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Resum del projecte: cal adjuntar dos resums del document, l'un en anglès i l'altre en la llengua del document, on 
s'esmenti la durada de l'acció 
Resum en la llengua del projecte (màxim 300 paraules) 
Les invasions biològiques representen una greu amenaça per al funcionament dels ecosistemes i per a la preservació de 
la biodiversitat.. La formiga argentina (Linepithema humile) està considerada com una de les 100 espècies invasores més 
nocives. Prospera en extenses àrees de clima mediterrani de regions temperades i subtropicals de tots els continents 
amb l’excepció de l’Antàrtida. És una formiga dominant i una competidora agressiva que mitjançant múltiples 
mecanismes, des de predació directe a competència, produeix efectes negatius en una amplia varietat de taxons, 
principalment formigues i altres artròpodes, però també vertebrats. S’ha investigat, per primera vegada, els efectes de la 
formiga invasiva sobre les comunitats d’artròpodes de fullatge i com aquestes pertorbacions es transmeten en la xarxa 
tròfica del bosc esclerofil•le mediterrani. En les suredes estudiades la invasió de formiga argentina és causa directe de la 
extinció local de la gran majoria de poblacions de formigues natives. En el període mostrejat s’han constatat també 
impactes negatius en la diversitat i en l’abundància d’artròpodes natius en les capçades dels arbres, particularment 
d’erugues. Una avaluació preliminar basada únicament amb dades del 2005 indica que, reduint la disponibilitat 
d’erugues, la formiga argentina empobreix l’hàbitat reproductiu de la mallerenga blava (Parus caeruleus). La mallerenga 
blava basa la dieta insectívora estricte de la seva pollada fonamentalment en les erugues. No hem detectat impactes en 
l’èxit reproductiu de les mallerengues blaves en zones envaïdes. Els polls crescuts en àrees envaïdes assoleixen una 
condició física similar als de les zones no envaïdes, però la reducció en la disponibilitat d’erugues associada a la invasió 
de formiga argentina es tradueix en un creixement descompassat i en una menor mida estructural del polls volanders. 
Així, les pertorbacions en la comunitat d’artròpodes associades a la invasió de la formiga argentina promouen efectes 
bottom-up que acaben perjudicant el desenvolupament dels polls de mallerenga blava. 
 

Resum en anglès (màxim 300 paraules) 
Biological invasions are a main threat to ecosystems functioning and biodiversity conservation. The Argentine ant 
(Linepithema humile) is one of the one hundred world’s worst invasive alien species. It is a dominant ant and an 
aggressive competitor that thrives in Mediterranean climate areas of temperate and subtropical regions on every continent 
except Antarctica. Trough multiple mechanisms from predation to competition, it impinges negative effects in a large array 
of taxa, from ants and other arthropods to vertebrates. It has been assessed, for the first time the effects of the invasive 
ant on the foliage arthropods assemblages, and how these disturbances are transmitted through the trophic web of 
Mediterranean sclerophyllous forest. The Argentine ant invasion is responsible for the mass local extinction of native ant 
populations in the cork oaks forests studied. During the study period it has been also stated negative effects on diversity 
and abundance of native canopy arthropods, especially on caterpillars. A preliminary evaluation, based only on 2005 
data, shows that the Argentine ant mediated caterpillar availability reduction is sinking reproductive territory quality of blue 
tits (Parus caeruleus). Despite blue tits nestlings’ insectivorous diet is based primarily on caterpillars no impacts of the 
Argentine ant invasion were detected on blue tits’ reproductive output. Nestlings reared in invaded areas achieved on 
average equal relative physiological condition,  

 
 



           

 
 

Resum en anglès (màxim 300 paraules) – continuació -. 
but reduction of caterpillar availability in invaded areas resulted in poorer relative nestlings growth rates, and therefore in 
a lesser fledgling size. Thus, disturbances related to Argentine ant invasion in arthropod community promote bottom-up 
effects that are translated through the trophic web, and hampering blue tit nestlings’ growth.      
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1. Introduction 
 
1.1. Argentine ant, an invasive species 
 
Biodiversity, as well as agriculture and other human interests, is major threatened by invasive species. 
Together with habitat destruction, biological invasions have been the main cause of extinction of native 
species throughout the world in the past few hundred years (Vitousek, Dantonio et al. 1996; Mack, Simberloff 
et al. 2000; Byers 2002; Didham, Tylianakis et al. 2005). Biological invasions’ range of direct and indirect 
effects menaces natural ecosystems and native species they contain, causing irretrievable ecological costs. 
 
The Argentine ant (Linepithema humile, Mayr, 1866), is one of the world’s most widespread alien invasive 
species, among the most successful and harmful known invasive ants (Passera 1994). Being one of the best 
studied invasive species, Argentine ant displaces native ant species around the world, disrupting local 
ecosystems (www.issg.org/database). Argentine ant invasion has particularly thrived in temperate and 
subtropical climate areas, including Mediterranean coast of the Iberian Peninsula, easily reaching high 
population densities and leading to an almost total exclusion of native ant communities. Native to Parana 
River basin in South America (Tsutsui, Suarez et al. 2001; Wild 2004), it has been nowadays successfully 
established on six continents and many islands, through a process largely facilitated by global trade and 
human-related disturbance of natural areas, manifolded over the last two centuries.  
 
Argentine ant takes advantage of diverse biological and ecological characteristics to impose over native ants 
in invaded areas. Its virtually continue activity pattern throughout the year overcomes the seasonal dependent 
activity of native Mediterranean ants and constitutes a key factor in its invasion success. During winter, in the 
absence of other ant species competitors, Argentine ant extends its distribution. During summer, 24 hours a 
day continuous high activity pattern overcomes diurnal temperature-dependent activity of native ants 
(Casellas 2002; Abril 2005). 
 
Argentine ant is neither ecologically dominant nor numerically superior in its native distribution area. Despite 
the coexistence of native populations with other ant species, invading populations had shifted its behaviour 
and social structures in invaded areas, probably due to genetic changes related to introduction and 
settlement, encouraging its invasive success  (Tsutsui and Suarez 2003). 
 
Differences in colony structure are a central attribute responsible for the greater ecological dominance of L. 
humile in the introduced range and the displacement of native species. Argentine ant spread in Europe has 
come with the loss of inter-nest aggression and the transition to unicolonial colony structure, consisting of 
multiple interconnected nests, in which workers and queens mix freely among spatially separated nests 
(Tsutsui, Suarez et al. 2000; Giraud, Pedersen et al. 2002; Tsutsui and Suarez 2003). Unicolonial social 
behaviour is a common organization pattern of a number of introduced ant pests (Chen and Nonacs 2000). 
Overriding territorialities, individuals from different nests are recognized as nest mates, reducing intraspecific 
aggression and leading to interspecific dominance. As nest density is mainly restricted by intraspecific 
aggression in the introduced range supercolonies attain higher nests densities, and thus higher workers 
densities, outnumbering and monopolizing the resources consistently better than native ants do (Holway 
1998; Oliveras, Bas et al. 2005). Moreover, unicolonial colony structure is strengthened by selection against 
individuals from more genetically diverse groups, both reducing the potential genetic diversity and creating 
barriers to the establishment of new propagules from its native range or other foci (Tsutsui, Suarez et al. 
2003). 
 
Its invasive spread has been not limited to disturbed or modified habitat such as agricultural land, urban 
environments and other human settlements, where is a common household pest. Argentine ant has also 
succeeded invading undisturbed habitats such as Mediterranean sclerophyllous forest, South African fynbos 
shrublands or Californian riparian woodlands (Ward 1987; Kennedy 1998; Christian 2001; Ratsirarson, 
Robertson et al. 2002; Gomez and Oliveras 2003). 
 
Competitive capacity of Argentine ants in their introduced range is further translated to the ecological level 
into a destructive phenomenon, disrupting ecosystems by the displacement of native ant species and causing 
other ecological indirect effects on natural communities. Argentine ant invasion has lead to shifts of arthropod 
communities. Richness and abundance of several arthropod orders, and native ant assemblages are reported 
to be affected, as well as the trophic structure of invertebrate communities. Argentine ant presence is also 
associated with reduced populations of many arthropod species, including predators, pollinators (Cole, 
Medeiros et al. 1992; Human and Gordon 1997; Holway 1998; Suarez, Bolger et al. 1998; Bolger, Suarez et 
al. 2000; Harris 2002; Sanders, Gotelli et al. 2003) and even forest pests as pine processionary moth (Way, 
Paiva et al. 1999). 
 
Argentine ant recruits more individuals to bait than native ants do, and usually displace them when fight is set 
up (Human and Gordon 1996). Higher numbers of workers recruited and fast tempo activity allow Argentine 
ant to scan soil surface quicker than native ants, discovering resources faster (Oliveras, Bas et al. 2005). The 
displacement of native ant species assemblages from areas invaded by Argentine ant appears to be boosted 
by both interference and exploitation competition. Argentine ants forage for longer periods through the day, 
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and in higher numbers than native ant species, interfering with their foraging. Preying upon queens, Argentine 
ant also prevents the establishment of new native ant colonies (Human and Gordon 1999). 
 
Argentine ant also competes with and prey upon a diversity of other organisms causing a variety of direct and 
indirect effects on non-ant taxa, disrupting mutualistic interactions between plants and other insects. As a 
generalist predator it has been recorded to prey on almost all arthropod taxa, including caterpillars (Bernays 
and Cornelius 1989; Montllor, Bernays et al. 1991; Cornelius and Bernays 1995; Way, Paiva et al. 1999; Abril 
2005). In South Africa shrublands, displacing myrmecochorous ant species, Argentine ant failed to disperse 
heavy elaiosome-bearing seeds (Witt, Geertsema et al. 2004). Disrupting crucial ecological interactions as 
seed dispersal mutualisms, community level consequences of Argentine ant invasion lead to shifts in plant 
community composition (Christian 2001). Argentine ant invasion also affects the reproductive success of 
components of Mediterranean flora, in terms of a significant reduction in seed-set and fruit-set, as a 
consequence of the fall in number of visitors in infested inflorescences (Blancafort and Gomez 2005). A 
reduction of seeds transported into ant nests, a shorter seed dispersal distance, an increase is seed retention 
time on the soil surface increases seed predation vulnerability. Displaced native ant species that disperse 
seeds, myrmecochory dynamic is affected in invaded areas, and thus, plant reproductive success (Gomez 
and Oliveras 2003; Gomez, Pons et al. 2003). Several impacts of argentine ant invasion had also been 
reported over vertebrate populations. Experimental evidence over potential avian nest predation by Argentine 
ant has been provided (Suarez, Yeh et al. 2005). Nest failure of California Gnatcatchers (Polioptila californica 
californica) has also been imputed to Argentine ant predation (Sockman 1997). Krushelnycky et al. (2001) 
assessed the impact of Argentine ant on nesting success rate of the extinction endangered endemic Hawaiian 
Dark-rumped Petrel (Pterodroma phaeopygia sandwichensis), pointing to low temperatures of incubation 
chambers of their breeding burrows as a possible cause of the negligible effects detected. Vertebrate 
populations do not seem to be affected by direct predation of Argentine ants, but as a consequence of habitat 
disruption caused by its invasion. In that sense, replacements in native ant community have contributed to the 
decline of ant specialist coastal horned lizard (Phrynosoma coronatum) (Suarez, Richmond et al. 2000; 
Suarez and Case 2002). Argentine ant invasion has also been related to abundance decrease of the 
Californian shrew (Notiosorex crawfordi) (Laakkonen, Fisher et al. 2001). 
 

 
 
Figure 1. Linepithema humile worker carrying a larvae in an artificial nest (red tinged larvae is due to 
special rich protein food delivered). Photo: David Estany. 

 
 
1.2. Reproductive success and nestling development in insectivorous passerines 
 
Growth conditions, especially those nutritional related, experienced during ontogeny and early development 
have profound effects on morphology, physiology, behaviour and life history traits of vertebrates’ offspring 
(Metcalfe and Monaghan 2001 and references therein). 
 
Being known that the amount of reserves of a passerine bird depends primarily on the quantity, the quality 
and the availability of food, breeding parents have to trade-off between maximizing nestlings’ physiological 
growth rates, optimizing condition at fledging, and minimizing laying and foraging costs that could affect their 
own future condition and survival (Horak, Jenni-Eiermann et al. 1999; Biard, Surai et al. 2005; Bolger, Patten 
et al. 2005). 
 
Fledgling development and fitness components are recognised, together with reproductive success (Siikamaki 
1998), to be strongly affected by environmental conditions during the sensitive growth period (Gebhardt-
Henrich and Vannoordwijk 1994; Riddington and Gosler 1995; Saino, Calza et al. 1997; Horak, Tegelmann et 
al. 1999; Banbura, Perret et al. 2004; Ardia 2005). Nestling growth, and thus fledgling physical condition, is 
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limited by energy flow to nest, determined in turn by prey availability (Gebhardt-Henrich and Vannoordwijk 
1991; Perrins 1991; Naef-Daenzer and Keller 1999; Thessing 2000). Fledging condition is a decisive 
determinant of immediate post-fledging survival and recruitment (Perrins 1983; Tinbergen and Boerlijst 1990; 
Thessing and Ekman 1994; Verboven and Visser 1998; Naef-Daenzer, Widmer et al. 2001; Perrins and 
McCleery 2001; Brotons and Broggi 2003; Moreno, Merino et al. 2005). In many passerines species 
intraspecific dominance status is also partially derived of development conditions, as the larger birds in a 
population were once the larger fledglings (Perrins and McCleery 2001) and large size is associated with 
dominance (Robinson-Wolrath and Owens 2003). Dominance and reproductive performance of birds are 
interrelated: dominant individuals are expected to achieve higher reproductive success through pairing with 
best mates and defending larger or better-quality breeding territories (Koivula, Orell et al. 1996; Siefferman 
and Hill 2005; Bruinzeel, de Pol et al. 2006). Insectivorous passerines reproductive success is therefore 
widely constrained by environmental variables. Whereas good habitats enable breeding individuals to produce 
larger broods of heavier chicks with higher fledging success, poorer habitats limit nestling growth and even 
extend nestling and post-fledging parental care (Keller and Vannoordwijk 1994; Seki and Takano 1998). 
 
In addition to immediate and obvious short-term effects on early growth rates, nutrients shortage during 
growth can have other permanent long term consequences over passerines. Nutritional deficits experienced 
during nestling stage can have profound effects on the adult individual life history traits, such as lifespan or 
ageing (Finch and Kirkwood 2000), and even on its brood (Kolliker, Heeb et al. 1999; Fitze, Clobert et al. 
2004; Yamaguchi, Kawano et al. 2004; Naguib and Gil 2005). Impingements on physical condition of nestlings 
can forecast behaviour and dominance relations (Garnett 1981), survival probabilities (Nur 1984; Tinbergen 
and Boerlijst 1990; Raberg, Stjernman et al. 2005) or future reproductive potential (Haywood and Perrins 
1992). Therefore not only immediate breading season conditions affect passerines reproductive success 
characteristics, i.e. clutch size control mechanism is permanently influenced by conditions experienced during 
early life (Haywood and Perrins 1992), and nestlings’ fitness is determined by female early developmental 
stress (Naguib and Gil 2005). 
 
Interference or exploitative competition between ants and birds can hamper bird foraging success depending 
on ant activity and bird foraging guild (Philpott, Greenberg et al. 2005). In that sense, given that food 
availability have been found to be lower in trees exploited by ants, foliage-gleaning passerines prefer to 
forage in trees without ants (Haemig 1992; Haemig 1994), Nest site choice of great tit (Parus major) has been 
found to be also affected by ant presence (Haemig 1999), and great tits prefer to nest in trees without ants 
when are under low predation risks. Moreover, in territories colonized by red wood ants (Formica rufa), ant 
mediated food availability reduction seems to be also under the lesser body condition and the higher nestling 
mortality detected in breeding treecreepers (Certhia familiaris) (Aho, Kuitunen et al. 1999). 
 
1.3. Study species: blue tit 
 
Blue tit (Parus caeruleus Linneaus, 1758) is a small passerine bird, wingspan ranging 11 to 12 cm, weight 9 to 
12 gr. The blue tit exhibits slight sexual size dimorphism, basically in body mass, being males on average 6% 
heavier than females (Raberg, Stjernman et al. 2005). It occurs in west Palaearctic middle latitudes, 
throughout Mediterranean to boreal zones, in arid to humid climates, in a broad range of habitats. 
Insectivorous arboreal passerine, forages over insects and spiders (also seeds and fruits and even nectar 
outside breeding season) actively examining twigs and leaves using bill and foot, either perched upright or 
hanging upside-down (Fitzpatrick 1994; Hagemeijer and Blair 1997; Cramp and Perrins 1998). 
 
Breeding pairs remain faithful as long as both members survive.  Clutches are laid between early April and 
mid May, depending on the latitude, in nests built in holes (in trees, walls or in artificial holes of any kind), 
rarely in the ground. Incubation by females last from 12 to 15 days, starting from 3 days before to 1 day after 
clutch completion. Both adults share nestling care and feeding. Nestlings remain in the nest from 16 to 20 
days, and after fledging the parental care period lasts from 10 to 15 additional days (Cramp and Perrins 1998; 
Olioso 2004). 
 
Blue tits behave as typical insectivorous foliage-gleaning birds, and, as a food specialist, is expected to be 
highly sensitive to arthropod availability. During breeding season blue tits focus mainly on Lepidoptera larvae 
to feed their nestlings (Perrins 1991; Zandt 1997; Cramp and Perrins 1998; Nour, Currie et al. 1998; Torok 
and Toth 1999; Naef-Daenzer, Naef-Daenzer et al. 2000). As foraging success and the energy flow rate to 
nestlings are mainly determined by quantity and quality of prey (Naef-Daenzer and Keller 1999), blue tits 
parents optimize nestlings’ growth, and thus their reproductive success, foraging efficiently and breeding 
when food is abundant. Beside adjusting breeding timing to caterpillar peak (Blondel, Dias et al. 1992; Dias, 
Meunier et al. 1994; Dias and Blondel 1996; Naef-Daenzer and Keller 1999; Tremblay, Thomas et al. 2003) 
they can improve their foraging performance rearing broods in richer habitats, either increasing prey 
selectivity (Grieco 2001; Grieco 2002) or reducing foraging flight distances or searching time (Naef-Daenzer 
and Keller 1999; Stauss, Burkhardt et al. 2005; Tremblay, Thomas et al. 2005). 
 
Environmental conditions, and specially food availability, experienced during blue tits growth are known to 
affect phenotypic plastic traits such as body condition, body size at fledging, body traits asymmetry or 
asymptotic mass (Gebhardt-Henrich and Vannoordwijk 1991; Merila, Przybylo et al. 1999; Grieco 2003; Biard, 
Surai et al. 2005; Raberg, Stjernman et al. 2005; Simon, Thomas et al. 2005). Several studies have shown 
that body size, measured as either fledging weight or tarsus length, and body condition at fledging are 
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correlated positively with post-fledging survival (Merila, Przybylo et al. 1999; Lens, Van Dongen et al. 2002; 
Raberg, Stjernman et al. 2005) and negatively with nestling mortality (Merila and Wiggins 1995). Habitat 
quality also rules blue tit’s reproductive performance, and under good environmental conditions lay larger 
clutches, in earlier dates, raise more fledglings, and in better condition too (Dhondt, Kempenaers et al. 1992; 
Nilsson and Svensson 1993; Dias and Blondel 1996; Naef-Daenzer and Keller 1999; Lambrechts, Caro et al. 
2004; Massa, Lo Valvo et al. 2004). Furthermore, palliating the influence of egg mass on post-hatching 
growth, food availability also indirectly affects hatchlings development, hardly constrained by egg quality 
(Styrsky, Dobbs et al. 2000). 
 
Blue tits (males, females and nestlings) exhibit bright sulphur-yellow breast and lower throat plumage. 
Carotenoid pigments are involved in striking red, orange and yellow plumage, skin and scales coloration, as 
well as play an important role as antioxidants and immune defence stimulators (Lozano 1994; Olson and 
Owens 1998; Moller, Biard et al. 2000). Carotenoid pigments belong to a large group biochemicals 
synthesized by bacteria, fungi, algae and plants. They are unique among pigments in the sense that they can 
not been produced by birds metabolism, and thus they must been acquired through diet. Main source of 
dietary carotenes in Parus species is caterpillars’ ingestion (Slagsvold and Lifjeld 1985; Partali, Liaaenjensen 
et al. 1987; Eeva, Lehikoinen et al. 1998). Since dietary carotenoids can be scarce in nature, and are involved 
in crucial physiological functions, they can be limited for use as colorants. Only the highest quality individuals 
(better foragers in good health status) are thought to acquire more pigments or sequester them into feathers. 
Carotenoid derived plumage coloration had been found to be correlated with health status (Johnsen, Delhey 
et al. 2003; Horak, Surai et al. 2004), parasite loads (Horak, Ots et al. 2001; Tschirren, Fitze et al. 2003) 
immunocompetence (Saks, Ots et al. 2003; Biard, Surai et al. 2005). nutritional status (Hill and Montgomerie 
1994; Senar, Figuerola et al. 2003) habitat quality (Horak, Vellau et al. 2000; Biard, Surai et al. 2005) and 
foraging efficiency (Hill, Inouye et al. 2002; Senar and Escobar 2002; Senar, Figuerola et al. 2002). Human 
vision based colour spaces, such as equivalent HSB, Lab or LCH, are commonly used in a wide range of 
behavioural, physiologic, genetics, evolutionary and taxonomic surveys, and both Hue and Saturation had 
been proved to reflect carotenoid concentration allocated on passerines’ feathers (Saks, McGraw et al. 2003).  
Expression of carotenoid-based plumage coloration has been used in our survey as an honest quality signal 
of fledglings. 
 

 

 

  
 
Figure 2. Blue tits. A: adult incubating in a nest-box. B: hatchling. C, D: nesltings 14  days of age. Photos: David Estany. 
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1.4. Study aims 
 
This survey looks for effects related to Argentine ant invasion on higher trophic levels of the food web of 
Mediterranean ecosystems. It has been shown that Argentine ant invasion lead to shifts in native ant 
assemblages and arthropod communities. Given that blue tit is strictly insectivorous during reproduction we 
hypothesize that its breeding performance could be impacted by bottom-up effects of Argentine ant mediated 
changes in arthropod communities. The investigation considers three levels of analysis:  

• Examine for depletion of food availability of breeding blue tits in invaded respect to non-invaded 
areas. 

• Study the reproductive output of blue tits breeding in invaded and non-invaded areas. 
• Contrast growth and body condition of blue tit fledglings between both areas. 
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2. Methods 
 
2.1. Study area 
 
The effects of Argentine ant invasion on blue tit breeding performance were investigated over the breeding 
seasons of 2005-07 in Baix Empordà coast corridor, near Girona, northeast Iberian Peninsula (UTM 
coordinates: 0449294, 4628376) (Figures 3-A, 3-B). Study area is placed at northeast of Serralada Costanera 
Catalana, in the massifs of Les Gavarres and L’Ardenya. These modest mountains, rising up to 518 m in 
L’Ardenya Massif (Puig de Cadiretes) and to 537 m in Les Gavarres Massif (Puig de la Gavarra), come from 
the action of various faults situated transversally respect the coast shore. Landscape geology is, in essence, 
dominated by Hercynian period granites (Palaeozoic) in different degrees of erosion. The area is crossed by 
Ridaura River and several other watercourses, mainly discontinuous temporary streams.  
 
The study sites were located in an evergreen sclerophyllous secondary forest dominated by cork oak 
(Quercus suber, usually coexisting with other trees, mainly holly oak (Quercus ilex) and pines (Pinus pinea, P. 
pinaster) Cork oak is a medium-sized evergreen oak of southern Europe and northern Africa having thick 
corky bark that is periodically stripped to yield commercial cork. In the study area cork oaks are usually 
accompanied by a dense scrubby understorey vegetation exhibiting a broad composition of stunted trees and 
bushes, as heaths (Erica arborea, E. scoparia), strawberry trees (Arbutus unedo), prickly junipers (Juniperus 
oxydedrus), laurustinus (Viburnum tinus), Italian buckthorns (Rhamnus alaternus), phyllireas (Phyllirea 
angustifolia), sarsaparilla (Smilax aspera), mastic trees (Pistacia lentiscus), Spanish brooms (Spartium 
junceum), Ulex parviflorus and several rock roses (Cistus monspeliensis, C. salviifolius).  
 
Several surveys conducted by GR-P.E.C.A.T. (stands for Catalan acronym of Ecological Disturbances and 
Terrestrial Animal Communities Research Group; http://ciencies.udg.es/ciencies/depart/ccaa/gr-
pecat/index.htm) for monitoring occurrence and spread of Argentine ant, pointed to St. Feliu de Guíxols 
harbour as a possible spreading focus of Argentine ant invasion in the area, probably related with worldwide 
trade and cork oak industry (Roura-Pasqual, personal comment). Multidisciplinary approach to Argentine ant 
invasion status in the area has rendered a deep knowledge, including an increasing number of scientific 
publications by members of GR-P.E.C.A.T. team. This information, and specially results on fine scale 
distribution of Argentine ant, have been very useful to establish eight study plots (GR-PECAT and references 
therein). In order to study blue tit breeding performance related to Argentine ant invasion four study plots were 
set in invaded areas and four in non-invaded areas (Table 1, Figure 3.C). An effort was made to choose areas 
with the same climate and substrate, similar vegetation and altitude, and geographically close, so that the only 
factor in which they differ is the establishment of colonies of Argentine ant. Field and documental surveys 
were conducted to ensure study plots were centered in pure invaded or non-invaded areas. Study sites were 
at least 150 m from the border of the current invasion front as well as from areas recently burnt by wildfires. 
Ranging from 400 m to 9 km to Mediterranean coast shore, study sites were interspersed in the territory 
available in order to achieve statistically independent replicas, avoiding pseudoreplication (Hurlbert 1984). 
 
In order to promote the establishment of a blue tit breeding population and look into possible effects related to 
Argentine ant invasion we provided a set of 25 nest-boxes in each study site. 
 

   elevation    

 UTM X UTM Y mean max min slope aspect sea dist. 

St. Grau 0497463 4623513 222 296 158 14 147 813 

St. Baldiri 0497144 4625076 317 353 298 18 164 2249 

Clot 0501688 4631221 241 256 206 20 262 4342 

Alou 0495108 4631602 120 149 97 9 191 8898 

Calçada 0500673 4625078 129 170 108 20 147 419 

Pedralta 0499661 4626962 186 229 141 15 94 2540 

Sta. Cristina 0500539 4630611 136 164 113 11 270 5174 

Castell 0502113 4630010 129 205 65 12 137 3576  
 
Table 1. Geographic descriptors of stations. UTM coordinates. Elevation: mean, maximum and minimum elevation from sea 
level. Slope: mean station slope, expressed in integer degrees of slope between 0 and 90º. Aspect: values representing the 
compass direction of the aspect, being 0º true North, 90º East, 180º South and 270º West. Sea dist: mean distance to sea 
shore in meters. 
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Figure 3. Situation maps: A and B: situation of study area. C: ortophotomap of study area 1: St. Grau; 2: St. Baldiri; 
3: Clot; 4: Alou; 5: Calçada; 6: Pedralta; 7: Sta. Cristina; 8: Castell. 

 
2.2. Vegetation structure 
 
We followed Prodon and Lebreton (Prodon and Lebreton 1981) to measure vegetation structure at each study 
site. Vegetation was stratified in layers, their virtual limits being in a geometrical ratio: 0 to 0,25 m, 0,25 to 0,5 
m, 0,5 to 1 m, 1 to 2 m, 2 to 4 m, 4 to 8 m, 8 to 16 m ad 16 to 32 m. Vegetation height is measured directly or 
estimated. The relative cover, defined as the relative area (in percentage) of the foliage volume of the layer 
when projected onto a horizontal plane, is estimated by comparison with a reference figure. For each layer, in 
addition to the overall cover, we estimated the relative cover of individual shrub and tree species with the aim 
to quantify plant composition. 
 
2.3. Arthropod sampling and biomass estimates 
 
In order to assess blue tits food availability during the breeding season, an arthropod sampling was conducted 
throughout May and June of 2005-07, in the eight study sites. Transects consisted in 10 sampling stations for 
invertebrates, separated by approximately 150 meters to each other and located at 5 to 15 meters from the 
pathway. We sampled yearly one branch of cork oak Q. suber and one of tree heath E. arborea per sampling 
station by means of branch beating to collect arthropods. Branches, located between 1 and 2 m height, were 
selected looking for equivalent volumes, and struck 20 times over a beating tray of 115 x 75 cm. Sampled 
branch volumes were estimated for 2005 (through an ellipsoid volume approximation). A restricted maximum 
likelihood linear mixed-model (REML-LMM) (see under ‘Statistical analyses’), including invasion status and 
plant species as fixed factors, and transect as random factor, detected significant differences only in sampled 
branch volumes related to plant species sampled (F=22.051, p<0.001) but not between invaded and non-
invaded areas (F=0.017, p=0.900), neither for interaction between both factors (F=1.074, p=0.302). To avoid 
misrepresentation of highly mobile species, dislodged arthropods were quickly collected and stored in 70% 
ethanol. Once in the laboratory the arthropods were counted and classified into the following orders: Araneae, 
Chilopoda, Coleoptera, Dermaptera, Dictyoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera (larvae), 

B C
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Neuroptera, Opiliones, Phasmida and Psocoptera. Ants (Hymenoptera, Formicidae) were further identified to 
species level. Scaled pictures of all specimens were taken with a digital camera attached to a binocular 
microscope and body lengths were measured. Estimated biomass was calculated by means of regression 
equations W=aBLb (BL=body length; a and b = particular coefficients for arthropod orders and ant species) 
(Díaz and Díaz 1990; Hodar 1996). Then, we compared abundance and biomass of collected specimens per 
sample, in invaded versus non-invaded areas, for native foliage arthropods and for bird-prey arthropods (see 
below). Comparisons were extended to single taxonomic groups, including Formicidae and the most abundant 
orders. 
 
2.4. Blue tit nest-boxes breeding population 
 
As a hole-nester passerine blue tit easily breed in artificial nest-boxes (Gil-Delgado, Lopez et al. 1992; 
Yomtov and Wright 1993; Sara, Milazzo et al. 2005). In each study site or station we provided a set of 25 
nest-boxes (totalising 200 nest-boxes over the eight sites) separated by 50 m along a linear transect. Nest-
boxes were built with recycled wood following GACO-2000 model (Baucells, Camprodon et al. 2003). The 27 
mm entrance hole diameter restricted the size of species able to gain access into nest-boxes, avoiding their 
occupation by other passerines, specially great tits (Parus major), and thus favouring blue tits to breed in. 
 
At the beginning of the breeding season nest-boxes were checked three times a week to check nest building 
and ascertain the date of clutch initiation as well as clutch size. At the end of incubation period nests were 
revisited in order to determine hatching date. In nests where hatching date couldn’t be determined exactly (i.e. 
hatching and visit days not coinciding) it was estimated assuming 1 egg laid per day and incubation starting 
the day of clutch completion. For each breeding pair, laying date, clutch size (number of eggs), hatching date, 
number of hatchlings and number of fledglings were recorded. In order to calculate nestlings’ age, synchronic 
hatching was also assumed. 
 
2.5. Fledglings’ body condition 
 
Body condition can have crucial fitness consequences, and several indices had been proposed to predict 
about it and to infer nutritional state. Individuals raised under optimal conditions are able to allocate a bigger 
proportion of resources into reserve tissues than individuals under developmental stress. In essence, body 
condition refers to the energetic state of the individual, in the sense that animals thought to be in positive 
energetic balance are in “good condition”, and “bad condition” ones are in negative energetic balance. Thus, 
individuals with optimal condition are though to withstand higher random perturbations during post-fledgling 
period (i.e. birds in better condition survive better). Moreover, as well as nestlings body condition reflects 
developmental stress experienced, it is also positively correlated with post fledging survival (Linden, 
Gustafsson et al. 1992; Dubiec and Cichon 2001; Lens, Van Dongen et al. 2002; Horak 2003; Raberg, 
Stjernman et al. 2005). 
 
Although there is an evident genetic component determining offspring’s body condition, fledglings’ phenotypic 
variation is also largely modulated by and environmental component, and quality and amount of received food 
are major determinants of its expression (Gebhardt-Henrich and Vannoordwijk 1994; Merila 1996; Kunz and 
Ekman 2000). However, little (Merila and Wiggins 1995) genotype-environment interactions had been found 
to significantly affect fledglings body condition, and in addition, genetic component has been found to explain 
little of the variance of this phenotypic trait (Smith and Wettermark 1995). Breeding areas choice and study 
design, providing a large enough amount of samples from geographically separated homogeneous areas, 
should be able to cope with possible genetic differences between blue tit breeding populations. 
 
In order to prevent premature fledging, nestlings’ phenotypic traits mensuration was conducted at 14 days of 
age (hatching=day 0), when nestlings are considered to be fully grown (Bjorklund 1996). They were also 
banded following ICO (stands for Catalan acronym of Catalan Institute of Ornithology) ringing standards. A 
sample of yellow breast feathers was also taken from each individual. Feathers samples were saved in closed 
plastic bags stored under darkness conditions until analysis was carried out. 
 
Fledgling size (estimated through tarsus length and body mass), standardised body mass, residual body 
mass, and feathers colour characteristics were chosen in our study as indices of juvenile body condition 
related to nutritional conditions experienced by nestlings during development. 
 
2.5.1. Morphometric measurements  
 
We took standard measurements of the length of tarsus using a 0.01 mm precision sliding calliper. Tarsus 
length is a putative index of growth performance, and it has been widely used as a predictor of body size and 
fledgling quality (e.g. Riddington and Gosler 1995; Smith and Wettermark 1995; Senar and Pascual 1997; 
Blondel, Maistre et al. 1998; Kunz and Ekman 2000; e.g. Horak 2003). As a phenotypic trait, tarsus length 
expression is not only constrained by genotype (Kunz and Ekman 2000) but it is also under environment 
influence. Food availability has been found to affect nestling growth in blue tits (Dias and Blondel 1996; Naef-
Daenzer and Keller 1999), as well as effects on skeletal size that carry over into adulthood in other passerines 
(Boag 1987). Tarsus of 14-days-old nestlings has usually attained its final size (Bjorklund 1996), and in 
addition to be a reliable adult size predictor, fledgling tarsus length can be also considered as a 
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developmental rate indicator (assuming that individuals experiencing slow growth rates attain shorter size at 
fledgling, and thus shorter tarsus length).  
 
Nestlings weight were determined using a OHAUS LS200 digital balance to the nearest 0,1 gr. Low 
equipment requirements and easy procedures had promoted an extent the use of body mass at fledging as a 
profitable non-invasive method to assess either body size or offspring condition in ecological research field 
(e.g. Merila and Wiggins 1995; Blondel, Maistre et al. 1998; e.g. Bouslama, Chabi et al. 2001). Directly related 
to nutritional status and therefore to rearing conditions, this main biometric feature can be also be affected by 
nestling’s short term history (recent prey ingest or faecal sac deposition) and, obviously, by genotypic 
potential trough nestling size. 
 
Standardized body mass (SBM) was calculated for each individual as body mass divided by the length of the 
tarsus. Removing body size effects on body mass, SBM becomes a biologically meaningful condition index 
that allows comparisons of relative mass between individuals which may vary in absolute structural size. SBM 
is straightforward connected with nutritional condition, and it has been used as its indicator in many surveys 
(Richner, Oppliger et al. 1993; Takagi 2002; Stauss, Segelbacher et al. 2005). When calculated for fledglings, 
reflects rearing conditions and developmental stress experienced, indicating relative physiological condition or 
growth stage (e.g. due to fat stores, muscle mass…). Individuals that are heavier than predicted by their body 
size have more metabolizable tissue (fat, muscles…) than lighter ones. 
 
From fledglings biometrical data an additional body condition index was calculated as the residuals from a 
standard ordinary least squares regression of body mass on tarsus length for all individuals pooled (Jakob, 
Marshall et al. 1996; Lens, Van Dongen et al. 2002). Residual body mass (hereafter referred as RBM) has 
been found to be a good surrogate predictor of lipid stores in passerines ((Johnson, Krapu et al. 1985; Ardia 
2005). RBM analysis assumes that fledglings with positive values hold an excess mass relative to body size, 
and hence more physiological reserves than fledglings with negative values. Besides its use as a body 
condition index it has also been used in a range of scientific publications, from survival (e.g. Linden, 
Gustafsson et al. 1992; Dubiec and Cichon 2001) to sexual selection (e.g. Jawor and Breitwisch 2004). 
 
2.5.2. Feather’s colour analysis 
 
We combined optical and digital systems to score plumage coloration of fledglings. Avoiding differences on 
illumination as well as the observer subjectivity, that routine achieves fine discrimination of colour and 
quantifies it in continuous scales amenable for statistics. Four randomly selected fledglings of each nest were 
involved in feather colour analysis. Fledglings’ feather samples were processed following Roca procedures 
(Roca 2004). For each breast feather sample, five feathers overlapped were attached to a white paper sheet 
with transparent sticky tape, scanned with a Hewlett and Packard scanjet 2200c digital scanner and images 
obtained analysed with Adobe-Photoshop 7.0 software. Based on program colour selector tool, colour values 
of six randomly chosen points of each sample were recorded and included in colour analysis. We used HSB 
colour space (stands for Hue-Saturation-Brightness) to describe nestlings’ colour plumage. Hue can be 
interpreted as the ordinary meaning of colour (yellow, green, red…). Hue, measured in degrees (0º-360º), is a 
correlation of the reflected wave length around a circular spectrum (Figure 4-A). Saturation (also widely 
known as chroma) is a measure of chromatic purity. It is expressed as the percentage of colour dilution with 
white comprised between 0% (grey) and 100% (full saturation, i.e. full expression of hue) (Figure 4-B). 
Brightness equals to the intensity of colour, in other words, the total amount of light reflected. Relative 
luminosity or darkness of the colour ranges from 0% (black) to 100% (white) (Figure 4-C). 
 

 

 

 

 
Figure 4. HSB colour space descriptors. A: Hue colour wheel (R: red; Y: yellow; G: green; C: cyan; B: blue; 
M: magenta); B: Saturation diagram for pure Yellow (Hue 60º). C: Brightness diagram for pure Yellow (Hue 
60º) 

A 

B

C
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2.6. Nest video recording 
 
Since condition is a plastic trait reflecting quality of both parental care and habitat variability, effects of 
Argentine ant invasion can not be completely understood without quantifying parental foraging effort. As 
preliminary results (see below) showed that Argentine ant invasion effects were depleting blue tit food 
resources and promoting changes in arthropod communities’ assemblages, it was considered that an 
assessment of parental foraging effort was demanded to fully understand the effects of the invasion on blue tit 
breeding performance. In order to investigate on nest attendance and search of differences in foraging 
performance and real diet composition between areas, a nest attendance recording program was executed 
during breeding seasons of 2006-07. For each breeding season in each station, nestling’s attendance of 2 
blue tit breeding pairs were video recorded when nestlings were 10 days of age. Nest video recording allowed 
us to quantify parental visits and to identify and measure prey items brought to nestlings. A 640x480 pixels 
resolution video camera was mounted on the back of the nest box, directly facing the entrance hole, so that 
parents were recorded frontally in their way from the entrance to the nest cup. Needed lighting was provided 
by a set of infrared emitting leds. Cameras were set up early in the morning, before sun rising. All parents’ 
visits to the nest were recorded for a 12 h period on a portable digital video recorder. For the analysis of the 
recordings, the first hour of the recording was discarded to exclude observations influenced by disturbance to 
the nest when setting up the camera. Recordings were later analyzed to assess parental provisioning rate and 
to identify to order level the prey brought to the nest over the recording period. Video recording allowed to 
choose the best frame to measure each specimen brought. Prey measures were taken scaling frame to beak 
length or interocular distance, so that specimens’ measures were fully comparable and extrapolated to 
biomass estimates to assess biomass delivered to nestlings. 
 
2.7. Cross fostering experiment 
 
Preliminary results on 2005 nestlings’ body condition (see below) encouraged us to set a cross-fostering 
experiment involving nests from invaded and non-invaded areas for breeding seasons of 2006-07, with the 
aim of remove genetic component on phenotypic variance of nestling body traits and to asses the degree to 
which phenotypic traits of blue tit nestlings can be accounted for by the brood from which a nestling originated 
(common origin) and a common environment (Lynch and Walsh 1998). Cross fostering took place two day 
after the first nestling hatched, when two nests with hatchlings of the same hatching date and with a similar 
number of hatchlings (±2) were assigned to a nest pair. Each year, a total of 8 nest pairs were established. 
Individual nestlings were ranked according to body mass within their brood of origin. According to body mass 
rank nestlings were alternatively crossed between nests, keeping the heavier nestlings in their nests of origin, 
and crossing alternatively the lightest ones. Growth rate was assessed for all the nestlings involved in the 
cross fostering experiment with biometric measurements (body mass and tarsus length) at 4-day intervals (i.e. 
when chicks are 2, 6, 10 and 14 days of age). Additionally, each breeding season and in each station, one 
nest was chosen as a control and biometric measurements (body mass and tarsus length) were taken to heir 
nestlings at 4-day intervals. At 14 days of age feather’s color analysis was conducted for each nestling. 
 
2.8. Statistical analysis 
 
Univariate analyses were carried out using restricted maximum likelihood (REML) to test the effects of 
invasion status (invaded versus non-invaded) and plant species sampled (Q. suber versus E. arborea). The 
REML analyses consisted of a general test of invasion effects with a linear mixed-model of fixed effects 
‘invasion status’ + ‘plant species’ + ‘invasion status × plant species’. The random model was standardized 
across all analyses and consisted of the terms ‘year’ + ‘transect’, with ‘transect’ nested within ‘invasion status’, 
to flexibly account for confounding effects related to yearly variable climatology and for the covariance 
structure induced by clustered distribution of samples in study areas (Pinheiro and Bates 2000). When 
analyzing samples from invaded and non-invaded areas separately, invasion factor (and its interaction) was 
removed from the REML linear mixed-model (REML-LMM) analyses, keeping the random model unaltered. 
The default (type III) for sums of squares was used throughout. Analyses considered the 480 samples 
obtained in the invertebrate survey except when another number is pointed out. Response variables were 
logarithm or, square-root transformed when necessary to fulfill the assumption of homoscedasticity. Data is 
presented in the text as non-transformed means ± s.d. 
 
Variation in composition of arthropod assemblages was assessed through Principal Component Analyses 
(PCA) on abundance or biomass proportions of target taxa in each sample. PCA of the ant community was 
performed for species with relative biomass >3% in order to select common species. Significant components 
were selected according to scree plot criterion (McGarigal, Cushman et al. 2000). Finally, sample scores of 
retained PCA components were analyzed under the standardized REML-LMM.   
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3. Results 
 
3.1. Vegetation structure 
 
Vertical vegetation cover profiles for stations (Figure 5) and for non-invaded and invaded areas (Figure 6) are 
represented. Figures 7 and 8 shows vertical cover profiles of E. arborea and Q. suber for non-invaded and 
invaded areas. 
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Figure 5. Vertical vegetation cover profiles of stations. Horizontal bars denote Standard Deviation confidence intervals. Dot lines 
represent 20% cover intervals. 
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Figure 6. Vertical vegetation cover profiles of non-invaded and invaded areas. Horizontal bars denote Standard Deviation 
confidence intervals. Dot lines represent 20% cover intervals. 
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Figure 7. Vertical Erica arborea cover profiles of non-invaded and invaded areas. Horizontal bars denote Standard Deviation 
confidence intervals. Dot lines represent 20% cover intervals. 
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Figure 8. Vertical Quercus suber cover profiles of non-invaded and invaded areas. Horizontal bars denote Standard Deviation 
confidence intervals. Dot lines represent 20% cover intervals. 

 
From relative cover data, two new variables were computed. The first was the sum of the covers of all the 
layers. The second was the vegetal volume, i.e. the sum of the products of each cover layer by its height. 
Despite whole vegetation volume (strata from 0 to 32 m) and volume principally used by foraging blue tits 
(strata from 2 to 16 m) (Cramp and Perrins 1998; Diaz, Illera et al. 1998) were higher in invaded areas than in 
those non-invaded (table 2), these differences were non-significant, neither for the whole vegetation, nor for 
those strata exploited by blue tits (nested ANOVA; F1,56 = 1.245, p = 0.269; F1,56 = 0.027, p = 0.871). 
Significant differences were found between stations for both volume of whole vegetation and for volume of 
strata exploited by blue tits, being vegetation exploited by blue tits in Pedralta station significantly more 
voluminous than vegetation of St. Grau (p<0.05), St. Baldiri (p<0.005), Sta. Cristina (p<0.05) and Castell 
(p<0.001) stations.  
 

 vegetation volume 
 0 -32 m 2 -16 m 

non-invaded areas 5.257 ± 1.682 4.231 ± 1.674 
invaded areas 5.673 ± 1.819 4.634 ± 1.798  

 
Table 2.  Values (m3) of accumulated relative volume of vegetation for the whole vertical profile (0-32m) and for the strata 
exploited by blue tits (1-16m). Means ± standard deviation. 
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Figure 9. Station values of vegetation coverage diversity index (H’ Shannon-Wiener). Vertical bars denote 0.95 confidence intervals 

 
Taking into account the relative cover of each stratum in the whole sample, a Shannon-Wiener diversity index 
(H’) was computed. Significant differences were found among stations, but not between invaded and non-
invaded areas (F6,56 = 3.008, p<0.05; F1,56 = 0 , p = 0.998). While in non-invaded areas stations are distributed 
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in two groups according to high or low diversity (St. Grau and Alou vs. St. Baldiri and Clot), a progressive 
increasing diversity trough stations (from Calçada, through Castell and Sta. Cristina, to Pedralta) is noticed for 
non-invaded areas (Figure 9). 
 
In order to detect differences in vegetation structure between sampled areas we performed a principal 
components analysis (PCA) of arcsine-transformed covertures of each stratum (arcsine vc). The first principal 
component (PC1), explaining 31.46% of variance of the data matrix (eigenvalue = 2.517), is strongly 
correlated with coverage of vegetation layers below 1 m (arcsine(vc 0-0.25), r=-0.73; arcsine(vc 0.25-0.50), 
r=-0.85; arcsine(vc 0.50-1), r=-0.80). PC1 defines a gradient among samples which are dominated by 
herbaceous and low-scrubby strata and those dominated by arboreal strata. Second principal component 
(PC2), explaining 24.88% of variance (eigenvalue = 1.990), principally absorbs variance of medium strata 
(arcsine(vc 1-2 m), r=-0.71; arcsine(vc 2-4 m), r=-0.89). The third principal component (PC3), explaining 
15.16% of variance (eigenvalue = 1.21), was found to be correlated with vegetation coverage of upper layers 
(arcsine(vc 4-8 m), r=-0.72; arcsine(vc 8-16 m), r=-0.64). (Figure 10) 
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Figure 10. Projection of arcsine transformed strata vegetation coverage on the factor-plane (1x2) and (2x3) from Principal 
Component Analysis. 

 
A nested ANOVA of PCA factor coordinates failed to find significant differences between invaded and non-
invaded areas for first and third principal component coordinates (F1,56 = 0.007, p = 0.933; F1,56 = 3.248, p = 
0.077), but found station factor to significantly affect both (F6,56 = 4.604, p<0.001; F6,56 = 3.213, p<0.05). Post 
hoc Tukey HSD test confirmed differences related to first principal component coordinates between Castell 
and St. Grau (p<0.005), Calçada (p<0.005) and Pedralta (p<0.001), and also between Clot and Pedralta 
(p<0.05) stations. For third principal component coordinates post hoc Tukey HSD test found St. Baldiri to be 
different respect Clot and Pedralta stations (p<0.05; p<0.01). Significant differences were detected for second 
principal component coordinates between invaded and non-invaded areas and between stations too (F1,56 = 
4.383, p<0.005; F6,56 = 16.752, p<0.001). 
Differences in vegetation coverage of strata that mainly hold foraging blue tits (strata 2-4 m, 4-8 m, 8-16 m) 
were statistically analysed. Nested ANOVA didn’t find significant differences in mean vegetation cover of 
strata 4-8 m and 8-16 m between invaded and non-invaded areas. Nevertheless, significant differences were 
detected among stations for the upper stratum (8-16 m), and also between stations and between invaded and 
non-invaded areas for the lowest stratum (2-4 m) (table 3), being the lowest vegetation layers exploited by 
blue tits less dense in invaded areas (mean covers of non-invaded vs. invaded areas: 40.56 ± 12.85 vs 33.58 
± 11.64). 
 

   arcsine 
(vc 2-4) 

arcsine 
(vc 2-4) 

arcsine 
(vc 4-8) 

arcsine 
(vc 4-8) 

arcsine   
(vc 8-16) 

arcsine 
(vc 8-16) 

 effect d.f F p F p F p 

station(L. humile status) Random 6 3.832 <0.005 1.847 0.107 7.676 <0.001 

L. humile status Fixed 1 6.581 <0.05 1.111 0.296 2.298 0.135 

Error  56        
 
Table 3. Nested ANOVA results for vegetation coverage (arcsine transformed) of strata involved in blue tit foraging activity (2 to 4 
m, 4 to 8 m and 8 to 16 m strata). F values and significance shown differences between stations and between invaded and non-
invaded areas. Significant effects boldfaced. 
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3.2. Arthropod sampling 
 
We collected a total of 6,954 specimens in the 240 samples from Q. suber branches and 240 from E. arborea 
branches, along the three years of survey. Specimens were distributed into 14 arthropod orders and 17 ant 
species (Tables 4 and 5). 
 

  invaded non-invaded   
Order E. arb Q. sub E. arb Q. sub total 
Araneae (Aran) 583 468 427 430 1908
Chilopoda (Chil) - - 2 1 3
Coleoptera (Cole) 101 347 143 426 1017
Dermaptera (Derm) 1 4 1 3 9
Dictyoptera (Dict) 9 13 12 11 45
Diptera (Dipt) 1 3 - 1 5
Hemiptera (Hemi) 80 257 111 207 655
Hymenoptera      

Formicidae (Form) 110 384 102 334 930
L. humile 90 323 - - 413
native sp. 20 61 102 334 517

non-Formicidae (Hymen_non-Form) 33 78 33 128 272
Lepidoptera (Lep) 260 381 303 661 1605
Neuroptera (Neur) 7 32 29 45 113
Opiliones (Opil) 6 1 15 1 23
Orthoptera (Orth) 20 17 21 9 67
Phasmida (Phas) 30 3 32 12 77
Psocodea (Psoc) 54 42 81 48 225
All arthropods 1295 2030 1312 2317 6954 

 
Table 5. Species abundance of foliage foraging ants sampled on Q. suber and E. arborea in invaded and non-invaded areas. Used 
acronyms in brackets. 

 
  invaded non-invaded   
Species E. arb Q. sub E. arb Q. sub total 
Camponotus cruentatus (CAMCRU) - - 6 5 11
Camponotus fallax - - - 3 3
Camponotus lateralis (CAMLAT) - - 2 27 29
Camponotus piceus (CAMPIC) - - - 15 15
Camponotus pilicornis - - 1 - 1
Camponotus sylvaticus - - - 3 3
Camponotus truncatus  (CAMTRU) - 1 4 13 18
Crematogaster scutellaris (CRESCU) - - 18 83 101
Formica cunicularia - - 3 5 8
Formica subrufa - - - 4 4
Lasius cinereus 1 - 4 16 21
Lasius lasioides (LASLAS) 2 2 20 44 68
Linepithema humile (LINHUM) 90 323 - - 413
Pheidole pallidula - - 1 2 3
Plagiolepis pygmaea (PLAPYG) 17 58 36 104 215
Temnothorax niger - - 1 - 1
Temnothorax rabaudi - - 6 10 16
All Formicidae 110 384 102 334 930 

 
Table 5. Species abundance of foliage foraging ants sampled on Q. suber and E. arborea in invaded and non-invaded areas. Used 
acronyms in brackets. 

 
3.2.1. Structure of the foliage arthropods assemblage 
 
Araneae, Lepidoptera, Hymenoptera, Coleoptera and Hemiptera, accounted together for 75.9% of captured 
specimens, and 47.6% of estimated biomass. Spiders constituted almost a third of the overall arthropods 
sampled (23.6% in non-invaded and 31.6% in invaded areas), followed by caterpillars (26.6% vs. 19.3%), 
hymenopterans (16.5% vs. 18.2%), beetles (15.7% vs. 13.5%) and hemipterans (8.8% vs. 10.1%) (Table 4). 
Despite being only 1.1% of the captures, the largest biomass (39.3% in non-invaded areas and 41.0% in 
invaded), was due to phasmids. Leaving phasmids out, caterpillars constituted the largest biomass, reaching 
23.0% in non-invaded and 21.0% in invaded areas. Caterpillars were followed by beetles (17.4% vs. 17.1%), 
spiders (4.6% vs. 7.3%), hymenopterans (4.1% vs. 5.7%) and orthopterans (4.7% vs. 2.0%) (Table 6). A 
Shannon diversity index per sample (H’_arth) was computed on the basis of the abundance of orders. It was 
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found to be marginally lower in invaded than in non-invaded areas (0.50± 0.20 vs. 0.55±0.17), and in tree 
heaths than in cork oaks (0.49±0.19 vs. 0.56± 0.18), with no significant interaction effect (Table 7). 
 

  invaded non-invaded   
Arthropods E. arb Q. sub E. arb Q. sub total 
Lepidoptera 964 2279 1189 4037 8469
Araneae 577 546 468 570 2161
Coleoptera 598 2036 790 3168 6592
Hemiptera 104 367 153 337 961
Hymenoptera 
    Formicidae 19 66 67 212 363
    non-Formicidae 198 601 126 536 1461
All arthropods 6494 8937 9559 13206 38195  

 
Table 6. Foliage arthropod biomasses (mg) sampled on Q. suber and E. arborea in invaded and non-invaded areas, for the most 
abundant orders. FGA diet: arthropods in foliage-gleaning adults’ diet; FGN diet: arthropods in foliage-gleaning nestlings’ diet. 

 
  Fixed effect 
   

invasion status plant species 
invasion status x 

plant species 
Response variable N F p F p F p 
H'_arth 480 5.9 0.052 15.8 < 0.001 0.6 0.428
PC1_arth 480 0.3 0.594 128.5 < 0.001 1.6 0.212
PC2_arth 480 0.1 0.789 1.4 0.239 3.2 0.075
N_form  480 1.3 0.261 96.3 < 0.001 0.7 0.416
P_form 480 0.3 0.579 46.7 < 0.001 0.0 0.852
N_L.hum 240 - - 51.1 < 0.001 - -
P_form_inv† 240 - - 13.3 < 0.001 - -
S_form 480 19.3 < 0.001 70.3 < 0.001 19.3 < 0.001
N_P.pyg 480 11.7 0.001 32.9 < 0.001 2.0 0.156
Biom_form†† 480 24.4 0.003 81.0 < 0.001 10.1 0.002
PC1_form 228 1970.1 < 0.001 0.9 0.344 5.9 0.016
PC2_form 228 2.2 0.183 12.4 0.001 8.6 0.004 

 
Table 7. Argentine ant invasion effects on the composition of arthropod assemblages in heaths and cork oaks. Results of 
univariate mixed model analyses. F-values and probabilities (p) for the fixed effects model considered. 
† Logtransformed 
†† Square-root transformed  
All analyses include a Random model: ‘year’ + ‘transect ('invasion status')’. Significant and marginally significant results 
commented in the text are highlighted. Acronyms are defined in “Results”. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In order to analyze taxonomic structure of foliage arthropod assemblages, a PCA on the abundance 
proportion of arthropod groups in each sample was performed. The PCA first component (PC1_arth) defines a 
gradient between samples dominated by spiders (r=-0.75) and those dominated by ants (r=0.64), beetles 
(r=0.54) and hemipterans (r=0.52). The PCA second component (PC2_arth) was mainly related to the relative 
abundance of caterpillars (r=-0.54). PC1_arth scores differed between cork oaks and tree heaths, indicating 

 
Figure 11.  a) Biplot of the two first components of the PCA analyzing the variation in the proportion of arthropod taxa in samples 
(N=480 cork oak and tree heath samples). Acronyms referenced in Table 1. b) Biplot of the two first components of the PCA 
analyzing the variation in the biomass proportion of ant species in samples, for species accounting for relative biomass > 3% (N= 
228 cork oak and tree heath samples). Acronyms referenced in Table 4. 
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different arthropod taxonomic composition (Figure 2a). No effect of Argentine ant invasion factor, alone or 
interacting with ‘plant species’, was detected, through the REML-LMM on PC1_arth, on taxonomic 
composition of foliage arthropods. A marginal interaction effect was detected for PC2_arth scores (Table 7).  
 
3.2.2. Foliage-foraging ants 
 
We collected a total of 930 ants, accounting for 13.4% of the arthropod captures, but only 0.95% of the overall 
arthropod biomass (Tables 1 and 2). Sample’s ant abundance (N_form) in invaded areas did not differ from 
non-invaded ones (2.06±2.87 vs. 1.82±2.25), but was significantly higher in cork oaks than in tree heaths 
(2.99±3.06 vs. 0.88±1.30) without interaction effect. The proportion of ants in samples (P_form) was also 
higher in oaks than in heaths (0.16±0.15 vs. 0.08±0.12), but no effect related to invasion status was detected, 
neither for their interaction. In invaded transects, Argentine ant abundance (N_L.hum) (2.69±2.79 vs. 
0.75±1.05) and relative proportion of Formicidae specimens in the samples (P_form_inv) (0.17%±0.17 vs. 
0.09%±0.14) were found to be significantly higher on oaks than on heaths (Table 7).  
 
Argentine ant was by far the dominant ant species collected at branches in invaded transects, occurring in 
57.1% of samples and reaching 83.6% of the ants collected. The most common species in non-invaded sites 
were: P. pygmaea, Crematogaster scutellaris, Lasius lasioides and Camponotus lateralis, accounting for 
76.6% of ant abundance. Ant species richness (S_form) drastically dropped in invaded areas, and the 
reduction in invaded cork oaks was greater than in invaded heaths. Out of a total of 16 species (14 in cork 
oaks, 12 in tree heaths) from 7 genera present in samples from non-invaded areas only P. pygmaea succeed 
in coexisting with the invasive ant, despite a few specimens of Camponotus truncatus, Lasius cinereus and L. 
lasioides were also detected. Abundance of P. pygmaea (N_P.pyg), the only species sampled abundantly in 
both ant communities, was higher in non-invaded areas (Tables 7 and 8).  
 

  Fixed effect 
   

invasion status plant species 
invasion status x 

plant species 
Response variable N F p F p F p 
N_nat†† 480 1.3 0.305 62.6 < 0.001 5.6 0.019
Biom_nat† 480 0.9 0.384 45.7 < 0.001 1.9 0.173
N_Lep† 480 0.8 0.409 22.9 < 0.001 4.1 0.044
N_Cole† 480 0.4 0.547 161.7 < 0.001 0.2 0.683
N_Hemi 480 0.1 0.734 46.6 < 0.001 3.7 0.056
N_Aran†† 480 0.5 0.492 7.0 0.008 3.4 0.065
Biom_Lep† 480 0.7 0.447 34.5 < 0.001 3.4 0.068
Biom_Cole† 480 0.4 0.563 118.7 < 0.001 0.3 0.564
Biom_Hemi† 480 0.5 0.518 52.4 < 0.001 3.6 0.057
Biom_Aran†† 480 0.0 0.832 0.3 0.578 2.5 0.112 

 
Table 8. Argentine ant invasion effects on bird-prey arthropod availability in heaths and cork oaks. Results of univariate mixed 
model analyses. F-values and probabilities (p) for the fixed effects model considered. 
† Logtransformed 
†† Square-root transformed  
All analyses include a Random model: ‘year’ + ‘transect ('invasion status')’. Significant and marginally significant results 
commented in the text are highlighted. Acronyms are defined in “Results”. 
 

 
Ant biomass (Biom_form) was lower in invaded than in non-invaded transects (0.17±2.08 vs. 0.64±2.64) 
(Figure 12b). The univariate REML-LMM revealed significant differences in ant biomass for both studied 
factors as well as for its interaction, so that, ant biomass in invaded cork oaks was lower than in control ones 
(0.17±0.11 vs. 0.63±0.95). Moreover, relative biomass of native ants was higher in non-invaded samples from 
both plant species than in invaded ones. The PCA on relative ant species biomass rendered a first component 
(PC1_form) that separates samples with L. humile (r=-0.97) from those where the invasive ant is absent and 
are dominated by C. scutellaris (r=0.60) (Figure 11b). Distribution of ant samples along this gradient was 
found to depend on invasion status, as well as on its interaction with plant species. The second PCA 
component (PC2_form) separates samples with high relative biomass of P. pygmaea (r=0.66) and L. lasioides 
(r=0.58), from those dominated by biomass of C. scutellaris (r=-0.60). The REML-LMM found PC2_form to be 
under the influence of plant species and its interaction with invasion: in non-invaded areas, samples from tree 
heaths are dominated by biomass of L. lasioides and P. pygmaea, while relative biomass of C scutellaris 
dominates samples from cork oaks (Table 7). 
 
 
 
 
 
 
 
 
 



           

 17

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Results of the arthropod sampling. a) Mean (±S.E.) estimated biomass (mg) of native, FGA (preyed by foliage-gleaners 
adults) and FGN (consumed by foliage-gleaners nestlings) arthropods on foliage of Q. suber and E. arborea  in invaded and non-
invaded areas. b) Means (±S.E.) estimated biomass (mg) of Lepidoptera larvae, Araneae, Coleoptera, Hemiptera and Formicidae on 
foliage of Q. suber and E. arborea in invaded and non-invaded areas. 
 
3.2.3. Potential preys for foliage-gleaning birds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Results of the arthropod sampling. a) Mean (±S.E.) abundance of native, FGA (preyed by foliage-gleaners adults) and 
FGN (consumed by foliage-gleaners nestlings) arthropods sampled on foliage of Q. suber (Qs) and E. arborea (Ea) in invaded and 
non-invaded areas. b) Mean (±S.E.) abundance of Lepidoptera larvae, Araneae, Coleoptera, Hemiptera and Formicidae sampled on 
foliage of Q. suber and E. arborea in invaded and non-invaded areas. 
 
Although abundance of native arthropods (N_nat) did not differ between invaded and non invaded areas, a 
marginal interaction effect was detected that noticed a plant species dependent effect of Argentine ant 
invasion factor, that is, a reduction in native arthropods abundance in invaded oaks, but not in invaded 
heaths, respect to non-invaded ones (Figure 13a). This interaction effect was sharper when excluding L. 
humile specimens of the analysis to explore for invasion effect on native arthropods abundance (N_nat). 
Greater amounts of native arthropod biomasses (Biom_nat) were sampled in oaks than in heaths across both 
invaded and non-invaded areas (Figure 12a) (Table 8). 
 
Abundances of caterpillars, beetles, hemipterans and spiders (N_Lep, N_Cole, N_Hemi and N_Aran 
respectively), the main prey groups for foliage-gleaners, were related to plant species sampled, but while 
caterpillars, beetles and hemipterans were more abundant in cork oaks, spiders were so in heaths. Argentine 
ant effect on abundances of the key prey groups were found to depend on the plant species sampled for 
caterpillars, spiders and hemipterans, but not for beetles (Figure 13b): a significant reduction of caterpillars 
was detected in invaded sites for oaks, but not for heaths; spiders showed the reversed trend and were 
marginally more abundant in invaded areas on heaths, but not in oaks; hemipteran abundance in invaded 
oaks was higher than in those non-invaded, while abundance in invaded heaths was lower than in non-
invaded ones; beetles abundance did not differ between invaded and non invaded areas, irrespectively of the 
plant species sampled. No other direct effect of the invasion status factor was detected for any of the four key 
groups (Table 8). 
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Mean caterpillar biomass per sample (Biom_Lep) was greater in cork oaks than in tree heaths, and invasion 
effects on it marginally depended on plant species sampled, highlighting a reduction in invaded oaks, but not 
in heaths (Figure 12b). Hemipteran biomass (Biom_Hemi) was found to be greater in cork oaks, and a 
marginal significant interaction effect was detected, and while hemipteran biomass on invaded cork oaks was 
higher than on non-invaded ones, the reverse trend was detected for heaths. Significantly greater coleopteran 
biomass (Biom_Cole) in oaks than in heaths was found to be independent on any effect related to Argentine 
ant invasion. Mean spider biomass (Biom_Aran) was not affected by any of the factors analyzed (Figure 12b) 
(Table 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. Lepidoptera larvae mean abundance (±S.E.) sampled annually on foliage of Q. suber and E. arborea in invaded and non-
invaded areas. 
 
3.3. Blue tit breeding performance 
 
As the data relative at 2006-07 breeding seasons is still under analysis here we present preliminary results on 
blue tit breeding population based on data of 2005. 
 
3.3.1. Nest occupation 
 
Although 27 mm diameter entrance hole should have prevented nest-boxes to be occupied by larger species 
as Great tit (Parus major), this one was noticed nesting in several nest-boxes, reducing nest resource 
availability to blue tit breeding population. Great tits were capable to enter in the nest-boxes either taking profit 
of nest-boxes’ structural deficiencies or enlarging entrance hole. Five great tit pairs succeed breeding in nest-
box sets, 2 in non-invaded areas (in Clot and Alou station) and 3 in invaded areas (all three in Pedralta 
station), reducing nest-boxes availability to blue tits from 200 to 195. 
 
Blue tits started building a nest in most of the 195 remaning nest-boxes during courtship, but nest construction 
was not completed or eggs were not laid in some of them. A total of 120 nest-boxes were successfully 
occupied by blue tits pairs (i.e. nest construction finished and at least one egg laid) over 195 available 
(61.54%). Although blue tits relied mostly in moss to build their nest, grass, small twigs and coniferous 
needles were also incorporated to the foundation in many cases. The amount of material used in nest building 
largely differed between nests. While in some nests cup was constructed directly over a thin lever basis, 
others nest-boxes were almost fully filled to the top, chiefly by moss. The nest cup was predominantly 
composed by a moss pad covered by own parents feathers, and often also incorporated feathers of other 
species together with animal hair (sheep wool and fox, wild boar and dog hair recorded) and even several 
kinds of artificial fibres. Few nests were found to be adorned with fragments of aromatic herbs. 
 
Nest occupation varied widely between stations, and they could be categorized as low (% occupation < 1/3; 
St. Baldiri), medium (% occupation: between 1/3 and 2/3; St. Grau, Calçada and Pedralta) or high occupation 
areas (occupation > 1/3; Clot, Alou, Sta. Cristina and Castell) (table 9). With only 4 occupied nest-boxes over 
25, St. Baldiri occupation pattern widely diverge from the rest, being its trend almost contrary as is clearly 
reflected in figure 15. Forest containing St. Baldiri station was subjected to an understorey fuel reduction just 
at the beginning of the breeding season. As power saws, brushcutters and even heavy grind machines were 
used in forest management, the continuous disturbance could have refrained breeding pairs to establish nests 
in this area. 
 

0

2

4

6

8

10

2005 2006 2007

invaded Q. suber invaded E. arborea non-invaded Q. suber non-invaded E. arborea

0

2

4

6

8

10

2005 2006 2007

invaded Q. suber invaded E. arborea non-invaded Q. suber non-invaded E. arboreainvaded Q. suberinvaded Q. suber invaded E. arboreainvaded E. arborea non-invaded Q. subernon-invaded Q. suber non-invaded E. arboreanon-invaded E. arborea



           

 19

 

 
occupied  

nests 

nest 
occupation 

% 
St. Grau 12 48.00 

St. 
Baldiri 4 16.00 

clot 20 83.33 

Alou 17 70.83 

Calçada 12 48.00 

Pedralta 12 54.55 
Sta. 

Cristina 22 88.00 

Castell 21 84.00 

total 120 61.54 
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Table 9. Number of occupied nests and 
proportion of nests occupied for each station. 

  
Figure 15. Interaction plot between occupation and station. Station frequencies 
of occupied and unoccupied nests. 

 
Owing to its absolutely divergent occupation pattern, from now on St Baldiri station won’t be taken in account 
in occupation calculations. Pooling all the rest stations together, we found a 66.29% average nest-boxes 
occupation. Pearson Chi-square test didn’t detect significant differences in pattern occupation between 
invaded (69.07%) or non-invaded (67.12%) areas (Χ2

0.05,1=0.073,  p=.787). More blue tits pairs bred in nest-
boxes of invaded areas (55.83% of nests analysed were built in nest-boxes set in invaded areas). 
 
3.3.2. Nest success 
 
Among the 120 clutches laid, 100 blue tit breeding pairs succeeded to raise at least one fledgling until 14 days 
of age (83.33% of nest success). 
 

 

 
successful  

nests 
nest 

success % 
St. Grau 11 91.67 

St. Baldiri 2 50.00 

clot 17 85.00 

Alou 12 70.59 

Calçada 10 83.33 

Pedralta 11 91.67 

Sta. Cristina 19 86.36 

Castell 18 85.71 

total 11 91.67 
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Table 10. Number and percentage of successful nests 
for each station. 

  
Figure 16. Interaction plot between nest success and station. Station 
frequencies for successful and unsuccessful nests. 

 
St. Baldiri station performed otherwise in terms of nest success, falling two of the four clutches laid (Table 10, 
Figure 16). After excluding St. Baldiri station, nest success in invaded areas (86.57%) was not found to be 
significantly different than nest success in non-invaded areas (81.63%) (Χ2

0.05,1=0.526, p=0.468). Any 
significant correlation was found between nest occupation or nest success and vegetation or arthropods 
descriptors. 
 
3.3.3. Laying date 
 
Blue tits started laying clutches between April 10th and May 13th, first clutch laid in Clot station, in non-
invaded area (Table 11, Figure 19 and 20). After excluding St. Baldiri station, breeding pairs laid on average 2 
days later in invaded areas, this difference being not significant in a nested ANOVA test (F1,91=1.871, 
p=0.175). Laying date differed significantly depending on the station, and post hoc Tukey HSD test confirmed 
that Alou breeding pairs laid clutches significantly earlier than Pedralta did (p<0.05). Sta. Cristina station 
displayed the highest concurrence of laying dates (estimated through the lowest standard deviation), while 
Castell showed the widest range. In invaded areas average occurrence in laying dates was higher than in 
non-invaded (Table 11). 
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Figure 17. Clutches laying date sequence for blue tits breeding in invaded and non-invaded areas. Frequencies of clutches laid. 
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Figure 18. Clutches laying date sequence for each station. Frequencies of clutches laid. 

 
 laying date s.d. first clutch 

Alou April 15th 6.28 April 12th 
Sta. Cristina April 27th 4.95 April 14th 

Castell April 27th 12.49 April 19th 
Clot April 28th 7.53 April 10th 

St. Baldiri April 30th 3.40 April 27th 
St. Grau May 3rd 5.88 April 25th 
Calçada May 5th 6.88 April 30th 
Pedralta May 5th 5.25 April 26th 

    

non-invaded 28/04/2005 10.05 April 10th 
invaded 30/04/2005 6.80 April 14th  

 
Table 11. Mean laying date, Standard Deviations and first clutch laying date for each station and for invaded and non-invaded 
areas (non-invaded mean computed excluding St. Baldiri station), sorted by mean laying date order. 

 
No significant correlations were found between laying date and vegetation descriptors (PCA factor 
coordinates, sum of vegetation cover from 2 to 16 m, vegetal volume or cover diversity-H’). Arthropod related 
variables (caterpillar and potential diet relative and estimated absolute biomasses) did not correlate 
significantly with laying date either. Nest laying date was not found to be correlated with any parameter 
related to breeding success. On the other side, station means of laying date were significantly correlated with 
station means of clutch size, the latter decreasing as breeding station progressed (r=-0.935; p<.005) (Figure 
19). These results closely match a gradient from inland to costal stations: blue tits breeding in inland stations 
start laying earlier and lay more eggs than ones from coastal stations. 
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Figure 19. Scatterplot: station means of laying date vs. station means of clutch size (eggs = 13.760 - 0.0977 * laying day; 
Correlation: r = -0.9351); p<0.005. 

 
3.3.4. Breeding success 
 
With the exception of nestlings survival (number of fledglings respect hatched eggs in percentage), all 
variables related to breeding success were more favourable for blue tit pairs breeding in non-invaded areas. 
Pairs produced more eggs, hatched more nestlings and raised more fledglings (nestlings surviving to 14 days 
old) per nest in areas non-invaded by Argentine ant. Eggs viability (percentage of eggs hatched) was found to 
be higher in non-invaded areas too (Table 12, Figure 20). Despite those differences, no effects were found to 
be significant. Moreover, breeding station was never found to be a factor affecting differences detected in 
terms of reproductive success (Tables 15, 16). 
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Figure 20. Breeding success descriptors for stations and for invaded and non-invaded areas. Vertical bars denote 1*Standard Deviation 
confidence intervals. 

 

 eggs hatchlings fledglings eggs viability nestling survival 

non-invaded 8.02 ± 2.17 7.29 ± 2.14 6.64 ± 2.28 0.90 ± 0.13 0.9062 ± 0.1534 

invaded 7.69 ± 1.83 6.98 ± 1.66 6.47 ± 1.88 0.89 ± 0.12 0.9241 ± 0.1363 

total 7.83 ± 1.98 7.11 ± 1.87 6.54 ± 2.05 0.89 ± 0.12 0.9166 ± 0.1433 

N 120 100 100 100 100  
 
Table 12. Breeding success descriptors for invaded and non-invaded areas. eggs: mean of produced eggs per clutch laid; hatchlings: 
mean of nestlings hatched  per successful nest; fledglings: mean of fledglings (nestlings surviving to 14 days old) raised per successful 
nest; eggs viability: percentage of eggs hatched per successful nest; nestling survival: fledglings/hatchlings in percentage ; N: counts. 
(Data ± Standard Deviation) 

eggs hatchlings fledglings eggs viability Nestling survival  
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eggs hatchlings fledglings 
 ef

fe
ct

s 

d.f. F p d.f. F p d.f. F p 
station(L. humile status) F 6 0.563 0.759 6 0.533 0.782 6 0.481 0.821 

L. humile status R 1 0.767 0.383 1 0.250 0.618 1 0.052 0.820 
Error  112   92   92    

 
Table 13. Nested ANOVA results. F values and significance show effects of invasion status and station on breeding success descriptors. 
 

 eggs viability nestling survival 
 effects d.f. F p d.f. F p 

station(L. humile 
status) F 6 1.400 0.223 6 0.742 0.617 

L. humile status R 1 0.322 0.572 1 0.270 0.605 
Error  92   92    

 
Table 14. Nested ANOVA results. F values and significance show effects of invasion status and station on breeding success 
descriptors.  

 
Clot station recorded the smallest and the largest clutch, as well as the largest initial (hatchlings) and final 
broods (fledglings) (nest #137: 2 eggs, 2 hatchlings, 2 fledglings; nest #150: 13 eggs, 13 hatchlings, 12 
fledglings). The smallest final brood was raised in Alou station (nest #33: 7 eggs, 4 hatchlings, 1 fledgling). 
Any station mean of breeding success variable was found to be correlated neither with stations means of 
vegetation structure descriptors (PCA factors coordinates, sum of vegetation covers, vegetal volume, 
vegetation diversity index-H’, and Erica, Quercus or Pinus volumes or sum of covers), nor with arthropod 
related variables (caterpillar and potential diet relative and estimated absolute biomasses).  
 
3.3.5. Fledglings’ body condition  
 
Biometrics measurements were taken on 652 fourteen days old blue tit nestlings (hereafter referred as 
fledglings) from 100 nests. Pairs in non-invaded areas globally raised more chicks than pairs in invaded did, 
partially due to a reduction of nests availability in non-invaded areas as a consequence of disturbances in St. 
Baldiri station mentioned above. Among non-disturbed stations, Calçada was the less productive study plot, 
while Clot was the station where more fledglings were reared. 
In order to avoid pseudoreplication, fledglings were pooled within nests to examine for differences in juvenile 
body condition between areas. From now on, data from the only two St. Baldiri station successful broods 
won’t be included in indices calculations. All remainder successful broods from other stations (N=98) were 
involved in fledglings physical condition assessment (40 from non-invaded areas, 58 from invaded). 
 
3.3.5.1. Biometric measurements 
 
Fledglings reared in non-invaded areas developed significantly longer tarsi than those in invaded ones (16.28 
± 0.34 vs. 16.13 ± 0.32). Despite fledglings were also heavier in non-invaded areas (by means of body mass 
and SBM), those differences were non-significant for invasion status factor. RBM, the residuals of the ordinary 
least square regression of fledglings body mass on tarsus length (r=0.62, F1,637=392.73, p<0.001) reported 
chicks grown in invaded areas to be in worse physical condition respect to those reared in non-invaded areas, 
this differences being non-significant. Breeding station was never found to be a factor affecting body condition 
differences detected (Table 16, Figure 21). 
 

 

 fledglings nests 
tarsus 

length (mm) 
body 

mass (gr) SBM (gr/mm) RBM 

St. Grau 68 11 16.19 ± 0.39 10.33 ± 0.56 0.638 ± 0.026 -0.086 ± 0.390 

Clot 123 17 16.36 ± 0.33 10.58 ± 0.78 0.646 ± 0.039 0.033 ± 0.583 

Alou 75 12 16.25 ± 0.31 10.55 ± 0.55 0.649 ± 0.027 0.093 ± 0.422 
Calçada 64 10 16.10 ± 0.37 10.38 ± 0.30 0.645 ± 0.018 0.035 ± 0.316 
Pedralta 65 11 16.04 ± 0.28 10.32 ± 0.56 0.643 ± 0.030 0.027 ± 0.460 

Sta. Cristina 124 19 16.23 ± 0.33 10.22 ± 0.49 0.629 ± 0.030 -0.231 ± 0.501 
Castell 120 18 16.09 ± 0.30 10.50 ± 0.52 0.653 ± 0.027 0.166 ± 0.416 

       
non-invaded 266 40 16.28 ± 0.34 10.50 ± 0.65 0.645 ± 0.032 0.018 ± 0.483 

invaded 373 58 16.13 ± 0.32 10.35 ± 0.49 0.642 ± 0.028 -0.013 ± 0.459 
       

St. Baldiri 13 2 16.39 ± 0.16 10.57 ± 0.30 0.645 ± 0.012 - 
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Table 15. Station means ± Standard Deviation of body condition indices.  Fledglings: counts of fledglings involved in analysis; nests: 
counts of nests involved in analysis. SBM: Standardized Body Mass; RBM: residuals of fledgling’s body mass regressed on tarsus 
length. Invaded and non-invaded means calculated excluding St. Baldiri station. Residuals analysis performed excluding fledglings 
from St. Baldiri station. 
 

   tarsus length (body mass)^2 SBM RBM 
 effects d.f. F p F p F p F p 

station(L.humile status) Rand. 5 0.929 0.467 0.8351 0.528 1.358 0.248 1.606 0.116 

L.humile status Fixed 1 4.565 <0.05 1.4703 0.228 0.117 0.733 0.021   0.885 

Error  91         
 
Table 16. Nested ANOVA results for nest means of biometric body condition indices (tarsus length, body mass transformed to the power 
of 2, Standardized Body Mass and Residuals of Body Mass). F values and significance show differences and between invaded and non-
invaded areas and between stations. Tests developed excluding nests from St. Baldiri station. Significant effects boldfaced. 
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Figure 21. Means of biometric body condition indices (tarsus weight, body mass transformed to the power of 2 and Standardized Body Mass) for 
stations and for invasion status (excluding nests from St. Baldiri station). Vertical bars denote 1*Standard Deviation confidence intervals. 

 
3.3.5.2. Feathers colour analysis  
 
Fledglings’ physical condition by means of feathers colour analysis was assessed. Four fledglings from each 
nest were randomly chosen to examine for differences in plumage colour (167 fledglings from non-invaded 
areas, 218 from invaded). Chicks grown in non-invaded areas had slightly greenish yellow breast feathers. In 
addition, feathers yellowness was, as well as brighter, more saturated in non-invaded areas (feathers’ hue, 
saturation and brightness values on Table 17, Figure 22). Despite those differences, nested ANOVA test 
failed to find significant effects of Argentine ant invasion on fledglings’ fitness assessed trough plumage colour 
characteristics (Table 18). Statistical significance for station factor on feathers colour variables were not 
observed either. 
 

tarsus length (mm) body mass (gr) SBM (gr/mm) 
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 N hue saturation brightness 

St. Grau 12 49.56 ± 0.59 35.33 ± 3.43 90.40 ± 1.89 
Clot 17 49.52 ± 1.00 36.66 ± 3.91 90.04 ± 2.66 

Alou 11 49.66 ± 0.73 37.25 ± 2.98 88.96 ± 1.49 
Calçada 10 49.05 ± 0.80 36.13 ± 3.91 88.53 ± 2.99 
Pedralta 10 49.22 ± 1.50 34.29 ± 1.96 89.95 ± 3.39 

Sta. Cristina 18 49.49 ± 0.75 35.90 ± 2.15 90.04 ± 3.11 
Castell 18 49.83 ± 0.96 37.39 ± 2.77 89.35 ± 2.66 

     
non-invaded 40 49.57 ± 0.80 36.43 ± 3.53 89.85 ± 2.19 

invaded 56 49.47 ± 1.01 36.13 ± 2.84 89.53 ± 2.97 
     

St. Baldiri 2 48.50 ± 1.41 37.75 ± 1.77 89.88 ± 3.71 
 
Table 17. Station means ± Standard Deviation of feathers colour descriptors values: hue (0-360º), saturation (0-100) and 
brightness (0-100). Invaded and non-invaded means calculated excluding St. Baldiri station. 
 

 
  hue saturation brightness 

 effects d.f. F p F p F p 

station(L.humile status) Random 5 1.138 0.346 1.817 0.118 0.837 0.527 

L.humile status Fixed 1 0.868 0.354 0.551 0.460 0.337 0.563 

Error  89       
 
Table 18. Nested ANOVA results for nest means of feathers’ hue, saturation and brightness colour values. F values and 
significance show differences and between invaded and non-invaded areas and between stations. Tests developed excluding 
nests from St. Baldiri station. 

 

30

35

40

45

50

55

st. grau st.
baldiri

clot alou calçada pedralta sta.
cristina

castell

H
ue

; S
at

ur
at

io
n

85

90

95

B
rig

th
ne

ss

 

30

35

40

45

50

55

non-invaded invaded

H
ue

; S
at

ur
at

io
n

85

90

95

B
rig

th
ne

ss

 

 
 
Figure 22. Means of feathers colour descriptors values (hue, saturation and brightness) for stations and for invasion status (excluding nests 
from St. Baldiri station).  Vertical bars denote 1*Standard Deviation confidence intervals. 

 
Correlations between fledglings’ feathers colour descriptors and biometric body condition indices were also 
examined. Despite being significant in some cases, all detected correlations between both groups of variables 
were weak, with Pearson r correlations coefficients under 0.25 (Table 19). However, pooling nests into 
stations, body mass means were strongly positively correlated with feathers saturation values (r=0.75; 
p<0.05) (Figure 23). 
 

Hue Saturation Brightness
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 hue saturation brightness 
body mass r=0.23 r=0.07 r=0.05 

 p<0.001 p=0.193 p=0.376 
tarsus length r=0.15 r=0.10 r=0.11 

 p<0.05 p=0.064 p<0.05 
SBM r=0.20 r=0.03 r=-0.01 

 p<0.01 p=0.607 p=0.843 
RBM r=0.18 r=0.01 r=-0.03 

 p<0.001 p=0.827 p=0.565 
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Table 19. Pearson r coefficients and significances of correlations 
between fledglings’ biometric body condition indices and feathers 
colour descriptors. Significant effects boldfaced. 

  
Figure 23. Scatterplot: station means of fledglings body mass 
vs. feathers saturation (Saturation = -29.07 + 6.2678 * body 
mass). Correlation: r = 0.7450; p<0.05. 

 
Any body condition index examined (fledgling size, SBM, RBM, feathers hue or saturation were found to be 
correlated neither with vegetation descriptors, nor with variables related to arthropod sampling. 
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4. Discussion 
 
As the data relative at 2006-07 breeding seasons is still under analysis, discussion of Argentine ant invasion 
effects on the reproduction and development of blue tits will be debated taking into account only data of 2005. 
 
Blue tits are faced with variable environmental conditions especially during reproduction. Breeding blue tits 
are under conflicting pressure, forced to adjust reproductive parameters as laying date or clutch size to habitat 
characteristics as well as to their own breeding capacity, maximizing reproductive output and fledgling 
condition. Optimal habitats allow breeding pairs to devote a greater surplus of energy to reproduction, setting 
the basis to achieve a higher breeding success.  
 
Our results show that blue tit reproductive success in 2005 has been affected in different ways by Argentine 
ant invasion. As will be discussed later, the confirmed negative effects of the ant on food availability have not 
been fully translated into breeding performance of blue tits, neither in terms of a lesser reproductive output 
(i.e. clutch size, nestlings survival and final brood size) nor as a worse condition of fledglings (i.e. SBM, RBM, 
feathers yellowness saturation). However, depleted food affected body size (assessed through tarsus length) 
of fledglings raised in invaded areas. 
 
It has been proposed that general patterns of distribution and community composition of arboreal arthropods 
are mainly dictated by habitat structure (e.g. Halaj, Ross et al. 2000). Despite inherent characteristics of each 
station, the effort made in the choice of study areas was addressed to balance those differences in order to 
achieve maximum uniformity between invaded and non invaded areas. Vegetation structure analysis 
reasserts our approach, given that main general vegetation features of invaded areas don’t differ from those 
non-invaded. Despite statistical tests detected significant differences among stations in terms of structural 
diversity, volume of vegetation layers exploited by blue tits and coordinates of principal component analysis, 
these differences equilibrate general vegetation structure between invaded and non-invaded areas. 
Concerning whole vegetation structure, the only differences detected between invaded and non-invaded 
areas were related to coordinates of second principal component of PCA (principally explaining variance of 
vegetation cover from 1 to 4 m height), and in relation to vegetation mainly exploited by blue tits significant 
differences were detected for the lowest stratum (from 2 to 4m height). Moreover, differences among stations 
are mainly due to the larger presence of pines in upper strata of Alou and Pedralta stations. Due to specific 
characteristics of forage activity of blue tits, tending to feed higher in tree crowns than other Parus species 
and almost entirely avoiding coniferous when broadleaf trees are in leaves (Cramp and Perrins 1998), they 
are not expected to significantly affect blue tits foraging output, because lowest stratum (from 2 to 4 m) 
represent a little proportion of the whole volume used by foraging blue tits.  
 
4.1. Argentine ant invasion effects on foliage arthropod community 
 
Foliage-foraging native ant fauna suffer the foremost detected impact of L. humile invasion. Holway (Holway 
1999) pointed to exploitative or interference competition as the mechanism underlying the displacement of 
native ant species by Argentine ant, which is severe in Mediterranean ant communities (Way, Cammell et al. 
1997; Gomez, Pons et al. 2003; Carpintero, Reyes-Lopez et al. 2005). Virtually displacing all native ant 
species, L. humile severely disturbs the original foliage-foraging ant assemblages of the cork oak forests 
studied. Native ant communities are arranged in hierarchically structured assemblages where a dominant 
group of species dominates over subordinate ones, and Argentine ant completely modifies those main 
patterns of community composition. C. scutellaris and Lasius sp, the native competitive dominant species 
foraging in cork oaks and tree heaths, respectively, are completely dislodged by Argentine ant. Behaviorally 
subordinate native species as C. lateralis, Camponotus piceus and Camponotus cruentatus that naturally co-
occur with them, also succumb to Argentine ant irruption. Sites occupied by Argentine ants support almost no 
native foliage-foraging ants except the tiny P. pygmaea, although its abundance is lower in invaded areas. 
Hence, native ant communities implement a wide range of dietary strategies, from scavengers to harvesters, 
through predation and homopteran-tending, interacting with co-occurring arthropod communities. Depending 
on the extent to which Argentine ant is able to replace their functional loss, the implications for the ecosystem 
may be more or less severe. 
 
Our results suggest that Argentine ant replaced native ants without outstanding effects on arthropod 
community structure, at least at our study’s coarse taxonomic level. Arthropod assemblages in cork oaks and 
tree heaths maintained a characteristic structure across invaded and non-invaded areas, being assemblages 
in heaths mainly dominated by spiders, while ants, accompanied with honeydew-producing hemipterans, 
ruled on oaks. Invaded and non-invaded areas contained similar abundances and biomasses of arthropods, 
but samples from invaded oaks and heaths were less diverse. Along with the diversity loss, further effects 
related to the invasion were detected for several key orders. Consistent with the greater abundance of L. 
humile workers in cork oaks and with its proneness to exploit honeydew producers, hemipteran were more 
abundant in oaks of invaded areas than in non-invaded ones. Several studies relate established mutualisms 
with Argentine ant to a decreased success of parasitism and predation on hemipterans (Bartlett 1961; 
Barzman and Daane 2001) as well as to their population outbreaks (Addison and Samways 2000). 
Concurrent arthropod fauna, as herbivores and predators, are usually negatively affected by mutualisms 
established between ant and hemipterans (Styrsky and Eubanks 2007), and the greater abundance of 
Argentine ants patrolling and harvesting in cork oaks than in tree heaths may explain their differential effects 
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on key arthropod taxa. Greater abundance increases contact chance, leading to higher rates of prey 
encounter (Grover, Dayton et al. 2008), thus uprising ant predation levels upon plant visiting arthropods 
external to aphids-ants interaction. While in invaded cork oaks caterpillars are scarcer, the lower presence of 
invasive ants in tree heaths could be raising opportunities to other predators such as spiders. Contradictory 
outcomes of interactions between Argentine ant and spiders have been documented, including active 
competition (Heimpel, Rosenheim et al. 1997) and ant predation upon spiders (Abril, Oliveras et al. 2007), but 
also enhanced spider abundance under Argentine ant occurrence (Bolger, Suarez et al. 2000; Touyama, 
Ihara et al. 2008). A similar diversity of interactions has been found in invasive ants Lasius neglectus (Rey 
2007) and Solenopsis invicta (Kaplan and Eubanks 2005). Detected decreases in abundances of caterpillars, 
consistent in cork oaks through the three study years (Figure 14), could be consequence of several factors. 
Certain types of organisms such as those soft bodied, sluggish or wingless may be more vulnerable than 
others to direct predation by Argentine ant, as could be butterfly larvae and eggs. Argentine ant have been 
reported to prey upon caterpillars (Bernays and Cornelius 1989; Human and Gordon 1997; Abril, Oliveras et 
al. 2007), freely exposed eggs of some insect taxa as Coleoptera (Way, Cammell et al. 1992) and other 
immature forms as lacewings larvae (Grover, Dayton et al. 2008). Argentine ant could also be decreasing 
caterpillar abundance by interfering with their foraging activity or by continuous harassment. 
 
Insectivorous foliage-gleaners, being food specialists, are expected to be highly sensitive to arthropod 
availability, especially in the breeding season when reproductive success should be optimized through an 
efficient foraging. Despite abundance and biomass of arthropods preyed by adult foliage-gleaners were not 
affected by the invasive ant in the studied area, the depletion of chick food abundance could be distressing 
their reproductive performance. Moreover, it is fair to say, that during spring arthropod outbreak adult foliage-
gleaners also rely on them to feed upon, and thus, a reduction in their nutritional resources could be 
compromising not only nestlings provisioning, but also parents maintenance foraging. Given that abundances 
of arthropods of interest in foliage-gleaners diet, especially caterpillars, were found to be lower in invaded 
oaks, greater effects would be expected in relation to foraging performance of species that, mainly relying on 
caterpillars to feed their chicks, mostly forage on tree crowns. Thus, in areas invaded by the Argentine ant, 
canopy foraging species as Aegithalos caudatus, P. caeruleus, Fringilla coelebs, Lophophanes cristatus, 
Oriolus oriolus, P. major, Phylloscopus bonelli and Regulus ignicapilla could be facing a more constrained 
breeding environment in relation to their conspecifics inhabiting non-invaded areas, while other foliage-
gleaners which usually forage on lower vegetation layers such as Sylvia melanocephala, Sylvia cantillans, 
Hippolais polyglotta, or T Troglodytes. troglodytes could be less sensitive to L. humile invasion impacts. Lower 
densities of arthropods reduce detectability of target preys, and thus require higher foraging effort, that’s to 
say, increased searching times or longer flight distances (Naef-Daenzer and Keller 1999; Stauss, Burkhardt et 
al. 2005; Tremblay, Thomas et al. 2005), therefore reducing feeding visits. Consequently, less time can be 
devoted to nest attentiveness, causing lesser attention cares and, in extreme cases, a possible food limitation 
to the young. In this sense, caterpillar abundance and biomass determines parents foraging success and 
nestlings feeding frequency in blue and great tit (Naef-Daenzer and Keller 1999). The rate of food delivery 
affects both nestlings growth rate and fledgling weight (Perrins 1991; Keller and Vannoordwijk 1994), and 
further decreases survival chances in foliage-gleaners (Tinbergen and Boerlijst 1990; Sillett, Holmes et al. 
2000). However, besides constraining nestling fitness, food availability reduction imposes greater 
physiological demands on parents. The consequent supplemental foraging energy expenditure to sustain 
optimal chick development increases parents’ reproductive effort in a way that can exert a cost on survival, as 
have been documented in some foliage-gleaning adult breeders (Nur 1984; Tinbergen, Vanbalen et al. 1985). 
 
4.2. Effects of Argentine ant invasion on Blue tit reproduction 
 
Many authors have pointed to food availability as an important factor determining reproduction timing in birds 
(e.g. Martin 1987). Breeding pairs are supposed to start laying at such a time that their offspring are raised 
when food resources attain its maximum level, since a mismatch between these timings may obligate parents 
to devote a surplus of energy to cover nestlings demand that can lower their lifetime reproductive output 
(Thomas, Blondel et al. 2001). Furthermore, owing to the period of best foraging conditions is shorter than the 
period during which caterpillars are available, tits matching their breeding attempts to the timing of peak 
caterpillar supply have been found to perform higher reproductive output (Tinbergen and Boerlijst 1990; Nager 
and Vannoordwijk 1995; van Noordwijk, McCleery et al. 1995; Dias and Blondel 1996). Given that 
development of caterpillars starts only after budburst of host plants and given that larvae growth is inhibited by 
condensed leaf tannins, which increases as season advances (Feeny 1970), budding time has been 
suggested to be a reliable indication for the maximum of food supply, and thus, a clue potentially used by 
birds to start their reproduction (Blondel, Dias et al. 1993; Sanz, Potti et al. 2003). Evaluation of occurrence of 
laying dates shows that blue tits started egg-laying at the same time in invaded and non-invaded areas, 
showing that on average breeding pairs did not detected differences in the plant budburst phenology between 
areas, as we expected from the main geographic and vegetation characteristics of stations. Since blue tits 
breeding in inland stations (Alou, Sta. Cristina, Clot, Castell) start laying earlier than tits from coastal stations 
(Pedralta, Calçada, St. Grau, St. Baldiri), sea nearness seems to modulate plant budburst, and therefore 
affect breeding time of blue tits. 
 
Nest occupation was found to differ among stations, probably through pine presence, but not between 
invaded and non-invaded areas. The fine-scale spatial distribution of blue tits populations has been suggested 
to be insensitive to food resources, but constrained by vegetation features as tree density and the availability 
of tree holes for nesting (Pulido and Diaz 1997). Provided that vegetation structure is similar across invaded 
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and non-invaded areas, and considering that nest-boxes occupation is related to population density (Baucells, 
Camprodon et al. 2003), we could roughly affirm that densities of blue tit populations in invaded and non-
invaded areas are similar, i.e. Argentine ant invasion do not seem to affect blue tit density. A bird community 
monitoring of breeding stations did not notice significant differences in community composition between 
invaded and non-invaded areas (Bas and Pons, unpublished data). Only 2,5% of nests were successfully 
occupied by breeding great tits (2 in non invaded areas, 3 in invaded), despite hole diameter was not suited to 
their size. Actually, all successful breeding attempts were facilitated either by structural deficiencies of nest-
boxes or by enlargement of access hole. Despite none successful nest attempt of crested tit (P. cristatus) was 
detected in nest-boxes sets, this species was more abundant in costal stations, where the density of pines is 
usually higher. Excluding St. Baldiri, blue tits occupied about 50% of nest-boxes in coastal stations, while in 
inland stations occupation surpassed 70%. The drop of occupation in coastal stations could be probably due 
to a greater interspecific competition among blue and great and crested tits, leading to a lesser densities of 
blue tits in these sites.  
 
Any variable related to breeding success (i.e. clutch size, number of hatchlings, number of fledglings and 
nestling survival) was not found to be affected by Argentine ant invasion. It’s widely accepted, and it has been 
experimentally demonstrated (e.g. Pettifor, Perrins et al. 2001), that clutch size is adjusted to the maximum 
number of nestlings that a breeding pair can adequately nourish (Lack Optimization hypothesis) (Lack 1947), 
in relation to population density (Both 1998) and food availability (Verboven, Tinbergen et al. 2001). Mean 
clutch size in the areas surveyed in 2005, 7.8 eggs, was larger than expected in our latitudes for a cork oak 
woodland, 6.5 eggs (Gil-Delgado, Lopez et al. 1992) and even larger than expected for a richer deciduous 
oak habitat, 7 eggs (Baucells, Camprodon et al. 2003). Moreover, clutch size, number of hatchlings and  
number of fledglings nicely matched those obtained in 2003 and 2004 in the prospective survey conducted by 
Roca (2004). Nestling survival was found to be lower in 2005 compared to 2003 and 2004. This result may 
arise from a combination of environmental effects (mainly through changes in food availability), predation on 
nestlings and parents, as well as parents desertion. 
 
Argentine ant invasion did not strongly affect blue tit breeding performance in terms of nestlings’ average 
body condition either, given that tarsus length was the only related variable found to achieve significantly 
larger magnitudes in non-invaded areas. Body condition has been conventionally regarded as a highly plastic 
trait reflecting nutritional status of individuals, determined by parents’ characteristics (e.g. genotype, parental 
care…) and the quality of the habitat. As a phenotypic trait, body condition is the result of the interaction 
between both genetic and environmental factors, although mostly explained by rearing conditions (Smith and 
Wettermark 1995; Merila, Przybylo et al. 1999), pointing to a environmentally constrained development of 
altricial nestlings. By one side, a greatest food availability is reflected in a bes growth of nestlings (Keller and 
Vannoordwijk 1994; Merila 1996), and in turn, a best growth increases survival probabilities of fledglings 
(Tinbergen and Boerlijst 1990; Gebhardt-Henrich and Vannoordwijk 1991), and therefore recruitment chances 
into breeding population. Moreover, both nestling growth and size had been found to be affected by food 
availability in blue tit (e.g. Merila and Fry 1998). Despite the effects of Argentine ant invasion on caterpillar 
availability, fledglings in invaded areas achieved on average equal relative physiological condition than ones 
from non-invaded areas in terms of standardized body mass (SBM), residuals of body mass on tarsus length 
(RBM) and colour parameters of feathers. 
 
SBM has been extensively used as indicator of nutritional condition related to habitat quality (e.g. Stauss, 
Segelbacher et al. 2005), since fledgling weight is affected by environmental conditions experienced during 
rearing (Gebhardt-Henrich and Vannoordwijk 1994). Given that food ingestion is directly related with nestlings 
development, weight comparisons between non-related nestlings can provide clues of foraging efficiency of 
parents, and thus of richness of different habitats. Controlling for structural size, differences in fledglings’ 
weight account for the relative amount of physiological stores (i.e. fat and muscles) of each individual. Taking 
away the effects of size on body mass, the amount of metabolizable stores in fledglings’ bodies were on 
average the same in invaded and non-invaded areas. 
 
As well as SBM, residuals from an ordinary least squares regression of body mass on a linear measure of 
body size (RBM) had been widely applied as a surrogate predictor of body condition too. While some authors 
approve its use as a indicator of body condition (e.g. Ardia 2005; e.g. Schulte-Hostedde, Zinner et al. 2005), 
several others warn about their use (e.g. Garcia-Berthou 2001) given that some of key assumptions that are 
likely to be infringed can easily lead to spurious results, specially when correlating coefficient between mass 
and body size indicator is low (e.g. Green 2001). Since a significative good correlation was found between 
body mass and tarsus length of fledglings examined we assumed RBM resulting from our data as a good non-
invasive predictor of body condition. Agreeing with SBM results, statistical tests found RMB to be also 
insensitive to the effects of Argentine ant invasion. Being RBM a good predictor of lipid stores of nestling 
passerines (Ardia 2005), we can roughly affirm that average energetic state of fledglings from invaded and 
non-invaded areas is equivalent. 
 
Because carotenoids must be incorporated through diet (they are not produced by birds metabolism) and they 
are invested in several key physiological functions (they are central actors as antioxidants and in the 
immunological system too) deposition of carotenoids on nestling feathers has found to be a reliable indicator 
of both quality of parental care (e.g. Senar, Figuerola et al. 2002) and nestling condition (e.g. Saks, Ots et al. 
2003). Given that there is a trade off between carotenoids metabolized and those deposited on feathers, 
yellowest fledglings are supposed to be supplied with such an amount of carotenes enough to be fit and, at 
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the same time, be able to allocate greater concentrations of them on feathers. Since lepidopteran larvae are 
the main source of dietary carotenoids in blue tit, individuals bearing yellower feathers are believed to include 
a higher proportion of caterpillars in their diet. Among the descriptors of HSB colour space (Hue, Saturation, 
Brightness), hue and saturation had been proved to reliably reflect concentration of carotenoids on feathers 
(Saks, McGraw et al. 2003). Similarly, brightness has been associated with a best health state and 
immunocompetence (Saks, Ots et al. 2003) (but see also Figuerola, Munoz et al. 1999). Agreeing with 
morphometric measurements of body condition, results of feathers’ hue and saturation of fledglings reared in 
invaded areas were not found to be different from those in non-invaded areas. Therefore, we have not been 
able by the moment to find clear effects of Argentine ant invasion in fledglings’ health status. 
 
Tarsus length is a reliable descriptor of skeletal body size (Senar and Pascual 1997). Besides its use in many 
studies as an indicator of general condition it can also been used as an index of chick development. Tarsus 
length of blue tits nestlings on day 14 achieve the adult size (Bjorklund 1996), and thus, larger chicks reflect a 
higher developmental rate than smaller ones. Because growth rate of nestlings, and even adult size, is 
depending on the rate of food delivered (i.e. food availability) (Dias and Blondel 1996; Naef-Daenzer and 
Keller 1999), tarsus length also reflects foraging performance of parents as well as egg-laying synchronization 
with caterpillar peak (Dias and Blondel 1996). Several studies have found a high heritability for tarsus size 
(e.g. Smith 1993), but also an environmental deviation in its potential expression related to feeding regime 
(Merila and Wiggins 1995). Furthermore, like many other vertebrates, as an adaptive response to food 
shortages, blue tit exhibit certain flexibility in growth patterns aimed to prioritize the development of ecological 
essential traits. Great tits survival probabilities had been found to be depending both on nestling weight 
(Tinbergen and Boerlijst 1990) and on early fledge (Naef-Daenzer, Widmer et al. 2001). Since they are under 
conflicting pressure to fledge with a large size as early as possible, some ecologically secondary traits that 
experience slow growth rates can experience compensatory growth (later increasing growth rates or 
extending growth period). Compensatory growth is a strategy developed for several passerines in poorly 
grown traits (e.g. Wiggins 1990), but has been found to be incomplete for tarsus growth in blue tits (Kunz and 
Ekman 2000) and in other Parus (e.g. Thessing and Ekman 1994). Possibly related to a priority for body 
condition and for wing growth instead of tarsus length, due to the greater importance of the former traits in 
juvenile survival (Nur 1984), effects of food shortage on tarsus length growth become permanent. 
 
Contrasting with results related to fledging condition, pairs breeding in non-invaded areas raised larger chicks 
(i.e. longer tarsus), than those in invaded areas. Due to the interspersion of treatments among replicated 
study areas, blue tit breeding in non-invaded areas are not supposed to be genetically distinct from those in 
invaded areas. That is why differences in tarsus length must account for differences in growth rates, related in 
turn to the shortage of food availability detected. In terms of body condition (i.e. SBM, RBM and feathers hue 
and saturation), blue tits from invaded areas succeeded to raise fledglings that on average were in similar 
good shape and energetic state (i.e. similar reserves of metabolizable tissues, similar physiological state) than 
tits from control areas. Nevertheless, these results do not suggest that breeding performance of blue tits is 
insensible to Argentine ant invasion, since, over certain threshold, similar body condition could be achieved 
under two non-exclusive scenarios: (1) differences of food availability related to Argentine ant invasion could 
be cancelled out by parental effort. (2) chicks reared in invaded areas could be forced to adapt their 
development devoting resources to reach better physiological condition in detriment to structural growth. A 
third hypothesis, i.e. blue tits complementing caterpillar supply with alternative prey, can be discarded since it 
should have been reflected in an asymmetric concentration of carotenoids in feathers between invaded and 
non-invaded areas. 
 
Since condition is a plastic trait reflecting quality of both parental care and habitat variability, effects of 
Argentine ant invasion can not be completely understood without quantifying parental foraging effort. In order 
to study the constraints detected in blue tit reproductive output related Argentine ant invasion and to search 
for possible effects of year-to-year variability of Mediterranean climatic conditions on Argentine ant mediated 
reduction of arthropod availability, several new protocols had been incorporated into the study of blue tit 
breeding population in current (2006) and following years. With the aim of removing genetic component on 
phenotypic variance of nestling body traits we are carrying out a cross-fostering experiment involving nests 
from invaded and non-invaded areas. Nestlings’ growth rate is being assessed with additional biometric 
measurements at 4-day intervals (i.e. when chicks are 6, 10 and 14 days of age). We are using video 
cameras to observe nest attendance in search of differences of foraging performance and real diet 
composition between areas. Finally, growth stability also is being examined through developmental 
asymmetry with accurate measurements of both tarsi. 
 
Ecosystems are webs regulated by an array of biotic and abiotic factors that shape its trophic structure. 
Populations and communities’ dynamics are under top-down and bottom-up processes, and both jointly act 
upon the recruitment of offspring. Changes in higher trophic levels translated to lower ones are top-down 
effects, while the opposite situation, consequences detected on higher levels related to perturbation of lower 
levels, is called bottom-up effects. Breeding performance of birds is also regulated by these forces, and while 
bottom-up forces explain recruitment to breeding population in fulmars (Jenouvrier, Barbraud et al. 2003), 
reproductive output of tits is affected by top-down mechanisms (Haemig 1999). Bottom-up effects had been 
found to require prey dependence, as well as interference within trophic level (Herendeen 2004). The 
displacement of native dominant species (and especially ants) derived from Argentine ant invasion (Gomez, 
Pons et al. 2003; Oliveras, Bas et al. 2005) can produce a range of indirect related effects on habitats 
colonized that are likely to be translated through the insects community to higher trophic levels. Laakkonen 
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(2001) pointed to Argentine ant to have a highly negative impact on the abundance of a Californian shrew 
(Notiosorex crawfordi). Again in California, Suarez (2002) related negative growth rates of an ant specialist, 
the coastal horned lizards (Phrynosoma coronatum), to dietary changes brought about Argentine ant invasion. 
According to the results suggested by Roca (2004) our data provide new evidence of bottom-up effects of 
Argentine ant invasion on native populations of insectivorous vertebrates. 
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5. Conclusions 
 
As the data relative at 2006-07 breeding seasons is still under analysis, conclusions of Argentine ant invasion 
effects on the reproduction and development of blue tits are based only on data of 2005. 
 

1. - Overall arthropod diversity of the cork oak forests studied is negatively impacted by Argentine ant. 
Effects of Argentine ant on arboreal arthropod community are taxa-dependent. The invasive ant causes local 
extinctions of most native ant species and completely disturbs the original foliage-foraging ant assemblages. 
Abundance and biomass depletion of caterpillars on cork oaks could be compromising canopy foraging 
foliage-gleaning species that mostly rely on caterpillars to feed their young. t neither abundance nor biomass 
of spiders seem to be affected. 

2. - Blue tit reproductive output (in terms of nest success, clutch size and number of fledglings) is 
insensible to Argentine ant invasion. Population density of blue tits does not seem to be influenced either by 
the presence of the invasive ant. 

3. - Fledglings reared in invaded areas achieved on average equal relative physiological condition and 
health state than ones from non-invaded areas, overcoming reduction in food availability. 

4. - Argentine ant mediated reduction of caterpillar availability in invaded areas resulted in poorer relative 
growth rates of blue tit nestlings, and therefore in a lesser fledgling size. 
 
5. - Disturbances related to Argentine ant invasion in arthropod community promote bottom-up effects that 
are translated through the trophic web of Mediterranean sclerophyllous forest. By means of food depletion, 
Argentine ants reduce territory quality of blue tits, hampering blue tit nestlings’ growth. 
 
6. - A need for an assessment of parental foraging effort is demanded to fully understand the effects of 
Argentine ant invasion on blue tit breeding performance. 
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