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Costs and benefits of colony size vary during the breeding cycle in Black-headed Gulls Chroicocephalus ridibundus
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We studied the effects of colony size on individual reproductive success in a multisite population of Black-headed Gulls where colony size ranged from 10 to 5000 pairs. By focusing on family size, the number of chicks attended by individually marked parents, and accounting for between-individual variation, we detected a negative colony-size effect during the very first days of life of the chicks that was compensated by a subsequent increase in the proportion of surviving chicks with colony size. We suggest that this result originates in the interplay between overcrowding costs acting on hatching success, and benefits of colonial breeding, most probably more efficient food-searching (foraging enhancement), acting on chicks" survival. However, the frequency of complete colony failure increased with decreasing colony size. Taking this hazard risk into account yielded a corrected estimate of the effect of colony size on breeding success, and indicated that the largest colonies were the most productive. This pattern is congruent with the previous finding that larger colonies are more attractive to dispersing breeders.

Introduction

Colonial breeding (breeding in high-density sites exempt of feeding resources with territories limited to the nest area) is quite widespread in birds and especially in seabirds. One of the striking patterns is the sheer variation that exists in colony size. A recurrent question among ornithologists is whether this variation simply reflects variation in ecological conditions (distribution of resources, availability of nest sites, etc.) or whether the choice to settle in a colony of a given size is a trait subject to selection. These questions are generally addressed by studying variation in reproductive success (RS), which appears to be a useful metric to study the fitness consequences and ecological correlates of colony size (but see [START_REF] Danchin | The evolution of coloniality: the emergence of new perspectives[END_REF].

In colonial birds, especially in Charadriiforms, provisioning rate is often considered among the main determinants of reproductive success [START_REF] Uttley | The effects of food abundance on breeding performance and adult time budgets of Guillemots Uria aalge[END_REF][START_REF] Jodice | Assessing the nutritional stress hypothesis: relative influence of diet quantity and quality on seabird productivity[END_REF]; see also [START_REF] Graves | Why does the Herring Gull lay 3 eggs[END_REF][START_REF] Hamer | The influence of foodsupply on the breeding ecology of Kittiwakes Rissa tridactyla In Shetland[END_REF][START_REF] Sadoul | Changes in the numbers and the distribution of colonial Charadriiformes breeding in the camargue, southern France[END_REF][START_REF] Van Dijk | Reproductie van de Kokmeeuw Larus ridibundus in kust-en binnenlandkolonies[END_REF]).

Provisioning rate depends on foraging success, which is known to be enhanced via information exchange between conspecifics foraging in the same area [START_REF] Ward | Importance of certain assemblages of birds as information-centers for food-finding[END_REF][START_REF] Clark | Foraging and flocking strategies -Information in an uncertain environment[END_REF][START_REF] Richner | Communal life: honest signaling and the recruitment center hypothesis[END_REF][START_REF] Brown | Coloniality in the Cliff Swallow[END_REF] see further detail in the discussion section). Provisioning rate is therefore expected to increase with conspecific density on the foraging grounds [START_REF] Pöysa | Group foraging in patchy environments -the importance of coarse level local enhancement[END_REF], and, as the density of foraging individuals increases around large colonies [START_REF] Brandl | How to live in colonies -Foraging range and patterns of density around a colony of Black-headed Gulls Larus ridibundus in relation to the gulls energy budget[END_REF], we expect an enhanced reproductive success in large colonies. However, some studies indicate the opposite effect, i.e., that competition forces individuals from large colonies to travel further and longer to find food than individuals from small colonies [START_REF] Lewis | Using behavioural and state variables to identify proximate causes of population change in a seabird[END_REF], sometimes to the point where colony size negatively impacts on body condition of both adults and chicks [START_REF] Santema | Does foraging efficiency vary with colony size in the fairy martin Petrochelidon ariel?[END_REF]. Furthermore, competition is only one of the known or supposed costs of breeding in large colonies. These costs also include higher rate of transmission of disease and parasites, higher levels of aggression and antagonistic behaviours, etc. [START_REF] Brown | Coloniality in the Cliff Swallow[END_REF][START_REF] Danchin | The evolution of coloniality: the emergence of new perspectives[END_REF].

It is thus not surprising that, among the large number of studies reviewed by Brown and Bomberger Brown (1996, p321-323), every pattern of variation in RS with colony size can be found, from no effect to a directional trend for a benefit to the largest or smallest colonies through a non linear effect with an optimal colony size. This variation among studies suggests that (i) the costs and benefits of colonial breeding are not the same in different systems and/or (ii) the observed patterns depend on the RS variable used and on the stage of the breeding season that is under study (proportion of failed nests, average clutch size, average number of fledglings per breeding pair, fledgling survival, etc.).

Our aim in this paper is to contribute to these debates by studying colony size effects on RS in a Black-headed Gull Chroicocephalus ridibundus (BHG) multisite population presenting a contrasted distribution of colony sizes. Indeed a single, large colony concentrated most pairs and increased in size during the study period (from around 2000 to around 5000 pairs), whereas several small colonies (numbering on average 163 pairs ±171) decreased in both number and total size. More precisely, we examined (i) how the costs and benefits of colony size interacted throughout chicks" development and (ii) whether a potential cost of breeding in small colonies could have driven the aggregation of breeders in the largest colony.

Although BHG are known to occasionally breed as solitary pairs there was no such record in the dataset. We therefore did not contrast solitary vs. colonial breeding in this study but we investigated the costs/benefits of colony size.

The data we used for that purpose was the family size, i.e. the number of chicks attended by individually-marked parents. By using its variation with chicks" age, we had access to two variables for RS:

-the initial family size (IFS), which was considered as a proxy for the hatching success and chicks" survival during the first few days, -the decrease in family size with age (DFS), which was considered as a proxy for chicks" survival rate during growth and until fledging. By using this variable instead of the family size just before fledging, we were able to use all the records of family size between hatching and fledging, hence to increase the sample size.

Predicting how IFS and DFS should vary with colony size in our BHG population required a few assumptions to be made on the main processes at stake. First, overcrowding costs in BHG are of three main kinds: increase in the level of competition for the access to high, secure nest locations, increase in alarm flight frequency and duration, and increase in antagonistic behaviours. Eggs and young chicks are supposedly more sensitive to these costs than older chicks: they can fall in the water or be predated from low, unsafe nests, they can die because of poor thermoregulation during alarm flights and they can suffer from aggression by neighbouring adults. In short, we assumed that overcrowding costs should impact more on IFS (eggs and young chicks) than on DFS (older chicks).

Second, the food resource available to chick-raising parents can vary with colony size, either positively through foraging enhancement, or negatively through density-dependence. If we make the assumption that food resource during the breeding season does not impact on clutch size and hatching success, we can predict that DFS but not IFS should be impacted by colony size effects on food resource (BHG as capital breeders, [START_REF] Drent | The prudent parent -Energetic adjustments in avian breeding[END_REF][START_REF] Hamer | The influence of foodsupply on the breeding ecology of Kittiwakes Rissa tridactyla In Shetland[END_REF] in another Larid species, but see [START_REF] Thyen | Effects of individual life-history traits and weather on reproductive output of Black-headed Gulls Larus ridibundus breeding in the Wadden Sea, 1991-97[END_REF] and further details in the discussion section). Overall from the two preceding points we thus predict that IFS should decrease with colony size and that DFS should increase with colony size.

Third, predation risk is expected to decrease with colony size, due to among others the dilution effect [START_REF] Hamilton | Geometry for the selfish herd[END_REF] and early-warning effect [START_REF] Lazarus | Early warning function of flocking in birdsexperimental study with captive Quelea[END_REF]). An increase with colony size in the efficiency of anti-predator behaviours (mobbing) also likely occurs [START_REF] Allainé | The effects of colony size and breeding stage on colony defence pattern in the Black-headed Gull[END_REF].Predators" distribution can, however, alter these predictions. (i) If predators are strongly localised (territorial, dependent on rare habitat features…), the associated risk can eventually be independent of colony sizes. (ii) Alternatively, predators can concentrate their attacks on the densest sites where preys may appear more available [START_REF] Larivière | Effect of density and nearest neighbours on simulated waterfowl nests: can predators recognize high-density nesting patches?[END_REF].

These simple predictions can be further complicated by environmental stochasticity due to climatic accidents [START_REF] Aebischer | Immediate and delayed effects of a gale in late spring on the breeding of the Shag Phalacrocorax aristotelis[END_REF], human perturbations [START_REF] Calado | Little Tern (Sterna albifrons) status and conservation at Ria Formosa Natural Park, Algarve, Portugal[END_REF] or predatordriven failures [START_REF] Ratcliffe | Modelling the benefits of American Mink Mustela vison management options for terns in west Scotland[END_REF]. For example, climates partially drives the RS of Fulmarus glacialis [START_REF] Lewis | Effects of extrinsic and intrinsic factors on breeding success in a long lived seabird[END_REF], which would probably have modified the effect of colony size in that system. In our BHG population, whole-colony failures, i.e. the desertion of a given colony before fledging, are relatively frequent (Table 1) and constitute a major external driver of RS. Their causes include man-driven droughts of the ponds and perturbations by terrestrial predators [START_REF] Lebreton | Fécondité de la mouette rieuse Larus ridibundus dans une colonie importante de la plaine du Forez (Loire, France)[END_REF]. We further suggest that once a threshold proportion of breeders have failed, the remaining pairs desert the colony as well. The threshold proportion is supposedly more easily reached in small colonies (e.g., a single wildboar Sus scrofa will destroy most nests in a 100-pair colony, but its impact will be less visible in a 4000-pair colony). Thereby the risk of whole-colony failure should decrease with colony size, providing an advantage for breeding in large colonies. We combined the results from the family size data introduced above with an estimate of the probability of whole-colony failure. This made it possible to correct the estimate of RS for the occurrence of such failures and see how they affect the relationship between colony size and RS during the early and late parts of the breeding cycle.

Methods

Study site and species

The study site is located in the Forez basin, Loire department, central France. Each year between 1978 and 2008, from 9 to 34 colonies (mean 19.9) of BHG bred in man-made ponds situated in a farmland mosaic (see [START_REF] Lebreton | Régulation par le recrutement chez la Mouette rieuse Larus ridibundus[END_REF] for a more complete description of the study area). Gulls lay a clutch with a modal size of three eggs from mid-April to the beginning of June [START_REF] Lebreton | Fécondité de la mouette rieuse Larus ridibundus dans une colonie importante de la plaine du Forez (Loire, France)[END_REF]. Chicks and adults have been ringed since 1978.

One of the colonies (La Ronze) differed from other colonies due to its size (between 2000 and 5000 pairs), while the other colonies numbered on average 163 pairs (SD: 171). Also, between 1978 and 2006 La Ronze was occupied continuously, contrary to smaller colonies which experienced either spontaneous desertion by the gulls and/or temporary man-induced perturbations that prevented breeding (droughts for management purpose). In 2007 La Ronze experienced such a drought; in 2008 the colony reappeared on that pond but numbered only 500 pairs.

Data collection -Family size data

Each year between 1979 and 2008 a subset of the active colonies (depending on access authorizations) was visited to look for ringed birds. We collected data simultaneously in La Ronze and in the smaller colonies but due to colony-specific laying dates more time was devoted to the large colony early in the season relative to small colonies. Field work lasted usually four or five weeks, between May 5 at the earliest and June 28 at the latest. However, data collection in the small colonies began only from 1995 onwards, with only a few sparse records before that year (see Table S1 in Appendix for details on when and where data were collected). We opportunistically recorded family size of individually-marked adult birds (metal rings on tibia) at various stages of the chicks" development while moving through the colonies in a floating blind [START_REF] Lebreton | Régulation par le recrutement chez la Mouette rieuse Larus ridibundus[END_REF]. The number of chicks per pair (= the family size) was counted when the parents were feeding the chicks. Chicks" age in days was estimated with an accuracy of 2 to 4 days through detailed observation of size and plumage development [START_REF] Lebreton | Fécondité de la mouette rieuse Larus ridibundus dans une colonie importante de la plaine du Forez (Loire, France)[END_REF]. As families were recorded while looking for ringed parents, it is unlikely that family size influenced on the detection probability of families. Of course, only families with at least one chick could be recorded (thereby excluding failed breeding attempts).

-Colonies" average RS Each year, we visited most of the colonies at least twice (installation period and end of breeding cycle), including those that were not surveyed for family sizes. We recorded the number of pairs (colony size) and the colonies" average RS, quantified using a three-level index: 0 (no fledgling produced), 1 (low success), 2 (high success). Whole-colony failure is hereafter the occurrence of a "0". This protocol provided us with an estimate of the proportion of birds that tried to breed even if they failed early and did not enter our dataset on family size.

Model for the family size data

The dataset included 1,255 family size records from 966 individually-marked birds over 31 years (Fig. 1). This dependent variable was worth 1, 2 or 3 (with a few marginal records of 4-chicks families possibly, but not compulsorily, due to chick adoption or intraspecific clutch parasitism). Generalized linear mixed models (GLMM) with Poissondistributed error terms and log link function were fitted using the restricted maximum likelihood (REML) method implemented in the macro GLIMMIX in SAS 9.1.

We included the fixed effects of chicks" age, colony size and their interaction.

Theoretically, the effect of colony size is not thought to be linear (see [START_REF] Clark | Foraging and flocking strategies -Information in an uncertain environment[END_REF][START_REF] Forbes | Habitat choice in breeding seabirds -When to cross the information barrier[END_REF], which was taken into account via a log-transformation of colony sizes. Similarly, chicks" death rate is expected to decrease with age, advocating the log-transformation of chicks" ages also. We corrected for the potential confounding effects of between-individual (966 individuals), -year (31 years) and -site (10 sites) variation with independent (i.e., non-nested) random effects. Temporal autocorrelation was accounted for using a first order autoregressive structure.

A large number of observers contributed to the data, but one of us (J.D.L.) contributed much more than other observers (collecting more than half of the data) and spent more time in the LR colony than other observers, but less time in the small colonies. Because old chicks are very mobile around their nest site, our method relied on a certain amount of subjectivity to decide when a family size had been accurately determined, suggesting non-negligible observer effect. We thus accounted for the observer effect with a fixed effect. Preliminary analyses indicated that contrasting J.D.L.to all other observers captured most of the betweenobserver variation.

We expected a low statistical power due to sparse data in several colony size × chicks" age cells. Statistically significant fixed effects were considered to be those whose confidence interval (CI) did not encompass zero. For the random effect structure we used the Akaike Infromation Criterion (AIC) to discard non-significant effects.

Model for the whole-colony failure data

We built a GLMM with binomial error term and logit link function, with occurrence of whole-colony failure as dependent variable and colony size as fixed effect, colony identity and year as random effects (with a temporal autocorrelation structure), using the restricted maximum likelihood (REML) method implemented in the macro GLIMMIX in SAS 9.1. This model produced an estimate of the probability of colony failure depending on colony size.

Statistical significance of the effects was determined as in the previous section.

Assuming independence between family size data and whole-colony failure data, and in order to obtain a model of RS accounting for colony size effects on both family size and the frequency of whole-colony failures, we multiplied the predictions from the two models constructed above. Confidence intervals on this expected RS were computed using a multiple (1000 times) resampling procedure, using the standard errors estimated at the previous stage to compute an expected distribution of models" parameters.

Results

Model for the family size data Fixed effects of colony size, chick"s age and their interaction all had confidence intervals only marginally encompassing zero, and were thus maintained in the final model (Table 2). Concerning random effects, year (with autoregressive structure) and individual effects proved significant with regards to AIC. The GLMM revealed an important variation between individuals: parent identity accounted for 20.4% of the total variance in the data.

Year effect was much lower (2.3% of the total variance). Table 2 gives details of the estimated parameter values in the final model. The statistically significant effect of colony size indicates that IFS (family size shortly after hatching) decreased with colony size (Fig. 2). This is partly compensated by a decrease in DFS (chick mortality) with colony size (interaction term in Table 2; Fig. 2). Observer effects are presented in Table S2 in Appendix; they were discarded due to statistical non-significance.

Model for the whole-colony failure data.

As expected from an examination of the raw data (Table 1) the probability of complete colony failure markedly decreased with increasing colony size (Table 3: fixed effect), even after controlling for the colony identity and year using random effects. Concerning random effects, the GLMM revealed a significant variation between years: year accounted for 32.8% of the total variance in the data. Random effect of colony identity was discarded by AIC. The temporal autocorrelation of colony failure probability appeared non-significant with regard to AIC and autoregression coefficient estimate.

Combining the two models.

The "composite" model of RS obtained by multiplying the predicted family size at fledging in successful families (from the model in Table 2) and the predicted probability of whole-colony failure (from the model in Table 3) suggested a strongly detrimental effect of breeding in colonies of 100-200 pairs or less but little effect of colony size on RS for colony size above 300 pairs (Fig. 3).

Discussion

Colony size effects on initial family size Our first hypothesis (colonial breeding is costly at the egg and young-chick stages) is verified by the fact that IFS decreased with colony size. Given that the most abundant predators (Carrion Crow Corvus corone, medium-sized raptors such as Black Kite Milvus migrans, herons, snakes, Canids, Mustelids) prey mostly on eggs or young chicks, explaining this result by predation risk reduction would imply that small colonies are less subject to predation, which seems improbable [START_REF] Hamilton | Geometry for the selfish herd[END_REF][START_REF] Lazarus | Early warning function of flocking in birdsexperimental study with captive Quelea[END_REF][START_REF] Allainé | The effects of colony size and breeding stage on colony defence pattern in the Black-headed Gull[END_REF], unless they attract less predators [START_REF] Larivière | Effect of density and nearest neighbours on simulated waterfowl nests: can predators recognize high-density nesting patches?[END_REF].

A second hypothesis is that females in large colonies have access to fewer resources and thus produce less and/or poorer-quality eggs than females in small colonies. Yet in the introduction we relied on the assumption that, at the egg-laying stage, females use mostly resources secured before settling in the colonies. This assumption that BHG are capital breeders [START_REF] Drent | The prudent parent -Energetic adjustments in avian breeding[END_REF] is however contradicted by [START_REF] Thyen | Effects of individual life-history traits and weather on reproductive output of Black-headed Gulls Larus ridibundus breeding in the Wadden Sea, 1991-97[END_REF] who found that in another BHG population clutch size changes with weather conditions during the breeding season.

A third explanation (that we consider the most likely) is that the larger the colony, the more intense the risk that eggs and young chicks are lost during alarm flights or during intense antagonistic behaviours. Here we thus assume that colony size and nest density are correlated (which seems relevant due to the much smaller variation in pond area compared to colony sizes). This is confirmed by our own observations (although no quantitative data are available yet) of more numerous fights among neighbours in large colonies and of occasional loss of eggs or small chicks during or after alarms because of such fights, or as small chicks that leave the nest during alarms are often attacked by neighbours when they cross their territories.

Even if we are unable to firmly choose among the potential explanations (resource limitation at the laying stage or increased loss of eggs and small chicks), our result that IFS decreases with colony size at least indicates that, at the egg-laying stage, overcrowding costs exceed any benefit of colony size.

Colony size effects on the decrease in family size with chicks" age Our second prediction, that DFS decreases with colony size, is supported by the interaction between colony size-and chicks" ageeffects. This interaction indicates that for each family the proportion of hatched chicks that survives to fledging increases with colony size. Any mechanism increasing chick survival but not hatching success can explain these results, and we consider here predation risk reduction and foraging enhancement.

Predation risk reduction mechanisms can include dilution effect [START_REF] Hamilton | Geometry for the selfish herd[END_REF] and early-warning effect [START_REF] Lazarus | Early warning function of flocking in birdsexperimental study with captive Quelea[END_REF]). An increase with colony size in the efficiency of antipredator behaviours (mobbing) also likely occurs [START_REF] Allainé | The effects of colony size and breeding stage on colony defence pattern in the Black-headed Gull[END_REF], thereby allowing individuals from large colonies to spend more time in other chick-care activities. However in the predation risk reduction scenario it seems hard to elucidate why the benefits act more on old chicks (DFS) than on eggs and very young chicks (IFS).

Foraging enhancement is therefore a more likely hypothesis explaining the observed increase in chicks" survival with colony size. Congruent with this consideration is the fact that the exchange of food information has been demonstrated in our study species [START_REF] Andersson | Food information in the Black-headed Gull, Larus ridibundus[END_REF] as well as in a closely related species that has similar feeding habits [START_REF] Evans | Foraging-flock recruitment at a Black-billed gull colony -implications for the information-center hypothesis[END_REF].

These two studies are to our knowledge the only two testing the existence of information transfers in Chroicocephalus gulls. Social foraging is also suggested by the finding in our study population that neighbours in the largest colony tend to forage together (Prévot-Julliard and Lebreton 1999), and by the consideration that white plumage makes it possible to detect successful foragers at a great distance [START_REF] Beauchamp | Social foraging and the evolution of white plumage[END_REF]. In the next paragraph we thus provide a few additional elements on foraging enhancement in the Forez BHG.

Locating food sources and foraging enhancement: a simplistic model If there was one and only one feeding site available at any time, and if they were foraging individually, gulls would have to patrol their home range of size S, at the speed V and with the detection distance R. The instantaneous probability λ that a lone bird without prior knowledge would find the feeding site is:

S RV 2
. With the plausible values S = 710km² (a circle of approx. 15km radius: Brandl and Gorke 1988), V = 11.3 m.s -1 (Shamoun-Baranes and van Loon 2006) and R = 500m, we obtain 0.057 h -1 , which would mean that a lone bird needs on average 17.5 hours to find an appropriate feeding site. The selection pressure to enhance foraging efficiency would thus be high. If N birds looked for the same site, and neglecting the time needed for information transfers, the instantaneous probability that the field is found would be N×λ [START_REF] Clark | Foraging and flocking strategies -Information in an uncertain environment[END_REF].

We must admit that the assumption of the uniqueness of the feeding site is quite unlikely. Nevertheless, this simplistic model highlights the underlying idea that finding the best food possible (i.e., securing the highest ratio energy or nutriments brought back to the chicks vs. time or energy spent by the parents) takes too much time if foraging solitarily.

Furthermore, information transfer can allow a rapid specialisation on the best available resource at any time. We suggest information transfers as a possible explanation for our result that chick survival increased with colony size.

Correcting for whole-colony failures

The family size at age 32 days corresponds to the number of fledglings per pair. Our results indicated that, excluding complete breeding failures, BHG in our population produced between 1.4 and 1.6 fledglings per pair depending on colony size (curve labelled "age 32" in Fig. 2). This value lies in the high part of the range of reported values for BHG (0.3 to 2 fledglings per pair [START_REF] Patterson | Timing and spacing of broods in the Black-headed Gull Larus ridibundus[END_REF][START_REF] Lebreton | Fécondité de la mouette rieuse Larus ridibundus dans une colonie importante de la plaine du Forez (Loire, France)[END_REF][START_REF] Viksne | Some problems in Black-headed Gull Larus ridibundus research and the necessity of international cooperation in this respect[END_REF][START_REF] Thyen | Effects of individual life-history traits and weather on reproductive output of Black-headed Gulls Larus ridibundus breeding in the Wadden Sea, 1991-97[END_REF][START_REF] Van Dijk | Reproductie van de Kokmeeuw Larus ridibundus in kust-en binnenlandkolonies[END_REF]). This result is probably due to our not accounting for reproductive failures (pairs that do not produce any fledgling on a given year).

Reproductive failures are partially accounted for when correcting the previous estimates for the occurrence of whole-colony failures. The much more frequent occurrence of whole-colony failures in small colonies (Table 1) is an additional cost of breeding in small colonies, and it appears as the main determinant of the sharp decrease in expected RS at low colony sizes (Fig. 3). This low RS in small colonies is congruent with previous results that such colonies are less often chosen by dispersing experienced breeders (as opposed to inexperienced breeders; [START_REF] Péron | Breeding dispersal in Black-headed Gull : the value of familiarity in a contrasted environment[END_REF], and that breeders from small colonies are less sitefaithful than breeders from large colonies (Péron et al. submitted). Whether these results stem from colony size per se or a correlation between size and "quality" remains debatable. The result that whole-colony failure probability is neither temporally autocorrelated nor dependent on colony identity suggests that whole-colony failures can be viewed as an external hazard, i.e., independent of the true quality of the colony site. However in a low-quality habitat individuals are expected to be less site-faithful which could be sufficient to maintain colonies at a small size, and therefore colony size and colony quality could match exactly.

Conclusion

The 32-year long BHG dataset that we studied illustrated that the various costs and benefits of colony size varied during the breeding cycle, with costs exceeding benefits at the beginning of the cycle and benefits exceeding costs at the end of the cycle. Moreover the perturbation regime (environmental stochasticity) appeared as a main driver of breeding success and largely modified the final output of breeding in the various colony sizes, with the smallest colonies being the most exposed to perturbations. These findings put an interesting light on the inconsistencies between previous studies (reviewed in [START_REF] Brown | Coloniality in the Cliff Swallow[END_REF]; see also [START_REF] Lewis | Effects of extrinsic and intrinsic factors on breeding success in a long lived seabird[END_REF][START_REF] Santema | Does foraging efficiency vary with colony size in the fairy martin Petrochelidon ariel?[END_REF]. They suggest that unaccounted differences in the regime of perturbation might have flawed previous results. Any interaction between colony size and the regime of perturbation can be predicted, with increases in the rate of perturbation with colony size possibly stemming from predators" attraction towards aggregated prey items, and decreases possibly originating from a threshold mechanism, as is suggested in our system, or from small colonies being settled in lower-quality habitats [START_REF] Forbes | Habitat choice in breeding seabirds -When to cross the information barrier[END_REF]. Eventually the estimates of RS along the colony-size gradient in our system provided an explanation for the observed dynamics of our population. It seems indeed likely that individuals aggregated in the largest colony because this colony provided the best RS.

Density-dependent mechanisms did not counter-balance this benefit. Results concerning breeding dispersal are in line with this consideration: colony size appears as a good predictor of colony choice (Péron et al.2009). 2 &3). Tables Table 1: Proportion of failed (0), low-success (1), and high-success (2) colonies across four ranges of colony size. The dataset is constituted of 527 records of colony success for 31 years and 10 colonies ranging from 56 to 5000 pairs. Colony sizes are log-transformed.
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  einer Lachmöwen-Population wurden die Effekte der Koloniegröße auf den individuellen Reproduktionserfolg untersucht. Die Koloniegröße lag bei 10 bis 5000 Paaren. Bezogen auf die Familiengröße (die Anzahl der betreuten Küken durch individuell markierte Eltern) und unter Berücksichtigung der interindividuellen Variation, wurde ein negativer Effekt der Koloniegröße während der ersten Lebenstage der Küken nachgewiesen. Dieser wurde kompensiert durch einen nachfolgenden Anstieg im Anteil der überlebenden Küken bezogen auf die Koloniegröße. Als Grund dafür vermuten wir die Wechselwirkung zwischen einem erhöhten Aufwand für den Schlupferfolg und die Vorteile einer Koloniebrut sowie einer möglicherweise effizienteren Nahrungssuche (Intensivierung der Nahrungssuche) für das Überleben der Küken. Allerdings erhöht sich die Häufigkeit vollständiger Koloniemisserfolge bei abnehmender Koloniegröße. Die Einbeziehung diese Risikos liefert eine verbesserte Abschätzung des Effektes der Koloniegröße auf den Bruterfolg und zeigt, dass die größten Brutkolonien die produktivsten sind. Dieses Muster entspricht vorherigen Ergebnissen, wonach größere Kolonien attraktiver sind für sich ansiedelnde Brutvögel.
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		Random effects
		SD
	Year	0.40
	Residual	0.82
		Fixed effects
		Estimate	95% CI
	Colony size 1.07	0.86 ; 1.27
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The dataset is constituted of 1255 records of family size from 966 parents, for 31 years and 10 colonies ranging from 56 to 5000 pairs. Chick"s age and colony sizes are log-transformed. SD refers to random effects" estimated standard deviation value. CI refers to fixed effects" confidence interval.