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Introduccion general y conclusiones ‘icos

Migracion y sedentarismo en los paseriformes forestales
Ibéricos: perspectivas ecologicas y evolutivas

Javier Pérez-Tris*

La migracion es una respuesta de las aves ante la estacionalidad de sus areas de distribucion. En el
Paleartico, donde la estacionalidad aumenta con la latitud, muchas especies son totalmente migradoras
en areas nortefias, pero paulatinamente van adoptando un comportamiento mas sedentario hacia el sur.
Sin embargo, en la region Mediterranea, la existencia de montafias y mesetas da lugar a marcados con-
trastes de estacionalidad relacionados con la altitud que podrian alterar este patron geografico. Esta Tesis
analiza la variacion en el comportamiento migrador de los paseriformes forestales (distintos miembros
de las familias Turdidae, Sylviidae y Paridae) asociada a los cambios de estacionalidad en la peninsula
Ibérica, y las consecuencias que dicha variacion tiene sobre la demografia, ciclo vital y morfologia de las
aves. En estas especies, el comportamiento migrador se acentla en las regiones mas estacionales de la
Peninsula (las mesetas y montafias de la mitad norte), y desaparece en las zonas menos estacionales del
sur peninsular. La mayor movilidad de las poblaciones de la meseta norte se detecta a escala poblacional
mediante una disminucién de su abundancia durante el invierno, y a escala individual por una menor
constancia de las aves en sus areas de cria. Estos cambios llevan asociadas variaciones en los ciclos
vitales y la morfologia de las aves: las poblaciones mas migradoras muestran una mayor fecundidad pero
una menor supervivencia, y presentan rasgos relacionados con la optimizacion de la migracién mas
acentuados (alas mas largas y apuntadas y cola mas corta). Esta covariacion entre estacionalidad,
migratoriedad, fecundidad, mortalidad y morfologia de las aves, nunca antes ilustrada a nivel
intraespecifico, tiene importantes implicaciones. Desde una perspectiva aplicada, plantea la convenien-
cia de revisar los criterios de conservacién de especies ampliamente distribuidas, que deberian tener en
cuenta la posible diferenciacion local de sus poblaciones. Desde una perspectiva evolutiva, la diferencia-
cion entre migradores y sedentarios se mantiene a pesar de que ambos invernan en simpatria. Dado el
desequilibrio numérico entre ambas poblaciones y la mayor fecundidad asociada con el aprovechamiento
de areas de cria estacionales, los sedentarios podrian extinguirse si su invernada transcurriese en igual-
dad de condiciones que la de los migradores. Esto podria evitarse si migradores y sedentarios selecciona-
sen diferentes recursos o tipos de habitat, lo que impediria su competencia durante el invierno. Sin em-
bargo, estudios realizados en el Campo de Gibraltar con petirajdsa¢us rubeculay currucas
capirotadas$ylvia atricapilld muestran que los sedentarios cuentan con ventajas competitivas sobre los
migradores durante el invierno. Este resultado permite responder preguntas centrales en la teoria de la
evolucién de la migracion a partir de poblaciones sedentarias, como de qué modo los procesos depen-
dientes de la densidad de poblacién pudieron estar implicados en la dispersion de los primeros migradores
fuera de sus areas de cria, qué importancia tiene la competencia invernal como un coste de la migracion,
0 cdmo han conseguido subsistir los sedentarios a pesar de su menor fecundidad y su convivencia con los
migradores durante buena parte del afio.

uchas veces nos hemos preguntado por quea huida de la dureza del invierno, de la escasez

migran las aves, qué les lleva a desplazarde alimento, en un viaje hacia zonas mas benignas
lejos de sus areas de cria, exponiéndose al canspre puedan garantizar la supervivencia de las aves.
cio, la desorientacion, la impredecibilidad de laBero no siempre consideramos que ese movimien-
condiciones meteorologicas y el acecho de los de-también tiene unos costes que deben ser com-
predadores. Cuando consideramos el significagensados de algiin modo. La mayor probabilidad
de la migracién, normalmente pensamos sélo da sobrevivir en ambientes mas favorables consti-

*Este capitulo sitla la Tesis en su contexto tedrico,
plantea sus objetivos, resume sus principales re-
sultados y exporsus conclusiones y perspectivas. 11
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tuye un beneficio obvio, pero no es suficiente pa
sustentar la migracidbn como una estrategia eg
ble. De hecho, podemos dar la vuelta a nuestra g
gunta: si las areas de reposo ocupadas fuera d
estacion reproductora son tan adecuadas, ¢,por
abandonarlas para criar en areas lejanas? En d
nitiva, ¢por qué debiera un ave exponerse a
riesgos de la migracion pudiendo ser sedentari
Para las especies o poblaciones migrador
las &reas de cria y de reposo siguen ritmos comy
mentarios de produccion primaria, como result
do de la estacionalidad de, al menos, una de e
(Bernis 1966, Alerstam & Hogstedt 1982). Desd
la perspectiva de las aves, la estacionalidad se
nifiesta mediante la alternancia de periodos fa M
rables y desfavorables a lo largo del afio, midiér=
dose la adecuacion de cada uno de ellos por_su

.. . . igura 1. Distribucién de 1 incipales a ta-
produccion primaria (Mooney 1981, Alerstam guta iwrrouclon e "as principaies areas monta
nosas del Paledrtico occidental (en negro) y de las regio-

1?90)' Por ejf-:',mplo, puede existir una estaciQfs con clima Mediterrineo cilido (en gris, segun
himeda oponiéndose a una seca, como sucede\ @Amann 1971). El fuerte contraste entre las zonas ele-

zonas tropicales; o una célida frente a una friadas, de marcada estacionalidad, y las zonas mas
como ocurre en la zona templada. En esta Ultinmamperadas, mas adecuadas para la invernada, sugiere
zona, la primavera es la estacién favorable, durahpotencial para el desafrollo de movimientos por parte
te la cual el aumento de la longitud del dia y fif 12s poblaciones mediterrancas de aves.
temperatura favorecen la produccion primaria. En
invierno, sin embargo, los dias son cortos y las ted®93). A menores latitudes, los beneficios repro-
peraturas bajas, de modo que la produccion paiactivos de la migracion disminuyen hasta que,
maria alcanza su nivel minimo (Alerstam 1990pasado cierto umbral, dejan de compensar sus cos-
Este contraste entre primavera e invierno se acé#s, y el sedentarismo aparece como una opcion
tha con la latitud. A medida que nos aproximamasas ventajosa (Greenberg 1980). Este balance en-
a los polos, la primavera se va haciendo mas calrta costes y beneficios da lugar a una enorme va-
y el invierno mas largo, con lo que la producciérnacion en el comportamiento migrador de las aves.
primaria anual se concentra en un periodo m@&s primer lugar, la proporcion de especies migra-
corto de tiempo. Hacia el ecuador, por el contrderas en las comunidades de aves aumenta con la
rio, la produccién primaria se reparte cada vez miasitud (MacArthur 1959, Herrera 1978, Newton
a lo largo del afio, hasta que el limite entre prim&-Dale 1996). Por otro lado, el comportamiento
vera e invierno se difumina en las latitudes mésigrador de una determinada especie puede va-
bajas (Herrera 1978). riar notablemente a medida que nos desplazamos
Aprovechando su facilidad de movimiento, lapor su area de distribucion, desde la migracion to-
aves pueden beneficiarse de la concentracion pta-y de larga distancia en latitudes altas hasta el
ductiva primaveral desplazandose para criar a Bedentarismo en las zonas menos estacionales,
titudes altas (Ricklefs 1980). Por otro lado, aumepasando en muchos casos por todos los grados
tando su reclutamiento, compensan los costespigsibles de migracion parcial (Berthold 1999).
su obligado desplazamiento a zonas meridionalestas variaciones inter e intraespecificas en la in-
durante el invierno (Alerstam 1990, Bertholdensidad del comportamiento migrador a escala

12
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continental se traducen, ademas, en cambios edfedca; Bernis 1966, Moreau 1972), la region Me-
morfologia de las aves. La migracion implica fuediterranea es mucho mas rica en especies o pobla-
tes presiones selectivas tendentes a minimizar menes sedentarias que las areas mas septentriona-
costes del desplazamiento en todas sus fornesdel Paleartico (véanse los estudios interespeci-
posibles (tiempo invertido, energia consumidéicos de Herrera 1978 y Newton & Dale 1996, y
exposicion a los depredadores, etc.; Alerstam \&arios ejemplos a nivel intraespecifico en Cramp
Hedenstrom 1998). En este sentido, tener alas 12892).

gas y apuntadas aumenta la resistencia durante los Sin embargo, la region Mediterranea no es ho-
vuelos largos y sostenidos, y una cola corta supuegénea en sus condiciones ambientales. El Me-
ne un ahorro energético en este tipo de despladderraneo es el sector del Paleartico occidental con
mientos. Como consecuencia, las especies de aves sistemas montafiosos y, por ende, el de mayor
migradoras tienden a acentuar estos rasgos, entraste altitudinal a escala regional (Fig. 1). El
sentando alas largas y apuntadas y colas cortasfecto de la altitud en esta region es similar al de la
pesar de que esto disminuye su capacidad de fiaditud a escala continental, de forma que la esta-
niobra (Winkler & Leisler 1992, Monkkdnen cionalidad puede acentuarse mucho en sus zonas
1995). Los mismos cambios morfolégicos ocurremas elevadas (Aschmann 1971). De hecho, las me-
dentro de una determinada especie cuando su ceetas y montafias mediterrdneas presentan unos ni-
portamiento migrador varia a lo largo de su areales mayores de productividad primaveral —pero

de distribucién (Telleria & Carbonell 1999). condiciones mas rigurosas durante el invierno—,
gue las tierras bajas costeras de la region, niveles
El Mediterraneo y la altitud a bajas latitudes gue son comparables a los de zonas mas nortefias

(Aschmann 1971; Fig. 2y 3).
Dentro del Paleartico occidental, la regién Medi- Dada esta variacion ambiental tan pronuncia-
terrdnea se caracteriza por una produccion printi, y teniendo en cuenta lo reducido de su escala
veral alta —pero interrumpida por una intensa sgeografica, resultaria muy interesante determinar
guia estival—, unida a un invierno templado y mdwasta qué punto las aves se ajustan a las variacio-
deradamente productivo (Mooney 1981). Ademases de estacionalidad en el area mediterranea mo-
el otofio es un periodo de produccion elevada dakficando su comportamiento migrador y, como
bido a que en él coincide la vuelta de las lluvia®nsecuencia, su dinamica poblacional, ciclo vital
tras el estio con un ambiente razonablemente tgmorfologia. Amparandose en las predicciones del
mico (Lautensach 1967). En este momento, gpatrén latitudinal, numerosos tratados sobre mi-
por su intensidad productiva y concentracion tergracién han asumido que las poblaciones medite-
poral se ha denominado “otofiada”, fructificarraneas de muchas aves son principalmente seden-
muchas especies vegetales y recuperan su actiarias (Alerstam 1990, Berthold 1993). Su argu-
dad muchos invertebrados. A lo largo del invierento es que si ciertas especies mantienen pobla-
no, la productividad se atenla pero se mantieneianes sedentarias en areas tan nortefias como las
niveles suficientemente altos como para permiislas Britanicas o las costas de Europa occidental
la invernada de enormes poblaciones de aves pjmer ejemplo, Adriaensen & Dohnt 1990), resulta-
cedentes del Paleértico (Moreau 1972, Telleriga sorprendente que mantuviesen poblaciones mi-
1988). Ante este panorama de bondad climaticaggadoras en areas mas meridionales. Pero a pesar
de acuerdo con el patron geografico descrito mdes lo razonable que, a primera vista, pudiera resul-
arriba, cabria esperar que las migraciones de fasesta postura, la envergadura de los movimien-
aves mediterraneas fuesen de escasa envergadogsque realizan las poblaciones de aves medite-
De hecho, si excluimos las especies migradomaaneas dista mucho de estar clara (Harrison 1982,
transaharianas (que invernan en el centro y surflerroy 1997, @lleria et al. 1999). Y todavia se

13
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Figura 2. Niveles de produccién primaria en la peninsula Ibérica y areas circundantes, medida mediante el indice de
vegetacion “diferencia normalizada” (NDVI, obtenido por los satélites de la NOAA; Gutman ez a/ 1995). Los
graficos representan la situacion en primavera (izquierda) y verano (derecha). El indice toma valores entre 0 (rojo
fuerte) y 1 (azul claro), de acuerdo con la escala de color mostrada al pie de la figura.

sabe mucho menos sobre los efectos que pudieyaal anillamiento de paseriformes en dormideros
tener dichos movimientos sobre la biologia de esvernales o en sus pasos migratorios, sobre todo

tas poblaciones de aves. en medios palustres. Sin embargo, el esfuerzo de
anillamiento invertido en ambientes forestales ha

Un caso particularmente interesante: los sido mucho menor, especialmente en época de cria,

paseriformes forestales ibéricos como demuestra la deficiencia de anillamientos en

primavera con respecto a los realizados en invier-
Esta Tesis retne parte de los resultados de unanti-para las especies mas comunes de aves foresta-
nea de investigacion sobre las implicaciones edes (analisis inédito del banco de datos de la Ofici-
l6gicas y evolutivas que tiene la existencia de poa de Anillamiento de la Direccion General de Con-
blaciones sedentarias y migradoras de paserifgervacion de la Naturaleza). Este hecho, unido al
mes forestales en la peninsula Ibérica. El area gpeguefio tamafio de las poblaciones ibéricas —en
gréafica escogida es particularmente adecuada pasaparacion con las nortefias que llegan a la Pe-
este tipo de estudios debido a su gran extensidinsula para pasar el invierno (Tucker & Heath
(compérese con otras areas mediterraneas en la F894)—, ha limitado la informacion aportada por
1) que, unida a su diversidad fisiografica, garant anillamiento sobre los movimientos de los pa-
za una buena representacion de zonas con difersgriformes forestales en este &mbito geografico.
tes regimenes de estacionalidad (Font 1983). Por De acuerdo con la distribucion de los bosques
otra parte, se sabe muy poco sobre la migracionetela peninsula Ibérica, los paseriformes foresta-
los paseriformes forestales ibéricos, probablemeids ibéricos afrontan diferentes situaciones de es-
debido al reducido esfuerzo de anillamiento a quecionalidad (Fig. 4). Sus poblaciones soportan
han sido sometidas sus poblaciones. La activideambios ambientales acusados entre primavera e
de los anilladores ibéricos se ha concentrado tiavierno en las areas elevadas del centro y norte
dicionalmente en aquellas especies, tipos de hgteninsular, pero disfrutan condiciones mucho mas
tat y fechas que pudiesen garantizar un elevagstables en las zonas costeras meridionales (Fig. 3
namero de capturas. De este modo, se ha dedicgdd. En muchas de estas zonas atemperadas, como
mucho esfuerzo al marcaje de grandes aves en rnidbria esperar, dichas especies son estrictamente

14
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sedentarias, un hecho comprobado por el contesalpervivencia. Asi, las poblaciones de estas espe-
primaveral e invernal de individuos anillados (Fireies nidificantes en las mesetas presentan una ma-
layson 1981, @lleria et al 1999, datos propios yor fecundidad, pero una menor esperanza de vida,
inéditos). No sabemos, sin embargo, si estas e las localizadas en zonas menos estacionales
blaciones sedentarias son sustituidas por poblaai®| sur peninsular y de la cornisa Cantébrica.
nes migradoras en las zonas mas estacionales deEsta dicotomia entre poblaciones migradoras
la peninsula Ibérica ni, en caso de ser asi, si gsgedentarias en los paseriformes forestales ibéri-
posible comportamiento migrador a tan pequeitas se da en un contexto biogeografico interesan-
escala geografica tiene implicaciones importantés, puesto que las poblaciones sedentarias ocupan
sobre la ecologia y morfologia de estas especied. borde meridional de la distribucién de esas es-
pecies. De acuerdo con diferentes modelos teori-
RESULTADOS Y DISCUSION GENERAL cos, que predicen el deterioro progresivo de la ca-
lidad del habitat hacia el borde de la distribucion
Consecuencias ecologicas de la migracion en la de una determinada especie (Brown 1995), podria
peninsula Ibérica ocurrir que las poblaciones meridionales, sedenta-
rias, sufriesen algun sindrome de inadaptacion a
En el primer capitulo de la Tesis exploramos ldas condiciones locales del sur peninsular. Después
evidencias existentes sobre los cambios de intele todo, y pese a su bonanza invernal, estos bos-
sidad del comportamiento migrador de dos espgues estan sometidos a un fuerte estrés hidrico al
cies comunes en la peninsula Ibérica: el petirrdjoal de la época de cria de las aves que albergan
(Erithacus rubeculpy la curruca capirotad&yl- (Fig. 2). Este sindrome podria manifestarse, por
via atricapilla). Nuestro objetivo fue ilustrar si laejemplo, por medio de una disminucion paulatina
diferente estacionalidad de las regiones ibéricds la densidad de poblacion en zonas cada vez
afecta a la migratoriedad de esas especies, y si @semos adecuadas, cercanas al borde de la distri-
lleva asociados cambios en su fecundidad y espe-
ranza de vida (como reflejo de los beneficios
costes de la migracion, Roff 1992). Comparamc
tres regiones con diferentes regimenes de estac
nalidad (Fig. 4): la meseta norte, el &rea mas es
cional de la Peninsula; las tierras bajas mediter
neas, la zona menos estacional, y la cornisa Car
brica, un éarea de estacionalidad intermedia en
las dos anteriores. Tras una extensa revision de
tudios de comunidades, y aprovechando la esc:
informacion contenida en los datos de anillamiel
to y fichas de nido acumulados hasta el momen
encontramos una clara correlacion entre estac
nalidad y migracion. Esta se manifiesta en las z
nas mas estacionales por el descenso invernal
las abundancias locales y el acortamiento del [ & 4
riodo de estancia de los individuos en el area Bewa s 0as 10a15 W20a2s [MMasde30

- - .. -5a0 5a 10 15a20 25a30
cria. Ademas, estos movimientos, probablemerte’ ® : a0 Mzea

de pequefia escala’_ p_arecen afectgr al ciclo _Vltall-qgura 3. Variaciones de temperatura media en superfi-
las aves, con beneficios reproductivos asociado§@°C) en la cuenca Mediterrinea, en julio (arriba) y
la migracion pero también costes en términos @g:ro (debajo).
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Cornisa Cantabrica

Meseta norte

Tierras bajas
mediterraneas

Figura 4. Arriba, una fotografia desde satélite de la pe-
ninsula Ibérica en la que se aprecia la distribucion de las
principales masas forestales, que aparecen en color ver-
de. Existen grandes extensiones boscosas en el norte,
pero éstas se van enrareciendo hacia el sur, donde sélo
quedan pequefios reductos forestales. Debajo se mues-
tra una division regional de la peninsula Ibérica confor-
me con sus contrastes de estacionalidad. LLa meseta not-
te es la regiéon mas estacional, seguida por la cornisa
Cantabrica y las tierras bajas mediterraneas. Solapando
ambas imagenes se puede apreciar las diferentes situa-
ciones de estacionalidad a que se ven sometidos los
paseriformes forestales ibéricos.

poblacional en el borde de la distribucion. Efecti-
vamente, se sabe que las aves migradoras presen-
tan alas mas largas y apuntadas, asi como colas
mas cortas, que las sedentarias (Fig. 5; Winkler &
Leisler 1992, Monkkénen 1995), y que estos ras-
gos estan determinados genéticamente (Berthold
1996). Por otra parte, estudios previos habian de-
mostrado esta diferenciacion morfolégica entre las
poblaciones migradoras y sedentarias de curruca
capirotada en la peninsula Ibérica (Fig. 5; Telleria
& Carbonell 1999), asi como el deterioro de la con-
dicion fisica en las poblaciones migradoras con el
aumento de la xericidad ambiental hacia el sur
(Carbonell & Telleria 1998, 1999).

En el Capitulo 2, exploramos los cambios en
la abundancia local del petirrojo a lo largo del gra-
diente ibérico de sequedad creciente hacia el sur,
las posibles diferencias morfolégicas entre petirro-
jos migradores y sedentarios, y las variaciones en
la condiciones de desarrollo de los jovenes me-
diante una combinacion de indices de estabilidad
durante el desarrollo y estado nutricional (Linds-
trom 1999). Encontramos que, a pesar de dismi-
nuir su frecuencia de aparicion hacia el sur, los
petirrojos mantienen densidades similares en los
habitats que ocupan a lo largo de la peninsula Ibé-
rica, probablemente como resultado de la selec-
cion de bosques por encima de cierto umbral de
calidad. Ademas, y pese a estar diferenciados mor-
fologicamente en el sur, empeoran su condicién
fisica con respecto a las poblaciones del norte pe-
ninsular a medida que la sequia progresa durante
el verano. Queda por saber, sin embargo, si esta
peor condicidn fisica estival pone de manifiesto la
inadaptacion de los petirrojos sedentarios a sus con-
diciones locales o si, de acuerdo con los resulta-

bucién (Lawton 1993), o mediante una menor cdes del primer capitulo, estaria evidenciando par-
lidad fenotipica de los jovenes nacidos en arei@sde los beneficios reproductivos de la migracion
meridionales (Dias 1996). Alternativamente, lade las poblaciones nortefias.

poblaciones meridionales podrian estar aclimata- En el Capitulo 3 estudiamos si esta correla-
das, o incluso adaptadas, a sus condiciones loc#n entre estacionalidad, migratoriedad y morfo-
les (Hoffmann & Blows 1994). En este sentiddpgia es realmente un patron extendido entre los
dado que unas poblaciones son sedentarias y opaseriformes forestales ibéricos. Ademas del peti-
son migradoras, su diferenciacion morfolégicaojo y la curruca capirotada, consideramos otras
podria ser una buena evidencia de diferenciaciénatro especies comunes, también migradoras de
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corta distancia en el Paleartico (mirlo contur; rar que, a medida que vayan llegando mas y mas
dus merulareyezuelo listadoRegulus ignicapi- migradores, las interacciones entre individuos se
llus; herrerillo comunpParus caeruleusy carbo- acentien (Fretwell & Lucas 1970, Pulliam & Da-
nero comunParus majoj. Tradicionalmente, es- nielson 1991). En este caso, las poblaciones resi-
tas seis especies habian sido consideradas calantes podrian extinguirse si migradores y seden-
principal o exclusivamente sedentarias en la Rarios explotasen los mismos habitats de inverna-
ninsula (por ejemplo, Purroy 1997). Sin embargda en igualdad de condiciones (Fig. 6 y 7). El des-
nuestro estudio permitié establecer un patron geguilibrio numeérico entre ambas poblaciones se iria
neral segun el cual la abundancia de estas espeamntuando progresivamente en favor de los mi-
disminuye en las mesetas durante el invierno. Rgadores, como consecuencia del mayor recluta-
ralelamente a estos cambios en abundancia, losrimiento que éstos consiguen en sus areas de cria
dividuos presentan alas mas largas y apuntadams favorables (Fig. 6), hasta eliminar cualquier
asi como colas mas cortas, en esas zonas estaeistro de los residentes, penalizados con una me-
nales. La variacion en el comportamiento migranor fecundidad (Fig. 7; Alerstam & Enckell 1979,
dor de las poblaciones ibéricas de estas espededl 2000).

explicaria perfectamente esta correlacion entre es- ¢ Qué procesos podrian haber permitido solu-
tacionalidad, variacion en abundancias y morfolaionar este conflicto haciendo posible la persisten-
gia. Esta interpretacion se ve reforzada, ademéis, de poblaciones sedentarias en el sur peninsu-
porque el ruisefior comu.yscinia megarhyn- lar? Una primera posibilidad seria que los seden-
chog, una especie transahariana y, por tanto, thrios disfrutasen de una mayor supervivencia que
comportamiento migrador homogéneo en la Pl®s migradores cuando coinciden en areas de in-
ninsula, no satisfizo el patron definido por las esernada simpatricas. De hecho, en el primer capi-
pecies migradoras de corta distancia. tulo de la Tesis se puso de manifiesto la mayor

La estrategia de los sedentarios .
Con todo lo expuesto hasta ahora, podemos ¢ — 76}
cluir que las poblaciones sedentarias del sur
ninsular disfrutan de peores condiciones para
reproduccion que las migradoras. En primer lugi
consiguen una menor fecundidad al ocupar zor
menos productivas (Capitulo 1). Ademas, la s
quia estival se manifiesta antes en sus areasde = ¢
coincidiendo con la emancipacion de sus jéven

y causando un deterioro de su condicion fisica (Ca-
pitulo 2). Pero estas poblaciones no se ven perﬂgura 5. Relacién entre la distancia de migracion y la

dicadas Unicamente por el impacto negativo qu8sgitud del ala (cuerda maxima) en 15 poblaciones eu-
probablemente, todo esto causa sobre su reclut@eas de curruca capirotada (Sylia atricapilla). 1La dis-
miento. Durante el invierno, soportan la ocupacidmacia de migracion ha sido medida como la diferencia
de sus &reas residenciales por los migradores cﬁ_glérados de latitud entre las 4reas de cria y de invernada.
en enormes cantidades, llegan al Mediterraneo phfd2titud de invernada s la misma que la de cria en las
. . . Po laciones sedentarias, 40°N (la latitud media de los
invernar. La invernada de ambas fracciones pobla- . o :

. . . ; = cuarteles de invierno mediterraneos) en las migradoras
c!or.lales en simpatria plante_a una S|tuac,|on C%ésaharianas, y 10°N (la latitud media de los cuarteles de
flictiva. Los recursos disponibles en las areas ggierno subsaharianos) en las migradoras transaharianas

invernada son limitados, de modo que cabe esp@odificado de Pérez-Tris & Telleria 2001).

~
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esperanza de vida de las poblaciones meridiodetasen diferentes recursos dentro de los mismos
les. Por ejemplo, debido a su conocimiento previtabitats, dando pie a la relajacion, o incluso a la
de la zona, los sedentarios podrian contar con vetiminacion, de su competencia (Rappole 1995).

tajas competitivas que les permitiesen resistir ldasta ahora, sin embargo, la dificultad de identifi-

aluvion de migradores (Cox 1985). Otra posibiliear individuos migradores y sedentarios en simpa-
dad, sin embargo, seria que migradores y sedettita habia hecho imposible este tipo de estudios.
rios prefiriesen diferentes tipos de habitat, o ekos resultados publicados hasta el momento se re-

Crecimiento de la

qulamon Disminucion de la

migradora poblacién

= M@ D) migradora
=0.1n,,

'

Disminucién de la \
poblacién
sedentaria
__n(n+09n,,)

© K+ng+0.9n,,

~

Crecimiento de la
poblacion sedentaria
= n,(a;-b¢ny) Disminucion de la
poblacién
migradora

_ Ny(n,+1.1n,)

K+n,+1.1n,

\. J

Epoca de cria Invernada

Figura 6. Modelo de cambio de tamafio de poblaciones

migradoras y sedentarias a lo largo del ciclo anual.
Migradores y sedentarios ocupan diferentes areas de ctia,
de modo que el éxito reproductor de cada fraccién de-
pende solamente de su tamafio efectivo (n: sedentarios,
n_: migradores, 2 y b son constantes lineares que hacen
que la produccion de jovenes per capita en la poblacién
isea =a-bn). Ambas poblaciones invernan en simpattia,
y la mortalidad se asocia con el tamafio poblacional
(n+n_) de acuerdo con una funcién hiperbélica simple,
de modo que la mitad de la poblacién muere cuando el
tamafio poblacional efectivo alcanza K. Se asume que la
competencia entre migradores y sedentarios es asimétrica,
de forma que el efecto de un sedentario sobre un
migrador es 1.1 veces el de otro migrador, y el de un
migrador sobre un sedentario 0.9 veces el de otro se-
dentario. La migracién en sf misma da lugar a una mor-
talidad adicional, independiente de la densidad de po-
blacion, entre los migradores (modificado de Bell 2000).
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fieren a comparaciones de diferentes especies —
unas migradoras y otras sedentarias— con diferen-
tes grados de parentesco (Cox 1985, Rappole
1995), o son abstracciones tedricas obtenidas me-
diante simulaciones (Bell 2000). Dado lo hetero-
géneo de la informacién disponible, no resulta sor-
prendente que, hoy por hoy, tanto el modelo como
la intensidad de las interacciones entre migrado-
res y sedentarios en areas de invernada comunes
estén aun sometidos a un intenso debate (Bell
2000).

A lo largo de nuestra investigacion, hemos
conseguido reunir una buena cantidad de datos bio-
métricos de las dos especies mas comunes en nues-
tras areas de estudio: el petirrojo y la curruca capi-
rotada. En estas dos especies, las diferencias mor-
fologicas entre poblaciones migradoras y sedenta-
rias de la peninsula Ibérica son muy acentuadas,
tanto mas si se combinan distintos rasgos relacio-
nados con la optimizacion de los vuelos migrato-
rios (longitud y apuntamiento del ala y longitud de
la cola). Aprovechando esta variacion tan marca-
da a escala peninsular, y considerando que las aves
procedentes de zonas mas nortefias tienen rasgos
de tipo migrador aun mas acentuados (Fig. 5), de-
sarrollamos funciones discriminantes con las que
diferenciar individuos migradores y sedentarios du-
rante el invierno (Capitulos 4 y 5), lo cual nos dio
la oportunidad de estudiar las interacciones entre
ambos grupos de poblacion en sus areas de inver-
nada comunes. Llevamos a cabo estos estudios en
la comarca del Campo de Gibraltar (Cadiz), don-
de se pueden distinguir dos tipos de habitat, de di-
ferente calidad y con distinto significado desde la
perspectiva de las aves locales y fordneas. En esa
region, los petirrojos y currucas sedentarios crian
solamente en los bosques (de alcorn@@uercus
subery quejigo andalug). canariensiy pero no
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en los matorrales de lentisd®igtacia lentiscusy mente, las locales, cuentan con prioridad a la hora
acebuche@lea europaea sylvestjigjue los ro- de instalarse en los mejores ambientes. Si la su-
dean (Fig. 8). Durante el invierno, los matorralggervivencia de los individuos dependiese de la ca-
son ocupados por grandes poblaciones de estadidad de su habitat (lo cual es un supuesto realista;
pecies, pero no se sabe hasta qué punto la disf@rerry & Holmes 1996, Newton 1998), este pa-
sion de los sedentarios contribuye a esta exparn de ocupacion podria constituir un mecanismo
sion areal, ni en qué medida los migradores colde regulacion poblacional para el petirrojo duran-
nizan las sierras donde crian los sedentarios. te el invierno. Este mecanismo, ademas, podria ex-
Nuestros estudios se centraron en evaluarpsicar el mantenimiento de la poblacion sedentaria
los migradores y sedentarios compiten en la ocapesar de sus desventajas reproductivas relacio-
pacion de esos dos tipos de habitat o si, por el coiedas con la sequia estival (véase el Capitulo 2).
trario, muestran diferentes preferencias por ellos, En el Capitulo 7 estudiamos, de un modo mas
dando lugar asi a patrones de distribucién inverrditecto, las interacciones intraespecificas entre mi-
diferencial. En el Capitulo 6, utilizamos el petirrogradores y sedentarios, en este caso utilizando la
jo para caracterizar el patrén de ocupacion de basiruca capirotada como modelo. Nuestro objeti-
gues y matorrales en funcion de la densidad de po- fue determinar cual es el papel relativo de la
blacion en la region, y para examinar la importacompetencia y la seleccion de habitat como deter-
cia de la edad y el comportamiento migrador deinantes de la distribucién de esta especie entre
las aves en el establecimiento de esos patrones. Bstxjues y matorrales, y qué consecuencias tiene
estudio permitié mostrar que los petirrojos ocupaticha distribucion sobre la condicion fisica de las
los mejores hébitats primero, y sélo colonizan I@ves en invierno (como indicador de sus probabi-
ambientes menos adecuados cuando su aumeitkades de supervivencia). En este punto, cabe des-
poblacional ha saturado aquéllos. En este escetagar las importantes implicaciones que tiene el que
rio, sin embargo, las aves adultas e, interesan@s interacciones sean de uno u otro tipo sobre la
teoria de la evolucién de la migracién a partir de
900 poblaciones sedentarias. De hecho, se sabe muy
poco sobre el papel que pudo jugar la competen-
cia entre migradores y sedentarios o su diferente
seleccion de habitat en la proliferacion de migra-
dores a partir de una poblacion compuesta inte-
gramente por individuos sedentarios (Rappole
1995).
Como ya se observo en el caso del petirrojo,
las currucas sedentarias predominan en los bos-
0 20 Gen‘;?aciones 60 80 gues, aungque en este caso estan practicamente au-
sentes de los matorrales. Entre los individuos mi-
Figura 7. Dos ejemplos de interacciones entre po- ~gradores, por otro lado, los adultos son mas fre-
blaciones migradoras (lineas discontinuas) y sedenta- cuentes en los bosques, y los individuos que ocu-
rias (se muestra el tamafio poblacional al comienzo de  pan estos habitats son mas grandes, independien-
la época de cria) bajo el régimen ilustrado enla Fig. 6. temente de su sexo o edad. Asumiendo que ser
La poblacién. res.iflente (inicial.mente en equilibrio) grande otorga cierta ventaja competitiva, estos re-
sufre la colonizacién por 3 parejas de migradores (n . .
= 6 en el afio 0 de la simulacién). Los pardmetros sornl1 ;ultados sugieren que las currucas caplrota.das pre-
a.=3.0;b =b_=-0.002yK = 1000. En el ejemplo I, fieren los bosques a los matorrales, y compiten por
a;n = 4.5; en el ¢jemplo 11, a_ = 6.0 (modificado de ocuparlos. De hecho, dentro de estos habitats, se-
Bell 2000). dentarios y migradores rastrean la abundancia de

600

Tamafio poblacional
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frutos con intensidad, si bien los sedentarios, pdwan conseguido perdurar, a pesar del enorme ta-
ticularmente los machos, se mantienen en las roafio de las poblaciones invernantes con las que
nas mas adecuadas para la reproduccion, quizémparten su hbitat durante buena parte del afio.
para garantizar su éxito reproductor futuro median-

te la ocupacion temprana de los mejores territBONCLUSIONES Y PERSPECTIVAS

rios. No obstante, la preferencia de ambas fraccio-

nes poblacionales por los mismos recursos alimdtsta Tesis demuestra que la variacion en el com-
ticios desemboca en competencia, de modo qu@rtamiento migrador de los paseriformes foresta-
los individuos menos capaces —jovenes o0 aves fes en la peninsula Ibérica tiene implicaciones eco-
guefias— son desplazados a los matorrales, prdbgicas importantes. En primer lugar, conlleva cam-
blemente de menor calidad que los bosques. BEios en fecundidad y mortalidad que, a su vez, im-
este conflicto, los sedentarios, que son mas graatican presiones selectivas lo suficientemente fuer-
des que los migradores, podrian encontrar entes como para afectar a aspectos tan llamativos
mayor tamafio una nueva ventaja para resistirdamo la morfologia de las aves. Esta asociacion
llegada de los migradores, junto con las inherepuede resultar trivial a primera vista, pero deja de
tes a su condicion de residentes (Cox 1985). Nerlo si tenemos en cuenta lo pequefia que es la
encontramos, sin embargo, diferencias en la cascala geografica de nuestra aproximacion. Por otra
dicion fisica de los individuos que ocuparon bogarte, y hasta donde nosotros conocemos, no exis-
gues o0 matorrales, aunque las aves desplazadéss mingun estudio que haya mostrado la covaria-
estos ultimos habitats —cuya cobertura vegetal @én entre estacionalidad, migratoriedad, fecundi-
mucho menor— podrian sufrir una mayor presidtad, mortalidad y morfologia dentro de una mis-
de depredadores. De nuevo, nuestros resultadus especie, a ninguna escala geogréfica.

apoyan la tesis de la ventaja competitiva de los Las diferencias morfolégicas y de comporta-
sedentarios como un mecanismo por el cual éstogento observadas en los paseriformes forestales

Figura 8. Los bosques y matorrales del Campo de Gi-
braltar constituyen dos tipos de hébitats de diferente cali-
dad para la avifauna forestal. En los bosques (izquierda),
la enorme cobertura arbustiva propotciona cobijo frente
a posibles depredadores, y la diversidad vegetal garantiza
una mayor variedad de frutos. Los matorrales, sin embar-

go, son medios mas expuestos, dominados por el lentisco
(Pistacia lentiscus) y el acebuche (Olea eurgpaca sylvestris), como
los de la fotografia de la derecha.
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ibéricos coinciden con las antiguas clasificacionesos qué mecanismos las mantienen. Durante los
taxondémicas propuestas para muchas de estaspesiodos mas frios del Pleistoceno, las areas ocu-
pecies (por ejemplo, Vaurie 1959). Sin embargpadas actualmente por las poblaciones sedentarias
nunca hasta ahora se habia dado un significado emxttuaron como refugios para estas especies, desde
l6gico a esta diversidad. Nuestros resultados das que éstas colonizaron regiones mas nortefias
gieren de manera evidente que su mantenimiemtas la retirada de los glaciares (Blondel & Mourer-
tiene que ver con el diferente comportamiento méhauviré 1998, dberletet al 1998). La ocupa-
grador de las poblaciones implicadas. En el futaidn de zonas estacionales llevo asociada la adop-
ro, resultaria interesante corroborar el mantermibn del comportamiento migrador (Rappole 1995,
miento de este patrén en otras poblaciones ibé8afriel 1995, Berthold 1999) y, probablemente, el
cas. Por ejemplo, ¢qué cabria esperar que pasaskmiento reproductivo entre los individuos se-
con algunas poblaciones catalanas o extremer@dexntarios y los primeros migradores debido a la
no contempladas en nuestros estudios, pero someparacion de sus areas de cria. Este aislamiento
tidas a situaciones de baja estacionalidad? ¢ Y gmudria haber mantenido hasta la actualidad las di-
las de Sierra Nevada, localizadas a considerabdeencias morfoldgicas y comportamentales entre
altitud pero en situacién muy meridional? En primnigradores y sedentarios. Sin embargo, dichas di-
cipio, lo que podriamos denominar “sindrome derencias también podrian mantenerse mediante
migratoriedad” (definido por la covariacidén de toseleccion, que favoreceria la migracion o el seden-
dos los rasgos expresados en poblaciones migarismo —y la morfologia asociada con cada estra-
doras) deberia seguir un patron multimodal en tiegia— en diferentes situaciones de estacionalidad
Peninsula, paralelo a las variaciones de estacio(Berthold 1999).
lidad entre regiones. Esto significa que, a escala Actualmente estamos desarrollando un estu-
peninsular, la latitud dejaria de ser un buen preditio en el que estimamos el flujo genético entre po-
tor de la proporcion de especies migradoras en l@aciones migradoras y sedentarias ibéricas, asi
comunidades de aves o la intensidad del compopmo entre éstas y las poblaciones de Suecia, per-
tamiento migrador de una determinada espedenecientes a un sistema migratorio diferente (las
(Herrera 1978, Cramp 1992, Newton & Dale 19963urrucas escandinavas estan al otro lado de la di-
gue pasarian a depender de otros factores, pringsion migratoria existente en esta especie, que se-
palmente de la altitud. De hecho, nuestros resultmra poblaciones de migracion occidental, de paso
dos en el Capitulo 1 ya apuntan en ese sentigoy Iberia, y oriental, que se dirigen hacia el sures-
dado que las poblaciones cantabricas, mas notien otofio; Cramp 1992). Un analisis preliminar
flas, muestran al parecer un comportamiento rde la estructura de la variaciébn genética mitocon-
grador intermedio entre las de la meseta y las dgal en este contexto geografico ha mostrado que
las tierras bajas mediterraneas. las poblaciones ibéricas no estan diferenciadas
Los resultados de esta Tesis demuestran qergtre si, pero si lo estan de las escandinavas (J.
la heterogeneidad ambiental de la peninsula IbéPiérez-Tris, S. Bensch, R. Carbonell & J.L. Telle-
ca lleva asociados cambios en la demografia, corta, en prep.). Estas ultimas ocuparon, presumible-
portamiento y morfologia de sus poblaciones dwrente, diferentes refugios durante los periodos mas
aves. Queda por aclarar, sin embargo, como se mfies del Pleistoceno, localizados en Europa suro-
tiene esta variacion. Numerosos estudios han masntal y oriente proximo @berleet al 1998). Esto
trado que tanto el comportamiento migrador consignifica que, probablemente, su aislamiento ocu-
la morfologia asociada son rasgos determinado® hace mucho tiempo, el suficiente como para
genéticamente (Berthold 1996). Sin embargo, aumaber dejado el rastro genético observado (véase
gue las diferencias entre migradores y sedentarBsnsch & Hasselquist 1999 para un caso similar
vengan determinadas por sus genes, aln no saimet el carricero tordalAcrocephalus arundina-
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ceus. Las poblaciones ibéricas, sin embargo, dpropiciado una rapida adopcion de la migracion
bieron de separarse mucho mas recientementepto las poblaciones que colonizaron el Paleértico
cual explicaria que puedan considerarse panmigtesteriormente (Bertholet al. 1992, Pulidet al
cas desde un punto de vista genético. La hipotes896, Berthold 1999). Sin lugar a dudas, esta es
del aislamiento no sirve, por tanto, para explicana de las lineas de investigacion mas excitantes
la diferenciacibn morfolégica y comportamentadjue abre esta Tesis.
de las poblaciones migradoras y sedentarias de Elinterés de las poblaciones ibéricas desde la
curruca capirotada. Seria mas parsimonioso pgrerspectiva de la evolucion de la migracion se acen-
sar que ésta se relaciona con presiones selectitvessi profundizamos en los procesos que, segun
opuestas dependiendo del nivel de estacionalidad diferentes modelos tedéricos, propiciaron la apa-
Yy, por consiguiente, de las ventajas relativas derieion del comportamiento migrador en una po-
migracion o el sedentarismo en cada region (Bdiacion originalmente sedentaria (Rappole 1995,
thold 1999). Bell 2000). La dispersién de individuos residentes
Desde un punto de vista evolutivo, y de acudiiera de sus areas de cria (por ejemplo tras la reti-
do con estos resultados preliminares, la difererada de los glaciares; Safriel 1995) habria causa-
ciacion entre migradores y sedentarios podria maite, eventualmente, la colonizacion de ambientes
tenerse por seleccién natural. Sin embargo, el dstacionales, donde la migracién habria sido favo-
ferente comportamiento migrador de cada pobleecida por la seleccion natural. Sin embargo, estos
cion tiene consecuencias inmediatas en términmsmeros migradores pagarian su estrategia me-
de aislamiento reproductivo: migradores y sedediante una menor supervivencia a su regreso a las
tarios no pueden cruzarse, puesto que sus areasal@s de origen para pasar el invierno. En esas
cria no coinciden. Por ello, el hecho de que no dmnas, la saturacion de los mejores habitats por los
tectemos su aislamiento mediante cambios en &&lentarios y los migradores mas competentes cau-
frecuencias genotipicas a escala peninsular podséia el desplazamiento de una parte importante
deberse a que su separacion ha sido relativamedgemigradores hacia hébitats subdptimos, donde
reciente. Una forma de aclarar este aspecto sqrialrian sufrir una mortalidad mas alta.
estudiar la estructura geogréafica de la variacion Esta diferente capacidad competitiva de mi-
genética de estas especies a una escala mas gnadores y sedentarios en invierno, aparte de ser-
plia, en todo el continente. De acuerdo con la filedr para mantener poblaciones estables de ambos
geografia molecular de otras especies (Hewiipos, podria haber tenido importantes implicacio-
1999) y nuestros resultados preliminares para llass sobre la evolucion de los patrones migratorios.
currucas capirotadas ibéricas, cabria esperar Ur@ ejemplo, segun el modelo propuesto por Cox
pérdida de variabilidad genética hacia el norte, €085), los migradores desplazados fuera del area
el sentido en que se coloniz6 el Paleartico occle invernada podrian encontrar condiciones mas
dental a partir de los refugios pleistocénicos ibéfavorables si sobrepasasen las zonas ocupadas por
cos (Hewitt 1996, aberletet al 1998). En este los sedentarios, migrando algo mas lejos y dando
contexto histérico, y conforme con modelos recietigar, como consecuencia, a la separacion de sus
tes de microevolucién del comportamiento migrareas de criay de invernada. Sin embargo, aunque
dor (desarrollados ademas con la curruca capitos resultados de nuestra investigacion apoyan has-
tada; Berthold 1999), las presiones selectivas reta-cierto punto este modelo de interacciones, toda-
cionadas con la estacionalidad debida a la altituth existe una notable dispersién invernal de se-
en las peninsulas mediterraneas podrian haberdantarios fuera de sus areas de cria, hacia ambien-
vorecido el mantenimiento de una frecuencia rées al parecer menos favorables. No sabemos has-
zonable de migrantes en las poblaciones remanémngué punto un aumento en la afluencia de migra-
tes durante los maximos glaciares, lo cual habdares podria alterar el resultado de estas interac-
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ciones (Fig. 6 y 7), dando lugar a situaciones méquilibrio demografico, tal vez delicado, que man-
delicadas para la persistencia de los sedentati@men con las migradoras durante el invierno. Por
(Alerstam & Enckell 1979, Bell 2000). Sin lugar asta razon, seria conveniente proteger no solo los
dudas, el estudio continuado de las interaccionassques donde crian estas poblaciones, sino tam-
entre migradores y sedentarios en simpatria pbién los matorrales que los rodean. A pesar de que
mitira, en el futuro, matizar los modelos tedricosu interés botanico es mucho menor que el de los
de evolucién de la migracién y explicar la permdosques —son areas cubiertas casi exclusivamente
nencia de residentes en las areas de invernadgdelentisco y acebuche—, estas zonas mantienen a
muchas especies migradoras. la mayor parte de los migradores invernantes en la
Entre las conclusiones mas importantes de egtana, probablemente reduciendo la presion que,
Tesis destaca la singularidad de las poblacionesdieotro modo, estos ejercerian sobre las poblacio-
paseriformes forestales del sur peninsular. Aunguoes locales (Fretwell 1980, Ricklefs 1992). Si la
las especies estudiadas son muy abundantes yresdificacion del habitat de la region causase una
tan ampliamente distribuidas en Europa, sus pmayor afluencia de migradores a los bosques, la
blaciones mantienen una identidad propia en el agentuacién de la competencia podria desembo-
de Iberia, donde estan diferenciadas de las del resr en un menor reclutamiento de las poblaciones
to de su distribucién. Desde un punto de vista apliedentarias (por ejemplo, Goss-Custaed 1994,
cado, su preservacion contribuiria sustancialme8utherland & Dolman 1994, Newton 1998). Por
te al mantenimiento de la diversidad a escala catra parte, los matorrales también acogen una par-
tinental (Lesica & Allendorf 1995). La protecciénte importante de los efectivos locales, que aban-
de estas poblaciones, por otra parte, también colonan sus areas de cria con la llegada de los mi-
tribuiria a preservar procesos evolutivos (Crandagitadores. Este tipo de dispersiones, mas o menos
et al 2000), como los que permitieron la diferenacentuadas segun las particularidades ecolégicas
ciacién entre migradores y sedentarios al final dglcomportamentales de cada especie (comparese
Pleistoceno, y aun hoy mantienen dicha diferea} petirrojo con la curruca capirotada en los capi-
ciacion (Safriel 1995, Berthold 1999). Sin lugar tulos 6 y 7), podria ser de vital importancia para
dudas, la preservacion de los bosques donde seergtar una drastica reduccién del tamafio de las po-
producen estas poblaciones es una pieza clave fdadeziones locales, ya desfavorecidas por la sequia
su conservacion, necesidad que, afortunadamestival (Wnkeret al 1997). En el futuro, seria im-
te, queda cubierta por los extensos Parques Ngioftante determinar hasta donde llegan las disper-
rales de los Alcornocales y de la Sierra de Grazaenes de aves sedentarias en la zona de influencia
lema. La declaracion de estos espacios protegidds,los bosques gaditanos, asi como qué otras po-
apoyada especialmente en su elevado interés baiaciones de especies comunes podrian ser consi-
nico (Costeet al 1990), beneficié indirectamentederadas como ‘unidades evolutivas independien-
a su fauna, por otra parte poco original si obviges’ (Moritz 1994, Lesica & Allendorf 1995, Cran-
mos sus particularidades. dallet al 2000) en otros puntos de la Peninsula, a
Sin embargo, numerosos estudios han demdis-de mejorar las bases sobre las que sustentar el
trado que los procesos ocurridos fuera de la épatssarrollo de estrategias de conservacion de la fau-
de cria pueden ser tan importantes como los queibérica.
afectan a la reproduccion a la hora de determinar
el futuro de las poblaciones de aves (Baillie &gradecimientos
Peach 1992, Rappole & MacDonald 1994, Suther-
land & Dolman 1994, Marra et al. 1998, Newtohas ideas, comentarios y sugerencias de Ana Al-
1998). En este sentido, la conservacion de las paide, Roberto Carbonell y José Luis Telleria con-
blaciones sedentarias ibéricas podria dependerwiduyeron a mejorar un manuscrito original.
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Capitulo 1 5

Efectos de la variacion regional de la estacionalidad sobre el
comportamiento migrador y el ciclo vital de dos paseriformes
mediterraneos

Este capitulo reproduce el texto integro del siguiente manuscrito

Pérez-Tris, J. & Telleria, J.Regional variation in seasonality affects migratory behaviour and life-
history traits of two Mediterranean passerines (manuscrito enviado).

RESUMEN

Las aves migradoras se benefician de una mayajo, estudiamos la variacion de la distribucion
fecundidad desplazandose para criar hacia areapaciotemporal, esperanza de vida y tamafio de
estacionales, pero a la vez sufren una mayor mpuesta en petirrojo€(ithacus rubeculpy cu-
talidad como consecuencia de los costes que im4dcas capirotadasSylvia atricapillg distribui-
plica dicho desplazamiento. No obstante, la cdes en tres regiones ibéricas con diferentes nive-
variacion entre estacionalidad, migratoriedad lgs de estacionalidad (bajo en las tierras bajas me-
ciclo vital deberia cambiar entre especies cuydgerraneas, medio en la cornisa Cantabricay alto
particularidades ecoldgi- en la meseta Norte). En la
cas supusiesen una disti peninsula Ibérica, estas

ta constancia espacial, s dos especies son las que
pervivencia o fecundidac aprovechan los frutos de
En paseriformes frugivo modo mas intensivo en
ros, por ejemplo, el corr las comunidades de aves
portamiento migrador po invernantes. Sin embargo,
dria ser mas acentuado g los petirrojos son territo-

las especies que rastre % : riales, mientras que las
recursos durante el invie X s currucas rastrean la dispo-
no que en las especies ' : nibilidad de frutos en sus
rritoriales, dado que el ne-=_ge cuarteles de invierno. En
madismo invernal podri. la region mas estacional

favorecer la realizaciol o de la peninsula (la mese-
de movimientos de mayc —f i\‘& ta Norte), tanto petirrojos
envergadura. Sin embar- como currucas disminu-

go, las aves frugivoras territoriales podrian sufiperon su abundancia de primavera a invierno y
una mayor mortalidad que las nbmadas, debidorstraron una menor constancia en sus areas de
que las ultimas evitan enfrentarse a la escasezcdi@, menor esperanza de vida y mayor tamafio
alimento (que eventualmente puede tener lugde puesta. En las zonas menos estacionales, por
en territorios discretos dada la impredecibilidael contrario, todos estos rasgos siguieron el pa-
de la produccién de frutos) mediante la prospetrén de covariacion opuesto. Sin embargo, las cu-
cion de diferentes parches de hébitat. En este traicas capirotadas manifestaron un comporta-
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miento migrador més intenso que los petirrojasor supervivencia media invernal, al obligar a los
en todas las regiones ibéricas, con cambios idelividuos subordinados a permanecer como flo-
abundancia mas acentuados (de hecho, las cutantes sin territorio o a ocupar ambientes de me-
cas abandonan completamente la meseta Nome) calidad. Sin embargo, la supervivencia dife-
y menor constancia en las areas de cria inclugmcial de individuos dominantes podria aumen-
en las areas menos estacionales. A pesar ddgaua fecundidad media durante la siguiente pri-
comportamiento migrador mas acentuado, queavera, durante la cual la poblacién reproducto-
deberia incrementar los costes y beneficios deréaestaria constituida por los individuos mas com-
migracion, las currucas capirotadas mostraron upatentes. Por contra, las currucas se beneficiarian
mayor esperanza de vida y un menor tamario de la explotacion de los habitats mas favorables
puesta que los petirrojos en todas las regionésirante el invierno, lo que aumentaria su recluta-
Estos patrones de covariacién entre migratoriedento permitiéndoles mantener una poblacion
dad y ciclo vital, discrepantes a nivel intra e inteestable sin necesidad de un esfuerzo reproductor
respecifico, estdn en consonancia con nuesttas alto como el de los petirrojos. En conjunto,
predicciones sobre el papel que podria jugar mliestros resultados muestran que los cambios en
rastreo de frutos o la territorialidad como modtel grado de estacionalidad a escala regional pue-
ladores del balance entre supervivencia y fecutlen afectar a la migratoriedad de las aves, pero
didad en estas especies. En los petirrojos, el code- modo diferente dependiendo de la idiosincra-
portamiento territorial podria implicar una mesia de cada especie.
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Capitulo 1 5

Regional variation in seasonality affects migratory behaviour
and life-history traits of two Mediterranean passerines

Javier Pérez-Tris & José Luis Telleria*

Migratory birds may improve fecundity by moving to seasonal breeding areas, but may also suffer higher
mortality rates as a cost of movement. However, the covariation among seasonality, migratoriness and
life-history traits should change between species with differing ecological features that may affect site-
tenacity, survival or fecundity. In frugivorous birds, for example, wandering in search for fruits may
trigger broader migrations than territorial defence, and may also improve nonbreeding survival by
preventing food shortages that eventually happen in discrete territories. We studied the variation in spatio-
temporal distribution, life expectancy and fecundity in rokirihacus rubeculand blackcapSylvia
atricapilladistributed in three Iberian regions with a low, mid or high degree of environmental seasonality.

In the Iberian Peninsula, robins and blackcaps are the two most intensive frugivores in winter; however,
robins are territorial while blackcaps track fruit abundance among habitat patches. In the most seasonal
area, robins and blackcaps decreased abundance in winter and showed a lower breeding-site tenacity, a
shorter life expectancy and a larger clutch size. However, blackcaps tended to be more migratory than
robins in all regions. Despite their stronger migratory behaviour, blackcaps showed a longer life expectancy
and a smaller clutch size than robins in all regions. In robins, winter territoriality could decrease non-
breeding survival but also improve fecundity, because survivors are dominant and hence more efficient
breeders. In blackcaps, by contrast, the use of the most profitable habitat patches could increase non-
breeding survival, thereby allowing a similar recruitment than in robins with a lower reproductive
investment. These results support the idea that regional-scale changes in seasonality may affect migratory
behaviour and hence the trade-off between reproduction and survival in birds, doing so differently
depending on the idiosyncrasy of each species.

igration is a strategy of seasonal exploitasf the great difficulty of studying survival and fe-

tion of habitats through which migratorycundity in populations differing in migratory be-
birds benefit from abundant but transitory resourcésviour, these predicted effects of migration on
by increasing offspring production (Bernis 1966Gvian life histories have received little empirical
Greenberg 1980, Alerstam & Hogstedt 1982%kupport (Alerstam & Hedenstrom 1998). To our
However, migration also involves important costknowledge, there are no studies that have illustrated
related to energy consumption, exposure to predae covariation among seasonality, migratoriness,
tors or unpredictable food shortages, which causervival and fecundity within species.
that migratory birds have a lower non-breeding sur- The extent to which a species responds to vari-
vival than residents (Alerstam 1990, Bertholdtions in seasonality of its habitats by changing
1993). It has long been thought that migration mmigratoriness should depend on particular biologi-
only possible when the benefits of being migrazal features. For example, different aspects of the
tory may balance its costs (Greenberg 1980, Cawn-breeding ecology of each species may deter-
1985, Gauthreaux 1982, Alerstam & Hedenstromine the intensity of their migratory behaviour
1998), and that migratory behaviour has played &@Rappole 1995). One such aspect may be site te-
important role in the evolution of different aviamacity during the non-breeding season, which has
life histories by adjusting the trade-off between fdseen particularly studied in relation to food-track-
cundity and survival (Greenberg 1980, O’Connang in frugivorous species because of the low pre-
1990, Bell 1996, Young 1996). However, becaus#ctability of fruits compared to other food re-

*Manuscrito enviado.
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B Atlantic Belt

Northern Plateau

Mediterranean Lowlands

Figure 1. A. Environmental variation in the Iberian Peninsula. Dashed lines represent the mean annual temperature
isotherms for 12°C and 16°C, and shaded areas correspond to those with mean annual precipitation over 600 mm.
Mountain systems above 1500 m (in black) are also shown. B. Regional division of the Iberian Peninsula used in
this study. Seasonality in Iberia primarily depends on altitude and continentality (Lautensach 1967), so that it is
lowest in the Mediterranean Lowlands and highest in the Northern Plateau, whereas the Atlantic Belt reaches a mid
level of seasonality.

sources (Levey & Stiles 1992, Chesser & Levdhe dichotomy between vagrancy and territoriality
1998). While leaf production is essential for a plam frugivorous species not only involves a differ-
to obtain energy, the production of fruits is not neent migratoriness, but also differences in non-
essary for self-maintenance and rather dependstoeeding mortality and hence in reproductive in-
energy surpluses that vary from patch to patch, seastment of birds that follow each strategy (Roff
son to season and year to year. This means th89€2, Stearns 1992).

frugivorous birds may improve non-breeding sur- We studied the covariation among seasonal-
vival by tracking fruit availability across wide ar-ity, migratoriness, survival and fecundity in three
eas (Herrera 1985, Levey & Stiles 1992, Rey 199%)erian populations of robin&(ithacus rubeculp
Given that vagrant birds are also prone to coloniaad blackcapsSylvia atricapillg. It is known that
new breeding grounds (Rappole 1995), it has betttese species are sedentary in southern Iberia
postulated that the degree to which different fr{Pérez-Triset al. 1999, 2000a, 2000b, Telleréh
givorous species track food resources may haak 2000), but at the time being the migratory be-
affected the extent of their movements up to havaviour of most Iberian populations of robins and
triggered, in species that originally wandered motdackcaps is far from well established (Tellexfa
intensely, the evolution of migratory behaviour beal. 1999). However, the winter ecology of both
tween different regions (Levey & Stiles 1992species in the Mediterranean zone has been widely
Chesser & Levey 1998). However, in spite of thdgocumented. Although in the breeding season they
survival benefits accrued to vagrant frugivoroufeed on invertebrates (Cramp 1988, 1992), they
birds by tracking the most rewarding habitats fahift to a nearly strict frugivorous diet outside the
feeding, some frugivores are territorial in wintebreeding season, to the point that these two spe-
Site constancy in winter territories is likely to exeies have been considered to be the most intensive
pose birds to eventual food shortages, and involviesgivores in the Iberian winter bird communities
the competitive exclusion of subordinates to pooréterrera 1984, 1998). However, robins are territo-
habitats causing a stronger population limitational in wintering grounds (Cuadrado 1995), a be-
than the experienced by resource-trackers, whibhviour that is more related to anti-predatory de-
better follow an ideal free distribution (Fretwell &ence than to the control of food resources (Cua-
Lucas 1970, Pulliam & Danielson 1991, Newtodrado 1997). Indeed, fleshy fruits may become
1998). The relevant question at this point is whethscarce in robin territories, forcing them to rely on
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other resources —like ants or oak acorns— whi€lovariation between migration, life expectancy
are comparatively more predictable (Cramp 1988nd fecundity
Jordano 1989). In addition, the likely increase in
mortality related to food shortages may be emph@he trade-off between current and future reproduc-
sised because robins distribute according to an idéah causes clutch size to be inversely related to
despotic distribution in wintering grounds, througlife expectancy (Roff 1992, Stearns 1992). Migra-
which the most dominant individuals monopoliséon could affect this trade-off because migratory
the best habitats and displace subordinates to pogrepulations are likely to achieve a greater fecun-
sites (Telleriaet al 2000). By contrast, wintering dity in the most seasonal breeding areas but also
blackcaps closely track fruit availability acrossre likely to experience a lower survival due to the
habitat patches without defending territories (Jocosts of migration (Greenberg 1980). Therefore,
dano and Herrera 1981, Debussche and Issenmaraneasing seasonality of Iberian habitats should
1984, Herrera 1985, 1998, Rey 1995), and in & coupled with a shorter life expectancy and an
doing they adjust an ideal free distribution (J.Lenhanced fecundity of robins and blackcaps. How-
Telleria and J. Pérez-Tris in prep.). We have studver, this trade-off may also be modulated by spe-
ied whether the variations in seasonality amorajes-specific features. Particularly, if robins suffer
Iberian regions may affect the migratory behawa higher mortality in winter than blackcaps as a
iour and hence the life history of robins and blaclconsequence of their winter territoriality, this ef-
caps. In a complementary way, given that these tkexct should be counterbalanced by interspecific fe-
species are similar in most aspects of their breemndity adjustments in the opposite direction (Roff
ing and wintering biology (body size, mating syst992, Stearns 1992).
tem, migratory pattern, year-round habitat prefer-
ences, diet and so on; Cramp 1988, 1992) but ddETHODS
fer in the way they exploit winter resources, we
predicted different population dynamics for eacBtudy area
one in relation to vagrancy or territoriality, which
led to the following hypotheses: The Iberian Peninsula is located at the southern
edge of the Western Palearctic, between 36°N and
Variation in the seasonal occupation of habitats 43°N. The gradually decreasing oceanic influence
towards its southeastern half, together with eleva-
Increasing seasonality implies an uneven tempien in its Northern plateau, makes it possible to
ral distribution of food resources, which affects thdifferentiate three contrasting regions (Fig. 1, see
length of the period birds will spend outside thealso Lautensach 1967, Font 1983). The Atlantic
breeding areas. This period will be as short as éelt has fresh summers and mild winters, as well
vironmental conditions may allow, since the earlgs abundant rainfall all around the year. The North-
occupation of breeding sites improves breediregn Plateau (mean elevation around 800 m) shows
success (von Haartman 1968, Smith & Nilssommarked contrast between temperate summers and
1987). Therefore, we expect that birds show learsh winters. The Mediterranean Lowlands have
higher breeding-site tenacity in the less seasormat summers but temperate and rainy winters (Fig.
regions, but leave their breeding areas for a longex Therefore, these Iberian regions define a non-
time with increasing seasonality. However, if wanknear gradient of seasonality, in which primary pro-
dering in search for fruits is related to a lower si@uction —and hence food availability— follow a
tenacity in blackcaps (Herrera 1985, Levey armbmplementary spatio-temporal distribution (Lau-
Stiles 1992), then we expect that they perfortensach 1967, Herrera 1985). The two northern-
broader migrations than robins. most regions, especially the Northern Plateau, are
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Table 1. Regional variation in breeding phenology of ~data were obtained by means of line-transect
robins and blackeaps. The mean breeding times (referred  counts, and all of them were repeated in spring and
to as B in the text), with standard errors in days and  \inter py the same authors to describe the struc-
sample sizes in brackets are shown. ture of particular Iberian bird communities. This
allowed us to test for seasonal changes in abun-

Robins Blackcaps dance among regions controlling for site-specific
A. Belt 17 May+ 2 (107) 25 Mayt 3 (46)  habitat characteristics.
N. Plateau 1 June 3 (51) 31 May 2 (62) We used ringing recoveries (available from the
M. Lowlands 6 Mayx 3 (6) 8 June: 6 (15) Spanish Ringing Scheme) to study the regional

variation in breeding-site tenacity of robins and
blackcaps. We explored these data to find out na-
summer habitats for migratory birds, while théve individuals, which were those labelled as lo-
Mediterranean Lowlands become the most suitaldal, nesting or nestling (see ringing codes in
wintering areas for many Palearctic passerines (TEUJRING 1979). We also considered birds ringed
lleria 1988). During winter, the harsh Northeror recaptured between April and August (both in-
Plateau contrasts greatly with the Mediterraneatuded), when no migration of these species takes
Lowlands, which have a peak of primary produglace across the Iberian Peninsula (Cantos 1995,
tion and maintain many insects and large stocksBfieno 1998). Following these criteria, we consid-
fleshy fruits available for wintering birds (Lauten-ered 126 robins (recaptured between 1962 and
sach 1967, Herrera 1985, Telleria 1988, Fuent&#896) and 287 blackcaps (1967-1996). A strong
1992). The Atlantic Belt shows an intermediatbreeding-site fidelity was the rule among these
level of primary production during winter that al-birds since everyone, except a single robin that was
lows invertebrate activity and a moderate fruit preexcluded, were always recaptured at the same
duction, which sustain small populations of winbreeding site.
tering passerines (Lautensach 1967, Guitian 1985, We considered breeding-site tenacity as the
Herrera 1985, Telleria 1988, Fuentes 1992). time birds remain in the breeding site outside the
nesting period. Because the timing of breeding may
Seasonal occupation of habitats change among regions or between species, we con-
trolled breeding phenology when estimating breed-
We used two complementary approaches to evalog-site tenacity. Data on breeding times were ob-
ate the intensity of migratory behaviour of robingained from 164 nest-record cards of robins (spread
and blackcaps in the Iberian Peninsula. The filsetween 1969-1996) and 123 of blackcaps (1970-
one, at the population level, consisted of an analy992) available from the Spanish Ornithological
sis of seasonal changes in abundance of each peeiety. Because of irregularities in the frequency
cies in each Iberian region. The second one, at tfevisits, we could not determine the laying date
individual level, studied the variation in breedingaccurately in many nests. However, given the broad
site tenacity between species and regions. scale of our comparison, to know the exact laying
We studied the spatio-temporal variation idates is not necessary to describe breeding phe-
abundance of Iberian robins and blackcaps usinglogy in this study. Therefore, we used the aver-
66 published bird censuses, scattered across #ye between the dates of the first and the last visit
Iberian Peninsula (reviewed by Tellextal 1999). to each nest as measures of breeding time. We
We only considered censuses performed in forestedind that breeding phenology is similar among
habitats (forests, scrublands, olive growths, etcrggions in blackcaps, but robins breed earlier in
where both species may occur along the yeswuthern Iberia than in the other regions (Table 1).
(Cramp 1988, 1992, Telleréhal 1999). Allthese This could be a way to avoid extending the breed-
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ing season into the summer drought period. Indeedterspecific variation in life expectancy. Never-
it has been shown that the summer drought negheless, in order to avoid further bias of life-ex-
tively affects the reproductive output of south Ibepectancy estimates we did not consider individu-
rian robins (Pérez-Trist al 2000b). als ringed after 1992, a safe boundary according to
We estimated site tenacity)(of each local the variation in life expectancies observed in these
birdi asT, = |§— Di| , whereB is the mean breed- species (Cramp 1988, 1992, Cuadrado 1994). We
ing time value for the species and the region twuld not analyse survival more thoroughly be-
which the bird belongs (given in Table 1), abd cause the number of birds ringed in each region
is the farthest calendar date frarin which the during the study period was not available. Never-
individual was recorded at the breeding site, réheless, life expectancy in calendar years may be a
gardless this date corresponds to the ringing or $aitable measure of survival in studies of passer-
one of the bird’s recaptures. To avoid using birdees. Calendar years reflect very adequately the
captured during the nesting period in the analysmimber of breeding opportunities in these species,
of site tenacity, we did not consider time lags shortas their mortality rates usually peak in autumn mi-
than 60 days, which is a safe interval according gration and then decline (Greenberg 1980, Pien-
the duration of the breeding period —from arrivakowski & Evans 1985).
in spring to departure in autumn— in these species We studied regional and interspecific varia-
(Cramp 1988, 1992). This measure of site tenacitipn in clutch size as a surrogate of fecundity
assumes that the probability of recapture in th&tearns 1992). We recorded clutch size from nest
breeding area does not change among regionsrecord cards considering only accurately complete
species. Both species show similar habitat prefestutches, which we recognised by their constancy
ences during the breeding season: they defend tever several days along the incubation period. Re-
ritories of similar size, moving into low and densgional and interspecific variation in clutch size
vegetation which makes them easily capturable gould be affected by changes among regions or spe-
mist-nets (the main trapping method used by ringies in nesting success; for instance, egg hatchabil-
ers). In addition, their migratory populations stayty rates or fledging rates are known to influence
in breeding territories until departing once comelutch size (Lundberg 1985, Martin 1995). To ex-
pleted the post-nuptial moult, which takes place amine the possibility that the patterns of clutch-
a similar time in both species (Cramp 1988, 1992ize variation were confounded by nesting success,
Therefore, itis very unlikely that the probability ofwe conducted two-wayNCOVAs on the number
recapture of robins or blackcaps shows differenff hatched eggs and fledged young, controlling for
seasonal changes among regions, unless their poihe covariates clutch size or brood size, respec-
lations actually differ in breeding-site tenacity. tively. Because of irregularities in the frequency
of visits, the number of hatched eggs and fledged
Regional and interspecific variation in life young were rarely reported in the Mediterranean
expectancy and fecundity Lowlands (two nests for each species), so we re-
stricted these comparisons to the two northern re-
We estimated life expectancy of each bird as thggons.
minimum number of calendar years it survived un-  We transformed variables to meet the statisti-
til its last recapture in the breeding area. Althougtal assumptions of parametric statistics. Square-
we considered the age at ringing of individualsoot transformation was applied to clutch sizes,
(whether they were first-year birds or older), wérood sizes and fledgling number, and log-trans-
nonetheless underestimated life expectancy. Hofermation to the remaining variables. All tests were
ever, this happened in both species and in all revo tailed, anda posteriori differences among
gions, so it could not have affected regional nagroups were assessed using Tukey'’s tests.
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RESULTS regions, and robins spent more time in their breed-
ing areas than blackcaps (Fig. 3). Interspecific dif-
Seasonal occupation of habitats ferences were more intense in the Atlantic Belt,

although not significantly so, perhaps because
Both robins and blackcaps showed different patackcaps behave as partial migrants while robins
terns of seasonal distribution among regions in tlaee more sedentary in this region (two-W=pVA :
Iberian Peninsula (Table 2). Thus, the abundaneionsF, , . = 7.03,P < 0.001; species- , =
of both species decreased in the Northern Plateb99,P < 0.0001; regiox species, , .= 2.77P
(the most seasonal region) and increased in th®.064).
Mediterranean Lowlands (the less seasonal region)
outside the breeding period (Fig. 2). Obviouslatterns of life expectancy and fecundity
the sharp increase in abundance in the Mediterra-
nean Lowlands is mainly due to the arrival of indiBoth species had a significantly shorter life expect-
viduals from central and northern Europe (Cant@scy in the most seasonal region, where birds were
1995, Bueno 1998), but our results suggest thfaund to be more migratory. Nevertheless, accord-
the arrival of migrants from the most seasonal ang to the predicted benefits of wandering com-
eas in the Iberian Peninsula could also contribyp@red to territory defence in winter, blackcaps sur-
to this increase. According to our predictionssived more years than robins in all regions (two-
blackcaps displayed a more seasonal patternvedy ANOVA: regionsF, ,..= 5.47,P < 0.01; spe-
distribution than robins. Blackcaps abandoned tioees F, = 21.22,P < 0.0001; regionx species
Northern Plateau completely and sharply decreaded,..= 3.04,P = 0.050; Fig. 4). Consistent with
in abundance in the Atlantic Belt, concentrating]ése results, both species had a greater clutch size
themselves in the Mediterranean Lowlands duin the most seasonal region, but robins laid larger
ing winter (Fig. 2). In robins, however, the popuelutches than blackcaps in all regions (regieys,
lations that remained during winter in both north= 21.27,P < 0.0001; speciek, ,., = 54.07,P <
ern regions were larger, and only the Northern PI@:0001; regionx speciesF, ,.,= 0.25,P = 0.78;
teau showed a significant decrease in abundarkg. 4). It is unlikely that the small sample size in
(Fig. 2). the area with lowest seasonality affected the reli-
Both species showed less breeding-site tenatility of these results, as regional and interspe-
ity in the Northern Plateau than in the other twaific effects were both large (an average difference
of one egg) and highly significant. At a given clutch

“Table 2. Results of two-way repeated measures ANOVAS size, neither regional nor inters_pec_:i_fic variation in
on spatio-temporal differences in abundance of Iberian number of hatched eggs was significant (two-way
robins and blackcaps. Since each forest was sampled both ~ ANCOVA! northernmost regioriélylgoz 0.0001,P
during the spring and the winter, ‘season’ has been = 0.99, SpeCi6§1‘190 = 1.08,P = 0.30, regionx
considered as a repeated measures factor. SpeCie§1,190: 0.09P =0.77; covariate clutch size:

F...,= 4.89,P < 0.05). The number of fledged

1,190

Robins: F d.f. P young at a given brood size did not vary either be-
Region 322 2,63 0.047 " tween regions or between species (northernmost
Season 0.03 1,63 0-863 " regionsF, , = 0.0005,P = 0.98, between species
Regionx season 22.82 2,63 < 0.0001 FLo.= 0-45P =0.50, regiox specie§, = 0.24,
Blackcaps: F d.f. P P = 0.62; covariate brood sizE; . = 86.40,P <
Region 2.17 2,63 0123 9 001). No test of parallelism was significant in
Season 3.94 1,63 0.051  theseancovas (allP > 0.77 andP > 0.41, respec-
Regionx season 6.37 2,63 0.003

tively). According to these results, we can consider
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that regional and interspecific variations in clutc o,
size were not affected by nesting success.

Robins
1 1 spring
I W inter

DISCUSSION 8

16
35

Birds/ 10 ha

Seasonality, migratory behaviour, and life history
traits of robins and blackcaps

So far, the migratory behaviour of Iberian robin |
and blackcaps had been considered to be nec...,
homogeneous. Thus, sedentariness would be = *? Blackeaps
most spread strategy among lberian populatior 4 L1 Spring

Low seasonality Mid seas onality High seasonality

which would only shift to partial migration in W Winter
mountainous areas (e.g. Cramp 1988, 1992, F g

rroy 1997). This view, principally based on the pre < ¢

dictions of large-scale latitudinal gradients of mi & , 6

gratoriness in the Palearctic, ignores the stroi , - 35

variation in environmental conditions related t T

elevation in low-latitude areas. In the Mediterra  ° [ ooasonalty  Widseasonalty  High seasonalty

nean zone, altitude resembles the effect of latitude,

causing similar variations in seasonality at a much

smaller geographic scale (Lautensach 1967, qufgure 2. Spatio-temporal patterns of variation in
1983). Consequently, in the Iberian Peninsula roflsundance of robins and blackcaps according to the

ins and blackcaps tend to be sedentary in the lebsging degree of seasonality in the Ibetian Peninsula.
seasonal areas but migratory in the most seasohg levels of seasonality correspond to the regions
regions, reproducing in a small area their varigbown in Fig, 1. Means, standard errors and sample sizes
tions in migratoriness with increasing seasonalic "™

in the Palearctic (Cramp 1988, 1992). Apart from

these intraspecific patterns, we found different réleshy fruits are absent there, while robins likely
sponses to seasonality in blackcaps and robins b@have as partial migrants in that region. In sum-
the Mediterranean Lowlands (the less seasonal amneary, our results not only reveal the predicted in-
of all), blackcaps show a slightly smaller breedsrease in migratoriness of Iberian birds with in-
ing-site tenacity than robins, which could be thereasing seasonality, but also support that this as-
outcome of spatio-temporal variations in fruit availsociation may be modulated by other factors, which
ability which robins do not track (Herrera 1985in turn will determine the extent to which each spe-
Rey 1995). Blackcaps show more seasonal patteaiss responds to environmental instability by leav-
of occurrence in the Atlantic Belt (an area of mithg their breeding areas. In our study, interspecific
seasonality), where fleshy fruits shift from abundifferences in the response to seasonality are con-
dant in late summer to scarce during winter. Meaaistent with the predicted higher site-constancy in
while, robins —which are less dependent on fruirritorial robins if compared to vagrant blackcaps
seasonality— could be there as sedentary as in (Herrera 1985, Levey 1988, Levey and Stiles 1992).
Mediterranean Lowlands, or engage in regional- Our results support the idea that migration af-
scale movements (Guitian 1985). Finally, blackects reproductive trade-offs in Iberian robins and
caps abandon the most seasonal Iberian area {leekcaps. Some studies have found a correlation
Northern Plateau) completely during winter, whehetween migratoriness and clutch size (Bell 1996),
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or between migratoriness and life expectancy (Ct
drado 1994), but so far no one has illustrated t
covariation among migratory behaviour, fecundit
and survival in a gradient of increasing season:
ity. In Iberian robins and blackcaps, life expec
ancy decreases and clutch size increases with
creasing migratoriness in the Northern Plateau, t
most seasonal environment. In this area, prime
production concentrates in a shorter breeding st 8¢
son and reproductive restrictions related to the sum-
mer drought are less pronounced than in Meditdfigure 3. Regional and interspecific variation in the
ranean Lowlands (Pérez-Tesal 2000b). These breeding-site tenacity of robln_s and blackcaps (means,

. . . standard errors and sample sizes), in relation to the
environmental conditions could allow birds to Ia¥hanging degree of scasonality in the Tberian Peninsula,
larger clutches (Seether 1994), which might COURpe Jevels of seasonality correspond to the regions
terbalance mortality associated to the costs of Mirown in Fig 1. In both species, site tenacity was smaller
gration by increasing offspring production (Youngh the region with the highest seasonality than in the
1996, Pérez-fis et al 2000b). On the other hand other two regions (Tukey’s test, P < 0.005).
the reduced residual reproductive value due to
lower survival chances would also mitigate the imeral species. In our study, to obtain enough data of
portance of reproductive costs, inducing a higheeasonal variation in abundance, ringing recover-
reproductive investment in migratory populationgs and nest records for a number of vagrant and
(Roff 1992, Stearns 1992). Other factors may irterritorial species would be simply unworkable: this
fluence changes in clutch size among regionsformation does not exist. When faced with these
which could affect mortality rates by modifyingimitations, two-species comparisons may give bio-
reproductive effort. For example, the decrease Iogically relevant results provided that independ-
clutch size with decreasing seasonality could et predictions for between-species differences are
explained by a parallel increase in nest-predatidormulateda priori. In this case, the probability
rates in the less seasonal areas (Slagsvold 19@@t all differences are in the predicted directions
Lundberg 1985, Martin 1995). It is difficult to valuewill be given by the combination of probabilities
a posteriorithe extent to which predation presthat each individual difference fits such predictions
sure could influence life history variation amongGarland and Adolph 1995). In this study, the prob-
robins and blackcaps in the Iberian Peninsula. Thbility of obtaining the four predicted interspecific
few studies that have evaluated nest-predation rapedterns (spatio-temporal distribution, site tenac-
in these species suggest that they are homogeitg-life expectancy and clutch size) by chande is
ous both between species and among Iberian 0.5 = 0.063, which is nearly significant. To im-
gions (de la Puente and Yanes 1995, Yanes gmave the reliability of our results we have selected
Suarez 1995), so nest predation is unlikely to hatlee best model species available. They are the com-
affected the patterns of clutch size variation thatonest in the Iberian forest bird communities (Te-
we found. lleriaet al 1999), the most representative among

It has been claimed that two-species compasiagrant and territorial frugivores (Herrera 1998),
sons cannot provide reliable conclusions about iand the ones for which a larger body of empirical
terspecific patterns (see discussions in Harvey aresearch has been accumulated so far (Cramp 1988,
Pagel 1991, Garland and Adolph 1995). Howevek992).

a multispecies approach is not always feasible Despite these methodological shortcomings,
given the difficulty to gather information for sev-our results suggest that differences in winter ecol-
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ogy of robins and blackcaps may modulate the efupport our predictions and provide an empirical
fect of migration on the trade-off between fecurbackground for future studies on the role that win-
dity and survival in these species. This would hater ecology and behaviour may play in shaping the
caused that, while increasing migratoriness iwovariation among migration, fecundity and sur-
volved a higher fecundity and a shorter life expectival of birds.

ancy within species, the most migratory species

(the Blackcap) showed a lower fecundity and Ehe migrations of Iberian robins and blackcaps in
longer life expectancy than the most sedentary syilee Palearctic context

cies. These contrasting patterns of covariation

within and between species are consistent with tliae increase of seasonality with increasing lati-
costs of territorial behaviour in terms of survivaliude likely triggered the evolution of migration in
which would cause a stronger population limitamost Palearctic birds (Moreau 1972, Alerstam &
tion in winter (Fretwell & Lucas 1970, Pulliam & Hogstedt 1982). Thus, migration is a common strat-
Danielson 1990, Newton 1998). These costs cowddy among birds of highest latitudes that progres-
be counterbalanced, however, by an increased $vely declines southward, both within and among
cundity of survivors. In partially migratory robins,species (Moreau 1972). Resembling this latitudi-
winter territoriality may favour breeding success
of dominant, highly qualified individuals (Adri-
aensen & Dhont 1990). In the migratory fractiol
of the population, dominants may improve survive
because they occupy the best habitat patches in n
breeding grounds (Teller& al. 2000). The same
happens in the resident fraction, in which surv
vors benefit from an early occupation of the be:
breeding territories (von Haartman 1968, Smith ar
Nilsson 1987, Adriaensen and Dhont 1990). Th

[—_IRobins

Blackcaps

Life expectancy (calendar years)
w

might constitute a feedback mechanism that cou tow seasonalty  Mid seasonaliy  High seasonalty
. . 6 .

enhance population recruitment although avera Eg;@;gam

winter survival is low, since the most qualified in 41

dividuals would make up the breeding populatio
year after year (Rodenhouseal 1997). Black-
caps, however, effectively track food resources du
ing winter (Fouarge 1981, Herrera 1982, 1985, R¢ = 4 " 44
1995), doing so according to an ideal free distr
bution (J. L. Telleria and J. Pérez-Tris, in prep.).
this improves survival (Jordano 1988), winter ve 3 ow seasonalty Mid seas onality High seasonality
grancy could enable blackcaps to achieve a simi-
lar lifetime breeding output than robins withouFigure 4. Regional and interspecific variation in life
the increased effort associated with large clutchespectancy and clutch size of robins and blackcaps
Obviously, robins and blackcaps are two partiClgt_neans, standard errors and sample sizes), in relation to
lar cases in a continuous series of winter behatb_e changing degree of seasonality the Iberian Peninsula.
. . . . &“he levels of seasonality correspond to the regions
iours, and evolutionary history, physiology an R . :
’ shown in Fig 1. In both species, means were smaller in
many other factors may have influenced the eVl region with the highest seasonality than in the other

lution of their life histories. Although this makeSwo regions (Tukey’s test: life expectancy P < 0.05, clutch
our results hardly general to other species, theye P < 0.005).

Clutch size
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Capitulo 2

Distribucion de abundancias, variacion morfoldgica y
condicion juvenil de los petirrojos Erithacus rubecula (L.)
en el borde de su area de distribucion mediterranea

Este capitulo reproduce el texto integro del siguiente manuscrito

Pérez-Tris, J., Carbonell, R. & Telleria, J.L. 2000. Abundance distribution, morphological variation, anc
juvenile condition of robin&rithacus rubeculdL.) in their Mediterranean range boundaigurnal of
Biogeography27: 879-888.

RESUMEN

Se ha sugerido que las poblaciones de una detadiamos la variacién interpoblacional en rasgos
minada especie deberian estar peor adaptadas acionados con la migracion para examinar la
ca del borde de su distribucion, donde sus haliferenciacion de las poblaciones periféricas. Para
tats son cada vez menos adecuados. En ocasialuar la respuesta de las poblaciones a las va-
nes, sin embargo, las poblaciones periféricas peaciones ambientales, estudiamos cuatro indices
drian aclimatarse, o incluso adaptarse, a las cale-condicion fisica de los juveniles (asimetria fluc-
diciones locales. En este trabajo estudiamos pdtiante, tamafio corporal, ptilocronologia y peso
rrojos ibéricos para evaluar <i r corregido por el tamafio), cada
las poblaciones periférice . 4 uno de ellos relacionado con
meridionales son mas restri el estado nutricional de los in-
tivas al seleccionar sus hat y 7 dividuos en un momento con-
tats, estan localmente difere . creto entre su desarrollo tem-
ciadas o muestran alguna e ' prano y su emancipacion.
dencia de inadaptacion. Div : Aunque los petirrojos restrin-
dimos la Peninsula Ibérica ¢ b ﬁ gieron su distribucion hacia el
tres regiones (Eurosiberiane = sur, su abundancia local no va-
Supramediterranea en el nc rié entre regiones. Los petirro-
te, y tierras bajas mediterr: jos meridionales, de acuerdo
neas en la mitad meridional con su comportamiento seden-
gue definen un gradiente tario, presentaron alas mas
xericidad creciente hacia « cortas y redondeadas que los
sur. En cada region, selecci nortefos, aunque no encontra-
namos una localidad represe: - mos diferencias de tamafio
tativa donde capturamos petirrojos durante tresrporal. La asimetria fluctuante y el tamafio de
afios de estudio. Revisamos 72 estudios de ¢ms volanderos no reflejaron un mayor estrés du-
munidades para examinar si los petirrojos octante el desarrollo de los petirrojos en las pobla-
pan menos bosques y disminuyen su abundancianes meridionales, si bien éstos mostraron una
hacia el sur en Iberia. Dado que los petirrojos speor condicion fisica durante su emancipacién
sedentarios en la region meridional, pero abafmedida mediante la ptilocronologia y el peso re-
donan en gran medida las regiones nortefas, sislual). La distribucion de abundancias observa-
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da indica que los petirrojos ibéricos podrian sgs reproductivas que los petirrojos migradores ob-
leccionar los habitats que superasen un cietEndrian ocupando habitats estacionalmente pro-
umbral de calidad. Ademas, las poblaciones médctivos, en lugar de la inadaptacion de las po-
ridionales parecen estar diferenciadas en el bofdlaciones sedentarias periféricas. Desde este punto
de la distribucién, de acuerdo con la variaciote vista, y de acuerdo con los patrones de distri-
morfoldgica asociada al comportamiento migrdsucion y variacidon morfolégica observados, los
dor de cada poblacion. Esto introduce la posibilpetirrojos del sur ibérico podrian constituir po-
dad de que las variaciones interpoblacionales biaciones independientes, localmente adaptadas
condicion juvenil reflejen en realidad las ventaen el borde de la distribucion de la especie.
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Abundance distribution, morphological variation, and
juvenile condition of robins Erithacus rubecula (L.) in their
Mediterranean range boundary

Javier Pérez-Tris, Roberto Carbonell & José Luis Telleria*

It has been suggested that populations nearing the border of a species’ range should be maladapted
because they occupy progressively less suitable environments. In some instances, however, peripheral
populations might acclimate or even be adapted to local conditions. We studied Iberian robins to evaluate
whether southern, peripheral populations become more restrictive in selecting their habitats, are locally
differentiated or show evidence of maladaptation. We divided the Iberian Peninsula into three regions
(the Eurosiberian and Supra-Mediterranean regions in northern Iberia, and the Mediterranean Lowlands
in southern Iberia), which define a gradient of increasing dryness southwards. In each region, we selected
one representative locality, where we captured individuals during three study years. We reviewed 72
community studies to test whether Iberian robins occupy fewer forests and decrease in abundance
southwards. Because robins are sedentary in the southernmost region, but largely abandon both northern
areas in winter, we analysed the variation in migration-related morphology to test for population
differentiation in the range boundary. To examine how populations cope with environmental variation,
we studied four indices of juvenile condition (fluctuating asymmetry, fledgling size, ptilochronology and
size-corrected body mass), each related to nutritional conditions in a particular stage of growth, from
early development to independence. Although robins restricted their range southwards, there was no
change in local abundance between regions. Southernmost robins, consistent with their sedentary behaviour,
had shorter and more rounded wings than northern robins, although the populations did not differ in
terms of body size. Fluctuating asymmetry and fledgling size did not evidence a higher developmental
stress in peripheral populations, although southernmost robins had a lower juvenile condition during
their independence (as shown by ptilochronology and residual body mass). The distribution of abundance
found in this study supports that Iberian robins could select habitats above a somehow restrictive threshold
of quality. In addition, morphological correlates of migratory behaviour provided evidence of population
differentiation at the range edge. This introduces the possibility that among-region variations in juvenile
condition actually reflect reproductive benefits for migrants, related to the occupation of seasonally
productive habitats, rather than the maladaptation of sedentary, peripheral populations. From this
perspective, and in view of the patterns of distribution and morphology that we found, southern Iberian
robins might be independent populations locally adapted in the range boundary.

M any studies have proposed that the well b&988, Blondelet al. 1993, Hoffmann & Blows
ing of populations should decrease towards994). In any case, either phenotypic plasticity or
the border of a species’ range. The niche hypotbepulation differentiation would allow peripheral
esis, for example, suggests that habitat suitabilipppulations to avoid maladaptation (Hoffmann &
decreases from the core areas causing a decrdsisevs 1994).

in both the abundance and fithess of populations European forest passerines seem to face a de-
nearing the species border (Brown 1984, 199&ieasing habitat suitability in the Mediterranean re-
Lawton 1993). However, peripheral populationgion. However, there is little empirical evidence
may either acclimate or adapt to local conditionglustrating how populations respond to changing
or even have an evolutionary history that is indenvironmental conditions in peripheral areas. In
pendent of the main population (Caugh&tyal the Iberian Peninsula, for example, it is known that

*Journal of Biogeography 27: 879-888.
[0 2000 Blackwell Science Ltd. 43
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Figure 1. Regional division of the Iberian Peninsula: Eurosiberian Region (dark grey), Supra-Mediterranean Region
(light grey) and Mediterranean Lowlands (white). The diagrams show the monthly variation in precipitation (mm)
and maximum temperature (°C) for the period April-August (measured from 1986 to 1997) in the study localities
selected in each region (means and standard errors are shown).

they have a more fragmented distribution soutlern Iberia, but its distribution becomes patchy from
wards (Santos & Telleria 1995, Telleria, Asensitere southwards (Telleria & Santos 1994, Telle-
& Diaz 1999), and several studies have foundria et al 1999). Therefore, it is a suitable model
lower body condition in populations occupyingdor studying the biology of a typical European for-
some marginal, dry environments (Carbonell &st passerine nearing the boundary of its Mediter-
Telleria 1998, 1999). However, this does not netanean range. We evaluate whether robin popula-
essarily apply to all peripheral Iberian populationsions acclimate to their environments, are differ-
In fact, there are moist forests in the southernmaasttiated or show evidence of maladaptation in the
point of Iberia whose avifauna is similar, both isouthernmost Iberian breeding grounds from three
richness and abundance, to the one recordedcomplementary perspectives:
northern lberia (Santos & Telleria 1995). Moreo-
ver, some passerines are known to be sedentarfatterns of abundance distribution
these forests and to be morphologically differenti-
ated from their north-lberian migratory counterH robins actually occupied progressively worse en-
parts (Telleria & Carbonell 1999). The existencéronments across the Iberian gradient, the fragmen-
of these peculiar bird communities introduces thation of the speciesange southwards should in-
possibility that the Iberian peripheral populationgolve a parallel decrease in abundance in the occu-
of some bird species are locally adapted. pied forests (Lawton 1993, but see also Blackburn
In this paper, we study the variation in somet al 1999). However, robins may occupy only suit-
population traits of robin&fithacus rubeculdl.])  able habitats regardless the distance to the species’
distributed along a north-to-south gradient of isorder, thereby preventing their maladaptation in
creasing dryness in the Iberian Peninsula. The roltive range boundary. If robins actually selected habi-
has a wide distribution in the Western Palearcttats above some threshold of quality, we should find
(Cramp 1988), and it is also widespread in nortla-similar density across the Iberian gradient.
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Morphological differentiation a lower juvenile condition in peripheral popula-
tions could be a fair surrogate of lower fithess in
The adaptation of peripheral populations to loc#éhe range boundary.
conditions may be prevented by gene flow from
central, densely populated sectors (Holt & GomMETHODS
ulkiewicz 1997, Kirkpatrick & Barton 1997). In
some instances, however, isolation in the ran§éudy area
border may preclude this interchange and hence
allow local differentiation (Hoffmann & Blows The environmental variation that robins meet in
1994). It has been suggested that Iberian robitie Iberian Peninsula can be summarized into three
belong to the nominate subspedies. rubecula main regions (Fig. 1; see Lautensach 1964, Font
(L.) but grade in the south int@. r. witherbyi 1983, Telleriaet al 1999). In each region, we se-
Hartert (Cramp 1988). However, the possible difected one study site at which both precipitation
ferentiation of southern populations has nevand temperature were close to the regional aver-
been studied, although it is known that they asge values (Lautensach 1964, Font 1983). The
sedentary whereas northern populations are p&urosiberian Region constitutes the non-Mediter-
tially or totally migratory (Telleriget al 1999). ranean sector of the Iberian Peninsula, where rob-
In many bird species, migratory populations difins are widespread and abundant. In this region,
fer from their sedentary counterparts in that thaye captured robins in mixed oak fore€dsi€rcus
have longer and more pointed wings, as well agagineaLam., and. roburL.) in Alava (42°55’'N
shorter tail (e.g. Leisler & Winkler 1985, Nor-2°29'W; 620-m elevation). The Supra-Mediterra-
berg 1995, Telleria & Carbonell 1999). In connean Region is a plateau above 800 m elevation
trast, the different use of habitats by migrant anglhere robins occupy mild areas in mountains and
sedentary populations may also involve variatioqdains. This region is characterised by a marked
in diet, and hence in its related morphology (Caontrast between a highly productive spring and a
rrascalet al. 1990, Telleria & Carbonell 1999).very harsh winter. There, we captured robins in
The existence of these morphological correlat&erra de Guadarrama (40°54’'N 3°53'W; 1100-m
of migratory behaviour would be a good evidencglevation), in mixed forestuercus pyrenaica
of population differentiation, as long as it hadVilld., Fraxinus excelsidr., andAlnus glutinosa
been demonstrated that these traits are contrfdl:]) interspersed with meadows. Finally, the
led genetically in robins (Biebach 1983, BertholtMediterranean Lowlands represent the typical dry

1991). Mediterranean climate, characterized by an intense
summer drought. Well-developed forests are lack-
Juvenile condition ing across this region except in some moister

mountain and coastal sectors, which are the only
If robins were unable to acclimate or adapt to psttes where robins may be found. We sampled
ripheral conditions (see above), they shoulchixed oak forestsuercus subet.., andQ. ca-
achieve a lower fitness near the range boundargriensisWilld.) in Sierra de Ojén, in the south-
(Caughleyet al. 1988, Hoffmann & Blows 1994, ernmost point of Iberia (36°01’N 5°36’W, 250-m
Brown 1995). Juvenile survival is a major comelevation).
ponent of the variation in fithess among bird popu- Previous studies have shown that robins are
lations (Newton 1989), and is determined largelsedentary in southern Iberia, but largely abandon
by the body condition of juveniles between earlihe northernmost regions during winter. Thus, de-
development and independence (Lind&nal spite the arrival of robins from central and north-
1992, Mgller 1997, Lindstrém 1999). Thereforegrn Europe for winter in northern Iberia, there is a
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ests), (2) the proportion of forests occupied, and

L_1 Al forests (3) the mean densities in the occupied forests in
Occupied forests each region. We also evaluated the mean abundance

of robins in our study localities to assess whether

26
31 8 . :
they deviate from the average values in each re-
gion, for which we censused robins in 1996 in sev-
23 eral 500-m long by 50-m wide line transects.
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Figure 2. Abundance distribution of robins in the Ibetian In 1996, we sampled our study localities early in
Peninsula. Mean densities, standard errors and sample sizes ~ the breeding season (in May). In 1997 and 1998,
are shown (ER, Eurosiberian Region; SMR, Supra-Medi-  however, we captured robins after fledgling inde-
terranean Region; ML, Mediterranean Lowlands). pendence (June-July), in order to capture yearlings.
In these two years, localities were visited succes-
clear spring-to-winter decrease in robin abundansarely from south to north, during the peak of the
in both the Eurosiberian Region (where robin defledging season. Along the three study years, we
sity decreases by 37%) and, most especially, in ttiepped 61 adults and 134 juveniles mainly using
Supra-Mediterranean Region (where abundanoast-nets, but also with netted claptraps, which did
decreases by as much as 82%). Meanwhile, the spet influence estimates of body condition based
cies increases its abundance in the Mediterraneam body massAfNOVA with body mass: locality
Lowlands during winter (696% higher), which is= | .= 13.22P < 0.001, capture methdg ,,, =
greatly influenced by the arrival of foreign robin®.01,P = 0.92, localityc methodF , .= 0.11,P =
(Telleriaet al 1999, Pérez-Tris & Telleria submit-0.74). All robins were ringed before being released
ted). In addition, ringing recoveries support the idea avoid repetition. We took standard measure-
that robins are sedentary in southern Iberia, agents of the length of both tarsi, bill length and
shown by own recaptures of the same individuatsll height using a 0.01-mm precision digital calli-
in spring and winter, but also that they spender. We also recorded wing maximum chord and
shorter time in their northern breeding areas thaail length, both to the nearest half millimetre. In
in the southern ones (Pérez-Tris & Telleria sul997 and 1998, we measured the distances between

mitted). the wing tip and the tip of the nine long primary
feathers (primary distances, see Svensson 1992 for
Abundance distribution details about all measurements). Robins were

weighed using a 0.1-g precision digital balance.
We reviewed 72 studies of Iberian forest bird confrinally, we pulled the right fifth rectrix feather to
munities, in which estimates of breeding abundanngeasure its length and the width of ten growth bars
of all the species present in each community weirethe centre of its vane (Grubb 1995), for which
obtained using line-transect counting (see Tellenge used a 0.01-mm precision digital calliper. Sev-
et al 1999 and references therein). Because noa&l missing values led to different sample sizes in
of these studies was specifically designed to assess analyses.
robin abundance, they may be considered as a ran-
dom sampling of the species distribution along théorphological variation among populations
Iberian Peninsula. We used these censuses to evalu-
ate: (1) the variation in density of robins amongve studied the variation in wing, tail, tarsus and
Iberian regions (mean densities in all sampled fdpill measurements among robin populations (see
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an example with blackcaf@ylvia atricapillalL.]  size (Brown 1996) as a measure of the body con-
in Telleria & Carbonell 1999). In order to sumdition of juveniles at the moment of their cap-
marize the variation in morphological traits ofure, when most of them were already independ-
robins, we first performed a PCA with all bodyent of their parents.
traits except bill measurements, as juveniles did We compared juvenile condition among
not have a full-grown bill when we captured thenpopulations during 1997 and 1998, taking into ac-
Thus, we tested for overall among-population ditzount the different confounding variables that may
ferences in morphology taking into account thaffect our results. To make sure that juvenile rob-
possible differences between age classes, butwe had the same, very low age in all three locali-
only studied bill morphology of adults. To anaties, we checked the degree of completion of their
lyse the variation in wing-shape among populgost-juvenile moult (Bensch & Lindstrom 1992).
tions, we conducted a PCA with primary distancekhis was at the earliest stages in all individuals,
for deriving indices of wing shape (Chandler &nd indeed had not started in most of them. When
Mulvihill 1988, Lockwoockt al 1998). We meas- analysing ptilochronology, we included feather
ured primary distances in very few adults (fiveength as a covariate of the width of its growth
six and five in the northern, central and southerbars (excluding individuals without a full-grown
most populations, respectively) because most w@iil), thereby controlling for the effect of feather
them were moulting the innermost primaries, dinal size on feather growth rate (Grubb 1995).
we only studied wing shape of juvenile robins. Finally, we evaluated the extent to which the
We did not consider the sex of birds in these analgarticular environmental conditions in each study
ses because sexing robins is too difficult after fgrear could have influenced the juvenile condi-
males have lost their brooding patch. Noneth&eon of robins. To do so, we studied the varia-
less, sexual dimorphism of robins should not cotions in mean precipitation and maximum tem-
found among-population variation unless sex-rgerature in our study localities during both breed-
tios were strongly and differentially biased in eacimg seasons.
population, which is unlikely.

RESULTS
Indices of juvenile condition

Abundance distribution
We studied four different indices of juvenile body
condition, each related to the nutritional stress thahe average density of robins decreased south-
robins experienced during a different stage of derards in the Iberian Peninsula (FIgARDVA: F,
velopment. We used fluctuating asymmetry of tar 12.78 P < 0.001), this being coupled with a de-
sus length and juvenile size as two independesrease in the proportion of forests occupied in the
correlates of environmental stress early in lifsouthernmost region (chi-square test with frequen-
(Garnett 1981, Mgller 1997, Sanz 1997, Lindeies given in Fig. 2x%=24.97,P <0.001). How-
strom 1999). We also analysed ptilochronologgver, we did not find significant differences be-
(the width of growth bars in the tail featherstween regions when comparing the densities in the
which measure the amount of feather material thatcupied forests (Fig. %, = 0.33,P = 0.72).
has been produced per day, Grubb 1995) as Although the scarcity of occupied sites in the Medi-
index of the nutritional conditions that juvenilegerranean Lowlands could have affected the power
experienced during the latest nesting period andl this analysis, comparison of its significance
soon after fledging, as they do not grow the taialue with that obtained previously (with not many
completely until some days after leaving the neshore degrees of freedom) supports the interpreta-
Finally, we utilised body mass relative to bodyion that robins actually maintain similar local den-
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Wing and tail length (bPC1)
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Figure 3. Variation among robin populations in wing
and tail length (bPC1 scores), tarsus length (bPC2, a
measure of body size) and wing pointedness (wPC1
scores, which were only analysed in juveniles). Means,
standard errors and sample sizes are shown.

sities across regions. Moreover, differences bezth primary
tween regions explained 27% of variation in robin 6th primary
abundance when all forest were considered, but Sth primary
2% when only the occupied forests were analysedath primary
The mean densities in our study sites did not differsrd primary
from the regional means in the occupied forestsnd primary
(one-samplet-tests: Alavat15 =0.92,P = 0.37;

Guadarrama, .= 0.83,P = 0.82; Ojén, = 0.37P

= 0.72), supporting the idea that robin densities invariance explained (%)

Morphological variation among populations

The PCA with body measurements extracted two
components of variation in body shape and size of
robins (bPC1 and bPC2). Wing and tail length had
a high loading in bPC1 (both 0.91, within-factor
correlationP < 0.001), while tarsus length had a
small loading in this component (-0.02, n.s.). How-
ever, tarsus length had a high loading in the bPC2
(0.99, P < 0.001), in which wing and tail length
had a small loading (0.01 and -0.04, respectively,
n.s.). A multivariateANOVA analysing the varia-
tion among populations and between age classes
in bPC1 and bPC2 together showed that, overall,
the populations studied differed in morphology
(Wilk’s Test,F-values obtained through Rao’s ap-
proximation: populatiott, , ,=4.52,P = 0.0015;
ageF, .= 1.79P =0.17; populatiorage F , ,=
1.23,P =0.29), between-population differences be-
ing significant for bPC1 (univariate population ef-
fect: F, .. = 7.55,P < 0.001), but not for bPC2
(F2’157£ 1.56,P = 0.21). Therefore, this analysis
shows that robins do not vary in body size as meas-
ured by bPC2, the component of morphological
variation that is best related to a skeletal trait (the
tarsus length, see Rising & Somers 1989, Senar &

Table 1. Results of PCA with primary distances. The
correlation of each variable with each component is
shown.

Factor loadings

Primary distances: wPC1 wPC2
9th primary 0.21 0.75*
8th primary -0.002 0.88*
0.001 0.73*

0.38* 0.05

0.66* -0.01

0.92* -0.10

0.94* -0.06

0.92* -0.02

1st primary 0.89* -0.01

Eigenvalue 3.99 1.88
44.30 20.86

our study sites were close to the regional averages.p < 0.001.
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Table 2. Variation among robin wPC2 (Juveniles) Bill measurements (Adults)
POP}ﬂatiOfls in wPC2 scores Of.iu‘ Adjusted mean n Length (mm)  Height (mm) n
veniles (means adjusted by wing ~jaya -0.13+0.15 34 1492011 373003 21

length) and bill measurements of

Guadarrama 0.0%50.14 48 14.9% 0.12 3.76£0.03 12
adults. Means, standard errors and »
: Ojén -0.12+ 0.17 37 14.94 0.09 3.7%0.04 26
sample sizes are shown.
£ 02013 1907 26,0
£ B 1998 = ;
2 0,15 7 19
£ 27 28 E 255
£ ! 18 z 20| %
£ 010 s 2 8 30 30
> g 250
£ 0,05 2
E &
o
=2 0,00 - . 245 _ 1 . L .
uw Alava Guadarrama Ojén Alava Guadarrama Ojén Flgu.r? 4. -Varjlatlon n ]uvenl.le
o 20 0.12 condition indices among robin
" . .
£ 255 2 o5 populations in 1997 and 1998.
2 5o 26 E " 26 Means, standard errors and
= 24’5 %8 » ! 3 004 8 29 sample sizes are shown.
% 24'0 - “05’ 0,00 28 7 Residuals of body mass have
S} , 2 . .
5 - 19 been obtained by regressing
23,5 c -0, ]
S § fledgling mass on tarsus length
23,0 - - -0,08 - ”
= Alava  Guadarrama Ojen Alava  Guadarrama Ojén (both log-transformed).

Pascual 1997). Rather, the populations studied difz0001; test of parallelisrf, ,,= 0.32P = 0.73),

fer in body shape, southernmost robins havinghereas wPC2 scores did not differ between popu-

shorter wings and tails than their northern coutations (Table 2; populatidf,,,, = 0.74P=0.79,

terparts (Fig. 3). covariate wing lengtk . = 6.47,P = 0.012; test
Consistent with the variation in flight-relatedof parallelism¥, .= 1.55,P = 0.22). This result

morphology described above, we also found bshows that the variation in wing pointedness among

tween-population differences in the wing shape ttherian robins consists of changes in length of the

juveniles. The PCA with primary distances exinner primaries, but does not affect the outer wing

tracted two components (WPC1 and wPC2, Tableathers.

1), which described wing pointedness as related to Finally, adult robins did not differ among popu-

increasing inner (WPC1) or outer (WPC2) primariations in terms of bill lengti, .;= 0.11P=0.90)

distances (Chandler & Mulvihill 1988). Overall,or bill height £, ., = 0.09,P = 0.92; Table 2).

robin populations differed in wing shape as de-

scribed by these components (Multivariatédices of juvenile condition

ANCOVA testing for between-population differ-

ences in wPC1 and wPC2 together: populatidductuating asymmetry and body size

F, 260 = 3-89,P = 0.0043; covariate wing length:Both the tarsus length and its fluctuating asymme-

F, 15= 26.76P < 0.0001; test of parallelist; ,., try were highly repeatabl@fOVA: tarsus length

= 0.86, P = 0.47). This variation consisted of &, = 540.80,P < 0.0001,r = 0.99; fluctuating

decrease of wPC1 scores southwards (Fig. &ymmetryF, . = 44.05,P < 0.0001,r = 0.94).

univariate effects: populatiof, ... = 7.94,P < Although these estimates were based on a small

2,131
0.001, covariate wing length. ... = 42.54,P < sample size (because of difficulties in recapturing

1,131
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many individuals), the high level of repeatabilitypopulatior-, = 7.34P < 0.01; yeaF, ,,,= 8.55,
obtained suggests that measurement error shoBle 0.01; populationyearfF,  =1.76P=0.18).
not have affected our results (Lessells & Boag
1987). The signed differences between right afdhe relationship between weather and juvenile
left measures fitted a normal distribution (Kol€ondition
mogorov-Smirnov testd = 0.045,n = 112, Monthly precipitation changed notably between lo-
Lilliefors’ P=0.2) whose mean did not differ sig-calities and study years, allowing us to detect a
nificantly from zero (one-sampidest:t . = 1.81, significant month by year interaction in a three-
P =0.073). We normalised the absolute value ofay ANOVA (locality F, ., = 10.79,P < 0.0001;
these differences (fluctuating asymmetry, FAponthF, /= 7.26,P < 0.0001; localityk month
through the Box-Cox transformation FA' = [FA +F, . = 2.21,P < 0.05; montkyear F, . = 3.70,P
0.03P%9(Swaddleet al 1994). Fluctuating asym- < 0.01; the remaining effects and interactions with
metry was not correlated with mean tarsus lengkh> 0.20), even though we had only three precipi-
(r=0.02t,,=0.23,P =0.83), and did not differ tation values per month in each locality (one every
significantly among populations or yeasslOVA:  ten days). Accordingly, maximum temperature in-
populatiorF, , .= 0.41P=0.66; yeaF, ,,=0.02, creased inthe months of lower precipitation, which
P =0.89; populatioryearF, , .= 0.50P=0.61). led tothe same pattern and strength of interactions
This result was unlikely to be due to a low powefocality F, . = 15.09,P < 0.0001; monttF, /=
in detecting a true difference among population83.14,P < 0.0001; localityx monthF, . = 2.21,P
because the variation of means showed no clea0.05; monthyearF, . = 7.35,P < 0.0001; the
trend (Fig. 4). In contrast, and consistent with thiemaining effects and interactions with> 0.14).
lack of variation in the level of fluctuating asym-Because of the nature of the data analysed here,
metry, juvenile size (measured by the tarsus lengtheseANOVA results should be considered to be
as neither bPC1 or bPC2 arose as a better indexarfguidance only. However, they clearly illustrate
body size) did not change among populations trat both northern localities suffered a stronger
study years (Fig. ANOVA: populatiorF, ,,,=0.37, drought in 1998, when they received much less
P=0.69; yeaF, , ,=0.60,P =0.44; populatiorn precipitation during June and July, whereas the
yearF, ,=2.19P=0.12). southernmost locality supported its habitual hot and
dry summer in both years (cf. Fig 1 and Table 3).
Ptilochronology
Feather growth bars were narrower in the soutblSCUSSION
ernmost population in 1997 but not in 1998 (Fig.
4), when robins showed even narrower growt@ur study of robin distribution showed that the
bars in the central population than in the southestriction of the species’ range southwards does
ernmost ANCOVA: populationF, .= 2.41,P = not relate a parallel decrease in density in the oc-
0.095; yeafF, = 0.02,P = 0.88; populatiorx cupied habitats. It has been suggested that a de-
year F, .= 3.86, P < 0.05; covariate rectrix crease in abundance of birds towards the range
length: F = 6.96,P < 0.01; tests of parallel- edge is most likely to be detected when studying
ism: allP > 0.38). either the whole species’ range or a narrow area
immediately adjacent to the border (Blackbetn
Size-corrected body mass al. 1999). The progressive fragmentation of the
The residuals of body mass on body size (bothnge of robins southwards in Iberia shows that
log-transformedr = 0.21,F | .= 5.46,°,<0.05) we are in the latter situation. However, we still
decreased southwards in both study years (Fig.fd)led to detect a lower local abundance in the
and were larger in 1997 than in 1998NOVA: southernmost region. This supports the idea that
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Table 3. Precipitation (mm, left) and maximum temperature (°C, right) by months in the three study localities
during the years in which we measured juvenile condition of robins. Data are means by periods of 10 days, so 7 =
3 in all cases.

Alava Guadarrama Ojén
1997 1998 1997 1998 1997 1998
April 59/18.6 29.9/14.3 14.3/18.2 58.6/11.4 16.9/20.1 10.4/18.4
May 22.2/22.2 25.0/18.6 547/175 48.4/17.0 74/22.1 12.7/20.7
June 26.7/21.6 11.6/22.6 15.9/205 10.2/22.3 9.2/24.7 1.3/24.3
July 32.0/22.8 3.3/23.9 18.7/24.6 46/27.8 0.9/25.6 0.0/28.0
August 15.9/27.7 3.3/25.0 8.0/26.6 3.3/28.2 0.2/27.4 0.0/28.2

Iberian robins could select sectors above a sommeisture throughout the breeding season could
how restrictive threshold of habitat quality, whicktonstrain their distribution in a gradient of increas-
means that the species’ border would be definedy dryness.

by a steep loss of suitable habitats rather than a Together with this seemingly restrictive habi-
gradual increase in environmental restrictions tat selection towards the border, southern Iberian
the occupied sites (Lawton 1993, Blackbetral robins could avoid maladaptation in the range
1999 and references therein). It could be argubdundary by local differentiation. The morphologi-
that an asymmetric flow of individuals from thecal variation that we found is consistent with the
most populated northern sectors to the unsuitaldferent migration patterns of Iberian robins, and
southern ones may also explain a similar abusdpports the differentiation of populations near the
dance across the gradient. However, such a strdvigditerranean range boundary. That migratory rob-
gene flow would swamp any differentiation ofns do not have a shorter tail, in contrast with the
southern populations (Holt & Gomulkiewicz 1997predictions of aerodynamics (Norberg 1995), and
Kirkpatrick & Barton 1997), so that we shouldhe morphological variation observed in other pas-
not have found morphological correlates of miserine species in the same ecological context (Te-
gratory behaviour of robins if directional flow werdleria & Carbonell 1999), could be related to se-
the factor maintaining similar densities across thective forces other than migration. For instance, a
Iberian gradient (as the geographical variation shorter tail could be constrained by practical re-
migratory behaviour and its related morphologguirements for flying in dense vegetation (Norberg
is unlikely to be the outcome of phenotypic plast995). However, we did not find different feed-
ticity, Berthold 1999). In the Iberian Peninsulaing-related traits among robin populations, which
the frequency of forest occupation by robins is rsuggests that feeding behaviour remains similar
lated chiefly to the level of precipitation (Telleriaacross Iberia (an example of variation in black-
& Santos 1993, 1994), which suggests that envdaps is given in Telleria & Carbonell 1999). Be-
ronmental moisture could determine a threshotthuse feeding behaviour is likely to be a major de-
of habitat quality for robins. In fact, the grounderminant of habitat selection in robins (see above),
runs dry in Mediterranean environments as ttikis result is consistent with the existence of a
summer progresses (Joffre & Rambal 1993), caubreshold of environmental moisture below which
ing a decrease in primary production of pasturesbins would rarely occur.

that limits the availability of invertebrates in both  The role of precipitation in the life history of
soil and grass (Herrera 1981, Mooney 1981). Besbins was illustrated by the variation among popu-
cause robins feed principally upon ground invetations and years in juvenile condition. The south-
tebrates (Cramp 1988), the need for a high s@tnmost population begins to face a precipitation
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deficit from May, while the two northernmost poputo be adjusted to environmental heterogeneity and,
lations will not suffer this stress until June (see Fign turn, enjoy similar developmental conditions
1 and Table 3). Accordingly, we did not find evialong the Mediterranean gradient. After independ-
dence of increased stress during the early devel@nce, juvenile robins benefit from a milder sum-
ment of southernmost robins, as shown by the hmer in northern Iberia, which translates into en-
mogeneous level of fluctuating asymmetry anldanced body condition compared to that of south-
body size both among populations and years. Hoesn, more stressed populations. However, this may
ever, consistent with a differential accentuation efell be resembling the differing reproductive ben-
drought southwards during the postfledging periodfits associated to either migratory and sedentary
juvenile condition decreased in the southernmadsghaviours, in which case differences in body con-
population during fledgling independence. Moreddition would have no net fithess consequence. In-
ver, these differences intensified with increasindeed, a higher level of survival in migratory rob-
differences in environmental conditions among lons late in the breeding season might be balanced
calities. Thus, southern robins faced more difficuby increased mortality due to the costs of migra-
ties than their northern counterparts for growingon (Alerstam & Hogstedt 1982, Alerstam 1990).
the tail feathers in the rainiest year, but this trerd contrast, and given that owner robins have ad-
disappeared when the northernmost localities reantages against intruders when defending winter
ceived less precipitation. Later in the postfledginggrritories (Tobias 1997), sedentary populations
period, juveniles evidenced the stronger enviroreuld improve recruitment by acquiring the best
mental stress in the southern breeding grountisritories before the arrival of northern conspecif-
through a lower body mass. It should be noted thas (Sherry & Holmes 1996). In fact, we found that
morphological changes could also influence thisedentary populations of robins have a smaller
variation in body mass, as wing load depends afutch size but a longer life expectancy than their
mass and wing shape (Norberg 1995). Consistenigratory counterparts in the Iberian Peninsula
with the results of ptilochronology, juveniles wergPérez-Tris & Telleria submitted). From this per-
heavier relative to body size in the rainiest yeapective, one should be prudent when interpreting
which supports the idea that environmental condhe lower juvenile condition of southern robins late
tions played a relevant role in shaping among-popn-the breeding season as evidence of decreased
lation differences in fledgling mass. fitness in the species’ border. Southernmost Ibe-
In summary, our results suggest that the handan robins are likely to be differentiated in the
ness of the summer drought, probably due to tange boundary, a pattern that could be extensible
effect on food availability (Herrera 1981, Mooneyo other forest passerines (Telleria & Carbonell
1981), could actually be a major proximate detet999, Telleria, Pérez-Tris & Carbonell, submitted).
minant of changes in juvenile condition in robindt is possible that, in some instances, both migra-
Thus, the decrease in environmental moistutery and sedentary populations of robins occur in
throughout the breeding season in southern Ibesi@essing environments, where they may attain a
could lead to a higher summer mortality of juvelower fithess than that achieved in their usual habi-
niles in these areas (as a consequence of their lotes (see some examples in Carbonell & Telleria
body condition, Brown 1996). However, this doe$998, 1999), but this will not be the outcome of
not necessarily mean that the southernmost pomecupying peripheral areas in the species’ range.
lations are maladapted. Body condition must dRather, our results suggest that environmental het-
interpreted in the context defined by the abundaneeogeneity may result either in maladaptation or
distribution and morphological variation found. Byocal adaptation depending on the geographical
means of both restrictive habitat selection armbnfiguration of the habitats and the evolutionary
population differentiation, Iberian robins are likehhistory of the populations inhabiting them.
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Capitulo 3

Cambios estacionales de abundancia y morfometria del
vuelo sugieren diferentes patrones migratorios en los
paseriformes forestales ibéericos

Este capitulo reproduce el texto integro del siguiente manuscrito

Telleria, J.L., Pérez-Tris, J. & Carbonell, R. Seasonal changes in abundance and flight-related morpholo
reveal different migration patterns in Iberian forest passerines (manuscrito enviado).

RESUMEN

Un patrén biogeogréfico bien conocido es la acetamiento migrador de las aves. Nuestro objetivo
tuacion del comportamiento migrador de las aves ilustrar si la migratoriedad de estas especies es
en areas septentrionales del Paleartico, como caomas acusada en las mesetas que en las tierras ba-
secuencia del aumento de la estacionalidad conda de la mitad sur peninsular. Para ello, estudia-
latitud. Sin embargo, no esté tan claro si las avems seis especies comunes de invernada presaha-
responden de igual modo a las variaciones de @sna (petirrojcErithacus rubeculamirlo Turdus
tacionalidad en los sectores mas meridionalesgrula curruca capirotadaylvia atricapillg re-
donde la existencia de montafias y mesetas dayazuelo listad&egulus ignicapillusherrerillo co-

gar a una elevada hetern- mun Parus caeruleuy
geneidad ambiental. Es carbonero comurParus
escasez de informacic major), mas una especie
puede deberse al limite transahariana, que utiliza-

do esfuerzo de anilla mos como control dado
miento aplicado al estL Su comportamiento mi-

dio de los movimiento: grador homogéneo en

de estas poblaciones . toda la Peninsula (el rui-
aves, lo que obliga a ut sefior comunLuscinia

lizar aproximaciones al megarhynchgs Revisa-
ternativas que permita mos 67 estudios de comu-
inferir el alcance relativc nidades ampliamente dis-

de sus movimientos. E tribuidos por la Peninsu-
este trabajo integramc. - la, en los que la abundan-
informacion procedente de (1) cambios estaciola de estas especies habia sido medida en prima-
nales en la abundancia de los paseriformes forgsfa e invierno. En todas las especies, con excep-
tales entre la mitad norte (montafias y mesetagn del mirlo, la abundancia invernal aumentoé
adecuadas para la reproduccion pero duras enen-la mitad sur peninsular y disminuyo en las
vierno) y la mitad sur (menos elevada y muy adeiesetas, aunque en algunos casos este patron pudo
cuada para la invernada) de la peninsula Ibéricagrse afectado por la llegada de invernantes des-
(2) datos procedentes del estudio de algunos rde-areas mas nortefias. Medimos individuos de
gos morfométricos relacionados con el compotada una de estas especies en cinco localidades

T
ke
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diferentes, tres en las mesetas y dos en las tiemascia y las variaciones morfologicas fueron con-
bajas meridionales, lo que permitié establecer gistentes, por lo tanto, con una mayor intensidad
patrén comun en la morfologia asociada con éé los movimientos de las aves de las mesetas.
comportamiento migrador. Controlando el tamaNuestros resultados confirman la variacion intra-
fio estructural de las aves, las poblaciones de éspecifica descrita para muchas de estas especies
mesetas presentaron en general alas mas largas ya peninsula Ibérica, y suponen un paso ade-
apuntadas (medido el apuntamiento alar medidante en el conocimiento de dicha variacion al darle
te la primera componente principal extraida en wm significado ecoldgico, con relacién al compor-
ACP con las distancias entre la punta de cada geamiento migrador predominante en cada region
maria y la punta del ala), asi como colas mas c@eninsular. De acuerdo con la distribucion de las
tas, que las de las tierras bajas meridionales. &i@as montafiosas en el Paleértico, los movimien-
Unica excepcidn fue el ruisefior comun, que mows de este tipo — probablemente de corta distan-
tr6 rasgos similares en ambos sectores, de acu@a-— podrian estar muy extendidos en la cuenca
do con su patrén migratorio homogéneo en todldediterranea, solapandose con las migraciones
la Peninsula. Los cambios estacionales en abuetitudinales de estas especies.
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Seasonal changes in abundance and flight-related
morphology reveal different migration patterns in Iberian
forest passerines

José Luis Telleria, Javier Pérez-Tris & Roberto Carbonell*

Although the attenuation of seasonality southwards in the temperate region is known to be a major
determinant of the latitudinal decline in the migratory behaviour of many passerines, the spread of altitudinal
migrations in southern areas as a response to similar changes with elevation still remains obscure, principally
because no extensive ringing program has been conducted in these areas. Here we use spatio-temporal
changes in abundance and variations in flight-related morphology to infer differences in migratory
behaviour of forest passerines in the Iberian Peninsula, where the environmental optimum for these species
moves seasonally between northern highlands (very suitable for breeding but unproductive in winter) and
southern lowlands (less suitable for reproduction but highly productive in winter). According to this
pattern of environmental conditions, we predict that migratory behaviour should be more intense in
highlands, while sedentariness should be the rule in lowlands. We studied abundance and morphology of
several common passerines (Rolrithacus rubeculaBlackbird Turdus merulaBlackcap Sylvia
atricapilla, FirecresRegulus ignicapilluBBlue TitParus caeruleuand Great TiP. major). In all species

except Blackbirds, winter abundance increased in lowlands but decreased in highlands, despite European
migrants may arrive at this latter area for wintering. A common pattern of variation in flight-related
morphology was found, birds having longer and more pointed wings in highlands. In addition, a trans-
Saharan migrant species that we used as a control (the Nightingai@ia megarhynchdsdid not

differ in these traits between regions. Both the seasonal changes in abundance distribution and the
morphological variations between regions are consistent in signalling an increased migratoriness of birds
in highlands compared to lowlands. This kind of movements, likely widespread across the Mediterranean
region, are likely to constitute a set up of small-scale, altitudinal migration patterns overlapping the
broader latitudinal migratory system in the Palearctic.

I\/I igration is a dynamic response of birds tbe the outcome of increasing spring productivity
changing environmental conditions througland decreasing winter suitability with latitude, a
which manypopulations and species track seaorrelation which has been profusely studied in
sonal productive outputs across environmentalmost all latitudinal migratory systems in the
gradients (Baker 1978, Berthold 1996). Seasonabrld (MacArthur 1959, Willson 1976, Herrera
changes in productivity are considered to triggd978, Newton & Dale 1996ab, Chesser 1998).
large-scale migrations (Moreau 1972, GreenbeHpwever, although elevation causes variations in
1980, Alerstam & Hogstedt 1982), which haveeasonal productivity at middle and low latitudes
long been studied by research programs basedtbat are similar to those associated with latitude
the analysis of ringing recoveries (Gauthreauacross the temperate zone, little is known on the
1996). Today we have a good knowledge of thelevance of altitudinal migrations in this area
migratory patterns of many bird species, includgMead 1983). This gap in our understanding of
ing the changing intensity of migratory behaviouavian migratory systems is primarily due to the
across latitudinal gradients (Alerstam 1990ack of extensive ringing programs applied to the
Berthold 1993). North-to-south variation in theelatively small bird populations breeding in mon-
extent of migratory behaviour is well-known taane areas (Gauthreaux 1996). Because of these

*Manuscrito enviado.
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limitations in the study of altitudinal migrations,Seasonal changes in abundance
evidence of such movements has been obtained
so far in rather scattered work, which in many odvigratory movements are of prime importance in
casions dealt with other aspects of the biology determining the spatio-temporal structuring of bird
birds and only referred to altitudinal movementsommunities. In the southern Iberian forests, the
as a secondary topic in the study (e.g. Czajkowskirival of Palearctic migrants for wintering causes
& Dejonghe 1981, Rabenold & Rabenold 198% huge increase in both abundance and richness of
Lo Valvoet al. 1988). birds (Herrera 1981, Telleria 1988). Because of the
In this paper, we have explored the movemergsoblems outlined above, the possible contribution
of forest passerines in the Iberian Peninsula, wheeethis increase of the comparatively small north-
highlands and mountains are surrounded by miin Iberian populations remains unknown. How-
Mediterranean lowlands making up a suitable scever, seasonal changes in abundance can help us
nario for the development of altitudinal migrationsinravel the extent to which forest passerines aban-
(Fig. 1). The northern half of Iberia is charactedon the northern highlands. According to the sea-
ised by plateaux and mountains where forest pasnal variation in environmental conditions in the
serines meet good conditions for reproductiofherian Peninsula, we can predict a decrease in
contrasting with southern Iberian environmentabundance in highlands parallel to the increase in
where the summer drought prevents reproductiémwlands.
of many of these species (Telleria & Santos 1993,
1994, Telleriaet al 1999). The opposite occurs inMorphological variation
winter, when the cold makes northern Iberian for-
ests to be less productive, while the southern lo-common pattern in passerines is that differences
lands and the Mediterranean coasts experiencaraong populations or species in migratory behav-
peaking primary production (Telleria 1988, Telletour are related to differences in flight-related mor-
ria et al. 1988). Accordingly, these lowlands rephological traits (Leisler & Winkler 1985, Win-
ceive a large number of migrant birds coming frorkier & Leisler 1992). These differences have been
Europe to exploit the vegetation sprouting and theterpreted as the outcome of migration-related se-
ripening of fruiting shrubs in winter (Herrera 1981lective pressures opposing manoeuvrability-related
1998, Telleriaet al 1988, Fuentes 1992). One caselective forces, which would shape different mor-
thus postulate that populations of forest birds bregahological traits depending on the extent of mi-
ing in lowlands will rely on these abundant wintegratory journeys. Longer and more pointed wings
resources, while highland populations will bémprove endurance in long non-stop flights, while
forced to escape the impaired environmental coshort and round wings improve efficacy in take-
ditions in northern Iberia during winter. Howeverpffs (Pennycuick 1989). Thus, populations that un-
ringing data are scarce for Iberian forest birds anl@rtake longer migrations usually show longer and
do not provide conclusive information about seanore pointed wings than their sedentary counter-
sonal movements €lleriaet al 1999). Because parts (Rayner 1988, Norberg 1990, Winkler &
these traditional methods to study bird migratiobeisler 1992). In addition, it is known that a longer
do not allow us to disentangle the possible varitail increases drag during flights, and migratory
tions in migratory behaviour of Iberian forest birdshirds have been observed to have a shorter tail than
we have addressed the topic by relying on alterreedentary ones even at the expense of a somehow
tive methods based on correlates of migratorinegspaired manoeuvrability (Winkler & Leisler
Thus, we have inferred the movements of the4892, Norberg 1995). Therefore, when changes in
species in highlands and lowlands using two comiigratory behaviour among populations of a spe-
plementary approaches: cies cannot be studied directly, the evaluation of
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changes in morphological correlates of migratoref migratory birds that arrive at the area for win-
ness may provide a formal way to test for sudering (Telleria 1988, Tellerigt al. 1988, 1999).
differences (Wainwright 1994). According to our

hypothesis, we predict that highland populatiori&e study of abundance

will have longer and more pointed wings, and

shorter tails, than lowland populations. We used the comprehensive review by Telletia
al. (1999) of the distribution of bird abundances in
METHODS the Iberian peninsula. These authors gathered most
of the work published so far on the composition
The lberian Peninsula as a study area and abundance of Iberian bird communities. From

this general database, we selected those studies in
The Iberian Peninsula locates at the southern edgaich bird densities were estimated by line-transect
of the Western Palearctic, between 36°N and 43°Qunting on identical itineraries in both spring and
where environmental variation due to the gradwvinter. By using only the counts that were repeated
ally decreasing oceanic influence towards southy the same authors, we were able to control for
east, together with elevation in plateaux and moutte within-site changes in abundance when testing
tains, makes it possible the differentiation of sever variation between regions. The final data-set
eral bioclimatic sectors (see Font 1983 for detailgias composed of 67 survey sites widely distrib-
Fig. 1). Because of the strong oceanic influenceted across the Iberian Peninsula (42 in highlands
the northern Atlantic belt in the Iberian Peninsuland 25 in lowlands). The species studied were those
is a rainy sector with mild winters, whose envitor which we captured enough individuals to do a
ronmental conditions are far from typical in Medisound analysis of morphological variation (see be-
terranean environments and rather resemble the law). For each one, we conducted a two-way
rosiberian climate. Because of this, we have nalNovA with the region (highlands vs. lowlands)
considered this northern Iberian sector in our studs a between-subjects factor and the season (spring
Further inland, the Iberian Central Plateau (higlvs. winter) as a within-subjects factor. In this
lands in this paper), emerges as a huge extensiNDVA, the interaction will test for the hypoth-
of more than 80000 kirabove 600-m elevation. esised seasonal change in the regional distribution
This region has a seasonal pattern of primary prof abundance of each species. Only those sites in
duction, with a marked contrast between temperhich the corresponding species was found at least
ate summers and harsh winters (Aschmann 19thce were used in these analyses.
Font 1983). In spring, forest passerines are wide-
spread and abundant in these highlands, makifige localities where birds were captured
up rich communities in nearly all forested areas in
the region (Telleria & Santos 1993, 1994). In couring the period May-July between 1995 and
trast, the south-lberian Mediterranean region (Iovt999 we captured forest passerines in five locali-
lands) is characterised by a strong summer drougiies in the Iberian Peninsula (Fig. 1), which were
which precludes reproduction of forest birds acrosspresentative of highland and lowland environ-
the region except in some rainy mountain anaents (for a detailed description of the study sites
coastal sectors (Telleria & Santos 1993, 1994ee Carbonell & Telleria 1998a):
During winter, however, the temperate and rela-
tively moist winters in these lowlands make it poddighlands
sible an intense production of fruits and the actiyl) Alava (42°55'N 2°29'W, mean elevation 620
ity of many insects (Herrera 1981, Mooney 1981in; mean annual rainfall 2000-1500 mm; mean an-
which permit the sustenance of huge populationsial temperature: 32). This site lies on the north-
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ern edge of the Iberian highlands, and is covered 700-1000 mm; 1€). This sector lies at the
by mixed oak and maple fores@uercus faginea foot of the Sierra de Ojén, near the Atlantic coast.
Quercus robuiandAcer campestie (2) Sierra de Forest birds occupy riverside formations with
Guadarrama (40°54’'N 3°53'W; 1100 m; 700-1000us glutinosaPopulus nigraand Nerium olean-
mm; 10C), a mountain range covered@yercus derin the Jara River, which flows through defor-
pyrenaicaandPinus sylvestriforests. Birds were ested grasslands.

caught in mixedFraxinusexcelsior Alnus gluti-

nosaand Quercus pyrenaicéorests interspersed Capture and measurement of birds

with meadows. (3) Madrid (40°30’N 3°4'W, 600

m; 300-500 mm; 1%C), a set of riparian forestsMist-netting was conducted in each locality dur-
(Populus nigraTamarix gallica Salixspp.) along ing a research program originally devoted to the
the Guadarrama and Jarama Rivers, which flostudy of morphology and body condition of Black-

through a cereal-farming landscape. capsSylvia atricapillaCarbonell & Telleria 1998b,
1999, Telleria & Carbonell 1999) and Robirs
Lowlands thacus rubecul@Pérez-Tiset al 2000a), so these

(4) Sierra de Ojén (36°01'N 5°36'W, 250 m; 1000avo species were the best represented in our data-
1500 mm; 16C). Birds were caught in rainy hillsset. Other birds were not so frequently captured
covered by mixeQuercus subeandQuercus ca- and, because the extensive measuring necessary
nariensisforests. (5) Tarifa (36°01’'N 5°36'W; 0-5for a detailed analysis of morphology takes a long

A

B North Atlantic Belt

0 100 200

Km

C Highlands Lowlands
Elevation r Vv N
(m.a.s.l.)

2000
1000
0

Figure 1. (A) Distribution of the warm Mediterranean climate (in grey, according to Aschmann 1971) and the most
important mountains in the Western Palearctic, indicating the potential for altitudinal movements of birds in the
Mediterranean zone. (B) Regional division of the Iberian Peninsula in this study. We have differentiated between
the northern highlands (very productive in spring but unproductive in winter) and the southern lowlands (with the

opposite trend of primary production). The northern, mild Eurosiberian Atlantic Belt has been excluded. The
localities where we captured individuals have been labelled: 1 Alava, 2 Guadarrama, 3 Madrid, 4 Ojén and 5 Tarifa.
C. North-to-south altitudinal profile showing the contrast in elevation between highlands and lowlands.
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time, they were randomly chosen for measurirggon (1992), and have been fully described by Te-
purposes depending on the time available for safdligria and Carbonell (1999). We did not measure
processing birds other than Blackcaps and Rolings or tails that were still growing, and our sam-
ins. Because of this, a suitable sample size wgaling design forced us to discard a complete meas-
finally gathered of six species. These were reprerement of some individuals (because of time re-
sented by three families of passerines commondictions). Due to these missing values, sample
European forests: thrushes (Robin and Blackbisizes were heterogeneous in our analyses. A sum-
Turdus merulaF. Turdidae), warblers (Blackcapmary of biometrics of the species studied can be
and FirecresRegulus ignicapillusfF. Sylviidae) found in the Appendix.
and tits (Blue TitParus caeruleusnd Great Tit We aged individuals according to plumage
Parus major F. Paridae). These species differ icharacters. In all seven species studied, adults un-
most features of ecology and behaviour (diet amrtake a complete post-nuptial moult late in sum-
feeding strategies, nesting places, social systemser, whereas juveniles perform a partial moult
etc.), and may be considered to be potential shonthich does not affect flight feathers (except in
distance migrants as all of them have migratofgreat Tits, which frequently moult the tail in the
populations in some part of their range that spepast-juvenile moult, Jenni & Winkler 1994, pers.
the winter in the Mediterranean (Cramp 198&bs.). Thus, in these species one can recognise three
1992, Cramp & Perrins 1993). Together with thessge classes in summer before the post-nuptial
Six species, we also gathered enough data of aneult: more than one-year old birds (individuals
long-distance migrant whose populations spend ttieat moulted completely the previous year and so
winter in sub-Saharan Africa (the Nightingaldave a single generation of feathers), one-year old
Luscinia megarhynchobk. Turdidae). This speciesbirds (which moulted partially and retained juve-
was regarded as a control of the relationship beile flight feathers) and fledglings, which have a
tween flight-related morphology and migratorinesgjvenile plumage in prime condition. Because one-
which we used to rule out the possibility that rerear old individuals have the same flight feathers
gional differences were due to unlike productivitythey had as fledgling, they should be classified as
or to any factor other than migration pressures thateniles with regard to flight-related morphology.
could affect growth of birds. Thus, according tdn our analyses, however, we only distinguished
our hypothesis no morphological change shoultetween juveniles (birds that were born in the on-
be found between highland and lowland Nightingoing study year) and adults (which included birds
gale populations, since all of them have a homthat were born in the preceding breeding season or
geneous trans-Saharan migratory pattern. before). The reason why we did so is that the change
Body measurements included the tarsus lengthwing length and shape after the first complete
(to the last scale before the toes), the length of thest-nuptial moult (if the juvenile and the adult
straightened tail, the wing maximum chord and tHféght plumages of the same individuals are com-
bill height (in the culmen). Bill height was chosempared when in prime condition) is negligible com-
instead of bill length as a measure of the bill sizeared to the decrease due to one-year feather abra-
because the latter takes longer for a growing bisibn in either second-year or older birds (own
to achieve it, and hence most juvenile individualsnpubl. data, for similar results see Flegg & Cox
had not attained its final size at the moment of theli®69, Francis & Wood 1989). Because it is wear
capture. We also recorded the wing formula byhat introduces a noticeable variation in wing mor-
measuring the distances from the tip of each pphology in our sample (one-year old and older birds
mary feather 1 to 9 (numbered descendantly) kave a very similar morphology at this time of year,
the wing tip (the so-called primary distanceswhich differs from the morphology of juveniles),
Measurement methods were the proposed by Svém-take into account the variation due to feather
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Table 1. Coefficients of correlation between each body measurement and the principal components of body size
extracted by PCA. For the species in which more than one component was extracted, the asterisk indicates the one
which was used as an index of structural size.

Species n Tarsus Bill Wing Tail Eigenvalue Variance (%)
E. rubecula 218

bsPC1 0.11 -0.36 0.87 0.88 1.68 42.08

bsPC2* 0.89 0.46 0.10 -0.02 1.02 25.43
T. merula 58

bsPC1* 0.01 0.38 0.85 0.85 1.59 39.81

bsPC2 -0.87 0.50 -0.15 -0.07 1.04 25.90
S. atricapilla 515

bsPC1 0.56 0.47 0.74 0.80 1.73 43.18
R. ignicapillus 20

bsPC1* 0.62 0.02 0.94 0.85 1.99 49.68

bsPC2 -0.54 0.89 0.02 0.35 121 30.31
P. caeruleus 45

bsPC1 0.67 0.81 0.91 0.79 2.55 63.65
P. major 58

bsPC1 0.77 0.44 0.86 0.83 2.21 55.28
L. megarhynchos 46

bsPC1* 0.74  -0.05 0.94 0.88 221 55.23

bsPC2 0.43  -0.95 -0.20 -0.20 1.16 28.97

wear (abraded vs. new feathers) instead of the vaiice differences in body size among individuals
ation due to feather generation (adult vs. juvenilgere statistically controlled for in our analyses (see
feathers, with the latter mixing new and abraddsklow), and (2) the sex-ratio was homogeneous
feathers) will give more reliable results. among populations (minimur® value in chi-
Sexing adults was difficult in the sexuallysquare tests larger than 0.1, whether sex-ratios were
monomorphic species (Robins, Nightingales, arabmpared among localities or between highlands
the majority of Blue Tits) because many birds haahd lowlands).
already lost their reproductive characters (brood-
patch or protruding cloaca) when we capturethe analyses of morphology
them. In addition, no sexual dimorphism takes
place in juveniles of any of the species studied thathen studying the changes between bird popula-
could be utilised for sexing purposes (notice théibns in flight-related morphology, it is important
size-based methods cannot be used in this studg)control for possible variations in body size that
Because of this, we did not consider the sex of birdeuld confound actual variations in body shape
in our analyses. Although sexual size dimorphisivetween individuals (Norman 1997). We discarded
is common among passerines (see Cramp 1988 use the tarsus length for this purpose despite it
1992, Cramp & Perrins 1993 for reviews of thbas been shown to be a good correlate of avian
species considered in this paper), it should not havedy size (Senar & Pascual 1997), because this
affected our results given that (1) sexual dimotrait may well vary between populations independ-
phism concerns to size instead of shape (i.e. pemntly of body size (Winkler & Leisler 1985, 1992,
portions), so that no effect of gender should holtelleria & Carbonell 1999). Therefore, our first step
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was to derive indices of body size for each of the We used PCA with primary distances to ob-
seven species, for which we conducted PCA within wing-shape indices for each species (Chan-
body measurements (tarsus length, bill height, wirder & Mulvihill 1988, Lockwoodet al 1998).
length and tail length). This method allows one tbhese analyses were consistent among species in
extract an index of the structural size of individuextracting a first component of wing shape
als (Rising & Somers 1989, Freeman & JacksqwsPC1) in which the innermost primaries had a
1990), which has been proved effective for meakigh loading (Table 2). Therefore, we used the
uring the nutrient reserve-independent size of birdsPC1 as a proper index of wing pointedness in
(Piersma & Davidson 1991). Usually, every measil species.

urement had a high loading in the first component Our statistical analyses were designed for spe-
of body size (bsPC1), which sometimes was tho#fically testing the hypothesis that highland popu-
only extracted by the PCA. In these cases, bsP@tions have a morphology that is better suited to
was therefore interpretable as a proper index lohg-distance flights than that of lowland popula-
structural size (Table 1). When the interpretatiaiions. In this study, the flight-related morphology
of principal components was not so straightfors a non-measurable variable defined by the co-
ward, we chose the index of structural size by firgariation of wing length, tail length, and wing
relying on the factor loadings of skeletal measurpeintedness (in all species studied, these traits cor-
ments (tarsus and bill) in each component and rélated to each other more than expected by ran-
still in doubt, by checking the efficacy of each condom, as shown by Bartlett’s tests for sphericity with
ponent in predicting body mass (Rising & Somei8< 0.0001 in all cases). In order to test for changes
1989, Senar & Pascual 1997). Thus, the bsPC1 wafight-related morphology controlling for age and
considered to be the best index of structural sizebody size, we designed a multivariate general lin-
all species except in the Robin, for which we useshr model in which locality and age were categori-
the bsPC2 (Table 1). Differences in body size beal predictors (factors), the structural size (bsPC1,
tween populations were examined as a first stepanbsPC2 in the Robin) was a continuous predictor
the analysis of morphological variation. (covariate), and wing length, tail length, and wing

Table 2. Coefficients of correlation between each primary distance (the distance from the tip of each primary
feather to the wing tip) and the first principal component of wing shape extracted by PCA (wsPC1), which we used
as an index of wing pointedness. Sample sizes are also shown (#). The primaries 6 and 7 showed no variance in
Firecrests because they made up the wing tip in all individuals.

E. rubecula T.merula S. atricapilla R. ignicapillus P. caeruleus P. major L. megarhynchos

(n) 200 49 307 14 30 42 22

Primary 9 0.10 0.18 -0.28 0.36 -0.09 -0.32 -0.02
Primary 8 -0.09 -0.22 -0.39 0.44 -0.49 -0.49 0.16
Primary 7 -0.18 -0.22 0.31 - -0.26 -0.34 0.25
Primary 6 0.44 0.48 0.81 - 0.49 0.71 0.77
Primary 5 0.67 0.89 0.93 0.72 0.76 0.77 0.95
Primary 4 0.91 0.94 0.95 0.89 0.88 0.86 0.98
Primary 3 0.93 0.95 0.95 0.94 0.93 0.89 0.96
Primary 2 0.91 0.95 0.94 0.96 0.90 0.88 0.96
Primary 1 0.91 0.91 0.90 0.99 0.87 0.74 0.90
Eigenvalue  4.04 4.65 5.35 4.43 4.34 4.41 5.18
Var. (%) 44.92 51.70 59.39 63.26 48.24 49.04 57.54
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Figure 2. Seasonal rearrangements of abundance between
highlands and lowlands. For each species, the mean abundances
with standard errors in spring (black bars) and winter (white bars)
are shown. The figures indicate the number of survey sites
considered in each case. The significance of the seasonal change
in abundance distribution is measured by the interaction between
region (between-sites effect) and season (within-sites effect), which
is given in each plot together with the percentage of variance that
it explains (R?). For Nightingales, which are summer visitors, only
the breeding abundances and the results of the corresponding
one-way ANOVA are shown.

pointedness (wsPC1) were the dependent variablegining species, the model included the usual
First of all, we tested for interactions between thierms in a two-way multivariateNCOVA (the ef-
factors and the covariate. Significant deviationfect of both factors and their interaction, and the
from parallelism were only found in Blackcaps, ireffect of the covariate). The corresponding model
which the effect of body size changed between agas then used to test for differences between re-
classes. Therefore, in this species we estimatedians by planning specific comparisons (Lindman
general effect of body size on flight-related mort974) between highland localities (Alava, Gua-
phology by nesting it within age classes. In the redarrama and Madrid) and lowland localities (Sierra

64



Migratory patterns in Iberian passerines

de Ojén and Tarifa). Not all species occurred in dthese posterior analyses in all species, whether or
study sites, so different sets of localities were usedt overall differences in flight-related morphol-

to compare between highlands and lowlands ogy were significant. All the analyses were done
each case. In some instances, however, we did wath the Visual GLM module implemented in the
capture either adults or juveniles in some localitgTATISTICAS.5 computer program (StatSoft 1999).
which translated into incomplete designs for some The multivariate approach adopted here to as-
of the species studied. In these cases, a Type d¥ss changes in overall flight-related morphology
sum of squares approach was adopted for testiiagces the exclusion of birds without data of every
our hypothesis (Goodnight 1980). Once the diffeene of the traits considered in the analysis. In Black-
ences in overall flight-related morphology wereaps and Robins, whose sample sizes were quite
evaluated, we conducted univariate analyses (witrge, the loss of power due to this reduction of
the same terms as in the corresponding multivasample size may actually be considered to be neg-
ate model designs) to evaluate which particuléigible. In the remaining species, however, the mul-
traits were responsible of the overall effect. Fdivariate approach should have caused a dramatic
ease of interpretation of our results, we conductedcrease in power, related to the reduction of their
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Table 3. Results of planned comparisons testing for differences between highlands and lowlands in flight-related
morphology. For each species, it is first shown the sample size (%) of adults and juveniles in Alava (locality 1),
Guadarrama (2), Madrid (3), Sierra de Ojén (4) and Tarifa (5) (hyphens indicate the absence as breeder of the
species from the corresponding locality). Below these, it is shown the contrast vector that defines the comparison
between highlands and lowlands in a multivariate general linear model with wing length, wing pointedness (wsPC1,
see Table 2) and tail length as dependent variables (whose covariation defines flight-related morphology), population
and age as categorical predictors, and body size (bsPC1 or bsPC2, see Table 1) as a covariate. Results are shown, on
the right side of the table, for both the regional difference (R) and the effect of body size (BS). See text for a more
detailed description of the models tested in each case.

Adults Juveniles Results of the comparison
1 2 3 4 5 2 3 4 5 F d.f. P
E. rubecula nll 14 - 18 - 43 53 - 42 - R 9.27 3,172 < 0.0001
Contrastvector 1 1 -2 1 -2 BS 6.52 3,172 0.0003
T. merula n 6 15 0 5 1 100 1 1 2 R 10.11 3,35 < 0.0001
Contrastvector 4 4 0 -5 -5 4 4 -5 -5 BS 172.24 3,35 < 0.0001
S. atricapilla n 27 41 7 47 10 62 28 11 48 20 R 89.09 3,287 < 0.0001
Contrastvector 2 2 2 -3 -3 2 2 -3 -3 BS 467.41 3,287 < 0.0001
R. ignicapillus n 2 2 - 1 - 1 - 4 - R 7.51 3,5 0.027
Contrastvector 1 1 -2 1 -2 BS 1244 35 0.0093
P. caeruleus no0 3 - 2 0 4 - 5 5 R 12.13 3,2 < 0.0001
Contrastvector 0 1 -1 0 1 -1 -1 BS 8.80 3,2 0.0006
P. major n 1 2 0 2 O 2 7 3 3 R 1.80 3,29 0.169
Contrastvector 3 3 0 -5 0 3 3 -5 -5 BS 70.28 3.29 < 0.0001
L. megarhynchos n - 10 4 1 3 1 1 0 1 R 0.37 3,11 0.778
Contrast vector 3 3 -4 -4 3 3 0 -4 BS 123.31 3,11 < 0.0001

already small sample size. In order to chedkKightingale, which is a summer visitor, was obvi-
whether our results were affected by small sampasly excluded) significantly decreased abundance
sizes, we repeated the univariate analyses for wimmghighlands and increased their numbers in low-
length and tail length, this time considering all thends during winter (Fig. 2). Firecrests showed a
birds for which these measurements were avadimilar but not so marked trend, increasing their
able (wing pointedness was the missing value winter abundance in lowlands but showing only a
all cases with incomplete data). We then compareaak decrease in highlands. Blackbirds did not
the size and the statistical significance reached slgow any trend that could be interpreted as a sea-
these effects to see whether increasing sample sizesal rearrangement of their numbers in the Ibe-

influenced our results.
RESULTS

Seasonal changes in abundance

rian Peninsula. Finally, the breeding abundances
of Nightingales were similar in both Iberian regions

(Fig. 2).

Morphological variation

Four species (Robins, Blackcaps and both tits) Structural size showed different trends of regional
the six passerines for which analyses of seasoraliation in the species studied (Fig. 3). Robins
changes in abundance distribution were done (teBleowed a homogeneous body size in both regions.
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Figure 4. Variation between regions in the three traits that define flight-related morphology. Means adjusted by
structural size with standard errors are shown, along with the results of planned comparisons between highlands
and lowlands (with the same model as in the multivariate ANCOVA, see Table 3) and the size of this effect (percentage
of variance explained, R?).
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Table 4. Results of planned comparisons testing for differences between highlands and lowlands in wing length
and tail length, considering all the data available for these traits. Comparisons are the same described in Table 3,
although the contrast vectors (not shown) changed in some instances because the increase in sample size filled
some cells that were empty in the multivariate design. Only the regional effect and the percentage of variation that
it explains (R?) are shown.

Wing length Tail length
F d.f. P R? (%) F d.f. P R? (%)
E. rubecula 26.50 1,211 0.0001 10.30 12.80 1,211 0.0004 5.23
T. merula 13.89 1,47 0.0005 5.06 965 1,47 0.0032 3.49
S. atricapilla 401.33 1,503 0.0001 16.39 23.99 1,503 0.0001 1.37
R. ignicapillus 121 1,13 0.291 0.88 554 1,13 0.035 4.76
P. caeruleus 591 1,35 0.020 1.90 0.01 135 0.905 o0.01
P. major 6.99 1,48 0.011 2.67 0.12 1,48 0.727 0.05
L. megarhynchos 0.64 1,38 0.429 0.15 1.86 1,38 0.181 0.93

Blackcaps and Blackbirds were larger in lowlandshowed no difference between regions in flight-
although this difference was significant only imelated morphology (Table 3, Fig. 4).
Blackcaps. In the remaining species, body size was Posterior evaluations of the importance of each
larger in highlands, although differences were sigrarticular trait in causing the overall differences
nificant only in Blue Tits and Nightingales. Theshowed that wing length and wing pointedness
small sample size is likely to have reduced thegere more consistent among species in their re-
power of these comparisons, although the gengional variation than tail length (Fig. 4). All the
alised lack of differences in body size can be alfige species in which a significant variation in over-
attributable to the fact that these effects were rall flight-related morphology was found showed
ally small (Fig. 3). longer and more pointed wings in highlands. Even
Once body size was statistically controlle@reat Tits, for which the overall pattern was not
for in the analyses, we found significant variasignificant, tended to vary in that way. However,
tions in flight-related morphology between highthe predicted increase in tail length in southern
lands and lowlands in five of the six species fqropulations only held significant in two species
which we predicted such a pattern (Table 3). (Blackcaps and Blackbirds), and even tail length
should be noted that the small sample size dearied in the opposite direction in other two (Rob-
creased the power of these comparisons, so the and Blue Tits, Fig. 4).
fact that differences were so significant in these We obtained very similar results when the
conditions should be interpreted as a further supralyses of wing length and tail length were done
port to the strength of the pattern. The Great Nitith all data available in our samples (Table 4).
was the only species for which we failed to deteétthough sample sizes experienced a two or three-
a significant trend in flight-related morphologyfold increase in the species with the smallest ini-
Actually, Great Tits showed a feeble variation itial sample sizes (Firecrests and Nightingales, for
these traits, which only seemed to affect wingxample), we did not find significant differences
length, so that the lack of differences was attriln effect sizes measured as the percentage of vari-
utable to a certainly small regional difference iance explained by regional differences (Wilcoxon
flight-related morphology in this species (Fig. 4)matched pairs test with species as sample units:
Finally, as predicted by the homogeneous migrasng lengthZ = 0.51, P = 0.61; tail lengthZ =
tory behaviour of Nightingales, this specief.68,P = 0.50), nor did we find an increase in the
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statistical significance reached by these differencelsanges in abundance of Firecrests and tits: de-
in the second analyses (wing length 0.52,P = spite the well-known migratory movements of

0.60; tail lengthZz = 0.0001P = 0.99). these species in northern and central Europe
(Ulfstrand 1962, van Balen & Hage 1989), ring-

DISCUSSION ing recoveries do not evidence their regular arrival
to Iberia (Telleriaet al, 1999). Therefore, our re-

Seasonal changes in abundance sults support the idea that many forest birds leave

highlands during winter contributing to the increase
Overall, the seasonal abundance distribution of threabundance in lowlands during winter. However,
species studied adjusted the pattern predicted these results do not demonstrate the sedentariness
our hypothesis on the migratory behaviour of Ibef lowland populations, calling for other clues that
rian forest passerines. Winter abundance decreasedld corroborate this possibility. In fact, evidence
in highlands and increased in lowlands in all thesé year-round residence of southern populations
species, with the sole exception of Blackbirds. Thisas been gathered in some studies. For example, it
species is known to have become sedentary in bas been demonstrated that local birds make up an
most all the southern half of its range during thienportant fraction of the populations wintering in
last century (Berthold 1999), which could partialljowland forests, while their overwintering coun-
explain the lack of seasonal changes in its abuefparts mainly occupy shrublands, orchards and
dance in the Iberian Peninsula. In addition, sudpen forests that are unsuitable for breeding (Pérez-
changes could be masked by hunting during tAeiset al 2000b, Telleriat al 2000). In addition,
autumn-winter period, since the Blackbird is theecurrent winter recaptures of locals in their breed-
only game species in our study. This could haweg forests of southern Spain further support a low
caused an underestimation of blackbird densitiesportance of movements in lowland populations
in Iberian lowlands, where hunting pressure is higfPérez-Tiset al 1999, 2000b, own unpubl. data).
est (Santoset al 1988). Despite this fail in our Finally, but not less importantly, we have found
results, the pattern that we have found reflects therphological differences that may be interpreted
complementary role of highlands and lowlands &s correlates of the unlike migratory behaviour of
either breeding or wintering grounds, and suppotfisrest passerines in highlands and lowlands.
the effects of different environmental pressures on
the movements of Iberian forest passerines. HoWerphological differences
ever, such a pattern may be influenced by the ar-
rival of European migrants. Indeed, it is knowiNo homogeneous pattern was found among spe-
that the Iberian Peninsula receives during wintercees when comparing body size between Iberian
huge amount of Robins, Blackcaps and Blackbirdsgions. Some species showed an increased body
from central and northern Europe, which princisize in highlands, while others tended to be larger
pally occupy southern lowlands and coasts (aslowlands or showed no change in body size be-
shown by ringing recoveries, see Santos 198&een regions. Although variations in body size
Cantos 1995, Bueno 1998). However, although tleere generally small (Fig. 3), the so mixed pat-
arrival of extra-Iberian birds is likely to be the mairterns that we have found are difficult to interpret.
cause of the increase in abundance of these sp@an body size may be affected by factors such
cies in lowlands, it seems not to affect their popas climate, developmental conditions, migratory
lation dynamics in highland forests, where thepattern, and so on (see some examples in Geist
abundance decreases even after post-breedingli@89, Baker 1992, Holmgren & Lundberg 1993,
cruitment. On the other hand, the arrival of extra<lleria & Carbonell 1999), which may have a
Iberian birds would hardly explain the seasondlifferent importance in determining changes be-
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Table 5. A summary of the taxonomic status of the seven studied species in south-western Europe and north-
western Africa, according to different bibliographic sources (Ref. 1: Vaurie 1959, 2: Cramp 1988, 3: Cramp 1992, 4:
Cramp & Perrins 1993). The taxonomic ascription (according to these sources) of northern and southern Iberian

populations studied in this paper is also indicated.

Species Ref. France Northern Iberia Southern Iberia Northern Africa
E. r. rubecula/ E. r. rubecula / E. r. rubecula / E. r. rubecula /
E. rubecula 1,2 ) . . . . .
E. r. melophilus E. r. melophilus E. r. witherbyi E. r. witherbyi
1 T. m. merula T. m. merula T. m. merula / T. m. mauritanicus
T. merula T. m. mauritanicus
2 T. m. merula T. m. merula T. m. merula T. m. mauritanicus
. . 1 S. a. atricapilla S. a. atricapilla S. a. atricapilla S. a. atricapilla
S. atricapilla . p. . p- . P . P
3 S. a. atricapilla S. a. atricapilla S. a. heineken S. a. heineken

R. ignicapillus 1,3

R. i. ignicapillus

R. i. ignicapillus

R. i. ignicapillus

R. i. balearicus

P. c. caeruleus P. c. caeruleus/ P. c. ogliastrae P. c. ultramarinus

P. caeruleus 1 P. c. ogliastrae
4 P. c. caeruleus P. c. caeruleus P. c. ogliastrae P. c. ultramarinus
P. m. major P. m. major/ P. m. major/ P. m. excelsus
P. major 1 P. m. excelsus P. m. excelsus
4 P. m. major P. m. major P. m. corsus P. m. excelsus

L. megarhynchos 1,2 L.m.megarhynchos L.m.megarhynchos L.m.megarhynchos L.m.megarhynchos

tween Iberian regions in each species. In our stutlyeen migratory and sedentary species. Changes
it is important to know that body size changes b tail length, however, were less pronounced and
tween regions because this means that it has todwen deviated from the predicted direction in two
controlled for in the analyses of flight-related moreases (Robins and Blue Tits). Based on the over-
phology. However, the shape of differences in bo@l pattern of variation in the traits studied, we be-
size is less important, and its discussion would djeve that tail morphology may be affected by mi-
beyond the scope of this paper. gration pressures to a lesser extent than wing shape
After controlling for body size, our results(see also Winkler & Leisler 1992), and rather be
demonstrate the differentiation in flight-relateanore dependent on other processes related to par-
morphological traits between highland and lowticular life stiles that could impose different con-
land forests passerines. Overall, wing length astraints on tail modification in each species (for
wing shape showed a more consistent patternefample, feeding on ground has different manoeu-
regional variation than tail length. Thus, all spesrability requirements than leaf gleaning, see
cies showed longer and/or more pointed wings Leisler & Winkler 1985). However, although these
highlands (or at least tended to do it as we fousgecies-specific processes could have caused the
for Great Tits), and such differences were signifebserved deviations from the predicted patterns
cant or near significant in almost all cases. For af variation in tail length, ang posterioriinter-
species differing in flight-related morphology expretation of these unexpected trends would be too
cept the Robin, the variation between regions tentative. What really matters here is the fact that
wing pointedness was stronger than the changeowerall changes between regions in flight-related
wing length (Fig. 4), which is consistent with thenorphology support a more pronounced migra-
results obtained by Mdnkkdnen (1995) in a comery behaviour in highland populations of forest
parative study of the variation in wing shape bgasserines compared to their lowland counterparts.
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It has long been accepted that migrants have In summary, seasonal changes in abundance
longer and more pointed wings, a trend which hasd differences in morphological traits support that
been documented both in intraspecific and intelnighland and lowland Iberian forest passerines dif-
specific analyses (Mulvihill & Chandler 1991, Win-fer in migratory behaviour. We do not know, how-
kler & Leisler 1992, Monkkdnen 1995). Howevergver, the proportion of highland populations that
differences among populations in wing length and involved in these displacements, which no doubt
wing pointedness could also result from conflicteonstitute a case of partial migration like the ob-
ing selective pressures caused by the requiremesgsved in the same species in other parts of their
of manoeuvrability related to habitat structure aange (Cramp 1988, 1992, Cramp & Perrins 1993).
to particular foraging strategies (Leisler & Winkler
1985, Winkler & Leisler 1985, Rainer 1988). WeConclusions and perspectives
have found that highland populations of several
species have longer and more pointed wings th&he existence of movements of birds in the Ibe-
their lowland counterparts, taking into account iian Peninsula can offer a valuable insight into the
our analysis the possible effect of changes in halbiiversity of migratory strategies in the Western Pal-
tat structure among study sites (described by Caarctic. Iberian movements could illustrate that
bonell & Telleria 1998a). On the other hand, owltitudinal migration is a widespread phenomenon,
multispecies study allowed us to control for possihich has probably evolved independently in many
ble species-specific effects (such as those appgpecies and in many different montane populations
ently operating in the case of body size), thus ma&round the Mediterranean (Fig. 1). It has been pos-
ing the proposed role of seasonal movements totikated that migratory patterns of European birds
the most parsimonious explanation for the morphoeuld have evolved parallel to the expansion of
logical differences described. Two important facthe breeding ranges of these species in the late
emphasise the soundness of this interpretatid?ieistocene (Safriel 1995aberleet al. 1998), by
First, despite the species studied show noticealfilst appearing short-distance, partial migratory pat-
differences in ecology and behaviour, they defirterns that would have later derived into total mi-
an overall homogeneous trend of variation in wingrations (Berthold 1999). Very likely, the coloni-
length and wing shape between highland and lowation of highlands had a similar effect at southern
lands. It should be noted here that we selected thé&st@udes, where regional-scale movements could
species exclusively because they were the most fr@ve evolved increasing the diversity of migratory
quently captured in our study areas, which is upatterns in the Palearctic migratory system. Nev-
likely to make them be particularly prone to changertheless, phylogeographic studies would be
between regions in the way described. Second, aweded to further disentangle the relationships be-
interpretation is also supported by the lack of motween highland and lowland populations, as well
phological variation in the trans-Saharan migraas between Mediterranean and central-European
species that we used as a control, the Nightingateds.

As predicted by their homogeneous migratory be- According to our results, altitudinal migrations
haviour, highland and lowland Nightingalesare relevant in affecting not only the spatio-tem-
showed no difference in flight-related morphologyporal structuring of bird communities, but also the
despite they slightly differed in structural size (likenorphological traits of the birds involved in these
other species studied in this paper), and despite tligplacements. The morphological differentiation
are certainly similar in most aspects of their ecalhat we found in Iberian populations of forest pas-
ogy and behaviour to some species studied, likerines partially agrees with the taxonomic classi-
Robins or Blackbirds, which did vary in morphof{ications proposed for these species by early stu-
logical traits between Iberian regions. dents in Spain and Portugal (Table 5), which con-
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sidered Iberian populations as intermediate bBaker, A.J. 1992. Genetic and morphometric di-
tween the central-European ones and those presentergence in ancestral European and descendent
in northern Africa or in some Mediterranean is- New Zealand populations of Chaffinches
lands. However, these classifications are imprecise (Fringilla coeleb$. Evolution46: 1784-1800.

in assessing the morphological differentiation ddaker, R.R. 1978 he evolutionary ecology of ani-
each species within the Iberian peninsula, and nei-mal migration Hodder & Stoughton. London.
ther they attempted to explain the origin of the olBerthold, P. 1993Bird migration. A general sur-
served variations (e.g. the role of seasonality in vey Oxford University Press. Oxford.

shaping more or less migratory-like morphs). FuBerthold, P. 1996 ontrol of bird migration Chap-
thermore, it has long been accepted that the south-man & Hall. London.

ern-like morphs of these species occupy almost Bérthold, P. 1999. Towards a comprehensive theory
the Iberian Peninsula, an incorrect prejudice rooted for the evolution, control and adaptability of
in the wrong tendency to view the Iberian high- avian migrationOstrich70: 1-11.

lands as a Mediterranean region equivalent to tBeeno, J. M. 1998. Migracion e invernada de pequefios
warm lowlands and coastal areas. Our results go aturdinos en la peninsula Ibérica. V. Petirrojo
step further by providing an ecological significance (Erithacus rubecula Ardeola45: 193-200.

to the differentiation of Iberian populations, whictCantos, F. J. 1995. Migracion e invernada de la
could be determined to a large extent by migration curruca capirotad&glvia atricapillg en la pe-

pressures. ninsula IbéricaEcologia 9: 425-433.
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Capitulo 4

Un método para diferenciar currucas capirotadas Sylvia
atricapilla sedentarias y migradoras durante su invernada en
el sur de la peninsula Ibérica

Este capitulo reproduce el texto integro del siguiente manuscrito

Pérez-Tris, J., Carbonell, R. & Telleria, J.L. 1999. A method for differentiating between sedentary anc
migratory BlackcapSylvia atricapillain wintering areas of Southern Ibeiad Study46: 299-304.

RESUMEN

Las currucas capirotadas del sur de la penin
Ibérica son sedentarias, y como consecuencia
sentan rasgos morfolégicos diferentes de los
las currucas migradoras que ocupan zonas
nortefias; sus alas son mas cortas y redondea
sus colas son mas largas. En este trabajo, apt
chamos esta diferenciacion morfologica para
sarrollar un método con el que identificar indi\
duos sedentarios y migradores durante su in
nada en simpatria en el sur peninsular. Para
estudiamos la variacion en esos rasgos morfi
gicos entre cinco poblaciones reproductoras e
peninsula Ibérica, tres migradoras (del norte 'y ¢
tro peninsular) y dos sedentarias (del Campc
Gibraltar, en el sur de Iberia). Utilizamos la lo
gitud de la octava primaria como una medida de

longitud alar. Medimos las distancias entre la puR© de Gibraltar) tienen rasgos morfolégicos de tipo
ta del ala y las primarias primera (P1) y noverBigrador aun mas acentuados que las poblacio-
(P9, numeradas en orden descendente), y calctlgs Migradoras ibéricas, este método puede con-
mos un indice sencillo de apuntamiento alar (Pgiderarse muy eficaz para identificar individuos
P9). Combinando estas dos medidas con la |On@119radores durante el invierno. La posibilidad de
tud de la cola, obtuvimos una funcién discrimidiferenciar currucas migradoras y sedentarias en
nante que nos permitio clasificar correctamenf!s areas de invernada simpatricas supone un im-
en torno al 90% de las currucas reproductoras. RQrtante paso adelante en el estudio y conserva-
niendo en cuenta que las poblaciones migradoggn de las poblaciones meridionales de curruca
del centro y norte de Europa (que constituyen ¢apirotada, que probablemente estan diferencia-
mayor parte de la poblacion invernante en el cafas localmente en el borde de su distribucion.
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Capitulo 4 ps

A method for differentiating between sedentary and
migratory Blackcaps Sylvia atricapilla in wintering areas
of Southern lberia

Javier Pérez-Tris, Roberto Carbonell & José Luis Telleria*

We used the morphological differentiation of southern, sedentary Iberian BlaGsdaiasatricapilla

to distinguish them from migratory ones during the winter. To do so, we studied three morphometrical
traits during the breeding season (wing length, wing shape and tail length) of three migratory Iberian
populations and two sedentary ones. We obtained a discriminant function which allowed us to
differentiate both population types (over 90% of correct classifications). We discuss the utility of the
method for differentiating between sedentary and migratory Blackcaps in their sympatric wintering
areas, as well as the implications of our results for the study and conservation of sedentary, perhaps
differentiated Blackcaps in Southern Iberia.

Ithough the Mediterranean basin is the maicapsSylvia atricapillato develop a simple proce-

wintering ground for most pre-Saharan midure for differentiating between sedentary and mi-
grant passerines, it also sustains sedentary popujeatory individuals in the sympatric wintering ar-
tions of many of these species. Despite the interests of Southern Iberia. The Blackcap should be a
in differences between migratory and sedentagood model to undertake such studies, since most
populations during the winter in traits such as halwf their Mediterranean breeding grounds receive a
tat use, diet, body condition or survival, these subensiderable influx of migrants in autumn (Cramp
jects remain insufficiently understood. Several992, Cantos 1995).
studies have searched for differences in winter be-
haviour between subspecies, sexes or age clasBE§HODS
these groups being always easily distinguishable
(see Rabenold & Rabenold 1985, Sherry and H&uring June and July 1997, we mist-netted 146
mes 1996 for examples with Nearctic migrantsBlackcaps in five localities distributed along the
However, few studies have pointed out how ditberian Peninsula. We captured 99 young and 47
ferent populations of a given species perform imdult birds (28 males and 19 females). Three of
sympatry during the winter (Finlayson 1981a, Se¢hese localities were in the northern half of Iberia
nar et al 1992, Goss-Custaret al 1995), even (Alava, 42°55'N, 2°29'W, in northern Iberia; Si-
when these populations may show different moerra de Guadarrama, 40°54’'N, 3°53'W, and Ma-
phological traits, possibly related to different patdrid, 40°30’N, 3°40'W, both in central Iberia), and
terns of resource exploitation (Finlayson 1981&he other two on its southern edge (Sierra de Ojén
Senaret al 1994, Skulason & Smith 1995, Telle-and Tarifa, 36°01'N, 5°36'W, see Carbonell & Te-
ria & Carbonell 1999). Such studies are limited bijeria 1998 for details). Blackcap populations are
the lack of suitable methods that allow differentiamigratory at the northern and central localities,
tion between such populations when distinction ighich they abandon during the winter (Telleria &
not straightforward. In this paper, we use a combGarbonell 1999). Ringing recoveries show that
nation of different morphological traits of Black-Blackcaps are sedentary at the southern localities

*Bird Study 46: 299-304.
[0 1999 British Trust for Ornithology. 79
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(Finlayson 1981b, Cuadrado 1994, Cantos 1995) &
Thus, we grouped these five populations as north
ern (migratory) and southern (sedentary; Telleric = g

Q

& Carbonell 1999). Since it is known that Black- "
caps show migratory polymorphism (Lo Valeb
al. 1988, Berthold 1991, Telleria & Carbonell
1999), we used some traits relevant for migratory
flight performance (wing length, wing shape and S0 GEn TR B B SE oB
tail length; Norberg 1990, 1995), that could allow b
us to differentiate such population types in their
wintering grounds. Wing maximum chord and
length of the 8 primary feather (descendant) were
strongly correlatedr(= 0.85,n= 146,P < 0.001), )
thus we selected the latter measurement as relat g _, ﬂ H
21T ER R

-
N

@
©

Wing length (mm)

@
5

=3
o

Distance to the wing-tip (mm)

to wing length (Jenni & Winkler 1989). We also
considered the difference P1-P9 as anindexof win ™ “es7ss54352:1 87654321 ss7654321

Southern Iberia

shape (where P1 and P9 are the distances fromtl._ ~ Nethemlbera - Centralibera
tip of the ' and 9 primary feathers to the wingFigure 1. (a) Geographic variation in wing length of
tip). In Blackcaps, this difference increases as thiropean Blackcaps (Mean, standard deviation,
wing becomes more pointed (Fig. 1; KOkShaySk%?eoredcal range [mean t+ 3sd] and sample size). Measu-
1973, Williamson 1976, Lo Valvet al 1988, Te- rements are from Sweden (SWD), Southern Germany

. . (GER), South-eastern France (FRA), Northern Iberia
lleria & Carbonell 1999). Finally, we recorded talg\HB)’ Central Thetia (CIB), Southern Theria (SIB), and

length (straightened), because northern popmatimary Islands (CIS). (b) Mean and range of the distances
have shorter tails than southern ones (Williams@rm the tip of cach primary feather (1% — 9", numbered
1976, Telleria & Carbonell 1999). All measuredescendantly) to the wing tip of Ibetrian Blackcaps (we
ments were recorded by the same person (RC)show negative values to simplify the perception of wing
the nearest 0.5 mm (see Svensson 1992 for detaifg)pes). All measurements, except those from Iberia (this
We used discriminant function analysis (herg"dy)> have been taken from Williamson (1976) and
after DFA; Manly 1994, StatSoft 1996) to classify P (1?72
birds as migratory or sedentary. Neither sex nor
age showed a significant effect on any of the vaand age classes in the DFA. Since migratory indi-

ables we measured (Table 1), so we pooled all seduals outnumber residents in wintering areas

Table 1. Results of two-way ANOVAs for between-age (first-year versus adult birds) and between-sex differences
for all the variables considered in this study.

P1-P9 Tail length Length of 8th primary
Age (all d.f. = 1,142) F P F P F P
Between-groups 86.06 < 0.001 18.34 <0.001 30.60 <0.001
Between-age 0.27 0.61 0.03 0.86 0.66 0.42
Interaction 2.95 0.09 1.30 0.26 0.64 0.42

P1-P9 Tail length Length of 8th primary
Sex (all d.f. =1,43) F P F P F P
Between-groups 9.60 0.003 6.48 0.01 4.33 0.043
Between-sex 0.001 0.98 0.80 0.38 0.25 0.62
Interaction 1.00 0.32 0.12 0.73 0.06 0.80
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Sedentary and migratory Blackcaps

(Finlayson 1980), a given Blackcap of unknownant function (Manly 1994). If the effectiveness of
origin is,a priori, more likely to be migratory than our model for discriminating Iberian population
sedentary. However, as the abundance of migtgpes is high, we should be able to distinguish resi-
tory Blackcaps varies among winters while surelgent and migrant birds in their wintering grounds
the resident population does not (Finlayson 1988nd to estimate their relative numbers in the whole
Rodriguezet al 1986, Rey 1995), we cannot obwintering population. Thus, we can obtain the prob-
jectively assess the true proportion of sedentaapility of each Blackcap being sedentary (StatSoft
birds in the winter population, so we settéegri- 1996), and then use the sample mean (that is, the
ori probabilities of population membership proprobability of a given Blackcap of the winter popu-
portional to sample sizes (Manly 1994, StatSolation being sedentary) as an estimate of the pro-
1996). To test the effectiveness of our model, wmrtion of sedentary birds in the whole winter popu-
simulated a series of 50 DFA trials using pairs détion.
half-sample random groups. Thus, for each simu-
lation, we randomly selected two equal groups froRESULTS
the original sample (73 birds in each one) in which
all the localities were always equally representedihe DFA conducted with the whole spring sample
Then we used one of these groups to developm@vided a significant function (Wilk’'s Lambda =
discriminant function, with which we attempted.39, Rao’s approximatiorf, ,, = 75.00,P <
to classify the birds of the second group. After r&.001; Table 2, see also Fig. 2) whose percentage
peating the same routine 50 times, we estimateficorrect classifications exceeded 90% (Table 3).
the 95% confidence interval of the mean percemibout 61% of the variation in the discriminant
age of correct classifications. If the model was reecores (StatSoft 1996) was accounted for by be-
liable, we could use the first discriminant functween-populations differences when all variables
tion, obtained by including all the birds from thevere considered together (canonical correlation:
original sample, to assign new observations to ore).78). Thus, we obtained the following classifi-
or other population. cation functions (StatSoft 1996):

Once the model was developed, we sampled
the southern localities during December 1997 and M =-696.432 — 6.098 WS + 4.648 T + 21.099 F8
January 1998, when wintering Blackcaps occurin S =-688.896 — 7.397 WS + 5.617 T + 20.018 F8
this region together with residents (Cantos 1995).
European Blackcaps, consistently with their miwhere WS is the wing-shape index P1-P9, T is
gratory behaviour, have more pronounced migréae tail length, F8 is the length of the @imary
tory-type traits than Northern Iberian populationfeather and M and S are, respectively, the classifi-
(see Fig. 1; Williamson 1976, Cramp 1992), anchtion scores for migratory and sedentary popula-
are expected to be well-classified by our discrimiion types. These functions can be used to classify

Table 2. Descriptive statistics for the variables included in the discriminant function analysis. Pooled within-groups
correlations between variables and the canonical discriminant function are also shown.

Migratory Blackcaps  Sedentary Blackcaps

n= 85 n=61 Correlation with
Mean sd Mean sd discriminant function
P1-P9 8.03 1.18 5.79 1.39 -0.70
Tail 60.60 2.15 62.46 2.33 0.33
Eighth primary 54.94 1.55 53.35 1.53 -0.41
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Table 3. Classification matrix provided by discriminant function analysis (incorrect classifications in italics),
a priori probabilities of classification (proportional to sample sizes, p), and percentage of correct

classifications.
Predicted classifications
Actual Migratory Sedentary Correct
classificationsif) Blackcaps p = 0.58) Blackcapsy = 0.42) classifications (%)
Migratory Blackcaps 85 80 5 94.12
Sedentary Blackcaps 61 8 53 86.89
Both groups 146 88 58 91.09

new observations assigning each blackcap to thls. Among the remaining 31 birds, 13 (41.9%)
group for which it has the highest classificatiowere classified as residents. By using the prob-
score (StatSoft 1996). The model classified firstbilities of each of these 31 Blackcaps being sed-
year birds better than adults (four out of 13 wrongntary, we estimated the percentage of residents
classifications (Table 3) were first-year birds anih the whole winter population, with 95% confi-
9 were adultsy®,, . .= 7.20,P < 0.01), but both dence, as 37.3% + 16%.
sexes were equally well-classified (5 males and 4
females were misclassifiegf,, .= 0.01P=0.92). DISCUSSION
Frequency of misclassifications was also homo-
geneous for both population types (Tablg?3, . In this work, we assessed the utility of DFA as a
=1.49,P =0.22). reliable tool to differentiate between sedentary and
By means of the 50 DFA simulations, oumigratory Iberian Blackcap populations, which
model was effective in differentiating betweerould be employed for differentiating between such
both population types. We obtained near 90% cqrepulations in sympatric wintering areas (see also
rect classifications (Table 4), even though we olsummerset al 1988). Our procedure has impor-
tained the simulated discriminant functions frontant advantages compared with other methods. The
reduced samples, which should show less discrimise of ringing recoveries, for instance, is often un-
nating power (Manly 1994, StatSoft 1996). Oncsuitable for small passerines, due to the difficulty
the efficacy of the model was confirmed, we useaf recapturing enough birds to assess between-
it to classify Blackcaps captured during the winpopulation differences that potentially occur at the
ter. Five out of 36 captured birds were retraps eympatric wintering areas (see, however, Sehar
Blackcaps ringed during the spring at the sana. 1992). On the other hand, single traits that over-
locality (13.9%). These birds were not considerddp along the species’ range offer limited opportu-
for classification as they were not new individunity to discriminate between birds belonging to dif-

Table 4. Mean, standard error and 95% confidence intervals for the mean percentage of correct classifications
obtained after 50 DFA simulations, using pairs of randomly selected half-sample groups (73 individuals in
each one).

Observed percentage of correct classifications

n Meanzt 1 se 95% confidence interval
Migratory Blackcaps 50 91.780.55 90.97 — 92.89
Sedentary Blackcaps 50 87.410.74 85.93 —88.90
Both groups 50 89.94% 0.40 89.16 — 90.75
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Figure 2. Morphological features of Blackcap popula-
tion types studied (dots and circles refer to migratory
and sedentary birds respectively). Controlling for wing
length (measured as length of the 8" primary feather),
migratory Blackcaps (7 = 85) show shorter tails (a) and
more pointed wings (b) than sedentary ones (# = 61),
which makes it possible their near absolute discrimination
when all variables are combined (c).

1981a) were considered separately. Moreover,
given the difficulty of ageing many Blackcaps dur-
ing the winter (Jenni & Winkler 1994), our discri-
minant function showed further advantages since
it was suitable to differentiate between local and
overwintering Blackcaps independently of their
age. The slightly poorer ability of the model to dis-
criminate adult birds in summer is likely due to
feather abrasion rather than between-age morpho-
logical differences (see Table 1), and hence it will
not affect classification during the winter after the
complete moult of adults (Svensson 1992, Jenni
& Winkler 1994). In fact, it could be suspected
that the main shortcoming of our method might be
its differential ability to classify Blackcaps of each
population type correctly (see Tables 3 and 4). Sed-
entary birds, for instance, could be more likely to
be misclassified and hence their contribution to the
whole population could be underestimated. How-
ever, this bias does not seem to be too important,
since we did not obtain significant between-popu-
lations differences in frequency of misclassifica-
tions.

Therefore, our results support the view that a
high proportion of Blackcaps is sedentary in South-
ern lberia (Finlayson 1981b, Cramp 1992, Cua-
drado 1994, Cantos 1995). Our recoveries of resi-
dent Blackcaps, as well as the high percentage of
birds classified as sedentary, support this conclu-
sion. It should be noted, however, that the abun-
dance of migratory Blackcaps varies in relation to
food availability, both among and within winters
(Finlayson 1980, Rey 1995), and that food re-
sources, especialjiea europaea sylvestriives,
were unusually scarce during the 1997-98 winter
in which we sampled the mixed population of

ferent populations. For example, Blackcap is a leaBlackcaps (pers. obs.). Thus, the proportion of sed-
frog migrant in the western Palearctic (Crampntary birds, averaged over a longer period of sev-
1992), so that most birds wintering in the Mediteleral years, could be smaller than the estimate we
ranean basin will come from mid-latitudes (Cambtained.

tos 1995), where morphometrical traits largely  Since discrimination depends on the morpho-
overlap with those of southern populations (see Figgical variation existing among Blackcaps, it
1). Thus, many of these birds would be misclasshould be interesting to study potential differences
fied as residents if their morphometrical traits (e.gn the use of resources between migratory and sed-
wing length or wing formula, see Finlayson 198@ntary populations during the winter (Skulason &
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Smith 1995, Telleria & Carbonell 1999). Further- Palearctic. Vol. VI. Oxford University Press,
more, as it is known that the migratory behaviour Oxford.

of Blackcaps is heritable (Berthold 1991), it woulCuadrado, M. 1994. Site-tenacity and life-time ex-
also be interesting to investigate how these south-pectancy of resident and over-wintering Black-
ern birds prevent outbreeding with other surround- caps Sylvia atricapilla in the Mediterranean.
ing migratory-type individuals which occur at the Ringing & Migration15: 58-59.

same wintering areas (Lynch 1991, Hoffman &inlayson, J.C. 1980. The recurrence in winter
Blows 1994). In short, the maintenance of charac- quarters at Gibraltar of some scrub Passerines.
teristic morphological features in Southern Iberian Ringing & Migration3: 32-34.

Blackcaps suggests the prospect of differentiatédhlayson, J.C. 1981a. Seasonal distribution,
populations (and hence conservation units, Spell- weights and fat of passerine migrants at Gibral-
erberg 1991, Lesica & Allendorf 1995) locally oc- tar. Ibis 123: 88-95.

curring in the southern edge of the species’ randgénlayson, J.C. 1981b. The morphology of
which may be the subject of fruitful future investi- Sardinian Vérbler Sylvia melanocephaland

gations. BlackcapSylvia atricapillaresident at Gibral-
tar. Bulletin of the British Ornithologists Club
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Capitulo 5

Identificacion e importancia poblacional de los Petirrojos
Erithacus rubecula locales durante la invernada en el
sur de Espana.

Este capitulo reproduce el texto integro del siguiente manuscrito

Pérez-Tris, J., Carbonell, R. & Telleria, J.L. 2000. Identificacion e importancia poblacional de los Petirrojo:
Erithacus rubeculdocales durante la invernada en el sur de Espadieolad7: 9-18.

RESUMEN

En este trabajo desarrollamos un método para di-
ferenciar a los Petirrojos locales de los migrado-
res durante el invierno en el sur de Espafia, con
objeto de estimar su contribucion relativa a la po-
blacion invernante en el Campo de Gibraltar du-
rante el invierno 1998-99. Considerando la va-
riacion en la longitud y formula alar entre dos
poblaciones parcialmente migradoras (Alava y
Madrid) y una sedentaria (Campo de Gibraltar),
desarrollamos una funcién discriminante que nos
permitié clasificar correctamente casi el 80% deidn fue mucho mas alta en los habitats donde
los Petirrojos analizados € 135). La longitud cria la especie (70% en bosques) que en los habi-
alar (tercera primaria) fue el rasgo de mayor cotats ocupados solo durante la invernada (40 % en
tribucion a la diferenciacidén entre grupos. Utiliatorrales), sugiriendo una ocupacion diferencial
zando este método, estimamos una proporciéndieambos ambientes por los Petirrojos forAneos y
Petirrojos locales en el area del Campo de Git desplazamiento de parte de la poblacion local
braltar en torno al 58%n(= 134). Esta propor- fuera de las areas de cria durante el invierno.
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Identificacion e importancia poblacional de los Petirrojos
Erithacus rubecula locales durante la invernada
en el sur de Espana

Javier Pérez-Tris, Roberto Carbonell & José Luis Telleria*

En este trabajo desarrollamos un método para diferenciar a los Petirrojos locales de los migradores
durante el invierno en el sur de Espafia, con objeto de estimar su contribucion relativa a la poblacion
invernante en el Campo de Gibraltar durante el invierno 1998-99. Considerando la variacion en la longi-
tud y formula alar entre dos poblaciones parcialmente migradoras (Alava y Madrid) y una sedentaria
(Campo de Gibraltar), desarrollamos una funcion discriminante que nos permitié clasificar correctamen-
te casi el 80% de los Petirrojos analizados (35). La longitud alar (tercera primaria) fue el rasgo de
mayor contribucion a la diferenciacion entre grupos. Utilizando este método, estimamos una proporcion
de Petirrojos locales en el area del Campo de Gibraltar en torno ah58%34). Esta proporcion fue

mucho mas alta en los héabitats donde cria la especie (70% en bosques) que en los habitats ocupados sélo
durante la invernada (40 % en matorrales), sugiriendo una ocupacion diferencial de ambos ambientes por
los Petirrojos foraneos y el desplazamiento de parte de la poblacion local fuera de las areas de cria
durante el invierno.

Identification and numerical importance of local Robifr#hacus rubeculduring winter in southern

Spain Here we develop a method for differentiating between local and migratory Robins during winter in
southern Spain, which we applied to estimate their relative proportion in the population wintering in the
Campo de Gibraltar area (southern Spain) in 1998-99. To do so, we considered the variation in wing
length and wing formula between two partially migratory populations (Alava area, northern Spain, and
Guadarrama area, central Spain) and one sedentary population (Campo de Gibraltar). From these, we
obtained a discriminant function (Tables 1 and 4) which allowed us to classify correctly almost 80% of
the Robins measured£ 135; Tables 2 and 3). Wing length (third primary) showed the highest contribution

to between-group discrimination (Fig. 1). By using this method, we estimated thah 58284) of the

Robins wintering in the Campo de Gibraltar area in 1998-99 belonged to the sedentary population. This
proportion was much larger in the breeding habitats of these local populations (70% in forests) than in the
habitats that are occupied during the winter only (40% in scrublands), suggesting a differential occupation
of both environments by foreign Robins and the displacement of part of the residents away from their
breeding areas during the winter.

Edestudio de las posibles interacciones entde acumulacion de grasa, gregarismo, etc. entre los
istintas poblaciones de una misma espeqaseriformes migradores y los sedentarios en la re-
de ave cuando concurren en simpatria en las arges Mediterranea (véase, sin embargo, Finlayson
de migracion o invernada es un tema de gran in981, Cuadrado 1994). Esto puede explicarse, en
rés teorico y aplicado del que, sin embargo, se tigarte, porque la discriminaciéon entre poblaciones

ne escasa informacion (Ketterson & Nolan 198R)cales e invernantes suele ser dificil cuando no
Greenberg 1986, Safriel 1995, Sherry & Holmgzesentan diferencias morfoldgicas obvias. Si, ade-
1996). Por ejemplo, y pese a su importancia commas, no es posible identificar a los individuos

area de invernada, todavia se sabe poco sobrentesliante el marcado previo en sus areas de cria,
diferencias en la seleccion de habitat, rastreo ske ha de recurrir a su diferenciacion mediante meé-
los recursos, interacciones territoriales, estrategiaslos morfométricos o moleculares mas o menos

*Ardeola 47: 9-18.
[0 2000 Sociedad Espafiola de Ornitologia. 89
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Tabla 1. Funcién discriminante pata la morfologia alar de Petirrojos pertenecientes a poblaciones parcialmente
migradoras y sedentarias, obtenida a partir de 135 individuos capturados en verano en tres localidades ibéricas. Se
muestran los coeficientes de la funcién, los coeficientes estandarizados, las correlaciones entre las variables y la
funcién (dentro de grupos) y la significacién de sus contribuciones individuales.

[Discriminant function for the wing size and wing formula of Robins captured during breeding either in an area where they are
sedentary and in two areas (pooled) where they are partillay migratory (n = 135). The fignres shown are the function coefficients, the
standardized coefficients, the pooled within groups correlations between each variable and the discriminant function, and the significance
of the individual contribution of each variable.]

Coeficientes Coeficientes
de la funcién estandarizados Correlaciones P
[Function [Standadized [Correlations]

coefficients] coefficients]
Constant¢Constant] -42.846
32 Primarig 3™ Primary] 0.776 1.022 0.802 <0.001
Distancia[Distance] P2 0.354 0.404 0.321 0.034
DistanciaDistance] P3 0.179 0.106 0.008 0.614
Distancia[Distance] P4 -1.401 -0.432 -0.057 0.019
DistanciaDistance] P5 -2.394 -0.271 0.055 0.157
Distancia[Distance] P6 0.461 0.335 0.216 0.128
Distancia[Distance] P7 -0.388 -0.348 0.21 0.288
Distancia[Distance] P8 0.895 0.842 0.283 0.063
Distancia[Distance] P9 -0.823 -0.795 0.236 0.111
Distancia[Distance] P10 -0.049 -0.054 0.183 0.884

elaborados y/o costosos (por ejemplo, Sumeter$86% en las regiones mas meridionales (algo que
al. 1988, Avise 1994, Hobson 1999). esta claramente influido por la llegada de indivi-
En este trabajo desarrollamos, en primer lguos migradores, Pérez-Tris & Telleria, en prep.).
gar, un método de diferenciacion morfomeétrica d&or otro lado, el diferente comportamiento migra-
los Petirrojogrithacus rubeculaativos del Cam- dor de los Petirrojos ibéricos también se hace evi-
po de Gibraltar (Cadiz) con respecto a los reprdente a escala individual. Las recuperaciones de
ductores en las mesetas y montafias de la mitadllas muestran que la especie es sedentaria en el
norte de la peninsula Ibérica. El area de Gibraltsur peninsular, como ponen de manifiesto las abun-
alberga poblaciones reproductoras de Petirrojos glentes recapturas de Petirrojos en el mismo lugar
son mayoritariamente sedentarios (Alonso 198@nto en primavera como en invierno. Pero tam-
Ceballos & Guimera 1992, datos propios inéditod)ién que su tenacidad en las areas de cria (medida
Por el contrario, la especie sufre en las mesetasgmo el tiempo que pasan en ellas fuera de la esta-
montafas ibéricas una drastica disminucién de cidn reproductora) es alli mucho mayor que en las
abundancia durante el invierno, abandonando muesetas, lo que sugiere el movimiento de una par-
chas localidades de cria (Telleztaal 1999). Asi, te considerable de los Petirrojos de la mitad norte
a pesar de la llegada de Petirrojos procedentes piethinsular (Pérez-Tris & Telleria, en prep.).
centro y norte de Europa para pasar el invierno en Dado el caracter clinal de la morfologia alar
las mesetas (Bueno 1998), la abundancia de la és-esta especie y su relacién con el comportamiento
pecie en esa region disminuye de primavera a inigrador de sus poblaciones (Cramp 1988), pue-
vierno en un 82%, mientras que aumenta en da predecirse la existencia de diferencias en la es-
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Figura 1. Diferencias entre los Petirrojos ibéricos migradores y sedentatios en la longitud de la tercera primatia y
las distancias entre cada primaria y la punta del ala (distancias a las primarias, representadas con valores negativos
para facilitar la apreciaciéon de la forma del ala). Se muestran las medias en milimetros y sus errores estandar. Los
tamafios muestrales se dan en la Tabla 2.

[Differences between migratory and sedentary lberian Robins in the length of the third primary and in the distances between each
primary and the wing tip (negative values are shown for ease of perception of wing shape). Bars are means (in milimeters) and wiskers
are standard errors. Sample sizes are given in Table 2.]

tructura del ala de los Petirrojos de ambas regi@rroyo & Telleria 1983). No se sabe, sin embar-
nes que reflejen el desigual alcance de sus mayw, si los individuos locales quedan acantonados
mientos. Estas diferencias pueden ser Utiles pamalos bosques donde crian, tal vez amortiguando
diferenciarlos en aquellas localidades donde coia-entrada de los migradores, o0 si se mezclan con
cidan en simpatria durante el invierno. En seguestos ampliando su distribucion hacia los matorra-
do lugar, utilizaremos esta herramienta para vales de la base de las montafias.

rar la contribucion relativa de los Petirrojos loca-

les a la poblacién invernante en la comarca déATERIAL Y METODOS

Campo de Gibraltar. Esta recibe durante el otofio

grandes aportes de Petirrojos foraneos (TelleDarante los meses de junio y julio de 1997 y 1998
1981) que aumentan tanto la abundancia comockpturamos Petirrojos con redes japonesas en tres
variedad de ambientes ocupados por la espepa@blaciones reproductoras diferentes, dos de ellas
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situadas en la mitad norte de la peninsula Ibérics de la sierra de Ojéf{,,,= 22.70P < 0.001).
(Alava, 620 m.s.n.m., 42°55'N, 2°29’0, en el norten test de Tukey demostrd, ademas, que las dos
de Espafia, y Sierra de Guadarrama, 1100 pmimeras poblaciones no diferian significativamen-
40°54’N, 3°53'0, en el Sistema Central) y la tercgée entre si = 0.73) mientras que si lo hacian con
ra en el Campo de Gibraltar (Sierra de Ojén, 2% de Ojén P < 0.001 en ambos casos). Por esta
m, 36°01'N, 5°36’0; para una descripcion detallaazon, los individuos de las dos localidades norte-
da de las areas de estudio, véase Carbonell & Teflas fueron incluidos en un Unico grupo. Con estos
ria 1998). En total, se capturaron 135 individuos dRetirrojos realizamos un analisis de funciones dis-
los que 119 fueron jovenes (34, 48 y 37 aves enminantes (Manly 1994, StatSoft 1996) para di-
Alava, Guadarrama y Ojén, respectivamente). Lésrenciar a las aves de las mesetas (migradoras,
16 adultos fueron sexados de acuerdo con la pdesde ahora) de las del sur (sedentarias). Dado que
sencia de placa incubadora y la forma de la protas proporciones de jovenes y de adultos de cada
berancia cloacal (Svensson 1996). De estos, 9 (38ko fueron homogéneas en estos dos grgps (
3) fueron machos y 7 (2/3/2) hembras. Medimas0.04,P = 0.98), se analizaron conjuntamente to-
tanto la longitud del ala (cuerda maxima) como os los individuos con el fin de obtener una fun-
tercera primaria de los individuos capturados, si bieion igualmente valida para todos los segmentos
seleccionamos ésta Ultima para diferenciar a lpgblacionales. Todas las variables consideradas
poblaciones por ser mas facil de tomar y, por tanfogron incluidas en la funcién, a pesar de que al-
mas repetible (Jenni & Winkler 1989). Medimogunas de ellas no contribuyesen significativamen-
también la distancia entre la punta del ala y catiaa la discriminacion entre grupos. Esta decision
una de las primarias (distancias a las primarias ske- utilizar la funcion saturada se tomé por moti-
gunda a décima, numeradas por orden ascendevs practicos, dado que es mas sencillo (y por ello
te). Todas las medidas fueron tomadas con 0,5 nafinece una mayor repetibilidad) medir la férmula
de precision (véase Svensson 1996 para mas datar completa que medir sélo las distancias a algu-
lles). Una vez completa la toma de datos, procedias de las primarias por separado. Para examinar
mos al anillamiento y liberacién de los Petirrojosla validez de la funcion discriminante asi obteni-
De acuerdo con nuestra hipétesis de partid#g, realizamos 50 repeticiones del analisis con pa-
los Petirrojos de Alava y Guadarrama presentareces de grupos de 67 y 68 individuos seleccionados
una tercera primaria significativamente mayor qua azar a partir de la muestra original, pero de for-

Tabla 2. Matriz de clasificacién proporcionada por la funcién discriminante detallada en la Tabla 1 (clasificaciones
incorrectas en cursiva) y porcentajes de clasificaciones correctas.

[Classification matrix provided by the discriminant function detailed in Table 1 (incorrect classifications are indicated in italics) and
percentage of correct classifications.]

Clasificacion esperada

Clasificacion observada  [Predicted classification] % correctas
[Observed classification] Migradores Sedentarios [% correct]
(n) [Migratory] [Sedentary]
Petirrojos migradores 93 73 20 78.49
[Migratory Robins]
Petirrojos sedentarios 42 8 34 80.95
[Sedentary Robins]
Ambos grupos 135 81 54 79.26

[Both groups]
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Tabla 3. Porcentaje medio de clasificaciones correctas, con su error estandar e intervalos de confianza al 95%,
obtenido tras realizar 50 repeticiones de analisis del funciones discriminantes descrito en la Tabla 1, con pares de
grupos seleccionados al azar a partir de la muestra original (para mas detalles véase el texto).

[Mean percentage of correct classifications, with standard errors and 95% confidence intervals, obtained after performing 50 discriminant
Sfunction analyses as described in Table 1, but using pairs of groups randomly selected from the original sample.]

Porcentaje observado de clasificaciones correctas
[Observed percentage of correct classifications]

Mediazt se Intervalo de confianza al 95%
(n) [Mean =+ se] [95% confidence interval]
Petirrojos migradores 50 76.891.11 73.86 — 78.32
[Migratory Robins]
Petirrojos sedentarios 50 79.641.04 77.54 - 81.74
[Sedentary Robins]
Ambos grupos 50 77.240.90 75.41 - 79.01

[Both groups]

Tabla 4. Ecuaciones de clasificacion utilizadas pata diferenciar Petirrojos migradores y sedentarios, correspondien-
tes a la funcion discriminante detallada en la Tabla 1. Los individuos se asignan al grupo para cuya ecuaciéon dan un

resultado mayor. Las ecuaciones se resuelven sumando la constante a los productos de multiplicar cada coeficiente

por el valor de su correspondiente medida morfolégica (StatSoft, 1996).

[Classification equations for both migratory and sedentary Robins, corresponding to the discriminant function described in Table 1.

New individuals are assigned to the group for whose equation they give the highest result. Equations are solved by adding the value of
the constant to the sum of products of each coefficient multiplied by its corresponding morphological trait (StatSoft, 1996).]

CoeficientegCoefficients]

Migradores Sedentarios

[Migratory] [Sedentary]
Constant¢Constant] -1078.81 -1013.56
32 Primarig[3 Primary] 39.98 38.77
Distancia[Distance] P2 5.09 4.54
Distancia[Distance] P3 23.01 22.73
Distancia[Distance] P4 -53.94 -51.76
Distancia[Distance] P5 -03.34 -89.63
Distancia[Distance]P6 13.13 12.42
DistancialDistance] P7 -12.16 -11.56
Distancia[Distance] P8 15.81 14.42
Distancia[Distance] P9 -33.22 -31.94
Distancia[Distance] P10 11.5 11.58

ma que mantuviesen la misma proporcién de nigje de clasificaciones correctas. Para evitar ses-
gradores y sedentarios que ésta. En cada repgtis debidos a la presencia de un Petirrojo migra-
cién, utilizamos una de las submuestras para g mas en los grupos de 68 individuos, genera-
nerar una nueva funcion discriminante y la otr@os de modo sistematico el mismo namero de fun-
para comprobar su eficacia por medio del porceciones con cada tamafio de submuestra. Una vez
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realizadas las 50 repeticiones, calculamos el ptamentex?, = 0.78,P = 0.68), a pesar del conoci-
centaje medio de clasificaciones correctas y su e dimorfismo sexual del Petirrojo en longitud alar
tervalo de confianza al 95%. (Cuadrado 1991, Madsen 1997). Por otra parte, y
Una vez desarrollado el método de difereronsiderando sélo los adultos, el porcentaje de cla-
ciacion, lo aplicamos para obtener la proporciificaciones correctas fue homogéneo entre machos
de individuos sedentarios en el invierno de 1998-hembras (Test Exacto de Fishier 0.55). Este
99 en el Campo de Gibraltar, asi como la represultado se mantuvo al considerar solamente los
sentacion poblacional de los Petirrojos sedentarioslividuos capturados en el norte (seis machos y
y migradores en las &reas de cria de la especie yrea hembras correctamente clasificados, Test Exac-
aguéllas que solo son ocupadas en invierno. o-de FisherP = 0.18) y en el sur (2/2 = 0.99).
rante los meses de diciembre y enero capturanmas 50 repeticiones de analisis realizadas con gru-
Petirrojos con redes japonesas en nueve localig@s aleatorios proporcionaron un porcentaje me-
des diferentes. Cinco de ellas son lugares de alia de clasificaciones correctas del 77% (Tabla 3),
(bosques dQuercus subey Q. canariensi¥mien- muy proximo al obtenido utilizando la muestra
tras que las cuatro restantes so6lo son ocupadasatumpleta. Teniendo en cuenta la menor potencia
rante la invernada (matorrales Histacia lentis- de estos analisis debida a la reduccion a la mitad
cus Olea europaea sylvestristc.). Una vez cla- del tamafio muestral, este resultado confirma la
sificados los individuos capturados en invierno, egalidez de nuestro método.
timamos la proporcion de Petirrojos sedentarios Una vez desarrollada y examinada la funcion
en la poblacion invernante en el area del Camgdscriminante, clasificamos los Petirrojos captu-
de Gibraltar, asi como la importancia relativa dados durante el invierno como migradores o se-
cada grupo en los habitats de cria e invernada dentarios calculando sus valores de clasificacion
niendo en cuenta el posible nivel de error comepara cada grupo (Tabla 4). De un total de 134 Peti-

do en la clasificaciéon de los individuos. rrojos capturados, cuatro fueron controles de indi-
viduos anillados en verano, que no fueron clasifi-
RESULTADOS cados al tratarse de repeticiones. Utilizando los 130

restantes, obtuvimos un porcentaje de Petirrojos
El andlisis de funciones discriminantes realizad®dentarios en el area del Campo de Gibraltar del
con los Petirrojos capturados en verano proporcie?.91 + 10.71% (media e intervalo de confianza al
nd una funcion significativa (Lambda de Wilk =95%;n = 9 localidades). Los Petirrojos clasifica-
0.66, aproximacion de Raé:, ,,, = 6.50, P < dos como locales dominaron en los habitats de cria
0.001, Tabla 1) que permiti6é clasificar correctgb5 locales frente a 24 migradores), mientras que
mente al 79% de los individuos (Tabla 2). La lorcontribuyeron tanto como los clasificados como
gitud de la tercera primaria mostrd la mayor coffieraneos a la ocupacién invernal de los matorrales
tribucién individual a la diferenciacion entre gruee la periferia de la sierra (27 locales frente a 28
pos (Tabla 1). Alrededor del 35% de la variaciomigradores). Dado que la funcién discriminante
en los valores discriminantes pudo ser explicadtasificé igualmente bien a migradores y sedenta-
por las diferencias entre los migradores y sedentas, es improbable que nuestra estima de la pro-
rios, considerando todas las variables combinadasrcion global esté seriamente sesgada por errores
(correlacién candnica:= 0.59). La capacidad dede clasificacion. Sin embargo, estos errores si de-
clasificacién de nuestra funcién discriminante fugen ser tenidos en cuenta al estudiar los patrones
homogénea tanto entre migradores y sedentardes ocupacion de las areas de cria y de invernada.
(X%aec= 0.01,P = 0.92; frecuencias en la Tabla 2)Asumiendo un 21% de errores en la clasificacion
como entre clases de edad y sexos (un macho, dedos individuos (Tabla 2), la representacion de
hembras y 25 jovenes fueron clasificados incorrezada fraccion poblacional en los matorrales se des-
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Figura 2. Arriba, variacién en la longitud del ala de los Petirrojos en el Paleartico Occidental (medias, desviaciones
tipicas, rangos tedricos [media + 3 sd| y tamafios muestrales; SUE, Suecia; IBR, islas Britanicas; HOL, Holanda;
NIB, norte ibérico; SIB, sur ibérico; CAN, islas Canarias). Abajo, variacion entre las subespecies europeas y los
Petirrojos ibéricos en la férmula alar (distancias medias entre cada primaria y la punta del ala, con valor negativo).
Los datos para las aves no ibéricas han sido obtenidos de Cramp (1988), interpolando los valores para la 8* y 9*
primatias. Todas las medidas se dan en milimetros.

[Above, variation in wing length of Robins in the Western Palearctic (means, standard deviations, theoretical ranges [mean % 3 sd] and
sample sizes. SUE, Sweden; IBR, British Islands; HOL, The Netherlands; NIB, Northern Iberia; SIB, Southern Iberia; CAN,
Canary Islands). Below, variation among Enropean subspecies and Lberian Robins in wing formmula (mean distances between each
primary and the wing tip, negative values). Data for non-lberian Robins have been obtained from Cramp (1988), after interpolating the
values for the 8" and the 9" primaries. All measurements are given in milimeters.]

via significativamente de la que cabria esperar BISCUSION

ausencia de individuos sedentarig € 23.98P

< 0.001). Sin embargo, la entrada de Petirrojas utilidad del analisis discriminante para identi-
foraneos en las areas de cria de los locales es $iglar individuos de diferentes grupos poblaciona-
marginalmente superior que la que cabria espeles en simpatria ha sido ya demostrada en otras
teniendo en cuenta el nivel de error de nuestra fuotasiones (Summees al 1988, Pérez-Trist al

cion discriminantex?, = 3.67,P = 0.055). 1999). Su utilidad préactica radica en su capacidad

95



Capitulo 5

para diferenciar, de manera inmediata, una gran presentes. El Petirrojo cria en los alcornoca-
cantidad de individuos, evaluando ademas el ertes y quejigales de las sierras del Campo de Gi-
gue se puede cometer en su identificacion. Edimltar en densidades relativamente altas (15 aves/
permite evitar el uso de rasgos morfométricos aik® ha en la Sierra de Ojén; datos propios inédi-
lados con elevado solapamiento entre grupos. t%). Estas densidades aumentan durante el invier-
el caso del Petirrojo, por ejemplo, las diferencia®, alcanzando valores medios de 17 aves/10 ha
descritas para la estructura y coloracion del plan los bosques de la sierra 'y de 15 aves/10 ha en
maje entre las distintas poblaciones europeas 408 matorrales de la periferia (Arroyo & Telleria
solamente apreciables examinando extensas colE@83). A tenor de nuestros resultados, este incre-
ciones de ejemplares (Cramp 1988, Svenssorento numeéricoy la colonizacion de los matorra-
1996). De hecho, aunque existe un gradiente l@s utilizados por la especie durante el invierno
acortamiento y de aumento de la redondez del glarecen deberse tanto al aporte masivo de indivi-
hacia el sur, el solapamiento entre poblaciones hates foraneos (Telleria 1981) como al recluta-
imposible la utilizacion por separado de estos rasiento primaveral de la poblacién local de Peti-
gos como criterios Unicos de diferenciacion (Figrojos y su posterior expansién hacia los matorra-
2). Es probable que este solapamiento, acentudekode la periferia de las sierras, cuya calidad como
en la peninsula Ibérica, limite la capacidad discidrea de invernada podria superar a la de los bos-
minante de nuestro modelo (un 21% de clasificgues dado que los frutos que consume la especie
ciones erréneas). En cualquier caso, los Petirrogsn mas abundantes en esos ambientes (Herrera
de origen escandinavo y centroeuropeo que cof®81, Jordano 1989). Sin embargo, el caracter te-
ponen el grueso de la poblacién invernante enrgtorial del Petirrojo durante el invierno parece
area de Gibraltar (Telleria 1981, véase tambiéstar mas relacionado con la defensa de buenos
Bueno 1998), tienen rasgos de tipo migrador adefugios ante los depredadores que con el mono-
mas exagerados que los del norte peninsular (Figlio de zonas de alimentacion (Cuadrado 1997).
2; Cramp 1988). Por esta razdn, es previsible gBer esta razon, los bosques podrian ser preferidos
estos Petirrojos foraneos sean mas facilmente disr el Petirrojo como una zona de invernada mas
criminados por una funcién capaz de separar a egura que los matorrales, dado que en aquellos
poblaciones ibéricas y que, como consecuencialad frutos son también muy abundantes y, como
nivel de error real se reduzca al aplicar el méto@én los matorrales, se mantienen disponibles du-
durante el invierno. Aunque esta aseveracion dente todo el invierno (obs. pers.). En este caso, la
biera ser confirmada por estudios posteriores, éanacidad de los Petirrojos sedentarios en sus areas
tendemos que asumir un porcentaje de error di cria (lo que les facilitaria el mantenimiento de
21% durante el invierno es, cuando menos, usas territorios frente a los migradores que fuesen
estrategia conservadora. llegando en otofio; Tobias 1997), asi como las
Aungue el porcentaje de Petirrojos no ibérhabilidades competitivas de cada individuo inde-
cos invernantes en el sur peninsular puede vanmandientes de su origen, favorecerian la exclusion
considerablemente entre afios (Herrera 1998), lbs los individuos migradores y de un porcentaje
controles de Petirrojos locales durante el invierramnsiderable de los sedentarios, que se verian abo-
(el 9.5% de los 42 marcados durante los dos vecados a ocupar los matorrales de la periferia de
nos anteriores como reproductores en el Camias sierras. En cualquier caso, si el ocupar bos-
de Gibraltar), junto con el elevado nimero de ifues o matorrales se tradujese en diferentes cos-
dividuos clasificados como residentes, apoyantels y beneficios para los Petirrojos, los patrones
caracter sedentario de las poblaciones gaditanadeydistribucién diferencial entre tipos de héabitat
su elevada contribucién al conjunto de la poblaue se describen en este trabajo podrian consti-
cién invernante en aquellas areas donde se encueir-un mecanismo de ajuste demografico para la
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Capitulo 6

Distribucion del petirrojo (Erithacus rubecula) en sus
cuarteles de invierno: efectos de la densidad de poblacion,
el comportamiento migrador y la edad de los individuos

Este capitulo reproduce el texto integro del siguiente manuscrito

Telleria, J.L., Pérez-Tris, J., Ramirez, A., Fernandez-Juricic, E. & Carbonell, R. 2000. Distribution of Rob-
ins (Erithacus rubeculain wintering grounds: effects of conspecific density, migratory status and age.
Ardea00:000-000.

RESUMEN

Este trabajo estudia coémo influye la densidad de
poblacion sobre la dindmica de ocupacion del ha-
bitat por los petirrojos en un area de invernada
del sur de Espafa (Campo de Gibraltar), y como
la distribucion de las aves entre habitats es afec-
tada por la edad y el comportamiento migrador
de los individuos (si son residentes o migradores
invernantes). Estudiamos dos tipos de habitat di-
ferentes: bosques y matorrales. Los bosques son
hébitats de alta cobertura vegetal, algunos de los
cuales son utilizados por los petirrojos locales du-
rante la reproduccion. Los matorrales, sin embar-
go, son zonas mucho mas expuestas, que los ypenes (83% de los individuos), tanto migradores
tirrojos so6lo utilizan durante el invierno. Censacomo sedentarios. De todos modos, los petirro-
mos los petirrojos a intervalos de cuatro dias ¢us locales fueron mas abundantes que los migra-
21 sitios (10 bosques y 11 matorrales) durante ddsres en los bosques (67% de residentes), aun-
inviernos. Encontramos un patron temporal dgue también contribuyeron a la colonizacion de
ocupacion de los hébitats segun el cual, a medida matorrales, donde integraron el 47% de la po-
gue la llegada de petirrojos migradores aumerttéacion. En conjunto, estos resultados indican que
la abundancia de la especie en la zona, los plrdistribucion entre habitats del petirrojo no solo
ches de habitat van siendo colonizados secuelepende de la densidad de poblacion, sino tam-
cialmente, pero de forma que los bosques son lwén de la edad y la condiciéon migradora de los
primeros que se ocupan y los ultimos que se abamdividuos —locales o invernantes— que intentan
donan (independientemente de si son o no habacerse con un territorio invernal. Si los bosques
tats de cria). Por otra parte, la abundancia de gen habitats de mayor calidad que los matorrales,
tirrojos disminuy6 durante el periodo otofio-into cual es una suposicion realista de acuerdo con
vierno en los parches mas densamente pobladasyiologia invernal del petirrojo, los patrones de
dando lugar a una distribucién de los petirrojascupaciéon que hemos encontrado podrian cons-
entre parches cada vez mas homogénea. Los titair un mecanismo de regulacién poblacional
torrales fueron ocupados principalmente por j@urante el invierno.
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Distribution of Robins (Erithacus rubecula) in wintering
grounds: effects of conspecific density, migratory
status and age

José Luis Telleria, Javier Pérez-Tris, Alvaro Ramirez, Esteban Fernandez-Juricic &
Roberto Carbonell*

This paper studies how population density affects the dynamics of habitat occupation by Robins in a
wintering area of southern Spain (Gibraltar area), and how the between-habitat distribution is influenced
by the age and migratory behaviour of birds (whether they are year-round residents or overwintering
migrants). We studied two different habitat types: forested sites, some of which are breeding habitats of
Robins, and shrubland sites, to which Robins spread their range in autumn-winter due to the arrival of
migrants. As arriving migrants increased abundance in the area, new habitat patches were sequentially
colonised, forested sites being the first to be occupied and the last to be abandoned (regardless they
maintained breeding populations or not). In addition, the abundance of Robins tended to decrease along
the autumn-winter period in the most densely populated patches, which made the among-site distribution
of Robins to be progressively more uniform. Juveniles of both local and migratory populations dominated
(83% of individuals) in lowlands. Local Robins were more abundant (67%) than migratory ones in montane
forests, although they also contributed to the winter colonisation of lowland habitats (47%). Together,
these results support that the between-habitat distribution of Robins depends not only on population
density, but also on the migratory status and age of individuals attempting to get a wintering site. Therefore,
if winter habitats differed in quality, these factors could influence the mechanisms of regulation of Robin
populations in the nonbreeding season.

Wnter is frequently regarded as the seas@aturate the best patches in wintering grounds,
in which populations of migratory land birdswhich will cause increasing interactions among
are most often limited, although the processes wbnspecifics and, in turn, the occupation of subop-
derlying nonbreeding limitation are still poorlytimal patches by surplus individuals. If these dy-
known (Terborgh 1989, Baillie & Peach 1992, Rapramics of habitat occupation affected survival
pole & MacDonald 1994, Newton 1998). The ocrates, wintering populations could be regulated by
cupation of habitats of different quality, for inthe availability of suitable habitat patches (Green-
stance, has been considered to be one of the musitg 1986, Goss-Custaed al. 1994, Sutherland
important such processes (Sherry & Holmes 199%,Dolman 1994, Sherry & Holmes 1996, Roden-
Rodenhouset al 1997). Since both direct and in-houseet al. 1997).

direct interactions among individuals attempting This paper studies the effects of population
to colonise a heterogeneous landscape may pdensity on the patterns of landscape occupation by
duce their sequential arrangement from the mdRobbinsErithacus rubeculavintering in the Campo
suitable habitat patches to the less suitable ortes Gibraltar area, Southern Spain. This area sus-
(Fretwell and Lucas 1970, Pulliam & Danielsortains breeding populations of Robins in some mon-
1991), density-dependent habitat selection m#gne forests, and receives in autumn a large number
well provide a mechanism for population regulasf migrants from northern and central Europe (Te-
tion in nonbreeding areas. Arriving migrants malferia 1981). The arrival of migrants is coupled with

*Ardea 00: 000-000.
[1 2000 The Netherlands Ornithologists’ Union. 101
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the expansion of the species’ range across the adesdribution of Robins in relation to age, adults oc-
during winter, when Robins occupy shrublands l@upying the best patches and causing the displace-
cated at the bottom of mountains. But despite thareent of juveniles to the worst sites (Sherry & Hol-
is a sharp difference between forests and shrubes 1996). Therefore, we studied the composition
lands in some features that are certainly relevasftpopulations during the winter according to the
from the perspective of Robin preferences (e.qigratory status and age of individuals, to evalu-
vegetation cover, see Cuadrado 1997, Johnsie whether either year-round resident or adult
1998), little is known on the numerical rearrangdrobins occupy the best habitat patches in the area,
ments of Robins among habitat types, or on tlaad to what extent their distribution affects that of
way year-round residents and overwintering meverwintering migrants or juveniles, respectively.
grants are distributed in the area. We address these
topics in this paper through two complementatdETHODS
approaches:
Study area
Patterns of habitat occupation of
wintering grounds We studied the winter distribution of Robins in an
area of about 200 Khtocated at the northern side
We studied how the increase in regional abundanaithe Gibraltar Strait (36°01'N, 5°36'W). This area
of Robins due to the arrival of migrants influenceis crossed from north to south by several parallel,
their dynamics of landscape occupation. If habitidw-elevation mountain ranges, which are sur-
selection depends on density of conspecifics, birdsunded by shrublands and grasslands that extend
are expected to follow an ordered pattern of occuestwards to the Atlantic ocean and eastwards to
pation of habitat patches according to among-sifee Mediterranean sea. The influence of humid
differences in habitat quality. In this case, it is previnds from the Atlantic, together with the north-
dicted that the increase in regional abundance witl-south arrangement of mountains, allow the
cause the saturation of the most suitable sites lggewth of well-developed forests in the moister
fore the less suitable ones are occupied (Fretwedlines in mountains, which are covered by cork-
and Lucas 1970, Pulliam & Danielson 1991). oaksQuercus subemixed with African oak<Q.
canariensis These forests sustain breeding popu-
Distribution according to migratory lations of Robins and other forest birds, which are
status and age increased in winter due to arrival of many over-
wintering migrants (Arroyo & Telleria 1983, Pérez-
The social status of birds could determine wheth@riset al. 1999, Telleria & Carbonell 1999). In the
they will be able to remain in the best patches @urroundings of mountains, however, the lowland
conversely, will be displaced to worse sites as solamdscape is covered by grasslands, shrublands
as population density increases in the preferr¢@istacia lentiscusOlea europaea sylvestri€ali-
habitats (Sherry & Holmes 1996). Robins are tecotome villosa and some more developed ripar-
ritorial in winter (Cramp 1988), and exhibit a strongan formationsilerium oleanderRubuspp.,Po-
wintering-site fidelity in southern Iberia (Cuadrad@ulus nigrg associated with the rivers that cross
1992), which could involve dominance relationthe area. In these habitats, the environmental con-
ships among individuals. In this case, it could bditions are typical of the dry Mediterranean region,
expected that year-round residents monopolised ttiearacterised by an extreme summer drought. Be-
best habitat patches by occupying them before tbause of this, Robins and many other forest birds
arrival of migrants (Tobias 1997). On the otheavoid these habitats for breeding. However, low-
hand, dominance relationships could also shape thad shrublands are colonised in autumn by a large
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Table 1 Temporal distribution of Robins across the 19 sites where the species occurred at least once in the study
petiod. Sites have been labelled as high (hs) or low (Is) suitability sites, and those occupied in summer show an

asterisk. The matrix takes into account the presence (1) or absence (0) of individuals in every site (columns) and
count (rows). To facilitate the perception of the nested pattern of site occupation, both sites and count dates have

been sorted by decreasing number of presences (7).

Sites 9% 18*20* 8 15 1 11 21 12 16 13 17 19 4 5 10 14 7 2
Habitat type hs hs hs hs hs hs Is hs Is hs Is Is Is 18
Census dates

November 3 11 1 11 1212 1 1 1 1 1 1 1 1 1 1 1 1 O 18
November 7 11 1 211 212 1 1 1 1 1 1 1 1 1 1 1 o0 O 17
January 8 11 1 12 1 1 1 1 1 1 1 1 1 1 1 O O O 16
January 4 11 1 12 1 1 1 1 1 1 1 O 1 O 1 1 1 O 16
November 11 11 1 12 1 1 1 1 1 1 1 O 1 1 1 O O 1 16
October 30 11 1 11 1212 1 1 1 1 1 0 1 1 1 1 1 O O 16
October 26 11 1 11 12 1 1 1 1 1 1 1 1 O 1 1 O O 16
October 22 11 1 11 1212 1 1 1 1 o0 1 1 1 1 O O 1 0 15
October 18 11 1 11 12 1 1 1 1 1 1 1 O 1 1 O O O 15
October 14 11 1 11 1 1 1 1 1 O O 1 O 1 O O O O 12
October 10 11 1 11 1 0 1 O O 1 1 12 0 O O O O O 10
October 6 11 1 11 0 1 0 O O O O O O O O O o o 6
September 8 11 1 o0 O O O O O O O O O O O O o o 3
October 2 11 0 o0 O O O O O O O O O OoO o o o o 2
September 12 11 0 o0 0O O O O O O O O O O O o o o 2
September 28 o 1. o 00 O O O O O O O O O O O O o o 1
September 20 10 0 o0 0O O 0O OO OO O O O O O o0 O 1
n 16 16 13 12 12 11 11 11 10 10 9 8 1

amount of Robins and many other birds that arrivedrding to two levels of suitability for Robins (Ap-
at the area for wintering (Telleria 1981, Arroyo &endix). High suitability sites (HS) were repre-
Telleria 1983, Pérez-Tret al. 1999). sented by cleared cork-oak forests with a great
cover of bushes (e.@lea europaea sylvestris
Crataegus monogyn#istacia lentiscusRubus
spp., etc.), and riparian fores®§lifus glutinosa

We studied 21 sites representative of the lowlamdth Nerium oleanderCrataegus monogynand
habitats occupied by wintering birds in the stud@lea europaedushes. Low suitability sites (LS)
area (Appendix). The variation in abundance ofere represented by a mixture of grasslands (with
Robins in these sites throughout the autumn-wiseme sprinkled bushes) and shrublandirida

ter periods of 1975-76 and 1976-77 was describatboreg Calicotome villosaand Adenocarpus

by Telleria (1981). Since Robins confer more imeomplicatus(with some isolated patches Bfs-
portance to shelter than to feeding resources whiaeia lentiscugindOlea europaea sylvestyig€ach
selecting their winter territories (Cuadrado 199%tudy site was censused during one autumn-win-
Johnstone 1998), we considered vegetation cover period, either in 1975-76 or 1976-77. The dis-
to be a reliable clue for evaluating the quality dfibution of HS and LS sites was homogeneous
wintering sites. We classified the study sites abetween study years, each habitat type making up

Patterns of site occupation
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Figure 1. Variation in the regional abundance (mean * se) of Robins during the study period (both years pooled),
in forested sites (high suitability) and shrubland sites (low suitability) of lowlands. Figures in abscissas refer to the
first day of each 4-days counting period used for assessing the evolution in Robin abundance.

near 50% of sites censused (Fisher exactRest: (within-subjects) factor. By using this design, the
0.99, see Appendix). The seasonal changesamount of variance that is accounted for by within-
Robin abundance were monitored at the study sitgte fluctuations in abundance throughout the study
by repeated counting at 4-day intervals from Seperiod was controlled for when testing for be-
tember to mid-November, with two additionatween-habitat differences. Since for such an ef-
counts in January to estimate winter abundancésct to be properly evaluated it is required that the
Counting periods were the same in both stugyssible variations in abundance between years
years. Robins were censused by one of us (J.L. T, not affect changes between habitats, we also
by means of transects in which the number of Rotested for the year effect and the habitat by year
ins seen or heard was noted. Since the transiteraction in the model. However, we did not test
lengths changed among sites (Appendix), ther the remaining effects and interactions, in which
abundance of Robins was finally measured the changes in abundance within sites from count
number of birds per Km. It should be noted thab count were involved. Actually, the variation ac-
we did not include in our analyses two open grasssunted for by within-site fluctuations in abun-
lands with some scattered shrubs (sites 3 and &lience is not interesting in this study beyond its
Appendix) where Robins never occurred. utility for computing a more appropriate error term
We compared the abundance of Robins behen testing for the relevant hypothesis.

tween forested sites and shrubland sites taking into To analyse how regional abundance influ-
account the between-years variations in abundarereced the distribution of Robins in the study area,
and the seasonal changes in Robin density. Towe first studied to what extent the eventual in-
so, we specifically tested for between-habitat ditreases in Robin abundance along the study pe-
ferences in abundance (log-transformed) in a thre@d were coupled with a concomitant expansion
way ANOVA, in which sites were the samplingof the species’ range. In this analysis, the mean
units, habitat type and year were between-subjeatsundances in the occupied sites at each count
factors, and counts were the levels of the thimlere used to estimate the regional abundance of
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Robins, whose effect on the number of occupiel®95). To assess the role of habitat suitability in
sites was evaluated by means of regression anadgtermining the sequence of occupation of sites,
sis (Gaston & Lawton 1990). In order to establiswe compared the ranks acquired by HS and LS
whether the expansions or retreats of the rangesites in the matrix by means of a Mann-Whitney
Robins as a response to fluctuations of regiondttest.

abundance were random or followed a hierarchi- We used linear regression to model how the
cal order, we set a matrix tallying the presence among-site abundance distribution in a given
absence of Robins in each site and count, bationth determined the patterns of site occupation
sorted by decreasing number of presences (Tablehe next one, an approach based in a modifica-
1). We compared the number of observed absenties of the isodar method (Morris 1987, 1990). To
in this matrix to the number of expected absencde so, we obtained the mean abundance in each
generated at random by the Nestedness Calcudde ) around September (mean of the first five
tor computer program (Atmar & Patterson 1995¢ounts), October (five counts), November (five)
This software measures the degree of nestednassg January (two). These data were used to per-
(order) in the matrix by means of a metric (the séerm simple regression analys&s{a + b x ) in
called temperature of the system, T) proposed lahich the mean abundance in a given morph (
Atmar and Patterson (1993), which assumeswas regressed on the mean abundance in the pre-
value between 0 (a perfectly nested matrix) arvibus oneX ). In these relationships, the regres-
100 (a random matrix). The program allows ongion slopesly) will reflect how the patterns of site

to contrast the observed T with a Monte Carlaccupation change from month to month, indicat-
derived expected value, by means of-score ing a similar month-to-month pattern of abundance
whose associated probability estimates the likethstribution among sitedE 1), the crowding of
hood of randomly producing a matrix even morthe most densely populated sités>(1), or an
nested than the observed one (Atmar & Pattersmecreased inter-patch paritg € 1).

| y=-1.53+1.02log (x)

20
r=0.93 P <0.001 .
B 16
o
>
S 12 ¢
(@]
0
5 St
©
o 4} A September
Z A ®  (October-November
o} . . * Januar}/ .
0 4 8 12 16 20

Regional abundance (birds / Km)

Figure 2. Relationship between the regional abundance (mean abundance in the occupied sites) and the number of
sites occupied by Robins through the study period. Censuses have been labelled as late summer (September),
autumn (October-November) and winter (January) counts.
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Figure 3. Relationships between abundance of Robins
in the occupied sites each month and the abundance in
the same sites the previous one. Abundances are given in
number of birds per Km. Filled dots refer to forested
sites and open dots to shrubland sites. The observed
slopes have been labelled to show the significance of their
deviations from a slope of 1, represented by the main
diagonal in the plot (*P = 0.05, * P < 0.05, ** P < 0.001).

Distribution of Robins according to migratory
status and age

During the winters 1997-98 and 1998-99 (from miet 5.09, P < 0.05, habitak year F

Oleashrubs), and in six other forested sites in the
mountains. Robins were aged according to plum-
age features (Svensson 1992) and measured to
identify them as locals or migrants. To do so, we
used the discriminant function analysis described
by Pérez-Trigt al.(2000). This method relies on
changes in migration-related morphology (wing
length and wing formula) between migratory and
sedentary Robins breeding in the Iberian Penin-
sula, and allows one to correctly classify 80% of
individuals. Because of their stronger migratory
behaviour, Robins from further north in Europe
have longer and more pointed wings than Iberian
Robins (Cramp 1988), so they are expected to be
accurately classified as migrants by this method.
Since foreign Robins make up the bulk of winter-
ing populations in southern Iberia (Bueno 1998),
the discriminant function can be so regarded as a
reliable clue for differentiating between migratory
and sedentary Robins during winter in this area
(see Pérez-Trist al 2000 for further details). We
conducted a hierarchical, three-factor log-linear
analysis with these birds to compare the propor-
tion of adults and juveniles of both local and mi-
gratory populations between montane forests and
lowland shrublands.

RESULTS
Patterns of site occupation

The abundance of Robins increased from Septem-
ber to November and decreased from November
to January in the study area (Fig. 1). Forested sites
were occupied first and consistently showed higher
abundances than shrublands, despite variations in
abundance both between years and throughout the
autumn-winter period (specific effects in a three-
way ANOVA with the count date as a controlling
factor: habitat typ€&. . .= 6.07P < 0.05, yeaF

1,15 1,15

=2.76,P =

1,15

December to mid January), we mist-netted Rob-12). Although Robins occupied more sites with

ins in sites No. 8, 12, 13 and 15 (Appendix). Wiacreasing regional abundance, this relationship
also captured Robins in two other lowland localiwas not linear (Fig. 2). Thus, the number of occu-
ties (in areas covered Bystacia Calicotomeand pied sites sharply increased with increasing abun-
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dance at the lowest interval of regional abundansges in Table 1z= 2.45,n = 19,P < 0.05). This
(abscissa in Fig. 2), corresponding to the arrival pattern remained, although not significantly so,
the first migrants to the area. By contrast, wheatfter excluding the three sites that were already oc-
regional abundance reached its highest level, largepied in September by local Robias(1.75n=
increases were required for Robins to occupy maté, P = 0.08).
sites. This supports the view that Robins increased The month-to-month arrangement of Robin
their abundance to saturation in some sites befarembers among sites varied along the autumn-win-
colonising others. Consistent with this, the occder period (Fig. 3). The first Robins arriving on the
pation of sites fitted a nested pattern (observedwintering grounds sharply increased overall abun-
=5.47, random generated T after 1000 simulatiordance in forested sites (Fig. 3A). During the peak
57.94, SD = 5.572=-9.41,P < 0.001), support- of the autumn movements (October-November),
ing an ordered advance and retreat from the maisé species tended to show a more parallel inter-
frequently occupied sites to the scarcely used orgstch abundance distribution (Fig. 3B), the most
(Table 1). According to our hypothesis, this sedensely populated patches in October being also
guence of occupation of sites was related to hakite most densely populated sites in November.
tat suitability, the most suitable sites being the firstowever, the abundance of Robins tended to de-
to be occupied and the last to be abandoned (ttease more strongly in the most densely occupied
test comparing the ranks attained by HS and Ls8es during November (Fig. 3C), suggesting a pre-
emptive distribution during winter following the
crowding of forests in autumn. According to this,
[ Montane forests B Adults the drop in regional abundance observed in Janu-
L1 Juveniles ary (Fig. 1) may be interpreted as a decrease in the
abundance of Robins in the most suitable sites.

Distribution of Robins according to migratory
status and age

Individuals (%)

10}
The best saturated log-linear model fitting the fre-

— guency of Robins in each habitat type according
] to migratory behaviour and age was the one in-
Lowland shrublands - hauts cluding all two-way interactions (Maximum-like-
lihood Chi-squarex® = 0.056P = 0.81). The re-
duced model resulting from removing the nonsig-
nificant agex migratory status interaction (Mar-
ginal association chi-squapg, = 1.196P =0.27)
suitably fitted the contingency table (Maximum
likelihood chi-squarex?®, = 3.074,P = 0.22). Re-
[ gardless the migratory status of Robins, adults were
Locals Migrants far more frequent in the montane forests than were
in the lowland habitats, where wintering popula-
tions were almost completely composed of juve-

types that have been considered in this study. The bars niles (Fig. 4; age: habitat type interactiory 1~

show the percentage of individuals belonging to each 8'6:!‘0P =0.003). LOC?J individuals, especially ju-
population fraction, in montane forests (above, » = 85)  Veniles, greatly contributed to the seasonal occu-

and in lowland shrublands (below, # = 59). pation of lowlands, where they represented almost

o

Locals Migrants

o1
o

N w S
o o o

Individuals (%)

-
o

Figure 4. Composition of Robin populations according
to migratory status and age in the two winter habitat
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a half of the whole population. However, migrantnent of surplus individuals to marginal habitats
Robins were less frequent than locals in the mo(Bowers 1994). With the occurrence of many con-
tane forests, representing only 33% of individuatgpecifics in the best patches, increasing intraspe-
(Fig. 4; migratory statushabitat type interaction: cific interactions would cause the rearrangement

X%, = 5.410P = 0.020). of birds among sites (Pulliam & Danielson 1991).
At the equilibrium, the outcome of these two proc-
DISCUSSION esses is likely to be a balance between the satura-

tion of a few sites and a homogeneous inter-patch
The arrival of migrant Robins at the Gibraltar aredistribution throughout the autumn-winter period.
may be regarded as a massive occurrence of indithough this pattern of settlement has been ob-
viduals, which increases both the regional abuserved in many bird species during spring, little
dance and the local range of the species acrossekiglence has yet been gathered of this sort of land-
area. The sequential occupation of wintering sitesape occupation in wintering birds (Newton
that we have found is similar to that observed 998).
many bird species whose population dynamics Although some information is available on the
have been monitored in the long-term, in whickegregation mechanisms among migrant and local
the species’ range in a given area either spreadspecies in wintering areas, how local populations
retreats following fluctuations of population size&ope with the arrival of migrant conspecifics on
(e.g. Newton 1998). Migrant Robins arrive at theneir grounds is not so well-known (Greenberg
Mediterranean wintering grounds at the end of tH®86, Sherry & Holmes 1996). This paper suggests
summer drought, coinciding with the beginning athat local Robins prevent a massive irruption of
the intense productive output that characterisgggrants in their breeding sites. Moreover, there
these environments during the autumn-winter pare age-related differences in the distribution of in-
riod (Herrera 1985, Fuentes 1992). At this timalividuals, adults tending to occupy the montane
the main food resources that the species explditsests and juveniles being the most abundant in
during winter experience a notable increase (fleskttye lowland shrublands, regardless the migratory
fruits, cracked oak acorns, insects; Herrera 19%&tatus of individuals. According to the distribution
1981, Jordano 1989). This enhancement of the caf-each population fraction between habitat types,
rying capacity in these habitats could explain tree dominance hierarchy seems to rule the Robin
sharp increase of Robin abundance in the stuggpulations we have studied, in which the social
area from September to November (Fig. 1), as wedink of birds would decrease from adult locals to
as the time-lag between the increase of regionaVvenile migrants. It is likely that adults and locals
abundance and the expansion of Robins from thave priority of access to territories compared to
most preferred sites to the less preferred ones (Figeeniles and migrants, respectively (Tobias 1997).
2). However, our results show that this enhancl-the latter were more prone to fail when attempt-
ment does not rule out the effect of conspecifinog to acquire a winter territory and endured as float-
density on the numerical distribution of birdsers in the best patches, they could be easily dis-
among the occupied sites. This is supported na@tced from these habitats to the less suitable ones
only by the sequential occupation of habitats ionce circumstances become more difficult for ter-
relation to their suitability (a fair evidence of denritory owners. It has been suggested that individu-
sity-dependence; Brown 1969, Rosenzweig 198 H)s that abandon the breeding habitats in partially
but also by the between-site arrangement of Robimgrant populations of Robins are making ‘the best
numbers along the autumn-winter months. In turof a bad job’ (Adriaensen & Dhondt 1990). In our
the outcome of these density-dependent dynamatsidy area, if differences in habitat suitability were
of habitat occupation may well be the displaceelated to differential rates of mortality during win-
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ter, juveniles and migrants would actually be thBowers, M.A. 1994. Dynamics of age- and habi-
population fractions which would suffer the high- tat-structured population®ikos69: 327-333.
est mortality (Bowers 1994). In summary, our reBrown, J.L. 1969. Territorial behavior and popu-
sults put forward that interactions between locals lation regulation in birdsWilson Bulletin81:
and migrants could be a major determinant of the 293-329.
regulation of Robin populations in wintering arBueno J.M. 1998. Migracion e invernada de pe-
eas, where both population fractions are sympatric quefios turdinos en la peninsula Ibérica. V. Peti-
during almost half of the annual cycle (from Sep- rrojo (Erithacus rubecula Ardeolad5: 193-200.
tember to March). This supports the view that @ramp S. (ed) 1988The birds of the Western
full understanding of the mechanisms underlying Paelarctic Vol 5. Oxford University Press,
population regulation of birds will require the con- Oxford.
trol of both breeding and wintering processes. Cuadrado M. 1992. Year to year recurrence and
site-fidelity of BlackcapSylvia atricapillaand
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Capitulo 7

Currucas capirotadas migradoras y sedentarias en areas de
invernada simpatricas: implicaciones en la evolucion de la
migracion

Este capitulo reproduce el texto integro del siguiente manuscrito

Pérez-Tris, J. & Telleria, J.L. Migratory and sedentary blackcaps in sympatric non-breeding grounds: impl
cations for the evolution of avian migration (manuscrito enviado).

RESUMEN

Varias hipotesis han intentado explicar por quie invernada, los matorrales presentan una me-
existen poblaciones sedentarias en las areasnde cobertura vegetal que los bosques, y cuentan
invernada de muchas especies migradoras. on una mayor abundancia pero una menor diver-
ejemplo, los residentes podrian superar la invsidad de frutos (la base de la dieta invernal de la
sion de su area de distribucién si fuesen mejoresrruca capirotada). Estudiamos (1) si las curru-
competidores que los migradores durante el inas muestran segregacion entre habitats con res-
vierno. Como solucién alternativa, cada fraccigpecto a su comportamiento migrador, sexo, edad
poblacional podria explotar o tamario corporal; (2) qué re-
diferentes recursos o tipos ¢ cursos utiliza cada fraccion
habitat. Por ejemplo, los res poblacional en cada tipo de ha-
dentes podrian beneficiarse bitat (si rastrean la abundan-

la constancia en sus territoris cia de frutos o la distribucion

de cria, mientras que los nr de los mejores territorios para
gradores podrian preferir ra la reproduccion), y (3) qué
trear los recursos que nece efectos tiene la ocupacion de
tan durante el invierno. Pa diferentes habitats sobre la
examinar estas hipétesis, es condicién fisica de los indivi-
diamos la distribucion de le duos. Los residentes permane-
currucas capirotadasylvia / cieron practicamente restringi-
atricapilla) migradoras y se . e s dos a los bosques, mientras
dentarias invernantes en sit e | “‘:ﬁ ' que los migradores ocuparon
patria en el Campo de Gibre ambos tipos de habitat. Entre
tar (sur de Espana). El estudio estos ultimos, los adultos pre-
se realizd durante dos inviernos en dos tipos deminaron en los bosques y los jovenes en los
hébitat claramente diferentes: bosques, que congtorrales, sin que existiese segregacion sexual
tituyen los habitats de cria de la curruca capirotantre habitats. Las currucas sedentarias mostra-
da en la zona, y matorrales, que son ocupados sm un mayor tamafo corporal que las migrado-
lamente durante el invierno, tras la llegada de loss, y éstas fueron de mayor tamafio en los bos-
migradores. En cuanto a su calidad como habitagses que en los matorrales, especialmente entre
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los jovenes. Si las aves grandes son dominantescho acumularon mas grasa en los matorrales.
estos resultados sugieren que los residentes plEsto significa que las posibles diferencias de ca-
den aguantar en los bosques desplazando a loslidad nutricional entre bosques y matorrales no
gradores menos competentes (jovenes e individuwigsen para explicar la segregacion entre habitats,
pequefios) hacia los matorrales. Migradores y s®n las aves adultas y de mayor tamafio predomi-
dentarios mostraron patrones de uso de los recnando en los bosques. En lugar de estos factores,
sos invernales muy similares. En los bosques, datros determinantes, como la diversidad de frutos
de coinciden ambas fracciones poblacionales, tanka exposicion a los depredadores, podrian expli-
to migradores como sedentarios rastrearon dar esta distribucion. En cualquier caso, nuestros
abundancia de frutos, aunque los ultimos tendieesultados proporcionan un mecanismo para ex-
ron a ocupar zonas mas adecuadas para la repiaar la persistencia de poblaciones sedentarias a
duccién. En los matorrales, donde practicamenpesar de que sus areas son invadidas por enormes
so6lo existen migradores, estos se asociaron comptblaciones de migradores que utilizan los mis-
abundancia de frutos menos intensamente quenaos recursos: los residentes pueden enfrentarse a
los bosques, reflejando probablemente un rastresta invasion porque son mejores competidores.
de recursos mas cauteloso derivado de la may@#sde una perspectiva evolutiva, esto muestra que
abundancia de frutos y el mayor riesgo de depies procesos que tienen lugar durante el invierno
dacion en esos habitats mas expuestos. La segneeden ser tan importantes como los ocurridos en
gacion entre habitats no afect6 al peso magro égoca de cria para interpretar la dindmica de las
los individuos (corregido por su tamafio), que deblaciones migradoras y sedentarias.
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Capitulo 7 1ps

Migratory and sedentary blackcaps in sympatric
non-breeding grounds: implications for the evolution
of avian migration

Javier Pérez-Tris & José Luis Telleria*

Several hypotheses have tried to explain why sedentary populations persist in the wintering grounds of
many migratory bird species. For instance, residents may overcome the flooding of their range if they are
better competitors than migrants. Alternatively, each population fraction may use different resources or
even different habitat types, for example because residents reward from site tenacity while migrants
reward from resource tracking. To evaluate these hypotheses, we studied the distribution of sympatric
migratory and sedentary blackca®ylvia atricapillg in southern Spain during two winters. We
distinguished two habitat types: forests, which are used by residents for breeding, and shrublands, to
which blackcaps spread in winter with the arrival of migrants. Shrublands are unsheltered habitats that
show more abundant but less diverse fruits than forests. We investigated (1) if blackcaps show habitat
segregation with respect to migratory behaviour, sex, age and body size, (2) what resources are used by
each population fraction within each habitat type, and (3) how habitat occupancy affects the body condition
of individuals. Residents were almost completely restricted to forests, while migrants occupied both
habitat types. Among migrants, adults predominated in forests and juveniles in shrublands, but no sexual
segregation was found. Body size was larger in residents than in migrants, and these were larger in forests
than in shrublands (especially juveniles). If larger birds are dominant, these results support the idea that
residents may endure in forests and exclude the most subordinate migrants (juveniles and small birds)
towards shrublands. Within forests, migrants and residents tracked fruit abundance, but residents were
also associated with the most suitable breeding sites. Migrants tracked fruits less closely in shrublands,
probably due to a higher fruit abundance and a lower availability of shelter. Habitat segregation did not
affect lean body mass corrected by size of migrants, which indeed accumulated more fat in shrublands.
Therefore, differences in nutritional quality cannot explain why adult and larger blackcaps predominate
in forests. Instead, other factors like food diversity or exposure to predators might account for this distri-
bution. Our results provide a mechanism to explain the persistence of sedentary populations despite
migrants overflow their range and use the same resources. Residents may challenge the arrival of
conspecifics because they are better competitors. From an evolutionary perspective, this shows that non-
breeding processes may be as important as breeding benefits accrued to migrants for explaining the
dynamics of migratory and sedentary populations.

Birds are able to seasonally exploit the mostigratory species with respect to residents towards
suitable habitats at each moment in their life cyhe poles (e.g., Newton & Dale 1996). This also oc-
cle. By moving between highly productive breedingurs within species, in which migratory behaviour
and wintering grounds, they may improve fecunditghifts from sedentariness at low latitudes to complete
and non-breeding survival paying a comparatively lomigratoriness at high latitudes (Berthold 1999). As a
cost of movement, which has led to a wide occutensequence of this gradation in migratory behav-
rence of migration and a large variety of migratorpurs, the wintering area of migratory populations
patterns (Gauthreaux 1982, Alerstam 1991, Berthadaterlaps with the range of residents in many species.
1993). In the temperate zone, for instance, primaBecause of the much larger breeding range of the mi-
production in spring increases with increasing latiratory populations, in most cases the residents’ range
tude, which is paralleled by a rising proportion ak literally flooded by migrant conspecifics.

*Manuscrito enviado.
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Given the intense limitation to which birdtive benefits accrued to migrants would counter-
populations are subjected during winter (Newtoact their lower average non-breeding survival
1998), the coexistence of migrant and reside(@®reenberg 1980). Although the Cox’s hypothesis
conspecifics in non-breeding grounds may behas constituted the basis of much of the subse-
conflicting state. In absence of resource partitiogtuent theoretical work (Rappole 1995, Safriel
ing between migrants and residents, and assub®95), the extent to which unequal competitive
ing that they have a similar success in sympatrbilities may account for the coexistence of mi-
non-breeding grounds, a simple matter of nungrants and residents has long been subjected to
bers would lead to opposite population trends giscussion. A number of studies have suggested
each population fraction. Year after year, migranthat site-fidelity or familiarity with the area may
would contribute to the winter population withnot have that impact on the outcome of social con-
more individuals than residents, as a consequertests, and prior occupancy by residents cannot pre-
of the higher fecundity they may achieve in thetlude that migrants overflow their range (Alerstam
very productive breeding grounds (Ricklefs 198@& Enckell 1979, Fretwell 1980, Bell 2000). Ac-
Alerstam 1991). In the end, this increasing nwording to this view, whether or not residents may
merical imbalance between the two fractiongvercome competition with migrants would pri-
would put an end to the resident population (Almarily depend on the size attained by the migra-
erstam & Enckell 1979, Fretwell 1980, Ricklefgory population instead of the competitive abili-
1992, Bell 2000). Competition with migrants hasies of each population fraction (Bell 2000).
long been thought to explain why residents are Opposing to these two models of conflicting
absent from the wintering areas of many migraoexistence of migrants and residents, it has been
tory species, despite environmental conditiorsmiggested that competition between migrants and
may apparently favour their existence (Alerstamesidents may be attenuated through resource par-
& Enckell 1979, Bell 2000). However, in manytitioning, as a consequence of the preferences of
other species residents have somehow overcoeseh population fraction for different resources or
the negative impact of life together with migrantd)abitat types. This idea originated from the obser-
and maintain flourishing populations despite thewration that, opposing resident species, migratory
much lower fecundity. Nowadays, we have a litspecies usually occupy secondary-growth habitats
tle knowledge of the processes that may hawewintering areas. Alerstam and Enckell (1979)
caused that sedentary populations persist in somsinuated that this is a result of the lower predict-
cases but have gone extinct in others (Bell 200@ility of these habitats, where residents would loss

In two influential papers, Cox (1968, 1985}the advantage of site-tenacity and hence might
proposed that residents are better competitors thmmpete less efficiently. However, migrants and
migrants and hence may persist in their range @&sidents may actually have different requirements
long as environmental conditions allow their exduring the non-breeding season that could affect
istence. If residents take advantage from prior ottieir habitat preferences. Residents have reproduc-
cupancy, site-tenacity and familiarity with the aredive interests in their range, where they could try
they might endure in their breeding territories exe endure over winter to benefit from an early oc-
pelling arriving migrants once saturation igupancy of the best territories the next breeding
reached. This may well explain the stable coezeason (Verboven & Visser 1998). Meanwhile,
istence of both population fractions in non-breednigrants are free of this kind of pressures, so they
ing grounds. On the one hand, competitive advamay track resources that are necessary to secure
tages would improve non-breeding survival a$elf-maintenance across the most profitable habi-
residents up to counterbalance their comparativeht patches (Herrera 1985, Rey 1995). For them,
low fecundity; on the other hand, the reprodudeod and refuge to escape predators are likely to
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be the main resources (Blem 1990, McNamaradisappear from the areas in which the breeding
Houston 1990, Watts 1991). If different prefereutput were too small to counterbalance mortality
ences of migrants and residents involve the selelite to competition with more northerly migratory
tion of different habitat types, the two populatiopopulations. If sedentary populations still remain,
fractions would coexist in the same areas withothtis would only evidence that migratory popula-
competing for winter resources. tions have not grown up to cause them go extinct
Understanding the way non-breeding intera¢hrough competition (Bell 2000).
tions between migrants and residents may result Finally, the third hypothesis does not require
in the extinction or the permanence of sedentacpmpetition to explain the separation of breeding
populations is crucial in the theory for the evoluand wintering grounds of migrants, and suggest
tion of migratory patterns. Based on the formehat this would be triggered by selection by mi-
models of interaction between migrant and resirants of resources located outside the residents’
dent conspecifics, three main hypotheses have tri@hge (Chesser & Levey 1998). The first migrants
to explain how migratory behaviour could appeaxould occupy a sort of ‘ecological vacuum’ in win-
from an otherwise sedentary population, leadirtgr bird communities (Hutto 1980), which would
to a migratory species with non-overlapping breeadlow them to increase their numbers in a popula-
ing and wintering grounds (Rappole 1995). Adion dominated by sedentary birds (Levey & Stiles
cording to the first hypothesis (Cox 1985), if 104992). For instance, Levey and Stiles (1992) real-
cals are better competitors the split between breéskd that many temperate migrants are frugivorous
ing and non-breeding areas of migrants could prand occupy open habitats, two strategies based on
ceed by selection for leap-frogging the residentie exploitation of unpredictable environments that
range. Leap-frog migration could be favoured béerce birds to track resources, and proposed that
cause many migrants are obliged to leave the arandering movements connected to these strate-
eas already occupied by residents, and birds tlggs would be precursors of true migrations (Levey
move beyond could eventually reach suitable no&-Stiles 1992, Chesser & Levey 1998).
breeding habitats without competitors (Cox 1985). Given this state of affairs, any advance in our
However, this cannot account for the final extindknowledge of interactions between migrant and
tion of residents, which has to be explained lngsident conspecifics in non-breeding grounds
advocating other processes like the deterioratisould be of capital relevance in the theory for the
of environmental conditions or interspecific comevolution of migratory behaviour (Cox 1985,
petition (Cox 1985). Levey & Stiles 1992, Rappole 1995, Bell 2000).
Contrasting with this hypothesis, the secondowever, the difficulty to distinguish between mi-
one is based on the assumption that residents lagknt and resident conspecifics in non-breeding
advantages upon migrants, so that intraspecificounds has caused that the shape and intensity of
competition may drive sedentary populations to efaeir interactions remain a matter of controversy.
tinction (Alerstam and Enckell 1979, Bell 2000)To the extent we may be aware, very few studies
In this case, the split between breeding and ndmave tried to analyse these interactions directly
breeding areas of migrants would occur through(Rérez-Tis et al 2000a, Telleriget al. 2000). A
wave-like latitudinal expansion of their breedindarger research effort has been devoted to infer
areas caused by a progressively increased fectivem by studying migratory and sedentary species
dity at higher latitudes, combined with the inabilwith different degrees of relatedness (Fretwell
ity of populations to afford flooding by migrants1980, Cox 1985, Ricklefs 1992), or by relying on
below some fecundity threshold at lower latitudethe patterns of distribution and the relative size of
According to this model, not only the original resimigratory and sedentary populations in the whole
dent populations, but also the first migrants woulsbecies range (Safriel 1995, Bell 2000). In the same
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way, resource partitioning and habitat preferenc8scial dominance and the distribution of
of migrants and residents have been studied solfiéackcaps between habitats
by comparing different species (Hutto 1980, Levey
& Stiles 1992, Poulin & Lefebvre 1996, ChesseEven if migrants and residents do not show habi-
& Levey 1998), but if migrant and resident contat segregation, competition in a heterogeneous
specifics may have unlike habitat requirementandscape should translate into a biased popula-
during winter remains unknown. tion composition in each habitat, with dominant
We have studied sympatric migratory and sethdividuals occupying the preferred habitat types
entary blackcapsSylvia atricapilla(L.), winter- (Sherry & Holmes 1996). For example, in many
ing at the northern side of the Strait of Gibraltanigrant bird species social dominance leads to a
(southern Spain). In this region, sedentary blac#fferent distribution of sexes or age classes. Com-
caps are abundant breeders in forests, but avpated to females and juveniles, adult males usu-
the neighbouring shrublands for reproductiorally endure in the breeding sites during winter in
When migrant blackcaps coming from northwespartial migrants (Adriaensen & Dhont 1990), or
ern Europe arrive at the area, however, the speaiemain closer to these sites in differential migrants
spreads across the region. Our aims are (1) to gldetterson & Nolan 1983). In completely migra-
cidate whether migrant and resident blackcaps haeey species, adults and males often occupy the best
a different habitat distribution, (2) to unravel théabitat types in wintering grounds (Marea al
role that competition or habitat preferences may993, Sherry & Holmes 1996, Marra 2000). We
play in determining this distribution, and (3) tasstudied whether the distribution of migrants and
evaluate if the occupation of one or another halyesidents between forests and shrublands is sex or
tat type may have an effect on mortality due to staage biased, thus suggesting the existence of domi-
vation. The blackcaps wintering in southern Spamance hierarchies in the occupation of wintering
are very appropriate for this study not only becaubabitats.
large numbers of individuals may be captured that Another factor that may influence dominance
can be easily sexed and aged, but also because t@srarchies in birds is body size, especially in a
dent birds can be accurately told apart from mimixed population in which individuals show a wide
grants based on their morphology (Péreg-& range of body sizes (Ketterson 1979). To be large
al. 1999). Therefore, we have an excellent oppareuld give subordinate individuals (e.g., females
tunity to test the hypotheses mentioned above, forjuveniles) priority of access to the most preferred
which we have used four complementary apwabitats compared to the smallest subordinates, or

proaches: even to the smallest dominants (Marra 2000).
Hence, to study the variations in body size between

Distribution between habitats of migrants and habitats would provide further insight into the role

residents of social dominance in the distribution of black-

caps. If competition occurs, subordinate individu-
Migrants and residents may show habitat segregds that occupy the dominant-biased habitat should
tion, either due to competition (e.g. Cox 198%e larger than those obliged to occupy the subordi-
Ricklefs 1992) or to resource partitioning (e.gnate-biased habitat.
Hutto 1980). Alternatively, both population frac-
tions may mix during winter and spread across tfResource utilisation by migrants and residents
area. As a first step, we studied the extent to whielithin habitats
migrants occupy the breeding areas of residents,
and the extent to which residents disperse towamisequisite for competition to cause habitat segre-
neighbouring environments during winter. gation is that contending individuals have the same
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habitat preferences (Greenberg 1986). Otherwisauch more precipitation than the surrounding low-
segregation could be a by-product of partitioninignds, which causes the dissimilarity between the
resources through habitat selection, particularlytifvo habitats that we have investigated. On the one
the resources preferred by different groups of indrand, the montane valleys are covered by forests
viduals are unequally distributed between habitétanging between 100 and 300 masl) dominated by
types. We studied the extent to which the abundarmerk-oak®Quercus subeand mixed with Mirbeck’s

of migrants and residents is related to the abuoaks Q. canariensis which constitute the only
dance of food and refuge against predators, the mosteding habitats of blackcaps in the area. On the
limiting resources for wintering forest passerinesther hand, largely bare shrublands dominated by
(Blem 1990, McNamara & Houston 1990, Watttentiscs Pistacia lentiscusand wild olivesOlea
1991). In addition, we evaluated if resident blacleuropaea sylvestriare the typical lowland land-
caps are better associated with the distribution e¢ape. In winter, these environments are occupied
breeding territories, which could also cause thdiy a large number of blackcaps.

spatial segregation from migrants in winter. We captured blackcaps in forests and shrub-
lands from mid December to mid January, when

Consequences to individuals of habitat the species is not migrating through the area (Cramp

occupancy 1992). To account for within-habitat heterogeneity

and avoid an excessive nuisance, we moved among
Social dominance can only have ecological signifdifferent sites between field sessions. Four sites
cance if it adversely affects some fithess compwwere sampled in each habitat type, which showed
nent of subordinates, for example survival (Greesimilar shelter, food abundance and migrant-resi-
berg 1986). In temperate regions, winter survivalent ratios as shown by Tukey’s tests ing0OVA
strongly depends on energy storage, which is newith site as a factor and mist-nets as sampling units
essary for birds to face long cold nights and unpréll pairwise within-habitat comparisons wih>
dictable food shortages (Blem 1990). In birds wirB.05, see methods to measure these variables be-
tering in heterogeneous landscapes, the occupatiow). Because of this we did not consider between-
of poor, subordinate-biased habitats usually transite differences in our analyses. We made sure that
lates into an increased physiological stress and lalackcaps were present as breeders in all forest sites
impaired body condition (Sherry & Holmes 1996and absent from all shrubland sites by means of an
Marra & Holberton 1998, Strong & Sherry 2000)extensive searching in spring (Telleria & Pérez-Tris
Therefore, if there is habitat segregation due boprep.). All sites were sampled from dawn to dusk
competition, blackcaps occupying the subordand at least twice in the study period, first in De-
nate-biased habitat should have a worse body caember and later on in January (about three weeks
dition than those occupying the dominant-biasddter). Every day we set up four to twelve mist-nets

habitat. depending on fieldwork circumstances, such as
slope inclination, rate of flow of streams, presence
METHODS of cattle and so on. Nets were placed in randomly
selected locations, but avoiding too bare spots to
Study area and sampling of blackcaps assure them to work.

Mist-nets were visited every full hour, and all
We studied blackcaps during two winters (betweendividuals collected during the same visit were as-
1998 and 2000) in an area of around 208ikrthe  signed to the same time of capture. Blackcaps were
Campo de Gibraltar region (36°01'N, 5°36'W). Irkept in individual cloth-bags labelled with the time
this area, mountain ranges (up to 400-m elevatioof) capture and a mist-net identification. All indi-
retain moisture of oceanic winds and hence receivigluals were processed within one hour after cap-
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Figure 1. Habitat characteristics of forests and shrublands. Above, variation between habitats and years in shelter
(an index obtained by PCA that increases with increasing cover of trees and shrubs) and fruit abundance measured
around mist-nets (means * s.e. and sample sizes). Below, variation between habitats and years in the species
composition of fruiting shrubs (frequency of each species in sampling plots with fruits, whose number is indicated
in brackets).

ture. Birds were sexed and aged according to pluments were recorded by the same person (JP-T) to
age characters (Svensson 1992). We distinguistaaid any inter-personal bias. Before being released,
between juveniles (first-winter birds) and adultsvery blackcap was marked with a numbered alu-
(older birds whose exact age was unknown). @finium ring to avoid repetition.

548 blackcaps captured in total, we were unable to

age 26 individuals which were excluded from thEabitat characteristics of forests and shrublands
analyses. We measured the maximum wing chord,

the length of the eighth primary feather (primarieSor wintering passerines, survival depends on the
numbered from the body to the wing tip), the tagxistence of adequate refuges to escape predators
length, and the distance between the wing tip aadd on the availability of suitable food sources.
the tip of each primary feather (from the first to thBlackcaps are forest birds, so they are likely to be
ninth, hereafter primary distances). All these meastore vulnerable to predators in open landscapes
urements were taken to the nearest half mm usifWatts 1991). On the other hand, they are inten-
appropriate rulers. We also recorded the tarsswe frugivores in winter (Jordano & Herrera 1981,
length (to the last unbroken scale before the toeBlgrrera 1998). Although blackcaps could prefer
the bill length from the skull and the bill height, alhabitats with abundant fruits, they have been found
of them with a 0.01-mm precision digital calliperto feed upon up to nine fruit species in habitats
Finally, we estimated visually the size of the sutwhere most fruits are rare and one single species is
cutaneous fat deposits (according to a nine-valagpplied almosd libitum which suggests the need
scale; Kaiser 1993) and weighed individuals witbf maintaining an adequate nutrient balance in the
a 0.1-g precision digital balance. All the measureliet (Herrera 1982, 1985). It is therefore reason-
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able to think that sheltered environments with laaviour, sex and age. This method manages multi-
high abundance and variety of fleshy fruits will béactor cross-tabulations by partitioning the varia-
the highest-quality wintering habitats for blackcaps$ion in frequency data into the different factors, al-
To evaluate these features, we recorded tl@ving one to test for interactions in a way similar
percentage of ground covered by trees (vegetatimrthe analysis of variance. The log-linear model is
above 2-m height), shrubs (below 2 m) and gradsfined by the minimum number of interactions
or bare ground in a 50-m diameter circular plotecessary to account for the distribution of frequen-
around each mist-net. We also recorded the numléss. To obtain this model, we first proceeded hi-
and specific composition of shrubs and trees holdrarchically by fitting all interactions of ordeto
ing ripe fruits in each sampling plot. We only conthe correspondent null hypotheses that all of them
sidered the fruits that blackcaps habitually feeate simultaneously zero. As soon as the reduction
upon (according to studies of diet; Jordano & Héa n caused a lack of fit, we selected the terms of
rrera 1981, own unpublished data). These are #ilht order or lower which significantly contributed
fleshy fruits in the area excdpbsaspp.,Cratae- to explain the distribution of frequencies, thus gen-
gus monogynaand Ruscusaculeatus three spe- erating the final model that best fitted the data
cies with large and very hard berries that we hay8tatSoft 1999).
never found in the diet of these blackcaps (own
unpublished data). The analysis of within-habitat distribution

Differentiation between sedentary and migratory We used mist-nets as sampling units to analyse
blackcaps whether the abundance of migrant and resident
blackcaps is associated with the same or different
We used a discriminant function for differentiatresources within habitats. However, mist-nets dif-
ing between migratory and sedentary blackcagsred in the number of days they were working (be-
The technique is based on three morphologiceduse of different alterations including forestry or
traits: the length of the eighth primary feather, theresence of cattle). To allow proper comparisons,
tail length, and the difference between the primavye derived capture indices computed as the number
distances 1 and 9 (a simple index of wing pointedf individuals captured in one net per day activity.
ness). When applied to Iberian blackcaps, th3apture indices were computed for each popula-
method allows the correct classification of 91% dfon group, that is, individuals with the same mi-
individuals (Pérez-is et al. 1999). North-west- gratory behaviour, sex and age, and were used as
ern European blackcaps, the main componentsméasures of abundance in our analyses (after log-
populations wintering in our study area, have motensformation to meet normality).
pronounced migratory-like traits than Iberian mi-  Because the patterns of distribution of differ-
gratory blackcaps (Pérez-Tris & Telleria 2001knt population groups are non-independent, to ana-
Hence, they will be more easily classified by b/se how they are associated to habitat character-
method that differentiates so finely between Ibastics one by one would increase the risk of detect-
rian migratory and sedentary populations (for fuing significant effects only by chance. To avoid

ther details see Pérez-Teal. 1999). this, we conducted a PCA with the capture indices
of each population fraction and the variables meas-
The analysis of distribution between habitats ured to assess habitat characteristics. By doing so,

we studied on the one hand if there is a match be-
We conducted a log-linear analysis to investigatereen the abundance of migrants and residents
the variation in population composition betweewithin habitats, and on the other hand which re-
forests and shrublands in relation to migratory beeurces are associated with the distribution of each
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Table 1. Log-linear analysis of blackcap frequencies according to population, sex, age, habitat type and year. From
top downwards, the fit to the lack of interactions of the corresponding order (only the relevant orders are shown),
the goodness of fit of the final model and the contributions of each interaction included in the model are shown.
Partial associations are computed by evaluating the gain of fit of the model that includes the corresponding interaction
with the model that excludes it. Marginal associations are computed by comparing the fit of the model including all
effects of lower order than the one of interest with the model including that interaction instead (StatSoft 1999).

Maximum likelihood chi-square

Order of interactions: d.f. X2 P
No fourth-order interactions 5 2.06 0.840
No third-order interactions 10 26.35 0.0033
Test of fit of the final model: 14 6.65 0.948

Partial association Marginal association
Interactions in the model: X2 P X2 P
Populationx habitat 1 148.80 < 0.0001 154.62 < 0.0001
Age x habitat 1 25.11 < 0.0001 25.30 < 0.0001
Sexx habitatx year 1 8.86 0.0029 9.27 0.0023
Sexx agex year 1 7.02 0.0081 3.68 0.0549
Sexx agex population 1 7.83 0.0051 8.47 0.0036

population fraction at the within-habitat scale, taksody reserves. Fat is the main source of energy for
ing into account the possible effects of sex and agéntering birds, and it has been suggested that star-
We considered food and vegetation cover to lation probabilities decrease exponentially with in-
important resources for all blackcaps regardless@kasing fat stores (Blem 1990, McNamara & Hou-
their migratory behaviour. In addition, we used theton 1990). Visual estimates of fat content have
distribution of breeding resources as possible paohg been used to measure the nutritional condi-
ticular requirements of residents. Breeding territdion of birds during winter (Brown 1996). How-
ries are characterised by a high cover of Mirbeck&ver, the relationship between the amount of fat
oaks (which are restricted to the moistest sites scored by visual indices and the actual fat content
forests) and brambleR(busspp.), a thorny bush is not linear, but usually better fits a quadratic model
commonly chosen by blackcaps to place the né&ogers 1991, Kaiser 1993). Because of this, we
(Cramp 1992). Indeed, the covers of these two spesed the logarithm of the squared fat scores as a
cies are the best predictors of the distribution ofieasure of fat content, which was normally dis-
blackcap breeding territories in our study area (Caributed and linearly related to body mass (changes

bonell & Telleria 1998). in avian body mass are chiefly due to fat mobilisa-
tion; Blem 1990). We controlled for daily fat ac-
Body size and body condition cumulation in the analysis of fat content, but fat

storage also depends on other factors which are
In a population composed of individuals with difiess easily controlled, such as unpredictable varia-
ferent morphology, single traits like tarsus or wingjons in environmental conditions, predation risk
length are inadequate to measure body size. Be-dominance hierarchies (Blem 1990, McNamara
cause of this, we conducted a PCA with sever&lHouston 1990, Witter & Cuthill 1993). Because
body dimensions to extract an index of structuraf this, we also studied the muscular development
size (Rising & Somers 1989). We used the amountt individuals, which better measures long-term
of fat stored by blackcaps as a measure of theutrient reserves (Brown 1996). At a given body
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size, changes in avian body mass are primarily 1206.53,P < 0.0001, yeaF, . .= 0.003,P = 0.95,

lated to fat accumulation, but after this they pririnteractionF, , = 3.41,P :1'6).9068).

cipally depend on the development of the large The abundance of fruits, measured as the
pectoral muscles (Blem 1990). We regressed bodymber of fruit-holding shrubs in each plot, was
mass on structural size and fat content (beta vaigher in shrublands than in forests in both years,
ues: size = 0.4P,<0.0001; fat =0.49? < 0.0001) and slightly increased in the second wintergva

and used the residuals of this regression as indieath the log-transformed abundance of fruits: habi-

of muscular development. tatF, = 68.46P <0.0001, yedF, , =4.25P =
0.042, interactiorf, , .= 1.83,P = 0.18; Fig. 1).
RESULTS Two shrub species were by far the most abundant

and widely distributed in the area, the lentisc and
Habitat characteristics of forests and shrublands  the wild olive, which were very frequent in both

forests and shrublands. However, these were the
A PCA with the arcsine-transformed proportiomnly species found in shrubland plots, where some
of ground covered by trees, shrubs and grassscatteremilaxasperaobserved during the field-
each sampling plot extracted a single componenbrk apparently made up the rest of available fruits
which accounted for 80% of variance, whose scoris blackcaps. In forests, by contrast, three other
increased with increasing vegetation cover (eigespecies occurred in sampling plokyrtus com-
value = 2.39; factor loading for trees = 0.81, shrulmsunis Phillyrea latifolia and Smilax asperathe
= 0.91, grass or bare ground = -0.94). Obviouslst two being rather common depending on year
forests are more sheltered environments than shr(ig. 1). Moreover, we observed some scattered

lands (Fig. 1; two-wayANOVA: habitatF , = Rhamnus alaternysiedera helixand Viburnum

50 Forests 1998/99 Bl Ad. Male 50 Shrublands 1998/99
0" 142 1 Ad. Female a0l 79
= = Juv. Male =
S 30 Juv. Female S 30
0 %)
g S
:'g 20 :'g 20
g 2
Migrants Residents Migrants Residents
50 Forests 1999/00 50 Shrublands 1999/00
=14 = 152
gof =149 Y
S S
< 30 ~ 30
0 %)
g S
:'g 20 :'g 20
2 g
0 . , 0 , ——
Migrants Residents Migrants Residents

Figure 2. Composition of the blackcap populations wintering in forests and shrublands in each study year, with
respect to migratory behaviour, sex and age.
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5 -0,8 | Brambles migrants in forests; below, migrants in shrublands.
Mirbeck’s oaks never occurred in shrublands and
-1,2 hence were excluded from the second PCA. Further

-0,2 0,0 0.2 0.4 0,6 038 1.0 details on the correlations of each variable with each

Shrublands PC1 component ate given in Table 2.

tinus in forests during our fieldwork. Thereforefirst winter, but this trend disappeared in the sec-
despite fruits are less abundant in forests, these hawel winter causing an interaction between sex,
more diverse fruiting species than shrublands. habitat and year. However, this change was not
associated to sexual segregation in the first winter.
Habitat segregation in relation to migratory Rather, it was due to a higher proportion of resi-
behaviour, sex and age dent juvenile males captured in forests that year,
as shown by the significant change between years
The composition of blackcap populations varieth the proportions of individuals of each sex and
between forests and shrublands, and this variatiage. Finally, we captured a higher proportion of
remained similar between study years with onlyiveniles of the migratory population, which was
slight changes with respect to sex. The best logspecially accentuated in females leading to an
linear model to explain the frequency of each popinteraction between sex, age and population (Ta-
lation group in forests and shrublands included fivge 1, Fig. 2).
interactions (Table 1, Fig. 2). The first one, between
habitat and population, showed that resident bladBistribution within habitats of migrants and
caps were almost restricted to forests, while miesidents
grants occupied more equally both habitats al-
though were more abundant in shrublands. Aduttfollows from the former results that the com-
blackcaps were more frequent in forests while jyarison of within-habitat distribution of migrants
veniles predominated in shrublands, leading to @md residents must be restricted to forests, where
interaction between age and habitat type. Malesth population groups occur in enough numbers.
were more frequent than females in forests in tifrthermore, a PCA including forests and shrub-
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lands would give a non-realistic picture of the asruits are abundant in forest clearings and very
sociation between breeding resources and the absicarce in the most developed areas covered by
dance of residents within habitats. Thus, the abudirbeck’s oaks, this analysis allowed us to un-
dance of residents and Mirbeck’s oaks would keguivocally discern the generalised preference of
associated because they only occur in forests. Blackcaps for fruits above the other resources stud-
avoid these problems, we analysed the associatited (shelter and breeding territories). Only resident
between migrants, residents and habitat charactedult males deviated towards a higher preference
istics within forests by means of a first PCA. Aftefor these latter resources indicating that they tend
this, we checked whether migrants track the sarteeremain in their breeding territories during win-
resources in both habitat types by conducting ater, at least to a greater extent than other resident
other PCA for shrublands, including only migrantpopulation groups (Fig. 3). The PC2 defined a gra-
and excluding the cover of Mirbeck’s oaks. dient of increasing forest development, with high-
The first PCA (with forest plots) extracted twoest loadings for oak cover and shelter. However,
components (Table 2). The PC1 showed that, tine cover of brambles (the main nesting substrate
general, all blackcaps track the abundance of frua§ blackcaps in the area) had a very low, negative
in that habitat type (Fig. 3). Moreover, becaudeading in this component. Interestingly, control-
ling for the strong effect of fruit abundance in the
Table 2. Factor loadings in the PCAs evaluating the ~ diStribution of blackcaps, resident males tended to
association between abundance of blackcap population be more associated with brambles, while resident
fractions and the variables measured to describe habitat ~ females tended to occur in more sheltered sites (Fig.
characteristics (cover of Mirbeck’s oaks and brambles,  3). Meanwhile, migrants chiefly lied in the space
number of fruit-holding shrubs, and an index of shelter between, in closer correlation to the abundance of
obtained by PCA from vegetation covers) in forest and fruits than any of the resident population groups

(Fig. 3).

shrublands. The significance of each correlation is also

shown. We found sensibly different patterns for mi-
Forests (n =70) Shrublands (n = 43)grants when we analysed their distribution in shrub-
PC1 PC2 PC1 PC2 lands with the second PCA. This analysis also ex-

Migrants: tracted two components (Table 2). Like in forests,

Adultmales  -0.614** 0.015  0.608** -0.172 the PC1 showed that migrants tended to be better
Adultfemale  -0.672** -0.101  0.806** -0.104 related to fruit abundance than to any of the other
Juvenile male  -0.700** -0.035  0.816** -0.037 variables measured. However, fruit abundance was
Juvenile female -0.593** 0.270*  0.830** -0.224 a poorer predictor of the abundance of migrant

Residents: blackcaps in shrublands compared to forests (Fig.

Adult males -0.271* -0.067 — — 3), suggesting that the distribution of birds in this

Adult female  -0.607** 0.390%*  — — habitat is affected by other factors. Indeed, in the

Juvenile male  -0.587** -0.294* — — PC2 all population groups were weighed similarly

Juvenile female -0.477* 0.520** — — tovegetation cover (Fig. 3), indicating that shelter

Habitat features: is also important in determining the distribution

Mirbeck's oaks 0.397  0.674** — — of blackcaps in this habitat type.

Brambles 0.004  -0.646** -0.102  -0.922*

Fruit abundance -0.664** -0.160  0.534** 0.579** Changes in body size and body condition

Shelter -0.001  0.564** -0.006 -0.267

Eigenvalue 3283 1813 2670 1.349 The PC1 from body dimensions was a good de-

Variance (%)  27.36  15.11  38.15  19.27 scriptor of body size, as it showed high positive
* P <0.05, *P<0.001 loadings for all body measurements except wing
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length (eigenvalue = 1.59; factor loading for tar= 0.34, bill height = 0.28, wing = -0.86, tail = -
sus length = 0.74, bill length = 0.71, bill height ©.62). This was likely due to the strong variation
0.44, wing length = 0.13, tail length = 0.57). Wingn flight-related morphology in the population,
length showed a small loading on this componewhich includes birds from many different origins
and was separated on the PC2 together with t@erez-Tiset al.1999, Pérez-Tris & Telleria 2001).
length (eigenvalue = 1.34; tarsus = 0.14, billlength The absence of residents from shrublands
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Figure 4. Variations in structural size (scores of the
PC1 from body dimensions), fat content (measured as
the logarithm of the squared fat scores) and muscular
development (tesidual body mass controlling for size
and fat content) among blackcaps wintering in forests
(means * s.e., adjusted by time of day in the case of fat).
The relevant comparisons of means according to our
results (Table 3) are shown.
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made it difficult to test for between-habitat varia-
tion in body size and body condition. To avoid the
confounding effect of an extreme unbalance when
conducting ANOVA, we divided our analysis of
body size and body condition into two parts. First,
we tested for differences between migrants and
residents in forests, and then we studied changes
between forests and shrublands in migrants.

In forests, body size varied in relation to mi-
gratory behaviour and sex (Table 3). Residents were
larger than migrants, and females were larger than
males (Fig 4). When studying the variation between
habitats in body size of migrants, we also found
females to be larger than males, although in this
case the pattern was not significant (Table 4). Mi-
grant blackcaps were larger in forests compared to
shrublands and, on average, adults were larger than
juveniles. Interestingly, however, we found signifi-
cant interactions between age, sex and habitat.
Thus, the juvenile migrant males captured in for-
ests were larger than those captured in shrublands.
By contrast, no such trend could be detected in
migrant females, whose body size was larger in
forests regardless of the age of individuals (Table
4, Fig. 5).

Controlling for daily fat storage, we did not
find differences in fat content between residents
and migrants in forests, nor did we find any sig-
nificant trend with respect to sex or age (Table 3,
Fig. 4). Muscular development, however, signifi-
cantly increased in the second winter in all popu-
lation groups. No differences were found between
population groups, sexes or age classes, although
there was a non-significant trend towards females
to be more corpulent than males in both years (Ta-
ble 3, Fig. 4). When studying the body condition
of migrant blackcaps in forests and shrublands, we
observed differences between habitats and years.
Controlling for time of day, migrant blackcaps
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Table 3. Results of analyses of structural size (scores of the PC1 from body dimensions), subcutaneous fat
(controlling for time of day) and body condition (residuals of body mass on structural size and fat content) in
migratory and sedentary blackcaps wintering in forests. Non-significant interactions have been omitted (all with P
> 0.10). Sample sizes are the same as in Fig 2, with some missing values as summarised at the foot of the table.

Structural size* Subcutaneous fat Body conditiont
I:1,274 P I:1,274 P Fl,273 P
Sex 7.95 0.0052 0.27 0.602 3.61 0.059
Age 1.85 0.175 0.50 0.480 0.04 0.847
Population 15.69 0.0001 1.63 0.203 1.02 0.312
Winter 0.49 0.486 3.47 0.064 12.73 0.0004
Time of day § — — 108.35 < 0.0001 — —

*A juvenile resident male without wing length data was excluded.
T Another juvenile resident male (without body mass data) was excluded.
8§ The interactions between factors and the covariate were not significant.

stored more fat in shrublands than in forests, anesidents mean that they are better competitors than
increased fat reserves from the first to the secondgrants and hence have been able to endure in
winter in both habitats (Table 4, Fig. 6). Howevetheir habitats (Cox 1985)? Or is it just indicating
muscular development did not vary in the santhat migrants have not attained sufficient popula-
way. Remarkably, differences between habitaten size to drive residents to extinction (Bell
were not significant. As we found in forests, ther2000)? Alternatively, is this one a particular case
was a trend to increase protein reserves in the seoahich resource partitioning has attenuated com-
ond winter when studying migrants in both habpetition between migrants and residents (Hutto
tats, but this change was not significant. In fact980, Leck 1987)? These are the questions we shall
only sexual differences, which were already insingliscuss in the light of our results.

ated in the comparison between migrants and resi-

dents in forests, were significant in this analysijstribution of blackcaps between habitats: a role

with females being more corpulent than males for dominance

both habitat types and in both winters (Table 4,

Fig. 6). According to our evaluation of habitat character-
istics, forests are better environments than shrub-
DISCUSSION lands for blackcaps wintering in our study area. In

forests, blackcaps will face less difficulties to move
Despite the importance of conspecific interactionsto sheltered sites and hence to escape predators.
in the theory for the evolution of migration (CoxOn the other hand, fruits are more diverse in for-
1985, Rappole 1995), up to date very little wassts, where blackcaps could therefore be allowed
known on the distribution of migrant and residerib maintain a better nutrient balance. Apparently,
conspecifics in wintering grounds, and no attemphe only advantage of shrublands is that they sus-
had been made to value the relative role of dontain larger fruit crops than forests. Due to the abun-
nance hierarchies and habitat preferences in detgance of wild olives and lentisc berries, blackcaps
mining such distribution (Pérez-Trs al.2000a, could meet less difficulties to find food in this habi-
Telleriaet al. 2000). Our results show the arrivatat. Nevertheless, this difference could loss impor-
of a huge population of migratory blackcaps ttance because these fruits are not exhausted along
spend the winter months in the range of a resideht winter in any of the two habitats (they still re-
population. Does the existence of these ‘remnamtiain available after the departure of migrants in
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12 males and hence predominate in the preferred habi-
Mfle;dults tat types (e.g. Sherry & Holmes 1996). This trend
081 o Juenies also holds in partial and differential migrants, in
§ 0,4 which males make up the bulk of the sedentary
€ 0,0 }: fraction or migrate shorter distances than females
<§ o4 }: on average (Ketterson & Nolan 1983, Adriaensen
& & Dhont 1990). Remarkably, the few studies that
-0,8 :{ have failed to detect dominance of males have dealt
1.2 with non territorial birds (Myers 1981) or with spe-
Forests Shrublands cies in which females are larger than males (Ar-
L2 males nold 1991 and references therein). Blackcaps rarely
0.8 defend winter territories (Cramp 1992), and re-
& 04 I versed sexual size dimorphism was revealed by
I our analysis of body size. Although the non-terri-
g 00 }: i|: torial character of blackcaps could somewhat lessen
g 0.4 :{ interactions, these clearly occur between adults and
2 juveniles (see below), and we have no reasons to
-0,8 ) :
believe that social contests are feebler between

1,2 Forests Shrublands sexes than between age classes (Marra 2000; but
see Greenberg 1986). To our view, it is the reversed
sexual size dimorphism what most likely accounts
from body dimensions) between habitat types in migrant for the lack of sexual segregation m_blaCkcapS' l_n
blackcaps, according to sex and age (means * s.c.). fact, although males could be behaviourally domi-
nant, for example due to the correlation between
testosterone levels and aggressive behaviour
spring, pers. obs.). Actually, if these fruits are sugKetterson & Nolan 1992), the larger size of fe-
plied ad libitumin forests and shrublands, the vamales could buffer this effect leading to a similar
riety of other fruiting shrubs could make the difdistribution of the two sexes.
ference for blackcaps when selecting habitats ac- While sexes do not show different patterns of
cording to food resources (Herrera 1982, 1985)habitat occupation, age-related habitat segregation
In this heterogeneous landscape, residents &evident in blackcaps. A number of studies have
almost restricted to forests, while migrants also ofsund the same association between age and habi-
cupy shrublands. However, this does not necest quality in other species (for a review see Sherry
sarily mean that one population fraction, say m& Holmes 1996), and when its determinants could
grants or residents, is displacing the other one lie experimentally studied (for example by remov-
worse habitats. For example, residents could bey territory owners) dominance was proved to
enduring in their breeding territories, while micause segregation (Maetal.1993, Marra 2000).
grants could be tracking winter resources that dre our study, the variation in body size supports
more uniformly distributed between habitats. Corthat dominance underlies spatial segregation. Thus,
siderable insight on this respect was gained lrymigrants —the only population fraction for which
studying the distribution of blackcaps accordingample size allowed comparisons — juveniles are
to sex, age and body size. Adults were more frizrger in the dominant-biased habitat (forests).
quent in forests than juveniles, but no sexual haldtoreover, this trend holds in males, the smallest-
tat segregation was found. In the majority of spgized sex, but not in females. This is consistent
cies studied so far, males are dominant upon feith a role of body size in determining which in-

Figure 5. Changes in structural size (scores of the PC1
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dividuals remain in forests and which ones are disf migratory behaviour, sex or age. The movements
placed to lowlands. For example, in wintering@f blackcaps tracking fruit crops are well known,
American redstartsSgetophaga ruticilla sexual especially in migratory populations wintering in
habitat segregation has been proved to be meitie Mediterranean (Herrera 1985, Rey 1995). Our
ated by sexual dominance, males are larger argbults support that, at a reduced scale compared
more dominant than females, and females haveécamigrants, residents also track the availability of
larger body size in the male-biased habitat tygeuits within their range. Since migrant and resi-
(Marra 2000). On the other hand, if smaller indident blackcaps use the same resources within for-
viduals are subordinates and hence suffer highests — the preferred habitat type according to the
mortality rates, selection for a larger body sizéormer results — their habitat segregation is unlikely
could explain why adults are larger than juvenile® be caused by different habitat preferences. In-
in male migrant blackcaps, as we found in oustead, the utilisation of common resources within
analyses (Fig. 5). forests could propitiate the interactions that force
Based on these results, our study providessabordinate migrants to occupy shrublands. Con-
possible explanation for the ability of residents tsistent with this interpretation, a year-round moni-
remain in their breeding range despite this isring of blackcap abundance in forests and shrub-
flooded by migrants. Residents are larger than miands has found that forests are saturated habitats
grants and, interestingly, migrants are larger in fofwhere blackcaps hardly increase in abundance
ests than in shrublands on average. If larger birds
are dominant in social contests, as it seems likelv

according to the variation between habitatsinboc 18] « 199g.99

size of juvenile migrant blackcaps, residentscou 1.6 © 1999-00

prevent migrants to occupy their range. Oncesai 14 ]:
ration is reached in these habitats, subordine 5 12

migrants (juveniles and, among these, small bird § 1.0 :{
would make up the fraction excluded to shrubland § 8 }:

leading to the differences in body size betwee 0.6 }:

habitats that we have found. Among the morpht 04

logical correlates of migration, the reduction it 02 Forests Shroblands
body size has been interpreted as a way to decre~~-

wing load (Winkler & Leisler 1992). Indeed, mi- 9931 ¢ Males

grant blackcaps wintering in our study area ai ¢ 0,02 ° Females

smaller but show much longer and more pointe qg 0,01

wings than residents, consistent with selective pre g ¢ oo

sures related to migration (Pérez-Tris & Telleri & 0,01

2001). According to our results, morphological ac g 0.02

aptations of migratory blackcaps could improve m 3 _0'03

gration performance at the expense of reduc =

competitive ability in wintering grounds. 0,04 51999 19992000

Figure 6. Changes in fat content (measured as the
logarithm of the squared fat scores) and muscular
development (residual body mass controlling for size

Within-habitat distribution of migrants and
residents

] o _ and fat content) in migrant blackcaps wintering in forests
Within forests, the distribution of blackcaps is @sind shrublands. The relevant comparisons of means

sociated to the distribution of fruits, independentlyccording to our results (Table 4) are shown.
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Table 4. Results of analyses of structural size (scotes of the PC1 from body dimensions), subcutaneous fat
(controlling for time of day) and body condition (residuals of body mass on structural size) of migratory blackcaps
wintering in forests and shrublands. Non-significant interactions have been omitted (all with P > 0.14). Sample
sizes are the same as in Fig. 2, with some missing values as summarised at the foot of the table.

Structural size* Subcutaneous fat Body conditiont
F1,351 P F1,351 P F1,350 P

(1) Sex 2.98 0.085 191 0.168 7.29 0.007
(2) Age 8.37 0.004 0.00 0.962 0.001 0.977
(3) Habitat 5.98 0.015 40.34 < 0.0001 2.37 0.125
(4) Winter 0.27 0.605 7.97 0.0050 3.44 0.064
2x3 7.50 0.0065
1x2x3 4.37 0.037
Time of day § — — 134.53 < 0.0001 — —

*One juvenile female (without bill height data) was excluded.
T Another juvenile female (without body mass data) was excluded.
§ The interactions between factors and the covariate were not significant.

from spring to winter), whose fruits are more in-  According to the habitat segregation of mi-
tensely depleted in winter if compared to shrulgrant blackcaps in relation to age and body size,
lands (Telleria & Pérez-Tris in prep.). In additionmigrants also prefer forests instead of shrublands.
the frequency of singing blackcaps is much highdihis preference is likely due to the higher variety
in forests than in shrublands, suggesting some agfood resources and availability of shelter in for-
fence of territories in the former habitat (Telleri@sts compared to shrublands. In relation to the lat-
& Pérez-Tris in prep.). ter possibility, an interesting result in our study is
Although migrants and residents do not partthe poorer association between the abundance of
tion resources within forests, their distribution isnigrants and fruits in shrublands if compared to
slightly different in this habitat. Remarkably, resiforests. This may be due to the combination of a
dent adult males show a weaker relationship wittigher fruit abundance and a lower availability of
fruit abundance than the other population groupshelter in shrublands, which could make blackcaps
In addition, controlling for the strong effect of thamore prudent foragers in this habitat type. Recent
abundance of fruits on the distribution of all popuheoretical models of optimal foraging suggest that
lation fractions, residents tend to be more abuit-s better for birds to stay longer at a more dan-
dant in areas with abundant shelter, and partiggerous site, feeding with less effort and being more
larly in sites covered by brambles in the case wigilant, compared to feeding more intensely with-
males. This association between the abundanceoat paying attention to predators and incurring
breeding resources — such as brambles — and thertality costs (McNamara & Houston 1994). In
abundance of resident males (which take the hrublands, where food abundance is less limit-
sponsibility to establish territories; Cramp 1992ng, blackcaps may well be allowed to forage in
supports that residents may benefit from site teelatively sheltered patches, or to move more of-
nacity by increasing the probability of getting a suiten between sheltered patches and fruit-rich
able breeding site. This agrees with the view thpatches. This would explain why their abundance
forests make the best alternative to resident blagkweakly related to either food or refuge in shrub-
caps, both from the breeding and the non-breedilagnds. However, shelter may be found everywhere
perspective. in forests, where precautions during foraging would
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loss importance and hence blackcaps may tratiore vulnerable to predators in open environments
fruit abundance more closely. In turn, this coul@Watts 1991). Actually, the amount of fat that birds
counterbalance the lower abundance of fruits carry around is likely to be less important for anti-
forests and hence emphasize their higher qualfiyedatory defence than vigilance behaviour or the
compared to shrublands. availability of shelter. We found evidences of a more

prudent behaviour of blackcaps in shrublands,
Does habitat segregation affect body condition of ~ which might require to spend less time foraging
blackcaps? and hence to put on more fat to avoid starvation.

Another factor that may influence fat dynamics is
In forests, migrants and residents show a similtire likelihood of finding food, as it has been ob-
body condition, as they accumulate a similagerved that birds occupying low-quality habitats
amount of fat and do not differ in muscular devemay store more fat than birds wintering in more
opment. However, migrant blackcaps store mopgedictable environments (Strong & Sherry 2000).
fat in shrublands than in forests. It is hard to béa our case, however, this kind of interpretation is
lieve that this evidences a higher nutritional quakery difficult. Fruits could be more predictable in
ity of shrublands, as this would imply that adultforests because of their higher diversity of fruiting
and large birds are subordinates displaced to thgecies. Since the production of a single species
worst habitats or, alternatively, that dominants prearies in time and space (Levey & Stiles 1992,
fer the worst habitats. In fact, the variation in faterrera 1998), blackcaps could find more predict-
storage between habitat types was not linked able the habitats in which the occurrence of several
changes in muscular development, which bettspecies may secure a more homogeneous crop due
measures long-term nutritional reserves. Therefote,the partially overlapping fruiting periods of each
fat dynamics are more probably related to mopant. However, food abundance is higher in shrub-
factors than nutritional restrictions. For instancéands than in forests, which could increase food
although putting on fat will reduce the risk of starpredictability in this habitat. Alternatively, domi-
vation (Blem 1990, McNamara & Houston 1990)yance could also influence fat storage if dominant
heavier birds are known to incur mortality costsdividuals store less fat than subordinates because
because a higher wing load impairs take-offs aridey have priority of access to food resources (for a
hence increases exposure to predators, as showreinew see Matthysen 1990). In this case, black-
several studies including one with blackcaps (Kultaps displaced to shrublands could put on more fat
berget al 1996 and references therein). As a coibecause they are subordinates and thus perceive a
sequence of this trade-off, birds administrate thdower probability to secure their food. Finally, dif-
fat reserves at levels that are neither at the phyfrences between habitats in diet composition could
ological nor at the environmental optima. Usuallyalso account for fat dynamics to some extent. Len-
birds store more fat when, because of some re@cs and wild olives, the unique fruits available in
son, they perceive a lower probability to secure thahrublands, are also the fat-richest in the area (He-
food or a reduced predation risk (McNamara &era 1982). Thus, an increased fat storage could be
Houston 1990, Witter & Cuthill 1993). a by-product of basing the diet on these fruits. This

Why do blackcaps store more fat in shrublandsould mean that in forests, where birds may choose

than in forests? We find several alternatives basachong many more fruits, blackcaps maintain a bet-
on the non-energetic meaning of fat storage. Anter nutrient balance than in shrublands (Herrera
predatory defence may be involved, but it is ur982, 1985). In turn, fat accumulation probably
likely that blackcaps put on more fat in shrubland$epends on the combination of all these factors,
because they perceive a lower predation risk in tlaad partialling out their contribution to the varia-
habitat type sincea priori, blackcaps should be tion observed will require experimentation.
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Notwithstanding these caveats in our interpraration of residents in forests and their distribution
tation of the patterns of fat accumulation that weithin this habitat support this preference for breed-
found, the final conclusion is that habitat segregag territories. However, habitat selection cannot
tion has no effect on mortality of subordinates dwexplain the distribution of migrant blackcaps in our
to starvation, as long as fat is the first energy sourstidy area. Like in comparative studies, our results
to be depleted under nutritional stress (Blem 199@how that secondary-growth habitats sustain a large
The absence of changes between habitats in mpart of the migratory population, yet migrants are
cular development is consistent with this idealso very abundant in forests. Although migrant
However, the low availability of shelter and thend resident blackcaps differ in morphology and
evidences of prudent foraging in shrublands subehaviour (Telleria & Carbonell 1999), this varia-
gest that blackcaps are more exposed to predatibos has much less ecological significance than
in this habitat. If predation rates are higher in shrumterspecific differences and is less likely to cause
lands, competition would depress the fitness of itheir segregation. Instead of this, competition in
dividuals displaced out of forests without affectforests may cause the exclusion of subordinate mi-
ing their body condition (Greenberg 1986). We agrants to the less preferred shrublands.
knowledge, however, that our study does not con- Usually, the role of non-breeding competition
clusively elucidate the consequences to individir the evolution of migration has been inferred from
als of habitat segregation, for which other metthe distribution of migrants and residents in the whole
ods have to be applied. For example, direct evalspecies range. For example, Bell (2000) proposed
ations of stress suffered by birds in different envihat the lack of sedentary populations in adequate
ronments based on corticosterone levels have begeas within the wintering range of migratory spe-
proved satisfactory in recent studies (Marra &ies supports their extinction as a result of flooding
Holberton 1998). At the present time, we are apy migrants. Thus, resident populations would only
plying these techniques to the study of sympatmiemain when their breeding success could counter-

migrant and resident wintering blackcaps. balance the negative impact of non-breeding com-

petition. In blackcaps, however, it is hard to believe
Non-breeding competition and the evolution that the low fecundity of sedentary populations may
of migration compensate strong mortality due to competition with

migrants. In the Iberian Peninsula, sedentary black-
This paper presents sufficient evidence to rule océps have a smaller clutch size than their migratory
the hypothesis that migrant blackcaps avoid coroeunterparts (Pérez-Tris & Telleria, submitted). In
petition with residents by selecting different readdition, the lower quality for breeding of the resi-
sources or environments. Several studies of naents’ range is accentuated by the summer drought
breeding bird communities have suggested rasouthern Mediterranean environments, which may
source partitioning between migrant and residergduce fledgling survival as shown in robins breed-
species as a way for them to avoid competitiang in the same area (PéredsEt al 2000b). How-
(e.g. Hutto 1980), so that the use of resources tleaer, despite sedentary populations face these handi-
are underexploited by residents would make upcaps, their competitive advantages in winter could
‘just better than nothing’ alternative for migrantsvell increase their recruitment up to allow their sub-
(Poulin & Lefebvre 1996, Strong 2000). Particusistence in Mediterranean environments. Our results
larly in winter frugivores, migratory species usumn this paper support that residents are better com-
ally occupy secondary-growth, fruit-rich habitatpetitors than migrants and this allows them to en-
outside the range of residents, which endure in thdure in their breeding habitats, which moreover seem
breeding sites over the winter (Leck 1987, Levey be also the best wintering sites. Body size, prior
and Stiles 1992). In blackcaps, both the conceoecupancy, or the advantages of familiarity with the
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area could all determine these dynamics of habi@érthold, P. 1993Bird migration. A general sur-
occupation. In robins, indeed, it has been shown thatvey. Oxford University Press, Oxford.

the arrival of migrants is connected to a density-dBerthold, P. 1999. A comprehensive theory for the
pendent, sequential occupation of habitats of decreasevolution, control and adaptability of avian mi-
ing quality in which residents are better competitors gration.Ostrich70: 1-11.
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population size and the reproductive benefits accruedOrnithology7: 59-113.
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