30°38'S,  71°4o'W)  and  a  cold  and
windy sub-Antarctic environment in the south of chile (lsla Navarino; 55°4'Sf 67°40'W). We collected a total of 62 nests
from  Fray Jorge  and  61  riests  from  Navarino  in  20]3  and  2014,  measured  their  dimensions,  and  quantified  their
constitu[ive  materia.Is. We lested the  nests` thermal  prgper[ies  (simulating  heat loss  by  convection  and  conduction)
and  hygroscopic features  (water absorption and water  loss capacity) and  used general  llnear models to  (1)  compai.e
these  properties  between  populat`ions  and  (2)  test for a  relationship  between  nest  morphology and function,  Nests
from  the northern  population  exhibited  lower rates of heat loss by convection because they were larger and  had a
lower ratio of surface ai.ea tQ volume; these nests also absorbed less water, pirobably because of their greater content
of plant-derived materials. In the southern population, nests were more compact and better insulated with feathers
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buildir`g beh`avior of these population§.1T`erefore, Thor,n-tailed Rayaditos may be using site-specific strategies tg cope
with  the local `climate in  contrasting  environments.
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Variaci6n inter-poblacional en  la arquitectura de nidos sugiere diferentes estrategias para lidiar con la
p6rdida de calor y la humedad en Lin aye nidlficadora de cavidades

FtESUMEN
La  morfologl'a  de[  nido  puede  arecLar  el  6xifo  reproduc(ivo  de  las  aves.  Par  ende,  especies  que  habitan  distintos
ambientes  podri.an  experimentar  presiones  selectivas divergentes  sabre  la  estructura  y  composici6n  del  nide  que
resultai.I'a en diferencias intra-especl.ficas. Describimos Jas variaciones `inter-poblacionales en arqLlitectura  de nidos del
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ambiente sub-antar[ico frl.o y veiitoso en el.sur de Chile (lsla Navarino;.55°4'S, 67°40fw). Colectamos 62 nidos en Fray
Jorge  y  61   nidos  en  Navarino  durante  2013  y  2014,  midiendo  sus  dimensiones  y  cuantificando  sus  materiales
constituyentes« Determinamos sus propiedades termicas (simulando la perdida de calor por convecci6n y conclucci6n)
e  higrosc6picas  (absorci6n  de  agiia  y  tiempo  de  secado),  y  media'nte  modelos   lineales  generales  buscamos  (i)
contrastar  dichas  caracteristicas  entre  hidos  de  ambas  poblaciones  y  (ii)  determinar  ra  relaci6n  funcional  entre  la
morfologfa y ras  propiedades  t6rmicasthigrosc6picas de  los  nidos.  Los  nidos  del  norte  exhibieron  menores  tasas de'p6rdida de ca'lor por convecci6nidebido a su mayor tamafio y,su manor relaci6`n area super.ficial-volumen, absorbiendo
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po`blacig.nes.  Par  ende',  lQs. rayaditos  podrran  §star  usando  e5trategias  esI}ecffiGas  para` lidlari con.  el  c[ima  local  en
amblentes contrastantes.

Pa/abra5 c/aye..~j4phra5£ura.5p}.n/.cauda, Chile; composicr6n  de  nidos, diferencias  intra{speci'ficas,  estructura  de
nidos,. F`urnariidae

lNTRODUCTION

ivest structure and `composition play g pivotal role i'n. the
breeding eycla  of.birds  (a)luis  ?.n`d Collias  1984, Hansell
20oo).  Therefore,  nests Are  predicted  t'o. vary adiptively:'jn.
respcinse to contl'asting ecologival pressuris associated,with
breeding in `distinct.environments (Gollias andcollias 1964,
Barber  2013,  Malnwaring'  et  al  20i4).  The  desigri  and
cqnstitutivegivaterials;.of`anestc3ninfluencep*ledatiQn.risk
•fg[bot.hadultsandnestlings:.(KrelsingerandAlbrecht2008,.
'Mdyeret]al,2009,Baleyetal2015),the`tiningof'eggJavin.g
`(0'Cormor, Y1'978),  the .energetic  costs  of  incihation  and

broc!dingi (Drent  1975.  Lombardo  et aL  `1`995.,  Reid  et  al
2000,  Vindsor` /et  'al.   2013),   nestling'  thermoregulatioa
(Moner  ^1991,   MeGowhn   et  al.   2004,  Mainwar,ing  and
Hartley 2008), ,and the risks of`hypothermia..dhd type.rdidr*
min «{Merteus  197.7a,  ,1'977b).   Given  that  Spatio`tenipond
~variation of environmental factors at< the time. of reproduc..
tiori is  ubiquitous,  birds  occupying  different habitats will
Often.  lckperiehce  co.ntrastryg :c`haqenges  a.urihg  nest  ton-
struction, stlch as availabhily 9£ building^rmterials, bred?,-
tion pressure, and local cnmatic regime `(I~husell.2cO 0). The
relati`ouship between nest, morpholggy and en`fronmeutal
variinon  has  been  dectimented  in  several  spedes. `ForJ
exariple,birds'neststend'to.beJar`gerin_dbetterinsulated
in C-older. 6'nvi.roinents (Horvath 1.964, Cdllias land C6lliqs
.1971, Heenan€t al. 2015). Although`intraspedfic. differences
in nest architecture.are..also expected to follow this pattern,
•pul>Jished works  testing this ,remain rdatively scarce  (e.g.,

Sch.9efef 19762  1980, Ken 1984, .Brisk[e 1995, 'Roha€.r and
.Law 2010,  Cr6ssnin .et al,  2011,  Malhwhr`ing,- et .al.  20`12,
R'ohwer>et.,al.;2015).

Studies  on  intraspedific  differences  in  nest  morphology
have Shown that the nest properdes  of heat  retendon and
•'watellossqipacfty,which.arededermipedby±hg`€omposition
`9£ nest rtyterfu!s; ntay`diffdr according:.to climatic coriditio.ns
L(Malriquring et al 201'4). Tar instanc£, pbpuha:tio.us ,brpedin'g

F#g,id¥gn£:::tsin!i=rmpei!:=:n:R#ig[nisti'fa£:
il.`2011),oradding,mprefeathersan`d/oi,hai}s.a§`cup-lining`
riaterial   (Mf7ller  1984,   Mainwaiing  et  al   2012).   Nest
structtire ,.can .also  differ  because  of focal .predpitation  and`

;gf!e:F=T:ttsbfR,:g::CfanrsdT¥?by;T:?!rfTgkanf
finarngs,btherStudieshaveshownthat1]dmvioraltraits.other`thanneststmctuemayrespondtoclinato.regives!egrnest

location:  Ken  1984,  Ken   et  al   1993).  suggesting  `that
•variation .in  nesting  habits  can  be, species  spedfic  or  even

context  depend'ent. Further. research is thus required for a
better.understandingof`geographic,variati.oninneststructne.
within si>edtis an.a its causal rdatiodslrip iuth envlro  mental
•factors. Unfortunately, inforfuatioh isL still scarce and biased

toward' species  from the Northern I-lemisphere (see Main-
raring  ct  al.  2014).  IIere,  we. address  this  data  gap  by
desqri2iie intexpopulation ,`differences in pest ap`hitecture of
the  Them-tailed   Rayaditq.   (Aj)/f/#s&fne   api.#!.ca!fd&),   ?I
secohdrty  cavity-nesting  bird  that  inhabits  the  tempera'te
forests of southern South America.

The  Thorn-tailed  hayadito  is  a  sman,   insectivorous
furmrlid  that  breeds   from  tat.e   S`epteprl)er  tq'  ?arly
Febru?fy- along  an  extensive  b'titudina|  gradient  (abo,ut
30-55°§) in Chile and Argentina (Hellmdyr 1932, Relusen
•2003). We have studied |]opulations located at the species'
latitudinal range limits for 8 consecutive year in order to
compare breeding `and b?hav!oral paperns  in cqntristing
enviroquents  (e.g:,  Ippi  et. al.  2011,. 20l'3i  Quir,id  ct. al.
2Q14).  Because  b-ehavioral  traits  may  divefge  at  specie';I
range liinits (e.g., King et al. 1964, nduul 1974, Rohwer et
al.  2015),  comparing  geographically  distant  populations
providesinsight`intohowpopu!givous\ofwide|ydistributed
speeles hay.`adapt tor not) tro distinct ecological cdnditione
(Main.Waring-   et  'al.  2014).   By  coinparin8-. .th.e   nests   of
Thorn-tafled  Rayaditos  in  2'  populatious  located ,at the
northern  and  southern  limits  'of`  its  distribution,  the
present   study  aimed  toi  (1,).  quantify   differenc'es   in

tip:ug:e::°=:§jetii°:i:ngtfse[¥e-rihvl¥::S::::C:P:°apS;
determine  wl`ether  any  such>  differences   are  `correlated
withlocalclimaticconditious.Comparisonswerebasedon
inests  ;from  2  breeding  seasons  at  the   northern.  and
southdrn range/ Jim.its. Fray Torge, Natibngl Park (hereafte,I
`Fray. Tortye';  30`.63°S',. 71.66°W)  in  the Coqtrimbo  Regiori

and lsla Navarino (hereafter `Nayarino?; 55.o6°S; 67.,66°W)
in. tl`e Magallanes and Chilean Ah`tarctic Region (Figure.1).

ref:i:raoyf.to:i:vi::ptT:H;:;at:I:£o::s;fotg:h£€¥^^#
etai2014.Kelte:ti.al.2016).Despitebeingimmersed`,ih'ai
•matrix .of s.ub-xEr+ophysi6 .matoml (i.e: ,a senilarid steppe;

see.Luebert and PliscQff 2006), these remnants are located
t:jerc::[S{¥term;an¥grtan¥{b±:2ao;;e,¥e,t;aT-:taal?d;acoa6°):

with .ii  temperature rgivge  bf 6.-20°C  durin`g the  specie§'
breeding season (source:.'icEAZA; see below). By contrast,
the Navarino .populauon breeds  in .sub-Antarctic, forests
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FIGURE  1. (.A)  Study  populatlons of Thorn-talled. Rayadltos  ln  the  northern  (Fray Jorge  National  Park)  and southern (lsla Navarlrio)
Ilmlts  of the  5pecles'  dlstributlonal  range  ln  Chlle.  Meteorological  varlables  that  dlffered  between  localltles  during  the  breedlng
Season  Included  (8)  mean  temperature; (C)  wind  speed,  and  (D)  relative  hlimidity.

which are less humid and are expo`sed to  stronger wi.nds
and lower  temperatures  (range:  -2  to  15°C;  http://www.
meteochile.goc.cl/).   Given   described   pattqu:\s   o£  local,
adaptation of nest. morphology in  birds (seei Moller 1984,
dyfainwaring   et   al.   2014),   we   expected   (I)   that  ncs[,
s tructure an'd composition would.vary predictably between
the 2 populations,i with nests from Navarino being langcr
an'd  gontQining. more ihsulating  materi`al;  (2)  that  differ-
ences in  nest  architecture bct`^reen populations would be
consist?nt during different breeding seisori`s;  (3)  that nest
therfual-hygroscopic   properties   would   differ   betweeri
localities  and  refle`c[  distinct  strategies tfor.  coping  with
the .local cl!.mate, with  nests  from the  wet:tor and warmer
Fray.Jorge absorbing less water and dr)ring faster, and hosts
from the colder and windier .Navarino retaining heat more
efficiently; and (4) that:.variation in nest al.chjtecture would
be  rfunctionall`y  [elatcd   to   variation   in   their   thermal-
hygroscopic properties.

METHODS

Nest Collection
Nests  of Thorn-tailcd  Rayaditos  were  collected  after  the
breeding seaspris ,of.2013 and 2014 from nest boxes iustallcd
in the 2 studypopulations (Figure 1). We collected a total o£
62 nests from Fray Jorge and 61 nests from Navarino from
which.  .we   documented   successful   fledging.   Nests   w.erg
removed from nest boxes and collected during the `month
following the end of the breeding §eason``in each year. Nests
were measured,  imm`ediately placed ln sealed plastic bngs,
and then transported to Universidad de Chile, where they
were   kept  at  ~20°C   (see   Britt   and   Deeming   2011,
`Malnwaring et al. 201.2).

Ivleteorological  Data
We obtained meteorological data for both localities from
the  Me[eorolog!cal  Station  Network  of  the  Centro   de
Estudios   Avanzad`os   en  Zones   Aridas   (CEAZA,   2012;

The Auk: Omithological Advances  134:000-000,  © 2017 American  Omlthologlcal Society
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`4     lnterpopulation differences in nest architecture-

http://i+rwt`r.ceaza.c-I)  and the Online  Meteorolqgieal  StaL
tiQns. da`tabase  of the  Direccl6n  Metcorol6gica  de  Chile
.(http://wrmr.meteochile.gob.d). Meteorological stations at
the r2 stud.y sites were  <2.00 in away  from the nest-box'
plots.Gi`tenthee'xtentofTho`m-tailed.Rayadit.9§,'breeding
sea'son,   we  do|whldaded  raw  daily  data   for`  October-
'Jannary  in  each  year  We.then  estinated  and  compared'

::edTe::#ha=afej`(:=sEl:i,t.emperature,windspeed,

Nest Architecture
our:`;`tudyofnestafchitectufeifivblved(I)`achrahtification
-.Of` nest  stnlctLLre  based .on  external :and .internal  dinen~

sions' and  (a)` a. q.unntitadve description.of nest composi-
tion and the relative importance of constitutive.materials.
life took 6 diiferept structural ineaptire.ments: nest' length,.
ndst,`width,` ne.st depth (i.'e.  from top  of nest tb botto`m`'of\
bc-xp inJeach of its. ¢ sides, inner cub diameters (riaririum
and minimum), inner cup depth, and nest dry.weight. The
first 5 Ineastnements .were made immediatdy before nede
couectlon,  using  digital  cali|>ers  (±0.01, mm).  Although
there Wit no .`7aliatidn.`in nest. length .?hd width because of
the standardized,size of` all nest boxes frorfu.both localities'

(32 X  18: X 15. cm), riese dineusious were require.d ,for.
•additional'measures{seebelow).Nests'were.we[ghedtwice
:in   the   !al;oratory  `using  a   high-precision   digital   scale

(±0.Pl  g)`  The  first  measurement  was  .apndr.cted  .after
dryingnests`in'a,Iieaftyg-dritingov,enfo±60hiat7Q°Cand
before,  performing  th~e  thendal-hygro.scopic  tests.  (see
bdow). Nests were ledried (under.equal conditions.) after
these,  t'ests,   and   then   weighed  for   the   subsequen.t
compositio'nal'.andysis.  Because  nests  tbLpd.  potentially
lose  some, in.ate.rial dtiring thermal-hygroscopic. tests; '.wi
used the first in.eis.prement of weight fQr'.d?sc`riptrye and
compiiative  p.ufposes  arid. the  se.cond  {o  estimate  th.e
relative,, ,contrlbrition  <of  nest   layers  .and   constitutive
materrfus.

W±  lrsed  th'e  extepr`al .and, internal  measurements  to.
:qal6Leatethe:,estimatednestcupvol..Lgiveindt'he.estimated
total nest volume. Assuinjng,that the nest cup was one-half

;ia3; ;::P£{cdj:[ ¥%?I:r: 1994L nest cup volume

nestcupvoiume_[(€).!x`(nr2rty|
2

whete .hfr  i's` the  largest la.dius  df the  to.p'  of the  nest  qup

g:ro[di=etwere/2c)alacnft€£Sfu££e£:hvo££re#tfg
Loinbardei 199`4, .MCGowan et al 2004):

totalnest.vol`ine.=:(lx.rij'x..d)-ridstcnp.,voluri-e\

where /;, tv, and d. correspond to  nest lengtl`, width,  and
depth,, respectively.

E.  BotercrDelgadlllo,  N..Orellana,  D. Serranoj et al.

thew=£::a;C:::o;cm^::S&!°nNales:snal;::3eafie;-dp;edrfo£#ng
qscemible layers (se;ts# Hinsell 2000): the structliral layer
(i:e.  the  base)   and  tlie  `internal  lining.   Each   part  was
weighed tg calculateits relative Contribution tg total nest
vyeightandthenwasseparatea'intoitscous`ti"eutbuilding
inaterials (Mainivaring an.d Hartley 2008, Mainwiring e`t al.
2012). We used 5.straightforward.categories to define nest
components: woody items (pieces of branches and sticks),
plant fibers  (roots),  dr}r grass,  animal  insulating  material
(feathers   and   halts),   and  miscevllaneous   (p|astia   fibers,
seas Pebbles).

Nest Thermal Propertles  and Water Absorption
Because there were ro  significant effects  of tl`e breeding
iscason   (i;e.  ,year:   2013-2014)`   on   the   strucinral   and
compositional  variation  of nests  `(see below),  we treated
•all   nes.ts   from   the   same  Joca!ity   as   q'ne,  samp'Je   set,

regirdi`ess  df the' year  .of  colrstmctioh  and  subs?quent
use. We randomly picked 36 nests fr'om each |]opulation.to
detemine their .rates of;heat/loss by convection (e.g:, heat
loss by contact. with, cold a.ir)  and  conduction  (e.g.,  heat
loss .by contact  with  a  cold  surface).  The  renraining i51\
nests.  (26   and  .25   from  `Fr`ay  |orge   and   Navarinoi
rdspeqtivelp  `were...used  to> 'givq!uate`  their  vya.tar  ?tisdrp-
tion-loss Capacity (i.e. kygrbscopic i)`rapertie§). Tests vyere

performed during .the second half.o.f 2ol5, once all riests
'from 2013-2014. were collected'.

For  thermal  analys'is,  dried`. nests. were  first  tested <for.
heat loss by convection and sul)seqpendy tested for l`eat
lo.ss.Py   co.nduquQn..`.Nests  were   placed   in   controu>ed.
conditions  at  25°C:  for   12  ,ha,   aft,et   whi`¢.I.`   2   i.Buttons

(Malcin  hitegrated: .DS1921,G;F5)  were  installed.  iri each
nestto.quantifytemperature,.oneinthecuplining.andthe
other at the sid.e of the nest as a`control (Mainwaring et.al.
.201?). <The iButtons  were  previ`ously programmed  using

.:=¥.i:ie¥::twede.I:o£;,.[`7;;h4a`S°[f5twfe£&:~typ:#¥¥:I
riaxin'um  sample  rite. ,(1  min)..  Both  tests  `star[ed  try
f>lacing .nests  aga~m  at  25°C, fort  30. ..inin  after  the.  delay
period, in order to  Set iBhtton§  to the  ihitial' conditioni
For the, convection  test, .nests were placed in a tempera-
tune-controlled compartment at 59C 'for.I hr,, putting,each
nest  .inside.  a  thin  b.Ibtting-paper` envelope  and  h.eld  in
h6riinnta[  position  di:ck  sheets  a-€  600  g  Kraft  paper  to
avoid  con.tact  with  the  compartment's  cold sur-face;  this
test ained to .sinulate heat loss by contact with cold air
inside the cavity `(.i.e.  nest box).  For the conduction test,
nests were, 'placed luside nest boxes that were previously
cooled at 5°C for 1 hi and. plac.ed..in a ro.o.in at 25°C for I•hr; in this test;. nests were in permanent c~ontact with the`

cooled `suifaces qf nest boxes (§ide§ arid bottom).
Weobtained60redordings/oftemperatuepernestfrori

both  `tests,  which  were  fitted  .to   a  roubic  model  using
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loot:npea:a=::::§estjf:.ot#et:`::frL:rbLa;:%:ewse:::;e:se£
I.it over  other  methods `(i.e. ,logari.thmi.c,  power,  quadratie).

becauseit'alwaysfitthedatabest®asedophlgherrz.a`nd.F-
values;  :11|]  a  <  .Q.P01) .and `better  aescr.ibed' t.emperatureJ
changes.insidethenestcups,`We^usedcubicr.egressi6Tls'to
calc'ulate2ratesofheat.Io'ss(atthefirst.andlastquartersof
tl`e test) and the equilibrium temperatiire (the asymptote)..
We also calculated tile .A5 value .from the`raw dita, whieh
correspondedto the temperature differential between the
:initia,I  conditions. and  5. min .after  starling the  tests.  We
`chose.5..minbeca,usetheresultso,f`prigl.studi?s,suggeste`d
•that `tbis i§ likely to Pe th.e .peri`od`.of maxinum heat loss

when.nests,are exposed to e6ld ten?erapnes (s.ee`Rohwer.
and law 2010).

Hygroscoi>ic.propertiesweretestedbysTbmengingn`ests•in water for 2 min and then taking-repeated measureinents

:of  the.ir  weight  9Ver! time  (Rohwer  and  Ijavy. `2.010).  To
estiinate `water, absorption, .We weighed hests` iminediately
after  submersion .td  .obtain  'their, saturated  weight.  WTe
calculated the gained weight for each nest t>y subtracting
:its  dry:mass  from  its. sa`turated  mass  (Rohwer and  I,aw
•2010), and  subsequently  calculated  the  nest's  gain  ratio.
`(saturated  mass/dry  mass;  i.e.  magnitude  .of  the.  nest's

iveight `inge?i?). `Xre quantifi?q`` vyatei jqss by Calculating.
the  `weight   loss   percefi'tage   (i.?.~   percent  T16ss  .6f  tl`e,
saturated  giveight} 'over  an  8  'hr  |>eriod.,.  neighing.  nests
`every .15  mid, during the first. hour  after  saturation, .and

then every hour for the lermining time. Because` weight
measlnements< bandy `changed  dtiring  the  last  5  hr,  we
`considere4 ody tl.`e ,.first and last estinrates  of vyeigbt loss..

percentage  and  used, these  m§asu|ements  as pro*ds .of
water` loss. dapac.ity  over :Short. (15  min): and  long. (8  hi)

periods after exposure to water. ful hygroscopia tests were
`done, under  contioued  condifi.ous  at  25ec. and-  constant

humidity.

Statlst]ca I A n?Iyses
`Statis`tical   analys`es   wire.  berforined   in   R`-  2.1'5.2   (R
Develop.merit   C6r6  Team   2012),   using  ,tx`  =  0.05   fof`
hypothesis   test'ing.  We  first  tested   all  .variables   for
normality   using  the`  Shapiro-TXzilks   test.   None   of  the,
meteorological vihab.Ies fitted the `.assumi>tions of norlhal-
i`ty,  so. w`e trams-formed yapiables  +]sing  square  root t(daily
temperiturS  win'd  speed')  and.  i.og  `(peiccht` ,humi.dity)
trausfoination§. Variables describing nestulstinchlre (in6an
nest  depth, <nest. volume,  mean  inrier  cup  diameter  cup

E°T>un:ofl5ftw¥'¥e:gdh:)[`¥e::.i;Tn%:rdmesanery{p¥otrnfsbu:fedn(e¥
coinpositioh   (Perdeiit   conpibtftiqu  `'o`£-  struttuinL  I,ayeL
percent  `int6mal . hining,   pe.rc§rit  woody.  items,  .pe.rce'ht
plant fibers, percent .di}r grass,  percent aninal insulating
zhaterial, percent rfuscellaneous) in a. principal Componcht.
.andysis   a.CA`)   to   reduce  dimensionaliiy   (correlation`

lnterpopulation differences `ln  nest architecture    5`

rmtrix;  I)i`gby   and  .I(emp,ton  1987),   generating   new
variables from the .regression fact.or  scores ,of. the  first 3,
compo'nents  because  they  explained  80%   of  the  total
variance(seebelow).Tiiese3.nowvariables`werenormauy

tdiLsethtphuet#almpa2[`.;.g°r5o);cFoj:£¥yiinanrybsu:2vve¥e?b::rfff;
distributed   (all   P   i   0..05);   eqiiilibrium  temperature
(convectionrco nduction tests) 'and weight .loss I)el.cenfage
after 8 ha were log. transformed.

wi  used `general  linear  models  (Q`uinn land  Keough
2002)for.allcomparativeanalysesbetweennestsfromFray
`7orge`  and .Navariho.. W? fist. |>gr`fp;mad 3  separate trydr

why anal,yies. of variance .(ANQVA)  td test whether  dany
temperature,  wihd speed.  and  percent  humidify  diffeied
between  localities  (main  effects)  and.  between  locahities
across.years .(interactions). Subsequenuy,  we conducted 2
multivariate andyses of variance .(MANOVA)  to test the
erects  oF locality and ,breeding se?sort  on  pest :stnicture
and   Composition,   r'e§pectively,   and  also   to   det`;;]ih;ine
whe'thef  there   were  .significant  ,interactioris   betw`een
independent  variables.  We. also. .included  clutch  size  in
theseanalysesloaccountfo[^its:potential.influenceonnest
morphology, but 'g`iven that levels  of this  variable bandy
overlapped.betweenthetwopopulqtibpr(FrayJorge,mode
I.3eg8s.range:2-4;N?yarino,mode=5'eggs,ian86;4-8),,
weanalyzeditas``a`nestedfacLorwitfuiilocality(Quirmand
Kcough 2002.). B,ecauseithere were. nd  effects  of `breeding
season `an ]iest features, or sigr}ificant int:eractions among
iud:penden.t  variables  (see  bat.ow).  nests  from  the  same•Jocality  were  randomly  divided   for.  the  t`hermal  ,and

.hygroscc]pi€ ?nalyses (seed?bp.ye).
We  therefoEeL pe`rformed  separate .tryd-t`ailed  J-tests  to

coinpare   thermal`  arid`  hygroscopic   properties   bet,w,eon
nests  from Fray Jorge  and  Navarino.` We  used  multiple
linear.regressious to'test the effects of,architecture.>on nest
therrmlLhygroscopic   properties,  with  ,the   structural-
compositional  descriptors  as  inde|>endent  variables.  For
those^ ahalyses,, nests  froin  both  p,opulat!ons  i?ere  com-
bined and\irmlyzed as a single dataset, because we,iunted
to,  test  for  furfuonal  relitionshibs  regardless  cif  their
origin. However, i\n order'to. capture as much variation as
possible, we considered only those variables` that showed
significant interpopula[ion dirferen.cos in the comparative
analyses,  of'  nest  structure;   composition,.  and  th`ermal-
hygroscopic  piopertie§   (See  bele]!fl.  Three  .`methods   of'

¥n¥E.:eaenndf¥r=:::;a:¥£n:er:c¥¥oydd¥da£;§ut;pe#:
standard error (SE) Of,the estimate, `and rand 'P. values`for
the  regression  as  sdecting,  criteria  (Quinn .and  I(cough
2002). The ste|).w.ise met'hod always performed. better .and
vyas therefore selected fpf all legr?ssions`.(data not sit-own):
The probabflity (P yalue)  df F `Vas ;used as  the §tepping-
me.tl`od critefio.n, §etthg.the values., for. variable entry and
removal .at 0.05 and 0.`1'0, respeciivdy.

Th`e Adk: Ornithg!ogical.`Adv'ance5134:OOO-Oco,  © 2017 A.rnerican  Or-n.ithqiogical Spciety
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'6     lnterF)opulatlon  differences  in  n`est archit`ecture

•TABLE' 1.JS.t.r4'ctyng!  di`mensio`us  of Th``or`n-tailed  Rayadito  I]ests

kinao:s:t:,ri:*f)g:io!T::i:bf:a;::u:!i::f;:6e#::n:d:nsso:u#N:#w8:s::-
collected ln  2013  and 2014.

Structural
measurements`

Fray Jorg^e                    Nay,ariri p
(r]  = 62)                       (n`=.61)

i::::::a;i;::g;tc:;:;i;mhm, a    ;8:: = :]#     :i:3 i ;07:I
720:51  ±.226:95      506.21  `±  199.83`
306..85  ±. 98'.43`      447.43. i  136.71

4'0.15`  ±tl2i.17..          `36;3i   i.12;73

':aA  mean  value. was  used  for  each  nest  from  measuremen'{s

` taken..oh` the 4 sides.
A only,.maxl'mum dlameter ls reported;,

RESUITS

C[imatlc Patterris
.Navarin'otwa`s `'significantl} colder  (Navarino; -7:3r ±  2-.6°.a;

£ydi::I(gNga::£o.=i4:;2=C.:.g[£:-=F3r%;`;;I:;€':8°£°|[.);;
msr[.;,F"2&=735.9;`P<0.P01),.and'Iesshumi'd(Navarino,

:%3if£°in3¥;raFyra,yo:::g:k9j°n.:=e8i#£.€ai.e=d5i6£'di?if§
•breeding  seasori ,(Fi`gure  1`).  These  differences  between
localities were  consistent during 201.3 and 2014i with no
`signir]cin[  inteFof.uns  between  met.co,fo`Jqglcal: varindles

ari'dyea[(t`empe.rat`rie;Fj.m='2.8,P=0.09;±wind,Fi,428=
0.4, .P = 0;51;i hiimidity,  Fi,4'49  = io:?,. P = 0.39)I Monthly
average. temperatures tended to i.ncrease`.toward the end of
the- tbleeding .season  in both. sites,'  whereas the `montfty
averag.e   of' wad   speed  reached  its`  maxilnum   during
•Novemberbefore^.decrcasing'forthenextcoupleofmonds

(Figure  vl).  Thor.e` vy^ap  I?.Q  €le?r.  pattern. :in., th?  m'onthly
averages pf:humidity (Flgiire 1)3

Nest Structul.a arid Composltf on
We `used tl``e  fir-st. 3 ~corpp'Qpehts` froln. :a  PC4  of. all` th'e

;V:gn¥e¥of=rdr:¥w;::°fisigttAh¥pm:%°i;{g::::alg;;;T£;;;nit
:(PC}1)' represep|§d  tl`e `va'riatiori .IriL'q`6  rela¢ve weigl`t-o€

i,ha?:s:=`:tygj.A.:.c::::sajstie!nvs:fThee{£nntteermndal¥¥¥'and  the  rchtive  amotmt  of  insulating  nfaterials;, PC3

I?preten`ted the tvariatign among co.nditiitrye     aterials in'
tl`e structural layer (Appendix: Table 4).

Althouglinestdymiss.didqotvarybetween]ocaliti`es,
the I.emaining meastireinents  of p'est` dlmeusiope. showed

:g:ficd=tpe¥::¥f:::[n,aive?ragg.eireers:.i::e):rawyh::I::

E.  Botero-Delgadlllo, N., Orellana, D.,Serranq  et al.

.Nayarino's, had wider and larger. nest cui>s (Tabl.?s 1 <and
2A). According to the first MANOVA, nest``strurfure `was
significantly  different  between .Fray  Jofge  and Nay.ar.ino
(Roy,'S  largest  root =..0.51,.  F5.io6 =  1Q:8, .P <  0.001);  but
there was  neither an effect of the breeding season  (year:
2013.-2014;. Roy's  hrgest  root =' 0.11,  F5,io6 `=. 0.97, P =
0.ffl),nor.as'igr{ificant'interactionbetween.these.2variables
(Royshrgestroot=Oil0,f5,io6€/2.10,P.=0.07).Althongh
the  apalysis .suggested .a.,po.sitive` .effect of crutch  size  Qn.
nestjstmcture within each.population (Rdysilargest root =
0.11,.  F§.ilo. =  2.43,, P  \=.  0.04),   only   cup   voliime  was
significantly ?ifected (Table 2A). T'here was.mo inte,Faction
betweeh cltitch. size and the breeding seasoh (Roy's.Iirgest
idot = 0.83, F6;`i.o8:= 1..79, P| = 0:12).

The second` MA`NC)VA  showed that nest composition
differedbetween..the'2`loca#ties.(RoysJargestroot=0`.64,
F3+o8` = 22.9, P  <i 0.QQ1),  but the.re `\Ps  no  effect  of.thev
breedingseason(Roy?a.la|gest`rbot=0.07,F3,io8=0:27;P=
0.85)  nor  a .significant  interaction. between -independent
variables `(Rots langest root=0.09,. F3.io8 = 0.3£ P =`d.81).
Only  the   comp`osition   of'  the  .inte€pal   lining   differed
between localities': (PC2 'i`n Table  28:  Figure  2):  Navdrino
nests were .more covered with animal insulating material,
partlciilarly  feathers  'from  other  birdsj `than  Fray`  Jorge
nests. The.re were no differences ip the relative weights of
the. neS rtyuctur'al ,lay?r` and the  interha|, lining  (PC:1  in'
Table 28; Figure 2) or in the:composition of the structural
layer. (P.C3  .in  Table  28)`.  even  thong,h  'certain  building
`ggtjrs:ti]:Nfap;nfr:p::t£:Fe:i:e:e2n::rl±esesi:usfr;a3;[nsJ::s:o:::&ocaw!£

nQ effedt of dutch size on nest composition (Roy's largest
root =  a.13,  Fs,iio, i  0.43,  P  =  a.79)  nor :a  s.ignificant
interaction between this variable and the breeding se.aeon
(Roy.s largest root = Q.Q5, F3,Ilo.= 1..87, P = 0.1~4)..

Nest Thermal and llygroscopic F'roperties
.Besiilts from the corivection t   t showed that nests from
Nayarfuo `read`ed Jowe.I  tengperat`ures .d`ining  tl``e  first. E
•minofthe:test.(£.~tests£7i,=-3.7,P<`,0.001`),.fendedto']ose

heat atihigher rates  (£Jt.est: ,£;i =.=2.0;-`P=.O.04'9); and..had
Jbwer`'equilibriLrmtemperatures(f~te§t:f7i'=2:9,j'=0'.Qgr)`
compared to  li.ests  fro.in Era.y I,orge. (for me'ah values, .s}±e
Table  3A).  IIowever,  results  from  the  conduction  test
chowed  the  oppos.ike:  `Frty   7orge   nests   reached   lower
temperatures during.the first 5 min of the test (f-`test:.£7] =
8.9,.P < Q.001),.; exhibifod ngher r?tea: of hcat`Joss (£~test:
f7i  =  2.8.  P  =  0.006)`,  `and  Showed  lower   equiJjbriulh

`Lenupes:`::%Sab(:i3S:faLe=ee-o2:&'rapte=of°iL¥t)`io(:°rdi¥=
show ,`sigrificant `variations' in' either. of'the  tests . ('convca-
tion.I-test:'f7i=-0.3,I.P=0.69;.conduction,`f-test:,£7i`=1.'1,
P - 0.27).

The. Auk; Omitholo9lcal ,Adva'nces  ]34:000rg.00,  © 2ol`7' Arp'e.rican Omithological Society
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::;Eito=nReeasrut'ise:I:=jegs:::rf|:jrnne:.:sT(QF::i:j:er:t:nfati:ffnea',ega€r%.inndn::itahrec#tmeo¥r(?sfeNTveaer?n3)`E,:ir#ut{.:onnsa,°rfanTahe°`::-:3i'}?ed;
(A) §iirri.mary for t.ests  perforined a.n  meisilrements.descriEi`n9. iie§t str.u.cture.;  (8)  pr(ncipa.I toinpon`ents accbunting for Va.riatioh in
nest compojitiom

Soiirce                                                                                ,Variable                                                M'S  a-                                            ,F +                                            p

(A`) Structural  iinalysis
F'ppu'atlon

Clutc.h  s.tize  (population)

``(8)  Compositlona] analysis
Populat`LQn

Clutch size (population)

Nest..volume`Cup.volume-

R:twve:#e
Cubvd'l`yine
Dry,weight

PCI
PC2`

PC3'
PCI
PC2
pd

42'9,5545;
215,812`6

3.177
49,878.4
39,432.1

79`.5

9.37
17.4
0.02
•1.b8

3.17'0.60

:Q`.1`2,

158.40
0.31

1.'6
1`.77

0.99

0.003
0.COO

0-:877
0.374
0.010
0.698

0.729
0.000
0.584
0.331

.0:125
0.425.

;¥:afuF::t?m¥tueadre;ire;tiT:toegnf:f5TiToypdee:'riusmof°fff::::r:S;orthevariab|espopu`|ationandc|utch`size(population),respectively.

c§tg,?'fac:i::i:nv;iutehse(:e`=t?Joe:i:#obf9t'#;`structuraHaye"e.nestbase)vs.thelmernaliining;Pd:compositionofthelntemal
lining .a'nd ,t.he` relatiye-am'ount.of ihs.ulatin.g .materials;  PC3: ,Van.ation  among  con.stitutive, mate.rials' jnTthe structural  layer.

Tests.,for incasuring.I`ygrdscoj> ic. propertlts revealed'thht
<nests`<from Nivarino gainedmore,.weight (gain ratio) than

nests  from  Fray  Jorge; (£;test:\ f47 = -3.8; .P  <.  0..001)  and
'also  exhibited iovyer weig'ht loss percentage `{alpes dLiring
•the first,15 ni!n after s?.tor?tion ( f-tee.t; t£47=r2.1, P = a.Q41)

(for Tmcam values, see Table '3,C). There were `no differences
`between   the  weight  loss   percentage  values   after   8   lu

followingsaturaqon:(f-tes.ts£47='.1:?;..P.=`0.0,9"7):

Re[atfoushlp  between ArcEiitecture and Thermal-
liygroscoplc Propert ies
duly.nest.vol`prLe,cup:¥oitime,and`Pce`(spe3bove)`were
deed as E>r?dict6r variaE>res for multiple, regression analyses.,
Two multiple regressions w`ere. performed for each of the:`gdctii°e:gqt=€±¥minge2m::=¥:fto:acn;anbv]::£¥ne_#u::

tion,  iud .tl`e.,galrL  fatio  and  Weicht, Ios's  j>.efasntag6  for
water absorption and water loss.  Given .that the A5` value
land.the`rate`ofheatloss'(rate,.1)werehigftycorrel;tedin

.*oeoc[%Ve£`:i;:%f6ug#±%#:)?.`;:e¥dsonno:i:i:£.;Pth=
rate of heat loss for the regressions. becausethe A5 value
showed greater VAriatfon between localities,

Nest arcbitectdre was .a significinf Predicfor Of nest heat
lb'ssrl2,yc6ndyection.The.AE.value,(R'=`0.45,FL7i=17.5,P<
0.001') and the equilfori.urn temperature (R =.b`.34, fi,7j =.
•9.}|,..P.=d..004),botii,exhibitedafunctionalrelationvith,the
squctLira|   ahhed/¢r:  cpmp.ositichal   descri.ptors   (Appchdix
Table.5). Nest voluine was the variable that best explained
variation in the A.5. value;' whereas clap volume `vas tliebest

predjctor  of equflibiium tEmpefature  (APpen.dix  Table  5
ind Figure 3); There imas ,neither`,autocorrelation between
data   points.  (A5   value:   Durbin.Watson's   d  =   1.96;
equflib.riurri tengperature: :Durbin-Watson's .a = 1.98)  nor
collin?.drity  apong  th_a. predict6r` vari;bias  .(A5  value:  all
condition   index   <   1.94;  `equilibrium  temperature:   all
condition index <' 4.99.).

Nest heat.lass. by cqud,uction also. showed. a functionqil•relatiouship ivith.'nest. arcl`itecture.  However, `iri this  cas,e

that A5 value  (A = 0.61,  Fi;7i _=:26.6,  P  < .0.001) .and the
.'eqLrilibri'Lm`.t.emperature(j?=:0;46,Fi.7i=12.6,`P.=0'.`001v)i

were related ,to .nest. composit'ion Ppt potto. nest stTiicture
(Ap-peridix Table: 5).,`The. PC2 , variable (i.e; c6mposition of
the. interml  lining  and  the `amount  of . animal +insulating
material) was the best predictor of both the A5. value and
the.equilibriimt6xpperature.(AppendinT?bl`e5'andFiire
3).   As   in   tl``er  previous.' ,ana`lyses,   there   |\ras   neitlier
autocorrchtion  ,`(A5   value:   D.urb3nTwatson's   d  =  1.,64;
equilibrium tempeinture! Durbin-~Watson's d = 1.71J)  nor
co||ineapity :among  the  predicto?  y:9riaBles. (A5  value:  ell
apndition   index   <  .1.03:  .e`quilibrium>  tempera^ture:   all
.condition index <' 5.36)\.

Variation.`in hyproscopic properties was also..related to
nest architectdra Nest weight gain .ratio  (`R.= 0.5, fi,47.=
15.3. P.< 0.001)'+arid weight loss percentage after 15 mih .(`Ji
=  0;31,  .Fi.a7  =  4.8,  P  =..0.03)  were  explained `by  the
composition of `nests, but inot by their structure. The `PC2
variable. was  tbe' the variable. that 'best. predict`ed.water
absorptionandwaterlossca'bacity(APpendi>cTable5.ahd
Figure 3). No autocorrelation Gain ratio:` Durbin-Watson's

The 4uR: Ornithological..Adv'ance5134:00Q-ooo,  ® 2017 .A.meric?n  omithological Society
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;8     lnterpopulation differences in  nest architecture

TABLE   3.`  Parainaters   used   for   t`e5ting   th'e`  `thermal   ancl

:i:t;:;n::,p':F::#,;£:;mfi::|'hen:ar#a;k;,:n:d,asda:nocs,o::t:h:er:#i::-
tlon.i  of  the  fifects  df  hart  loss   by  (A)   convection  ah`d   (8)
conduction. (C)  Hygroscop`ic tests assessed the,vya{er absarptlon
and water  16ss\ cap`acfty: Values-are  in-ea~Tis` ±  SD.

(A|  Convection test

Va`riable Locality`.'Fray Jorg e              Navari.no

(nA\= 86)                 (h =.36)

;£gt:at%eh.:act)i;ass 1  a.                        ;:7¥ =``8:Z3        `3::8 ±` ;:i:'Rate`of  h`eat'  los;  2  ]]\                             0.01   ±  0.03           0.01   ±p.0.91.

Equmbrfumtemberature  fc)b       8.12  ±Li.1,7          6.9a±!L2.oi
`(8)  Conduction test
•`Va`ria b ld                                                                                    Loca lity

Fray Jorge              Nava ri.n g
(n`-=36).                (r]  = 3e):

•i:.:3:Eel:.C,).,a:.. , b                    i:3:, :,`8:33       ;I:a : 8:ig

Rate.of heat loss 2 b                            0.02  `±..0:o2          o.o2.±.0.01
Equillbriumtemperature.i:C)ib     16.64  i.2.02        1d.53  ±.1.23
`|CI  Hygrosco.pie test

Variab'Ie                                                                                    Loca lify'

~Ffay JQrge            '  N^ayarino
(a = 26)                (a =.25).

gee:Scte::'*eeigrhettj|°osbs (15.min)        36.96 ±  15.83    29.75  ±  7.66
2.04  ±.0;85         3.29  ± 0.97

.Percent.'Weight\ loss, (P h`r)`              51.35  ±  I.6.79. 43.Z7' ;±  1'438

a A5  = temperafure` differential  between ,the'  initial  conditions.

and 5` min afte[ Star[ln8 thB tests.
b.Values.obta(ned from Tionlinear..regres5lon models adjusted for.

::repr:r::eusr:n¥girtj£:j°anayd#i:€e::3t::::Sj;fqou#jeu:otfgs?,era-

`goi=in::T+ghtfa±°o:Si;Dc:'nb£:ti::¥a::P={]=;3?°w3e)ict°`:

loss: all cohdi.tion in.den,< .i:04)  was. detected.

DISCUSSI0N

Variation in `nest ridxphology is predicted ~to 6ccut whe.n
`environmental conditions vary.temporally and/or spatially
(Mainwaring et al.. 2014) as birds tryto,.regulate the nest';`microdilpate,.for optimal nestling deyelopment by ?dap~

tively rfuQdifyifig its s.true.tune and/or composition (Colliis`
and   Collias  1984,  Webb   1987,  H.ausell  2000,  D`eeiring':.:`°n2:tsTein:°t=aT¥h:nTfaerfl¥R=#gr::Cp?£[Cp::°dipce£?:;

be'tveen2populatiomandwererelatedtovariationin-nest
morpholQgyL  Furthermore,  we `found  this. variation  to. be
'cousistent in both populations during.`2 breeding seasons.

Gontraty  .to   o.`ir'  exp'ectations`,   ho'wev,er,I   nests;  at;  t'he

i:::e=!::eeoife:::.eebieesifstraiE:cti,::(bFy?i::A:gi)a?e:;

E.  Bolero-Delgadlllo,  N..Orellana,  D..Serrano; et aT.

€pnvection.   This   finding   suggests  tl`at  Thomrtailed.
Raysditos  could be using distinct strategies to  cope with
the.local dinate (e.g., ambientiemperature) in cohaasting
environments, espedally if there are site-specific selective
`pressures   fa.voring   Certain   types   of  nest   stmctur9.  or
cQmpositign  (see.,Hilton et.al  2004.).

Dlfferences ]h Nest StrLicture and Composlt(on
As  predicted,  the  variation  between populations  in  nest
architectiire traits that may have functional relevance was
consistent. throughout time,. and th-ls could be vieived 'as a
result of adij]tiv? divergehce  (See Rohwer in.d` I,alv 2010,
Mainwhrihg et al. 2012)., NEsts` from.Fray rorge `wire larger
and  had  deeper  ahd  narrow6[  ciips  than  those  from
Navarino during 2 consecutive Breeding seasons (.2013. and
2014).   Sinrpdsingly,  .however,   data  ton  .nest  dry  'wctght
overlapped exten.sively and,  thus,  revealed no  differences
bet{ueeh both loc`alitiesi even though F-ray rorge neSs were,
on. average;  4  8;  heavier.  Although  nest.  .dry  weight  is
sometimes  used :as  a  reliable  pro)c)I for  nest s-ize  (Main-
waring.andHartley.2008,DubiecandMazgajski2013),`itis
]nore likely affected by subtle cl`anges in nest composition
than, other  measurements  (e.g., .nest vohime), producing

;g?::roni¥.:-`%°bps¥rvte!:nq¥u?tba#vtye.Rd¥ff=£cgesne:C:::
•appearanceandtherelativeuse.,o,f.soinebuildingmateriats

(Figure 2), but we  found.significa'nt variation only in the
compositionoftheinterml'jining.andtheurseofinsulating
materials,  During+ both years,  internal linings, 'from  Fray
),orge  nests. Were mairily.composed o`f plant` flbers,  roots,•apd  spai|` .sticks,  whereas  Navarino  nests  had  a  .forger

amount  o`f fathers  aha I.`airs, .vyith  a tJower  qu.anttry of

plant materials:

Functfona[ Pfopertles and the Role of Nest
Morphology
Variation .in  nest.. morph6'Jbgy  .tis.qSlly  c^orrespoi?ds with
`predictable  diffgrences` in thermal.;and hygroscppiq.'.p[.9p'-,

erd'es~.of .n.ests. (Rohwer and Law 2010,, Mainwaring .et, al.
2012). We exp.ec'ted nests`from Fray forge to  absorb  les`s.
`cater and dry faster.  and nests .from Navarino. to  retain
heat more  effidently; but the  observed  results  were  not
always consistent with  these predictions. :Nests from Fray
}orge lost heat at a lower rate than Navatil}o nests wl`en
ckposedtoapld.alr|(i.?.h?atlossby€onv.ediop),o6`rit.ertQ
.our,  initial   expectations.   HOwever.  when   putting  these
results in the environmental context,, they suggest,  along
with the other results,  that Thomrtailed Rayaditos'  nests
refl.ect.distinct strategies for deal ing `.with the `environmen-,
tal .challenges present in cach Jqdality.

A]though Fray Jolge ,is located at. a sLibtropical .fatitu.de,
ivdither :apnditi`6ris in the, c'oastal forest relxpa.nts `at .this
sitedurin.gth6beginningQfthebreeding,seasonaresimi]ar
tolhose in other temperate humid forests` in the Southern

The Auk.: Om.ithologicgl .Adva-nces  134:000rg.00, .© 2017 Am'erican  Omitholo`gical Society
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a;:¥ei:ti2v:ecc°oTfrib5it::ann:foT\:)mt-ht:'!etfuE:#ai,i:y::Sa:dfr:DT.{#:::::rJn°afifnrnagt't°on::tpairfeas:dw(:,)g'#`#:V:,rs':a:s:,hj':i`e¥ethqeu::,t::,::
rcontribution5  of  constitutive  .components  classified  as  (E)  woody  parts,  (F)  dry  grass,  (G)  plant  fibers ,and.  roots, arid  (H)  animal
Insulating  material  such. as feathers and  hairs.

Hemisphere  during  the  first wecks  of  October  (relative
humidity  usually  >80%,  with   temperatures  of  5-7°G;
CEAZA). The constant presence of sea fog over the`coastal
hills  of  Fray  /orge  results  in  high  levels   of  horizontal
precipitation inside forest remnants, with water constantly
running. down. through the tree trunks or ¢ro'pping do'wn
directly  rvTillagran  e€ `al.  2004;  deivh  et  al..  2006).  This
means  that the Thorn-tailed Rayadi`tos  of Fray Jorgc will
often   have   to   usi.   cold   and   humid   cavities.  and   wet
materials for nest construction. A possible way to deal with
this  challenge is  to  build a well-insulated  and nonlrygro-
scopic  structure;  this pre.sumes  a  trade-off between nest
insulation  and  hygroscopi.c  properties;  given  that  flufflr
materials   such   as   feathers  tor   animal  hairs,   though`
p.roviding  .good   [l`ermal   insulatio.n'   (see   Moller   1.991,
Lombardo  e[  al.  1995,  MCGowan  et  al. 2004,  Sch.dll  and
Hille 2014), tendto absorb mar? water (Hilton et dl. 2004,
Rohwer andLaw 2010,` Deeming 201|). As.we observed in

the hygroscopic tests, Fray )orge nests absorbed less water
than Navarino nests, `a'nd .this` difference was likely rchted
to   less   use   of  Lanimal   in§ulatjiig  materials,   particularly
feathers (Figure 3), which may be 'explained by differences
in resource availability between  locations,. or it  may be. a
result of the  in`sulation-humidity trade-off (s?e Hilton  et
al. 2004). Whatever the.` cause, plant fibers and roots `vere
more likely to bc used jn the humid environment Of Fray
JO'rge€

HowdobirdsatFrayJol.gedealwithlowtcmperaturesjf
using lange amounts of.. aninal. insulating materials is not
`the most suitabler way-to do so?. Increasing nest size can be
an al[erndve, a'nd this may explaln why Fray forge r}ests
were larger, and lost 'heat at- a lower rate in the convection
`te§t, compared to Navarino,nests (see Ta.b.Ie 3). Aside from

using  feathers   for  the,  nest's   internal  lining,   birds  `can
increase  ius.ulation by modifying  the  nest  structure  (see
'Mainwaring et al. 2014). Wider and less porous nest walls

The Auk: Ornlthologlcal Advances  134:000-000,  © 2017 American  Omlthologlcal `Sctciety
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I:lGURE  3.  Multlple  re.gres5ion  models .testing   the  funct.!o.nal  reletion5hlp  b`etween  nest  architecture  arid  therma`l-hygroscoplc
properties in Thorn-tailed Rayaditos ln F,ray Jorge National Park and  lsla Navarino, Chile. D.e.pendent variables for regression models
were ob`tained from  (A, 8) a test sinulatlng the effects of heat loss by convection; (C, D) a test,slmulating  heat loss by conductron,.
and a test measurrng .G) water absorptlon and (F) wa(er Toss capacity. All !nteractlon5.{shc>wn here were statlstlcally slgnlflcant. Values

:;rer:ei::,SvS:°anjaocut::::Cf°]rne5:,::I:;eir:t:r,aa,Er!:::P::xct°amnpd°faeB]teaf):lysisrepresentTngthecomposltionofthenestlnternalllnlngand

have lower  thermal  conductivity  (I(Gin  1.984),. and  larger     hunddity  would  allow  birds  .tb   use   more   hygroscopic
nests can.,retain, more`heat than smaller structures (White.    materials for the nest lining (see.Hilton et al. 2004), which
ct .al.  197  ,. Skowron  and  Ken  1980,  `Llljesthr6m  ct  al.
2.009;  but See  Szentirrnai  et. al.  2005). Additi.onallyl  nests
with deeper and/or narrower cups`cap better protect the
eggs  and  nestlings `than  nests with  shallower, and  wider
cups (Vmdsor et..al. 2013),

Extremely low temperatures  and strong winds  are 'the
main pressures that Thorn-failed Raysditos: experience in
Navarino during the breeding season (Figure 1),. and this
probably  explalus why they build highly insulated  nests.
The  high `abundance  of feathers  and  the  lower  relative

ln fun would reduce heat .loss by conduction  (Figure 3).
The  first  2  mo  of tlte  breedi`n'g Season 'in  Navarino  can
present  a  challenge  to  Thorn-tailed  Raysditos,  because
`October and November are .very windy, and [emperutures

frequently  drop   below  3°C   during  the  dust  hours   of
dryl!ght   (http://ww.meteochilc.gob.cl).   Nest-box   walls
and probably cavities' inner surfaces were very cold during
the  mornings,  so   nests   could  easily  lose  heat  through
.contact with these surfaces` (E. Botero-Delgadillo personal
observation). Unless birds were not using large ainounts of

The`Auk: Omithological Advance5134:000rooo,  © 2017, American  Ornithologi[al Society
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¢feathers`and hairs, n.e.stsrwould be I.osing heat at faster rates.

because  of their  greater  surface .arcs  and. chalower  and
wider cups 'compared to nests from .Flay Jonge ,(Thble.`1)..

The   shallower   and  wider`  cups   of  Navarino   nests
c`p`ppated`to Fray/orge nests seeln`!o suggest, countsrin-
tuitively,`  th?t  birds  from  tha  colder  ?nvirohment  mad.e
wider cups,, henc'e` makitng the  eggs  and/or. the  nistlings
.Inore vulnerable to the effects of.heat loss v].a convection.

:tff;ear:an,:oesnif:.a;i:a:b:iez££#eeretl:edeminostou3:,rs;geonnEL=
Thorn-`taHed Raya.ditos from  Navarino .laid,  on¥ avera`ge,  2:
rio,ie eggs (seekab'ove)`. I+e  .|t`qugh we us.ed-.c`lutch size .as
a neste'd factor' in.the ah.alysis of nest stfdrctgive,. the results
;indicated that the  cup  volume i+ras  pos{tivdy aifeded by

`clutch  size.  in,  both .populatious.  Because  we .found  no
differences  between  cup  measiirements  before  hatching
and.afterfledging`in-aselectedsampletakenfromthenests
`deta§et.,(I:.Bot.era-De`lgadiir:o'persoml`<obseryafion),we'cah
'c'onfim  th.at: qi`p.  measirrements' we;r,e `riof sig'nificandy
`altered durin.g the breeding'atteriipt. Tlds rieins that cub

shape.. may  b6  adjusted before, egg la)ing,  depending. on
clutch  size`, `(Soler  et  al.  1998a,  19988)',,  and  that  brood
thermoregulation  could  compensate  for.  the` wider  and
shquower  cups  in..the Nay-arino  nests. It ha.s been  §ho.`]^rn'
thatl{arB.er.bigodspiovide`insulati.o.A:andandivhestlings`tg
therrioregulate`  better  (see  Duel ,1976,. '1979),  §'o  if  ii
conceival>le that.adult birds from. Navarino .wo uld notmee'd
ho 'inciir the extra`costs of gathering.more material for the'
nest:and sha.ping a more elaborate,and/or deeper cup (see

bMe¥tt¥nn:nagbeyt££9:#hbeea:::'£e=?:EY:£:tl£Snc£Fd€
3zed peri.qds betryeen nest bque§ wit'h xpa`n-`ipulat.e4 ¢Iytcb.
•sizes.

Conc[udirig Remarks
Fouowing   previous  .studies,  Ewe   tried  {o  <simulate  the
effedts` Of Weather' ,c-onditi`Q`n`s  on  the  nestst  6f. a  cavity-
nes!.ingb.ii¢-(e:g,i,M.alfiifafin`g`e,ta.I.2Q12).jlriadditi`pn,`We3.

an`alyz`ed`,  the   idles   of..  cpri've`¢rjori;    Co`h`dd.ct`ion,`  and
hu.midfty.  se`parately,   which   indicated   that   p^bte.ntial
`.trade-`offs   `(insulati.on-humidfty)   could   be   differently

affecting the nest€builaing behavior of .2 populations tha.t:
:occiir,nearthelimitsoftl`.esLudyspecl`es'distr]bution.'vye
:are`  aware  that' inc`lt|dipg  in.ore. .po`p`.ulations.  ih. `ftyther
`s€.udi€s   wi:u   ,B:e  .e7ssefi'tial  .ta   ,inderst?ndinB   hqgiv   nest
riori>hdlo.gy   va.ffes.  thrbu.ghout  .tl`e   latitudinal  `range
occTpied   by   Tl`orn-tailea   Rayaditos.,   as   well   as   to
t!valuati`ng> `how  nesting  behavi-or   is   affected  by.  local
variations  ln  the  avathBilily  of  nesting  materials  and®biotic> interactio?s.  Fo.I  instance;  assessing '[he  role  of

•-,

social  ia.nd   int?rspe6ifi¢`  int.eradtions   in  .Thorn-tailed.
R`ayadito .host  a-oustr-ucti6n  can` help Jdetermihei to  what'
extant  ch-in-atic .regimes :are  affecting .hest  lfrorpl`ology.
and  whether  biotic,  and  abiotic   factors  .are  exerting

lnterpopulatfon  differences in  nest architecture.    1'1

agonistic selective pressures .(Rohwer et`al. 2015). Unlike
in  open,.nesting. birds,  the  influence  of competition  or.
|>redationon.differencesin,nest,aesigni`slfledynegligible
in cavity-nesting birds, c6mp'ared to the effects of'climate;
hence,  future  work  could  also  focus .d.ri, the  effects. of '
extreme. weather conditions,\in order `to predict how bird
populations would respond to the marked environmental
variritiori i).ot?ntially. trigg?re`d by. climate!.'chapge: (wh,nfr
etl al.  201P).
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2

.1       `Abstract

2,

3      Enviroinental adjusinent.,is the most-invoked e.xplanation for. infro-seasonal ,variation.in bird

4       n'est inoxphology..ELwever, time' constraints inqy' also be.`importanL.coming as a trade-off

5       betwech.the costs of nest building and the requfrementto,coincide a breeding attempt`witli

`6.     maximal food supply; We des`cribe the seasormlvariation in nest mQipholpgy of the Thorn-

7.      tailedrayai

•8'      investigate

»j.j".cczzzda) in a sub-Antarctic population in southern 'Chile, iud

e,.seasonalfluctuationofambientteniperatrre(an

1 :     ie:Vourth°:a:s;n: athdJeubsr:ee:¥rf::g;:¥€:r~:_,:;~:::ste:eracy°a:[trtoasms:e(:tnfi:°wP::d:[y::ue[]fi:ammget'heIT

11       nests, built smaller,nests, and usy#¥¥:as¥faJ:¥?an

`1'2:     .removingthe effects of.daily

.13       measurements, we observed no seasonal

in al-derived insulating material. After statistically

panest building periods and nest

iinrtyr^theamountofinulating
=,.f.,J*, ,n `

morphological

materialused,

: :    ;::tp:::I:aannd`::;t]r;rmw8en]tga:tasd::::oe:te'de:tr::;~¥i#`ifEtr::: e£:::u:;:easnt :oup]::ina8[ :ine°ds'
tT~ r ''

16      frame' hypothesis. Our study shows that both temperature`fi=§gtSri^ations`andtime constraints

17      can affect different components of the nesting ecology of``;;££jj€j;7:`idtr`nquat nest morphology is

18      the consequence of distinct non-mutually.` exclusive forces.

19<                                                                                                                                   ¥g,p§!¥?groras

20      Additional keywords. Nest composition., nest structure, intra-seasonal variation, southern

•21       Chile,,sub-Antarctic forests.
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Page 3 of 18                                                                           EmLI -'Austral omitlio[ogy

3'

•1       Introduction,

2``

`3      As.environmental conditions.change during the cot]rse ofa breeding sea'sbn, birds' parental

4      behavidrfe can help maintain an optimal microclinateinside the nest for Offspring

5       developmen`t`(e.g: increased bouts,of incubation and b.rooding; iseewebb  1987, DURIrit ef. cr/:

`6,      2013.). Givch the costs.ofs,uch behaviours (Rei'd, e,£.c{/.. :2000;.Dee`ming 2011`), structural

7.     modifications' of the.nest

•8'      energy

;lp the parents face the.prevailing cbnditions``while saving

y 2013)`. In fact,< recent studies propose that birds can gauge

9      envirormental conditionsiii;8S.a.3nsequently`modify the nest thermal properdes by adjusting

10      nest morphology qua:nJ`:a-;~£4}:;=J£;&;rin„

<11       temperatures ,in.temperate latitu

::    ::taes:;e:d::t :::I::::;e ::ou4S,e:*:"+;isjuli`;i:V;}%ky:2e:::::C:eaaieg:n°du:]a°ftu]tetyh:obor::din8

14      Liruestrom era/ 2009, Butt and Deemmg 20¢::A;`'£,:~;:£=ng:et ¢/  2012)

15

:;:i:oi:tli:I:::ts:¥e;:i:e;:::::°:e:::io:P]::):I:ii:g;:::;:n¥reij:a:a:i:e;ji:j|;i;:§¥:;a;a:I:i:i:::::S
20       attemptwith the.period of maximal food supply a,ens ef cr/.1994), thus late breeders still

21      could synchronize.the.time: ofmestling growth with a`peak offood availability by reducing the

22,     nest buildingperiod.Ouinwaring and Hartley2013; Mainwaring ef fl7.. 2014). A seasonal

23       decrease,.in the time used for nest building`or.a,reduced nest size could be indicators of time

24      constraints, but supporting evidence`is still lacking..(e..g. Mainwaring and Hartley 2008).

•25

. Hence, early. breeders who may face low ambient

add more insulatingmaterial to their nests, while

www.publish.esj"au4ournals/emu
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1       This studyLfobdses 'on a secondary cavity-nesting fumariid, the Thorn-tailed Rayadito

2,      {#j?¢rasfrorzxpr.#7.Gil"czb),.in nder to d`escribe the seasonal variation in nest molpholo,gy

3       duriiig its breeding season in a sublAntar.ctic population in southern.Chile. We ained to

4.      assess. tlie temporal differences,in nest bui'lding periods and nest architecture, add their

`5       relationship, With the seasonal flucfuati`on.of ambient temperature (an `environmental

t6.      adjustment,' kypothesis;.see+Mitwaring,`ef.Of. 2014) and time constraints (.an `optimal time

:     :aanma:]'o::Pw°ethperse::cst:e.e€%i¥]£::eacrr:ags:nmd :eas::eEye2a°n°d8)a I:dc;;c:::s: othfem:::t;agus::t°efrina::t

9      towards the end of the bi:i:iiki:a.g:;season, but (F) no seasonal trend in these variables once the

10 I      effects,`,of dai|y`texperah=un:&§&<;S;:":ai»es

`.11       time constraints are more

T2:      nest size as the breeding season progre4S\`T#

.13      correcting for the'effects,of temperature

14

1'5       Materials and methods

.16

T]`     tstudy area and meteorological\daia.

were,statistically ,removed. In.contrast, if

dicted (i) a decreasc> in nest building\ periods and

maintenance of such trend after

: :    :).,s]::a::dw:s:=jdg:Ira:egs ;eite::.ecr:Dcehc}:emn:e:e290£::,Osno::::ia;;§j¥:gro¢:::04[:;' :::0 '

20       locality is pat. of the southern distributiomal range. of the..Thorn-tailed Rayadito, where its

.21       breeding season usually extends from october.through. January (Rensen 2003;' Quirici ef cr/.

22.     .2014).. Despite daily fluctuations of temperature'during this period, monthly mean

23       temperature tends to increase towards the end of the.year..{Fig.  IB,1C). Meteorological data

24      used for description and subsequent-analyses where obtained from the "Gunrdia`Mrina

25       Zafiarfu" meteorological^station qittp://www.metcochile.goo.cV`)2 located ,in.,the sfudy`area.
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5

1

2      .N?st collection.and'm6astifii29

3       Nests Boxes were instaned in Navarino,'in\200..5 asipart ofa,long-term sfudy`oh the b.reeding

4       ecology o`frayadirto§ (e.g^ Moieno,e!`'4/.' 20.0,7; Quirici.ef`aJ.. 20.14). Rayaditos..occupied 3.8 out

.5       of201 nestrsoxes`thafwere offered during 2013, from which.we could monitor 36 throughout

`6       the entire breeding se`asoin. NestboxeYs were checked every d'ay tintil ne.st building was

7     ,initiated. Therearfer, boxes were monifoied givery.other day unt'il egg laying (see Morcho.cj

8      „. 2005). Nest build`£\#g;=:¥`Pi*iods were estimated as'the number ofday8 between tile sfari of

ofegglaying,QhainwaringandHartley2008).

1`0      :Subsequent monitoring was

11

12.

[ofano`ther.study.

Nestswerecoueetedfromnestbox¢:::*:S»:inaftertheendofthebreeding,Season.Duing_       .1'_    _

bottom Of the box), in13       nest,col]eedon, we measured.the

.1.4       each of its four`sides and the

15       diameters werenotmeasured

16`       180 *.150 mm). Nests were then sealedin plasticbags

17      theywere kant at -209C `(see Minwaring e¢ cr/`. '2012). After

Extemal

nents .ofmest boxes (320 .x+

to the laboratory, where

dried ina heating oven for

18i     60 h a„09C, nests were weighed using a digital scale (0.01 g;~;*¥ji;Sji|¥ssively separated
\

:ayer,:;=risi;;£±se:Sintema||iring1.9       into their two coustitutive `layers: the.nest base, or structural

`20       (5eHsz/ Hansell 2000). Both.parts were weighted ,in order to` estinate their relative contribution

21       to the nests'total dry weight(percentage weight)\.``We finally'separated all the plant-(roots and

22      plant fibers) and animal-derived insulating material (feathers and hairs) fi.om the internal

23       ]inin.g to`quantify their.relative`weighf.

`24.

2;5       .Data analyses`
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203



Emu - Austral Omlthology

1       Eight variables we're. con§idered^for testing the' seasonal trends' in the.nesting ecoldgy `of

2,      ray.aditos:.(i) hest`bndding pe.riod; (fi),nest.depth, (iii).nes.t,cup d'epth, and`.(iv) nest dry

3      w`eicht taken as measuremen.ts df riest structue and riest size; and the I.e'lative weigfits;,o£ (V)

4'      tile sthlcfural layer/, `'(vi) inteinai lining`,.(vii.) plan`t insulating inaterialsidnd (viii) aninal

5      insulating materials, used as descriptors of nest composition and nestins'ulating,capacity

`.6..      (Colliasvand collia§ 1984; Haus`ell 20.00; Mainwariri.g erc{7'. 2014). Descriptive values for

7'      these variables are presented as,mean

in<nestbu:G:`:ed:¥gS:LS:pri

± standard. deviation..

9      Our analyses were divid€#:froee sequential approaches: (i) determining if there was a

•10!      seasonaltrend

`11       these traits were.also

`12:      those effects; andy(iii).testing aga`in.
:J;#:£i€Fjgnaltrendsafter

.13       temperature. 'Ihe eightmea8urements d

nest` structure, and nest composition.,`(ii) assessing if

iispora|variationintemperature,andifsuchremove

removing the` effects of ambient

used/as dc}pendenttvariables for

statistical tests were perfomed in

:-':¥`;€*i€»::.#qu5€?fined

:~s¢g¥:a:£¥:*£:efaferwere

14       all analyses. We used q = 0.05 for hITothesi~:ys¥:d&|;`:?.ghv?nd all

15      the R 2.15.2 software.(RDevelopmeut core Tearf`J;'iS¥*)-;tsh;piro-Wiur's tests confirmed

:;,   :e°gr=sas[::n:°fro: :edt:P:n:in: Vtha:I::::;:::::': t:,e° ::; ;€¥g:?g:%Pb=s:=:dg]::a:est
•18      building start date as,thepredi'ctor variable. Building§tart.dates

19      the number of days after the fist.nest of the popuhtion began to b:;Sfa#;;E:aeprfinear reffession

20      models were subsequently used,.for assessing the effects of temperature.variation on.those

21      variables that previouslyshow.ed a seasonal tiend,,takin,g the dailymean temperature as the

22.     predictor variable. Temperature va`lues' were defined as the mean.temperature recorded during

23       each`nest,building statday. Finally, residuals fromthese.analyses were used for testing`if

24'      seasonal trends remained after removing' the' effects of temperature, regressing the residuals

25       againstbuildingstart dates.
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1

`2      Results

3

4'      There was:a range`of'48 days between the dates when the fast (Sapterh`ber.29) and la^st

\
5       (November 15) breedingp'airs`ofrayadito§ started nest buil.ding, Building starting dates for

`6.      ~5.8% of all nests {z!,=' 3`6`) occ!itred during the frst halfofthe breeding season, and the

7`      avera,gebuilding pe]

8`      beingbuiltafter thee

•9`      2.3. External.measurem

those `early' nests `was  16.7 ±4.1 days. For` the,nests that start

i of'the breeding season,.the average`building period was  11.6`±

o varied between nests .built before and after the mid-part of
Ego

10'     the breedingseason, with `fa'te' nes

`11       `amount of.animal-derived

`12t      did not showmarked differences (I

.13

14      Linear`regre8sion models.shown

Sing Smaller (Table i).. With theiexception. of the

=rial added to the nest, variables` of nest composition
--.3-.

\

anon.sfgn£+L6€;;h€j.t;:`Fj*,td.towards a t8ea8onal decline in nest

15       budding periods (7 = 0.54, Fj,?, = 39.88, P < 0.00Ti`")iija€d`a significant decrease of nest dapth

16       `(72t =y035, Fj,,3f=  18,`57, P.'< 0.00`1.)`, nest dry.weig.ht `(rf

17     relative weight of aninal-derived, insulating materials.(f :

18       2). However, we detected.no temporal var,iation in the oth

1`1,.`06, P = 0.002), .and

=.5.86, .`PJ= 0:021) (Fig.

`assessed: nest cup
_    _        _    _   1_

`19e      depth (Z = o.1`1,fry = 3.98, P = o.o54); rchtive weight of the srfu=gr8#rfu£;i:i;yen (Z = o.o2,

20      Fj;?;¢ = :1'.03, P='0.`3'17);,relative.weicht,of the internal lining {f = 0.'02, F#`? = 0.'68; P`=

21       0.4`1'5); and relatiye`weight of plant-derived,insulation (-r2 = 0.01', F/;?4 = 0.15, P =,0.703).

22.

23      We used thevariables that showed a seasonaltrend ,to\.test and remove the independent effect

24      `ofthe temporal increase of ambient temperature. With the exception ofnest`building period

•25       <{r2. =`0`:06; F#{,`=.2.1'6; P^=.OL150),. varia't`ion inmest depth (r2 = 0..13, F„4 = 4.91,P (= 0.034),
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'8

1       nes`t dry`w`eight.(.P.`'"=..0.13, fty4 = 5.26; :P..`=. 0.02?) and relative weight of insula`ting materials

2,      `(r2;'= 0.20; F#4 =',6.48, P = 0.Q15`)were'partially.explained by temperature increases. Once

3       we.r.emoved the effect oftem|)erafure, linear regfessions still sliowed a seasonal decrease in

4.      n'estbuilding,period`(# = 0.4P, F##:= 22.47,,P. < 0.001),. nest.,depth ('f =` 0:20,` Fjj!.=:8.39, P'

5       ='0:007),<arid n^est dfy` iveiglit,`,(.Z =.0; 13., P/,j4= 4.29., P = 0.046), butnot in theJrelative weight

t6.      ofafiimal-.derived insulating materials (r2 = 0.06~, Fj,.34 = 2.48,, P = 0:124)..Gig.  3).

7`

P£::?i:i:2~artyt:eestb:eu::d.:ggs:=s]o°:S;:tld,onue::tnota,I

8      Discussion

',9

.10       0`ur results`showed`thatin th\is.

`11       structure/composition changed

::i:;::::d::I;:;:a:t:dss:::p;:::t:w::eh¥r;;:;!r¥:rt;\]::r:.;:;:b::tesdmtha:]te:Sn:setsbraene::s::e]::::r
15

insulattry¥£S;ries;?*ialwererelatedtothe16`      The observed.deereasein.nest size\and the use.of

:;;:;;aa;;:;';e:P:;:ar;iset:in:c::;:ee:;I:yd3;,:;:I;ue:a:'o:S::;i:::C;ult:::i#§¥ap;ea:s:c:o:in:::th::
20      prevailing conditions by :only changing its composition,.and that apparently.co-varying

21      .changes in nestsize are not a.necessary consequence ofthevariation in environmental

22.     temperature. 'In fact, studies`on intra-seasonalvariation of nest mor|]hology show that nest

23       composition, butnot nest dimensions; are related with the seasonal trends of ambient

24      temperature (e.,g. Blue Tit c}ici#7.sies c¢e"/ez¢; Mainwaring 'and Hartley '200§),,even though

25       nes.t size'and structure can have important consequences onthe insulation quality of nests
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9

1       {White ef a/..1975;'I,ilje§tlir6in e.fd./. 20,09,). Hence, our res`ults support the`idea thatbirds cah

2,      assess.thg,ehvirolmental conditiohs and adjust the frequency ofuse ,of some` buil`d`ing>.

3       m`ateriais`t(Bulit iud.Massoni`2004;Mainwiaring and Hardey 2008;. Liijestlir6m 6f a/. 2009;

4      Britt and Deinin.g`2011), Possibly regulating nest micro.climate for an optimal developricht

5       ofembr`yos and chieks'(W6bb  1987; I,ombardo efa/:  1995).

6.

7.     Variationin

8      agreedwith

riodswastofaily'explained.bythe.nestbuildingstartdate,which

f an `optimal time frame' explanation. Nest depth and dry weight

9      were pariiauy expfained£#i:i;;gY*ature increase, but after removing`such effect we still

10]      detected a scasonaideciin-:¥:`i£#b£:g:inh

<11       can affectnestbuilding

12..     provide evidence of the potential.rel

.1`3       otliers suggest it can causebirds to a

es,.rfurther supporting the idea that time constraints

t'structure. .Although some studies have.failed to

constra'ints` (e.g. Mc`Gowan ef dr. 200'4),

ndsfbuilding,.,'althouchthisnotnecessarilywill
.,v

: :    ::Va°:::scohnaa:8trei]: ;e:te:i:::dri:a::aasr:'o:i:8:,~;:;;=;;:^ym2::s8t)s]:eurf::S:lots:.h::eedver' P°]nt

16      rayaditos. Furthermore, a previous sfudy` carried out in{Isl€'&#^g`¥Et`e de chilo6, southern chfle,,

i:::--`   `:: .-.. i   .-=17     provided evidence on how other reproductive traits ofraya seasonal trend that

: :     ::::drvbeed athca°tustheeq:::ed °bfe::eeenc::;:agmo: is:efi¥t°:::°a:fd"I:any;0;8j|j:jm;i£:ub:o°orsd nw°ats°uly

20      negatively related to laying date, but aiso'thatthe`duration of the nestling period was

21      .negatively associated with hatching date, indicatin.g that either laying intervals were shortened

22.      or embryonic developmental rate increased over the.course of the season.

23

24      `Contrary to the `environmental. adjpstment' explanation,,a problem regarding an coptimal time

`25      frame' hypothesis lies``in the diffioulties`to remove other confounding factors, suchas the
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___e  ____._--_  -_  __  __   V            --`-        .`   -

dry-weig:;iz£:+.ffiife~tbuiidingstaridatesty=-o.26*#+36i4Dro

14

3      Fig.1. 'Locatibn ofthestudy area and iralues of daily/monthly temperrfure during tile

4.      breeding seasonof2013 `ofthe Thorn-tailed rdyadito. (A)'A total of201 hest boxes where

5       offered to a southempopulation;of,rayaditos at` isia Navarinp, southern cm5;, (B) Flucfrotion

.6.      of daily 'temperature durin.g octo`ber and November. 2013; (C) hicreas.ing trend.ofmonthly

7.     mean temperatures d`ur'ing 2013.

•8v

: ;   ;e::::;:L:rna:;:ie:::ee;t:;::i:iS8:~y¥:ij::S:joi;::rfu;,::nert:S::d:lots:eaa:s::enjf::1;1:e:;n:=:;:bh;;lad::;
`1Z.      .60.24.); `a3) Values of`nest

.13       Duration of`nest buildingperiod``against dates':¢ = 10..21 * *.+ 19.23.); @}

i£:i;~*:=g`1es+thenestintemalliningagainst

_    _______CJ

14      Relative.amount of animal-derived

:15        buildin.g Start dates `@ = -0.<10 * af +.10.25),

17"ig.3.Lmearregressionmodelsshowingsigrificantscas!§:i:¥:i±;d„nthenestbuilding

:16.,

•18      b,ehaviour and nest morpho]og.y of the Thomtailed.rayadito.,

19'      effects of tem|]erature increase during'the,breeding season`(ysing ffi6i*'£;i.egression)'. ,(4)

`20       Standardized (STD.) residuals of.mean nest depth regressed against nest building start dates

21       for the.breeding`season.of2013`OJ`= -0.03 * # + 0.65).; '@) Standardized.residuals.of nest.dry

22.     weight against building statdates ty.= -0.02 * ]c + 0.49); (C) Standardized residuals„ofnest.

23       building period agaiustbuilding.start dates oJ = -0..04 * :# +.0.92);..a)) Standardized residuals

24      .of relative amount` of animal-derived insulating'material in the,`nest internal lining against

25       building,start dates ,Oj = -0.02t* #+ 0.`38);
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1.5

1       Table I. External measurements describing the variation in structure and compos`ition

'2'      ofThorn'-*tailed Rayadito nests.

3       For descriptive.Purposes; nests were grouped as `early''and `late'' nests depending on the

4      b.uHding start date.`@efore/ifer the mid:'part of the bleeding season: ^October 25).. Data shown

5      aremein±.SD:

6.

Structural/Composit'rarial veriables               ]fafr Latemests.
55.17 (10..06);
35.31  (6..51).

33..i,3 (8.02).
72.23  (10,.2.8).
2] ]7 Clf y:2R;)
25.91(4.11)

8.90.(4.54)

•2:J.2].(].42D:D

•25.82 (4.07)

6.in (2,.4:Sl^
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I-_                   Al'],                                  a,

•rJ

NeslbLiming3tatldete(d8ysafersapbmber28) NcetbuREn8atorldau(d8ysaha.Saptembor2g}

Fig.  2.  L'lnear regression  models showing  signlfjcant.seasonal  trends  in  t:he  nest bul`ding  behaviour and  nest
morphology of the Thorn-I:ailed  fayadit:o,  (A) Mean  nest depth values regressed against nest building start

bu„8,antgesstffrTttEaet::e(eyd±ng.oS.e2a6S3nx°£`23°6:27()Yfc-)Pb4u5ra*t,:n+oS:.e2s€)£u(ipd)invga'::rio°df::::n€rb¥i:#::aa|natates
(y =  -0.21  *  x  + '19.23);  (D)  Relative amount of animal-derived  insulating  material  in  t:he  nest lntemal  linlng

agalnst bulldlng start dates `(y =' -0.10  * X + flo.25).
Fig.  2

64x52mm  (300 x 300  DPI) v:;:asng,;8Sl
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i              -H,,I[-81,

ill

NagtbLlik]ingsbrldato(tl8ysBharsoptombar29) Ncattwiidinq8utd8to{trye8hor§eptomber28)

Fig.  3'.  unear regression  models Showl.ng significant.seasonal  trends  ln  t:he  nest bullding  behaviour and  nest
morphology' of .t:he Thorn-Called rayadito, af.ter removing the pot:ential  effects of temperature  Increase during

the breeding season  (using linear regression)..  (A)  Standardized  (STD)  residuals of mean  nest depth
regressed agalnst nest bulldlng start dates for 'the  breedlng season of 2013  (y i  -0,03  * x + 0.65);  (a)

Lstandardized  residuals of nest dry weight against bulldlng start dates (y =  -0.02 * x +  0.49);  (C)

Standardized reslduals of nest bulldlng  period against:I building start dates (y =  ~0.04  * ,x +  0.92),;  (D)
•Standardlzed  residuals of relat:ive  amount of anlmal-derived  insulating  mat:erial  ln  the  nest internal  lining

agalnst bulldlng start dat:es  (y  =  -0.02 `*  x`+  0,.3Q).-

Fjg.  3
64x52mm  {3oo x 3ob Dpl)
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