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A la meva mare i a la meva avia...

...allé important no es veu amb els ulls...

“Fa milions d’anys que les flors fabriquen punxes. Fa milions d’anys que els xais es mengen les
flors. | no n’és de serios, tractar de comprendre per qué les flors es preocupen tant de fabricar punxes

que no els serveixen de res, oi ? | la guerra dels xais i les flors, tampoc no n’és d’'important ?...

El Petit Princep, Antoine de Saint-Exupéry.
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WINTER ECOLOGY OF TITS (PARIDAE) IN BOREAL AND SUBALPINE FORESTS: SOCIAL ORGANISATION
AND THE ROLE OF FOOD HOARDING.

INTRODUCTION

For forest passerines inhabiting temperate habitats, winter is usually a limiting time. Resource availability is
typically low (Janson et al. 1981, Spencer 1982) and weather conditions often adverse (Elkins 1993). However,
during the non-breeding season birds are not directly involved in reproductive tasks, and therefore, individuals
may increase their long term fitness (Darwin 1859, Maynard-Smith 1975) by maximising two separate fitness
components: current survival and future reproduction (Williams 1966, Matthysen et al. 1992). The former may
require most of an individual’s effort, given that present survival must take priority over investments in a future that
might never be known if subsistence is not assured. Whether birds migrate or not, whether they live in groups or
not, whether individuals defend food resources or not, or whether individuals roost in tree cavities or among
canopy needles are all options open to birds in order to maximise immediate survival. These processes commonly
translate into enhanced predator avoidance or better foraging prospects leading to a lower risk of starvation
(Pulliam & Millikan 1982, Lima & Dill 1990, Senar 1994). Such short-term factors might vary on a daily basis, as
might the individual responses to such changes.

On the other hand, decisions taken during the non-breeding season may also significantly influence
breeding prospects (Dhondt & Schillemans 1983, Lefebvre et al. 1992, Koivula et al. 1996). Individuals try to
optimise the best positions within their social system in order to start reproduction with the best possible prospects
(Black 1996). Indirect social constraints do not necessarily enhance survival expectations in the short term run,
but rather increase future chances of successful breeding, or of offspring survival. Formation of a long-lasting pair
(Orell et al. 1994, Black 1996, Delastrade 1999), sedentariness (Kaufman 1983, Lefebvre et al. 1992), or future
dominance expectation through queuing strategies (Ekman 1989a, Koivula 1999) can increase a bird’s future
long-term fitness, especially in resident species or populations (Woolfenden & Fitzpatrick 1978, Greenwood and
Harvey 1982, Smith 1978, 1984, Matthysen et al. 1992). Current behaviour related to future pay-offs rather than to
present benefits may be hard to identify and place in the right context, and it may even seem non-adaptive at first
sight (Pulliam & Millikan 1982, Koivula 1999).

Winter social organisation in a population, or a species, results from the behavioural set-up which
maximises both, the probability of immediate survival and future reproductive output. But, individuals are exposed
to different selection to pressures, and therefore, social outcomes will be individual dependent. Thus, the study of
social organisation requires a detailed, multiscale approach in order to be properly understood. A suitable
framework for studying problems of this kind is offered by passerine birds which live in groups during the non-
breeding season (Pulliam & Caraco 1984, Senar 1994). The group of parids (Paridae) offers good opportunities
for obtaining insight into social system variation in birds. Through a detailed study of this variation in species or
populations in different environments, patterns can be established and the key factors ruling social systems at
different levels identified.

All species of the Paridae studied to date live in social groups during the non-breeding season (Ekman
1989a, Matthysen 1990). The cost-benefit system associated with social life has been widely studied using a
number of parids as models (Ekman 1989a, Matthysen 1990). The benefits of social life are related, in the first
place, to an increased performance in antipredatory behaviour (Inman & Krebs 1987, Hogstad 1988a, 1988b), and
second, to an increase in foraging efficiency derived from copying the behaviour of more experienced individuals
(Monkkonen & Koivula 1993), local enhancement (Hogstad 1988b), or the time saved using the reduced scanning
rates associated with increased group size (Inman & Krebs 1987, Hogstad 1988b). However, competition costs
impose a limit on group size (Ekman 1989b), and the dominance relationship between group members means

individual benefits obtained are dependent on their dominance position in the system (Koivula 1999). Dominance
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is an almost inherent property of social systems. Individuals do not have equal abilities to compete which results in
asymmetries in their resource holding potential (Piper 1998). Dominants monopolise resources but pay the costs
of maintaining themselves at the top of their hierarchies (Roskaft et al. 1986, Hogstad 1987). Subordinate birds
obtain benefits from flocking behaviour but may pay the costs of using poorer or more dangerous sites due to the
dominants’ behaviour (Scheneider 1984, Ekman 1987, Koivula et al. 1994).

Social patterns in parids

In addition to the trade-offs associated with social life, an interesting pattern of variation seems to appear in
the spacing systems and flocking composition of the different species (Ekman 1989a). Two main types of
organisation have been described (figure 1).

In the first type, groups of birds form territorial flocks of largely consistent membership and high site fidelity.
In this framework, territoriality is related to the exclusive use of home ranges by resident individuals (Kaufman
1983, Matthysen 1990). Flocks seem to have an internal structure, that is by no means random in origin, and are
commonly composed of a mated adult pair and a variable number of juveniles that are also paired (Ekman 1979,
Koivula & Orell 1988). In the second type of social system, the “basic flock system” (Saitou 1988), groups are not
territorial and group membership is much looser, resulting in groups of a highly variable composition and large
temporary aggregations. However, in this type of organisation, temporary flocks seem to be formed around more
sedentary mated adult pairs. In this case, the number of juveniles might vary considerably and neighbouring

groups often inter-mix.

Figure 1. Schematic representation of different levels of social organization in two species of parids. The Willow tit, group
territorial species ; and the Great tit, a basic flock species. These levels are (A) individual bonds, (B) group coherence, and (C)

between group interactions. From Matthysen 1990.
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Stable patterns of social organisation do not commonly arise from a direct response to increased
immediate survival, but rather they owe their existence to concrete strategies of future territory acquisition or
maintenance, and improved future breeding opportunities. In the case of parids, the long-lasting associations
involving breeding individuals (Dhondt and Schillemans 1983, Black 1996) and the settlement strategies of
juveniles to recruit into the existing population structure (Ekman 1989a, Matthysen 1990), seem to be associated
with the patterns described. Ekman (1989a, 1989b) suggested that in closed populations, where vacancies within
the social system are few and the habitat quality gradient is large, juveniles might be opting for the best of a bad
option by remaining with adults in small territorial groups (Hogstad 1990). Queuing for a new opening in the social
system might constitute the only mean by which such juveniles can obtain a breeding position in the following
season (Koivula et al. 1996).

Hoarding and its possible role in non-breeding social systems

The habit of hoarding has also been widely studied in parids (Haftorn 1956 a, b, Kéllander and Smith 1990,
Brodin 1994 a, b, Sherry 1996, Lahti et al. 1998), and its presence extensively recorded in almost all the species
of the group studied so far, with the exceptions of the Great (Parus major) and the Blue tit (P. caeruleus).
Individuals of hoarding species store food items in moments of high food supply and later withdraw it in order to
reduce the possible consequences of food shortage (Van der Wall 1990). Because of the benefits obtained, it has
been suggested that hoarding is a key factor in determining the social structure of parids (Ekman 1989a,
Kallander and Smith 1990). Given the benefits of cache recovery, the exclusive use of territories where caches
are to be located clearly increases the benefits to be gained from. In fact, the two non-hoarding species
mentioned above have been shown to present a loose, and non-territorial system during winter. Therefore, the
dichotomy in the non-breeding social systems of parids is sometimes assumed to be strongly a consequence of
the hoarding habit (Ekman 1989a, Slikas et al. 1996). However, although certainly present, the exact role of
hoarding in shaping social patterns in parids is far from clear.

In a recent paper, Smulders (1998) presented a dynamic model which suggested that hoarding could have
originated in a non-territorial population of tits without need for an elaborate memory system. The relationship
between non-breeding social organisation and the hoarding habit clearly needs clarification. Given our current
understanding, the study of hoarding populations of parids with different non-breeding social structures is
essential in order to shed some light on the evolutionary origin and ensuing pathways of hoarding behaviour in this

group of passerines.

Objectives of the thesis

The main objective of this thesis is to analyse the variation in non-breeding social systems within the group
of parids and to identify the main factors involved. More specifically, | studied the role of food hoarding on the
structure of winter social systems at different scales. The study was focused on the social patterns and hoarding
of two species of tits inhabiting boreal (the Willow tit, Parus montanus, box 1) and montane subalpine forests (the
Coal tit, Parus ater, box 2). The results included in this thesis are mainly concerned with the Coal tit, because the
Willow tit has been studied in some detail by other researchers in the same study area described below (see

chapter 5). Therefore, most of the points here investigated for the Coal tit were already studied for the Willow tit.
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Box 1. The Willow tit

The Willow tit is a small (weight 10-12 g), year-round resident passerine in the Paleartic region (Cramp and Perrins
1993). The species is one of the most abundant winter birds in boreal forests in northern Europe. The Willow tit spends the
winter in stable, coherent flocks consisting typically of four to six individuals (e.g. Ekman 1979a, Koivula and Orell 1988). After
settlement in the late summer-early autumn, the birds are highly site-tenacious throughout their lives (Ekman 1979a). Typically,
the individuals in a flock exhibit a clear dominance hierarchy (Hostag 1987a, Koivula and Orell 1988; but see Lahti et al. 1993).
The sedentariness and permanent group structure with non-transitive dominance relations enable the examination of the effect
of sociality on many interesting ecological variables, such as reproductive success and survival (Koivula et al. 1996). It is a food

hoarding species.

Box 2. The Coal tit

The Coal tit is also a small forest passerine (mean body mass is 9-10 g). A typical species of coniferous forests, it is
widely distributed throughout Europe and large areas of central and north Asia. It is one of the most common breeding passerine
species in montane subalpine forests and the most common resident species in these areas during winter. It is also a hoarding
species. The winter social organisation of this species is largely unknown, in spite of being one of the most common tit species
in Europe and having been studied in great detail during the breeding season. Some preliminary studies suggest that the Coal tit
in Scandinavia might have a territorial system similar to that of the Willow tit (Ekman 1989a). However, other studies do not
agree with this view and have found populations exhibiting much looser and non-territorial social patterns (Nakamura 1975).
Therefore, being a hoarding species, the social organisation of the Coal tit is largely unknown although an interesting variation

seems to appear.

| first described the non-breeding social organisation of the Coal tit in an optimal habitat (i.e. coniferous
subalpine forest) in order to confirm non-territoriality in the population and shed light on the spacing mechanisms
of individuals in that environment (Chapter 2). | further analysed in detail and experimentally the role of status
signalling mechanisms in dominance determination under different social conditions in mountain populations of
the Coal tit (Chapter 3). Given the loose organisation and the large associations of individuals detected, status
signalling is predicted of special importance in determining dominance outcomes among birds that lack previous
knowledge of opponents.

| also studied the foraging behaviour of tit populations under conditions of stress caused by weather or
decreased food availability (Chapter 4 and 5). In these chapters, | analysed the role of stressful episodes on the
winter ecology, hoarding patterns and, indirectly, on the social organisation of tits.

Hoarding alters the distribution of food in the bird’'s environment. Therefore, if food distribution is a
significant factor in shaping the foraging behaviour of individuals, hoarding is predicted to play a decisive role. |
analysed the impact of hoarding patterns in the possible foraging behaviour of individuals (Chapter 6) and
furthermore, | analysed the most likely uses of hoarding on tit populations differing in sociality and environmental
conditions (Chapter 7, 8).

Hoarding is predicted to be beneficial to the hoarder when it has a higher probability of recovering stores
than its neighbours. In a non-territorial population, the presence of large associations of birds imposes a high
potential hazard on stores hoarded by individuals. | analysed the behavioural strategies that individuals in non-
territorial high density populations utilise in order to increase selfish benefits of hoarding behaviour and make
hoarding compatible with a non-exclusive use of home ranges (Chapter 7).

The constraints imposed by a non-breeding social organisation might be of special importance in shaping
life history traits of bird populations. In species where autumn juvenile settlement is time constrained due to the
existence of a territorially closed system, fecundity may be limited because late produced offspring are of much
lower competitive value than earlier individuals. Therefore, | finally addressed the question of the possible indirect
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effects of winter social organisation on the life history strategies of parids. More specifically, | tested the possible
evolutionary influence of winter territoriality on the fecundity of different species of the Paridae (Chapter 8) and on

the eruptive habit that some of them present (Chapter 9).
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ECOLOGIA HIVERNAL DE LES MALLERENGUES (PARIDAE) EN BOSCOS BOREALS | SUBALPINS:
L’'ORGANITZACIO SOCIAL | EL PAPER DE L’EMMAGATZEMAMENT DE MENJAR

INTRODUCCIO

Pels passeriformes habitants d’habitats temperats, I'hivern és sovint una época de limitacions. En general, la
disponibilitat de recursos és baixa (Janson et al. 1981, Spencer 1982) i les condicions atmosfériques adverses
(Elkins 1993). Durant l'estacid no reproductora, els ocells no estan directament involucrats en tasques
reproductores i aixi, incrementen la seva eficacia biologica (Darwin 1859, Maynard-Smith 1975) maximitzant dos
dels seus components: la supervivencia immediata i la reproduccié futura (Williams 1966, Matthysen et al. 1992).
La supervivencia immediata sembla centrar l'interés dels individus, ja que aquesta te preferéncia sobre inversions
futures que depenen de la supervivéncia actual. Si els ocells migren o no, si els ocells formen grups o no, si els
individus defensen els recursos que hi al seu voltant o no, o si un individu passa la nit en una cavitat o entre les
fulles, soén totes opcions que decideixen els ocells per tal de maximitzar la probabilitat de supervivencia
immediata. Aquests comportaments es tradueixen en una millor capacitat per evitar els predadors o en millors
perspectives d’adquisicié d’aliment (Pulliam & Millikan 1982, Lima & Dill 1990, Senar 1994). Aquests factors
podrien variar a curt termini, forgant d’aquesta manera la resposta dels individus que han de respondre a les
noves condicions.

D’altra banda, les decisions preses durant I'estacié no reproductora poden influir en gran mesura les
futures perspectives de cria (Dhondt & Schillemans 1983, Lefebvre et al. 1992, Koivula et al. 1996). Els individus
han d’assolir les millors posicions dins del sistema social per tal de comengar la reproduccié amb les maximes
garanties d'exit (Black 1996). Les limitacions indirectes imposades pel sistema social no impliquen
necessariament un augment de I'eficacia biologica a curt termini, sino unes probabilitats més elevades d’éxit de
cria o de futura supervivéncia de la descendéncia. La formacié de vincles estables de parella (Orell et al. 1994,
Black 1996, Delastrade 1999), la sedentarietat (Kaufman 1983, Lefebvre et al. 1992), o les estratégies d’espera o
cua per tal d’'incrementar la dominancia en la jerarquia (Ekman 1989a, Koivula 1999), poden millorar I'eficacia
biologica dels ocells en una perspectiva a llarg termini, especialment en espécies o poblacions residents
(Woolfenden & Fitzpatrick 1978, Greenwood and Harvey 1982, Smith 1978, 1984, Matthysen et al. 1992). El
comportament present com a causa d’avantatges en el futur pot ser dificil d’'identificar i d’emplagar en el context
correcte. | a primer cop d'ull, en alguns casos pot semblar fins i tot antiadaptatiu (Pulliam & Millikan 1982, Koivula
1999).

L’organitzacié hivernal d’'una poblacid, o espécie resulta de la combinaci6 de comportaments que
maximitzen, d’'una banda, la probabilitat immediata de supervivéncia, i de I'altra la futura esperanca reproductora
dels individus. Diferents individus es troben sotmesos a diferents pressions de seleccid, i per tant, els
condicionants socials dependra de les caracteristiques de cada un dells. Només un analisi detallat de
I'organitzacio social permetra desemmascarar les complexes interrelacions que els éssers vius estableixen amb
el medi mitjangant el comportament. Un marc especialment adequat per I'estudi d’aquest tipus de problemes
I'ofereixen els ocells passeriformes que viuen en grups durant el periode no reproductor (Pulliam & Caraco 1984,
Senar 1994). El grup dels parids (Paridae) sembla oferir bones oportunitats per obtenir una major comprensié de
la variacié que s’observa en l'organitzacié social dels ocells. A través d'un estudi detallat d’aquesta variacioé en
diferents espécies o poblacions es poden identificar patrons generals i els factors que els determinen a diferents
nivells.

Totes les espécies de mallerengues estudiades fins al moment viuen en grups socials durant I'estacié no
reproductora (Ekman 1989a, Matthysen 1990). Els sistema de costos i beneficis associat a la vida social ha estat
estudiat en profunditat utilitzant algunes especies de mallerengues com a models (Ekman 1989a, Matthysen

1990). Els beneficis de la vida social es relacionen basicament amb un increment en [Ieficiéncia dels
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comportaments antipredadors (Inman & Krebs 1987, Hogstad 1988a, 1988b) i amb un increment de I'eficiéncia
alimentaria. Aquesta resulta de la transferéencia d’'informacié dins del grup (Krebs 1977, Monkkdnen & Koivula
1993), de la probabilitat augmentada de trobar fonts d’aliment (Hogstad 1988b), i del temps estalviat en la
deteccié de predadors producte de I'increment de la mida del grup (Inman & Krebs 1987, Hogstad 1988b). De
tota manera, els costos de competéncia entre individus imposen un limit en la mida d’'un grup (Ekman 1989b). A
més, les relacions de dominancia entre els membres fan que els beneficis que n'obté cada un siguin depenents
de la seva posicié en la jerarquia local (Koivula 1999). La dominancia és una propietat inherent al sistemes
socials. Els individus no tenen les mateixes habilitats competitives, fet que origina diferéncies en la capacitat
d’acumulacié i control dels recursos (Piper 1998). Els dominants monopolitzen els recursos perd ho paguen amb
els costos energétics que suposa de mantenir-se a la part alta de les jerarquies (Roskaft et al. 1986, Hogstad
1987). Per altra banda, els subordinats obtenen els beneficis de la vida en grup perd es veuen forgats a utilitzar
els llocs més pobres o perillosos degut a la competéncia amb els dominants (Scheneider 1984, Ekman 1987,
Koivula et al. 1994).

Patrons socials en els parids

A més dels compromisos associats a la vida social, els parids semblen presentar un interessant patr6é de
variacio en I'estructura de I'espaiament i en la composicié dels grups de diferents espécies (Ekman 1989a). Dos
tipus principals d’organitzacié han estat descrits fins al moment (Figura 1). En el primer cas, els ocells formen
flocs territorials (Us exclusiu dels dominis vitals dels flocs), molt sedentaris i de composicié constant. Aquests
flocs semblen tenir una estructura interna, que, lluny de semblar atzarosa, esta constituida per una parella adulta
i un numero variable de joves, sovint també aparellats (Ekman 1979, Koivula & Orell 1988). En el segon cas,
“sistema de floc basic” (Saitou 1988), els grups no son territorials i la pertinenga als mateixos molt menys
constant, donant lloc a grups de composicid variable i grans agrupacions temporals de diversos grups d’ocells.
De tota manera, també aquest tipus d’organitzacié social sembla formar-se al voltant d’'una parella, més o menys
sedentaria, d’ocells adults. En aquest cas, el nimero de joves pot variar profundament i els grups veins es
mesclen amb molta frequéncia.

Els patrons estables d’organitzacié social no sorgeixen d’'una resposta directa a la maximitzacié de la
supervivencia immediata dels individus, més aviat deuen la seva existéncia a estrategies concretes destinades a
I'obtencié o manteniment de territori, i a la millora de les perspectives de cria futures. En el cas dels parids, la
continuitat en el temps d’associacions socials com les parelles (Dhondt & Schillemans 1983, Black 1996) o les
estrategies d’establiment dels joves en I'estructura social existent (Ekman 1989a, Matthysen 1990) semblen els
principals processos darrera dels patrons de variacié observats. Ekman (1989a, 1989b) va suggerir que en
poblacions tancades on les vacants sén escasses i el gradient de qualitat d’habitat gran, restar amb els adults en
petits grups territorials, seria la millor de pitjors opcions disponibles pels juvenils (Hogstad 1990). Esperar
I'aparicié d’'un buit en el sistema podria ser I'inica opcié que possibilitaria als joves obtenir un territori per cria la
seglent estacio reproductora (Koivula et al. 1996).

L’emmagatzemament i el seu possible paper en els sistemes socials durant l'estacié no
reproductora

El comportament d’emmagatzemament ha estat estudiat profundament en el parids (Haftorn 1956 a, b,
Kallander & Smith 1990, Brodin 1994 a, b, Sherry 1996, Lahti et al. 1998), i la seva preséncia ha estat detectada
en quasi totes les espécies del grup estudiades fins el moment, amb la remarcable excepcié de la Mallerenga
carbonera (Parus major) i de la Mallerenga blava (P. caeruleus). Els individus de les espécies
emmagatzemadores amaguen aliment en moments en que la seva disponibilitat és alta i el recuperen temps
després per tal d’amortiguar possibles disminucions en la quantitat d’aliment disponible (Van der Wall 1990).
Degut als beneficis que comporta, 'emmagatzemament ha estat citat com un factor clau darrera de I'estructura

social dels parids (Ekman 1989a, Kéllander & Smith 1990). L'Us exclusiu de I'aliment emmagatzemat augmenta
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clarament els beneficis d’aquest comportament assegurant la recuperacié del mateix. De fet, les dues uniques
espécies no emmagatzemadores mencionades anteriorment, semblen organitzar-se en grups poc estables i no
territorials durant I'hivern. Per tant, la dicotomia en l'organitzacié social dels parids és sovint, atribuida a una
consequéncia de 'emmagatzemament de menjar (Ekman 1989a, Slikas et al. 1996). De tota manera, el paper de
'emmagatzemanet de menjar en la determinacié dels patrons socials dels parids és encara un fet poc clar i lluny
de ser inequivoc.

En un article recent, Smulders (1998) presenta un model dinamic que suggereix que 'origen de I'habit de
'emmagatzemament es podria haver localitzat en una poblacié no territorial d’'una especie de Parid ancestral
sense la necessitat d'un sistema de memoria desenvolupat. La relacié entre lorganitzacid social i
'emmagatzemament mereix ser clarificada. En el marc actual de coneixement dels parids emmagatzemadors,
sembla essencial un estudi detallat de poblacions de diferent estructura social per tal de clarificar les hipotesis

mencionades sobre I'aparicié i posterior evolucié del comportament d’emmagatzemament.

Figure 1. Representacié dels diferents nivells d’organitzacié social en dos espécies de parids. La Mallerenga capnegra,
territorial en grups ; i la Mallerenga carbonera, representant dels sistema de floc basic. Els nivells d’organitzacié sén: (A)

vincles individuals, (B) coheréncia dels grups, i (C) relacions entre els grups. A partir de Matthysen (1990).

Objectius de la tesi

El principal objectiu d’aquesta tesi és analitzar la variacio en I'organitzacio social dels parids durant I'época
no reproductora i clarificar els factors més importants involucrats en aquest procés. Més concretament, s’estudia
la relacié i les possibles influéncies de 'emmagatzemament en aquesta organitzacié. Realment és tan forta la
dependéncia entre la territorialitat hivernal i 'emmagatzemament ?

L’estudi es centra en l'organitzacié social i 'emmagatzemament de dues espécies de mallerengues
habitants de zones boreals i de boscos subalpins de muntanya : la Mallerenga capnegra (Parus montanus, marc
1) i la Mallerenga petita (Parus ater, marc 2) respectivament. El treball inclos en aquesta tesi fa referéncia
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basicament a la Mallerenga petita. La Mallerenga capnegra ha estat estudiada amb detall per altres autors en la
mateixa zona on l'estudi del capitol 5 va ser realitzat (marc 2). Aixi doncs moltes de les preguntes i problemes

plantejats amb la Mallerenga petita ja han estat tractats en aquesta altra espécie.

Marc 1. La Mallerenga capnegra

La Mallerenga capnegra és un petit (pes 10-12 g) passeriforme resident tot I'any i habitant de la regi6 paleartica (Cramp
and Perrins 1993). L’espécie és una de les més abundants als boscos boreals del nord d’Europa durant I'hivern. La Mallerenga
capnegra passa I'hivern en petits grups de composicié estable generalment d’entre quatre i sis individus (e.g. Ekman 1979a,
Koivula & Orell 1988). A partir de I'establiment de finals d’estiu o de principis de tardor, els ocells s6n extremadament fidels a la
mateixa area de cria durant la resta de les seves vides (Ekman 1979a). En els flocs, els individus exhibeixen una jerarquia de
dominancia lineal tipica (Hostag 1987a, Koivula & Orell 1988; perd veure Lahti et al. 1993). La sedentarietat i els grups de
composicié estable amb relacions de dominancia no transitives, permeten I'estudi de I'efecte social sobre diverses variables de

tipus ecoldgic, com I'éxit de reproduccio o la supervivéncia (Koivula et al. 1996). Es una espécie emmagatzemadora de menjar.

Marc 2. La Mallerenga petita

La Mallerenga petita és un petit passeriforme forestal (pes 9-10 g). Es una espécie tipica de boscos de coniferes, i esta
ampliament distribuida per tot el continent europeu i bona part d’Asia. Es una de les espécies reproductores més abundants
dels boscos de coniferes de I'estatge subalpi i és I'espécie resident majoritaria durant Ihivern. Es també una espécie
emmagatzemadora de menjar. L’organitzacié social d’aquesta espécie és forca desconeguda malgrat ser una de les espécies
de mallerengues més comuns a tota Europa i haver estat estudia profundament durant I'época reproductora. Alguns estudis
preliminars suggereixen que la Mallerenga petita escandinava podria tenir un sistema territorial de grups petits similar al de la
Mallerenga petita (Ekman 1989a). D’altra banda, n’hi ha que no coincideixen amb aquesta visié i semblen haver trobat
poblacions exhibint patrons socials molt més inestables lluny de ser territorials (Nakamura 1975). D’aquesta manera, tot i ser
una espécie emmagatzemadora, I'organitzacié social de la Mallerenga petita és forga desconeguda. A més, en aquest punt

semblen aparéixer variacions geografiques interessants.

Més concretament, primer s’estudia I'organitzacié social de la Mallerenga petita durant I'época no
reproductora al seu habitat optim (i.e. bosc subalpi de coniferes) per tal de confirmar la no territorialitat suposada
per aquesta poblacié i aportar llum als mecanismes d’espaiament dels individus de la zona (Capitol 2). Tot seguit
s’analitza en detall i experimentalment el paper dels mecanismes de senyalitzacioé d’estatus en la determinacié de
les relacions de dominancia entre individus de poblacions de muntanya de la Mallerenga petita (Capitol 3). Degut
a la inestable organitzacié social i a la gran mida dels grups de Mallerenga petita, la senyalitzacié d’estatus podria
ser d’especial importancia a I'hora de determinar el resultat de les interaccions agonistiques entre individus amb
poc o nul coneixement entre ells. D’aquesta manera el niumero d’interaccions violentes disminuiria, amb el
corresponent estalvi en termes energétics i de reduccié del risc de predacio.

També s’estudia el comportament d’alimentacié de les mallarengues sotmeses a periodes d’estrés o de
reduccié temporal en la disponibilitat d’aliment després de condicions climatiques adverses (Capitols 4 i 5). En
aquests capitols, I'objectiu principal va ser el determinar el paper que juguen aquests periodes de meteorologia
adversa en l'ecologia, els patrons d’emmagatzemament i, indirectament, sobre l'organitzacié social de les
mallerengues.

L’emmagatzemament altera la distribucié de I'aliment en el medi on habiten els ocells. Aixi doncs, si la
distribucié d’aliment determina d’alguna manera les estratégies d’alimentacié dels individus, 'emmagatzemament
esdevindra un factor clau. Aix6 doncs, s’estudiaren les relacions i possibles efectes dels patrons

d’emmagatzemament en el comportament d’alimentacié dels individus (Capitol 5). Més enlla, s’analitzaren també
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els usos més probables de 'emmagatzemament en poblacions i individus amb diferents condicionants socials i
ambientals (Capitols 6 i 7).

La teoria sembla assenyalar que 'emmagatzemament és beneficids per I'individu emmagatzemador quan
aquest t& major probabilitat de recuperar I'aliment que els individus veins. En una poblacié no territorial, la
presencia de grans associacions d’ocells comporta un alt perill potencial pels emmagatzemaments dels individus.
S’estudiaren les estratégies que les mallerengues petites utilitzen en aquestes condicions per tal d’assegurar els
beneficis associats amb la recuperacié de I'aliment emmagatzemat i fer-lo compatible amb I'Gs, no exclusiu, de
les arees de deambulacié dels individus (Capitol 7).

Les limitacions imposades per un sistema d’organitzacié social determinat durant I'época no reproductora
poden arribar a ser d’especial importancia a I'hora de definir els trets principals de la historia evolutiva dels ocells.
En espécies on I'establiment dels joves durant la tardor esta limitat pel temps degut a I'existéncia d’un sistema
territorial tancat, la fecunditat podria estar limitada perqué una descendéncia tardana estaria en inferioritat
competitiva respecte a la produida amb anterioritat. Aixi doncs, es plantejaren els possibles efectes indirectes
que l'organitzacié social durant I'hivern pot tenir en les histories evolutives dels parids. En concret, es va testar la
possible influéncia evolutiva de la territorialitat hivernal (com a exemple de sistema d’organitzacié tancat on
I'establiment dels joves esta limitat pel temps) sobre la fecunditat de diverses espécies del parids (Capitol 8) i

sobre I'habit eruptiu que algunes d’aquestes espécies presenten (Capitol 9).
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WINTER SPACING AND NON-BREEDING SOCIAL SYSTEM OF THE COAL TIT (PARUS ATER) IN A
SUBALPINE FOREST '

Abstract : In the genus Parus, non-breeding social territoriality has often been attributed to the presence of food
hoarding which by increasing the value of an area, is thought to favour the existence of exclusive territories. In
order to study the validity of this statement, it is necessary to analyse the social structure of hoarding populations
inhabiting different environments. | studied Coal tit spacing patterns and winter social systems in a colour-ringed
hoarding population inhabiting a mountain coniferous forest in the Pyrenees. Using data on home range, range
overlap and social coherence, the social system was found to be based on adult birds which had previously bred
together and which occupied relatively small home ranges. Large home ranges of resident juveniles overlapped
extensively with each other and those of adults. However, resident juveniles were re-sighted much closer to their
ringing place than was expected at random, suggesting restricted floater ranges. Associations, composed mainly
of juveniles, seemed to be rather large and loose, with low coherence values between individuals. No territorial
defence by any group of birds was detected during the study. Therefore, the social organisation described for the
present Coal tit population is similar to the loose, non-territorial basic flock system of non-hoarding species.
Resident social patterns seemed to be primarily linked to the availability of breeding resources, probably leading
to the high site fidelity of adults and the floater life of resident juveniles. On the other hand, short term survival
chances may attract transients to a rich food supply and thus affect flocking strategies of birds. High availability of
resources allowing a high population density seem to be the main proximate factor influencing the spacing

patterns described.

! Ibis, 142, in press (2000).
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INTRODUCTION

Social organisation in gregarious birds during the non-breeding time has attracted considerable attention in the
recent decades (Pulliam & Millikan 1982, Ekman 1989a, Matthysen 1990, Matthysen et al. 1992). In some species
survival prospects of individuals depend on the possibility of attaining a position in socially structured groups
(Smith 1984, Ekman 1987, Koivula & Orell 1988). Two kinds of factors, not mutually exclusive, are possible in
determining the variability in social systems; 1) those which maximise immediate individual survival (Krebs &
Davies 1995) and, 2) those which act in the long term and indirectly affect future reproductive success (Matthysen
1989, 1990, Lens & Wauters 1996). Studies conducted to date, show that both play a role in the winter sociality of
birds (Pulliam & Millikan 1982). Increasing number of studies stress the importance of long term factors such as
pair bond, site fidelity and prospects of future dominance or territory ownership, especially in resident species or
populations (Woolfenden & Fitzpatrick 1978, Greenwood & Harvey 1982, Smith 1978, 1984, Matthysen et al.
1992).

A key factor determining the social structure of winter groups is the settlement strategy juveniles adopt for
recruitment into the breeding population. Four strategies have been described (Smith 1984, Ekman 1989a, Lens &
Wauters 1996) ; (1) establishing a new territory in an unoccupied area, (2) evicting a territory owner and taking
over its territory, (3) joining adults in group territories and remaining as subordinates until the adult of the same
sex disappears (‘settler or hopeful dominant strategy’), or (4) surviving without a fixed territory and waiting for a
vacancy to occur elsewhere (‘floater strategy’). The strategy adopted seems to depend on the relative benefits
that the it gives to the individual (Smith 1984, Ekman 1989b). As populations differ according to local
environmental conditions, the optimal strategy adopted by juveniles varies with the environment (Lens & Wauters
1996). In parids, rapid establishment of juveniles in territorial winter groups after independence seems to be the
most common rule (Nilsson & Smith 1988, Ekman 1989a). However, in the Great (Parus major) or the Blue tit (P.
caeruleus), this is not always the case, and the groups formed are much more lax and heterogeneous (Hinde
1952, Saitou 1988). Groups of these species largely overlap and lack territorial structure with an exclusive use of
home ranges. This difference in behaviour is usually attributed to food hoarding (Ekman 1989a, Slikas et al.
1996), which appears to increase the value of territories, and thus also the benefits of restricted ranges (Vander
Wall 1990). Non-hoarding species would not be able to increase the value of their territories and benefit to the
same degree from maintaining its exclusive use during the non-breeding season (Kallander & Smith 1990,
Matthysen 1990). However, the relationship between territoriality, flock cohesion and food hoarding is still unclear
(Smulders 1998). Furthermore, studies on the possible co-evolution of these traits does not take the phylogeny
into account (Ekman 1989a), nor the different strategies that food hoarding species may utilise to avoid cache
robbery in non-territorial systems (Brodin 1994, Lahti & Rytkénen 1996, Sherry & Duff 1996). In order to test the
validity of the stated relation between the food hoarding habit and the variation in non-breeding social systems it is
necessary to collect information about the variation in the social structure of hoarding species inhabiting different
environments.

