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Abstract 12 

Conditions during early life, including maternal cohort effects, can influence the future 13 

fitness of individuals. This may be particularly true for long-distance migrating birds, 14 

because, apart from conditions experienced by cohorts during rearing, conditions during 15 

early-life in regions far from breeding grounds may also influence their population 16 

dynamics. Very little is known about the fitness consequences of those conditions 17 

experienced by juveniles after independence, especially in wild populations and for 18 

long-lived birds. We used multi-event capture-recapture-recovery models and a unique 19 

26-year dataset for the Audouin’s gull (Larus audouinii) to assess for the first time 20 

whether survival was influenced by early conditions, both during the rearing period 21 

(i.e., a maternal cohort effect potentially affected by density-dependence) and the first 22 

winter (i.e., a cohort effect driven by climate when birds disperse to wintering grounds). 23 

Our results show that juvenile survival was highly sensitive to early-life conditions and 24 

that survival decreased with stronger density-dependence and harsh climate. The two 25 

consecutive cohort effects were of similar magnitude and they may represent a selection 26 

filter. Thus, early-life conditions had a strong impact on survival, and neglecting this 27 

complexity may hinder our understanding on how populations of long-lived animals 28 

fluctuate and respond to perturbations.  29 
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1. Introduction 40 

Conditions during early life can determine an individual's future fitness [1]. Those 41 

conditions are known as cohort or silver-spoon effects and have been widely explored 42 

on a large range of vital rates in many taxa (see the electronic supplementary material 43 

S1, [2–5]). Individuals facing harsh early-life conditions are expected to experience 44 

higher fitness costs later in life [1]. Harsh conditions include unfavourable climate, high 45 

population size, low habitat quality, poor parental quality and low food availability, and 46 

their potential interaction (see the electronic supplementary material S1, [2–5]). The 47 

ability of offspring to compensate for a poor start in life determines whether early-life 48 

conditions have short- or long-term fitness consequences [6–8]. The former, also known 49 

as numerical effects, involves changes in traits such as pre-breeding survival, birth 50 

weight, birth date and body growth; the latter, known as delayed quality effects, affects 51 

future breeding performance and thus results in changes in the age of first breeding 52 

attempts, lifetime reproductive success and adult survival [2–5,9–13]. Environmental 53 

forcing in early life drives complex trade-offs between vital rates and thus, many of the 54 

effects noted above are likely to be interrelated [10,14]. Overall, early-life conditions 55 

may generate differences in vital rates between cohorts and can have important 56 

demographic consequences. For instance, cohort differences may result in delays in a 57 

population’s response to environmental conditions that could destabilize its population 58 

dynamics [1].  59 

  Comparatively, far more attention has been directed at explaining the effects of early-60 

life conditions on reproduction rather than on survival [10,15]. Within survival studies, 61 

substantial research describes the effects of early-life conditions under controlled 62 

experimental conditions [3,16] but much less is known about wild populations of long-63 

lived species [3,13,16]. Additionally, it is likely that the processes underlying the strong 64 

early-life selection pressures on survival, which lead to high and stable adult survival 65 

rates in long-lived species, are not limited to the rearing period [17]. For example, 66 

conditions experienced during winter may give rise to important changes in 67 

demographic rates such as recruitment, dispersal and even survival [18]. Nevertheless, 68 

winter conditions have been seldom considered as a type of cohort effect, even though 69 

these conditions may primarily affect juveniles. Thus, first-winter conditions are likely 70 

to play a key role in the dynamics of natural populations, and their integration into 71 

early-life condition studies should therefore be considered. Yet, in some long-lived 72 
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species and particularly in birds, juvenile stages are often elusive and information about 73 

critical periods other than the breeding period is scarce [19]. 74 

  Here, we explore the potential survival costs of a bad start in life in a long-lived bird, 75 

the Audouin’s gull (Larus audouinii). We tested the survival costs associated with the 76 

conditions experienced by individuals during two critical early-life periods: the rearing 77 

phase and their first winter. Food is a key factor shaping population dynamics. Density-78 

dependence and climate, which regulate food availability, are likely to be crucial during 79 

these two life phases [20]. We predicted that individuals belonging to cohorts 80 

experiencing harsh environmental conditions during its first year (i.e., low food 81 

availability during both rearing and wintering periods) would endure greater survival 82 

costs later in life. In addition, we predicted that, since the study species is a long-lived 83 

bird, these effects would be strong in the first years of life and weak or non-existent on 84 

adult survival [7,19].  85 

2. Methods 86 

(a) Demographic data 87 

We collected demographic data in Punta de la Banya (Ebro Delta, Spain; 40º37’ N, 88 

00º35’ E), a flat sandy peninsula of ca. 2600 ha. The site holds ca.60% of Audouin’s 89 

gull’s world population [21]. During 1988–2012 a total of 24 038 chicks were 90 

individually marked at fledging using a plastic band with a unique alphanumeric code. 91 

A total of 33 322 resightings and 552 recoveries were used in the analyses. Resightings 92 

were made during the breeding season (April–July) using spotting scopes. Recoveries of 93 

dead birds took place at the study site (authors' own fieldwork) and abroad (information 94 

provided by ringing offices).  95 

 96 

(b) Environmental data 97 

We tested whether survival was affected by conditions experienced during the rearing 98 

period and after independence, during the first winter along the NW African coast. As a 99 

proxy of rearing conditions we used food availability per capita[22,23]. Audouin’s gull 100 

is a long-lived seabird that breeds colonially from April to July and usually lays three 101 

eggs. The species feeds mainly on small pelagics [24], and discards from trawling fleets 102 

can represent up to 75% of their diet during the breeding season [25]. In the study area, 103 

La Ràpita is the most important fishing harbour and accounts for 60% of the catch in 104 
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number and 74% in total power. Thus, we took trawling landings at La Ràpita as a 105 

proxy of food availability in June, when chicks are under parental care. We then divided 106 

this proxy of food availability by population size of both Audouin’s and Yellow-legged 107 

gulls (L. michahellis), the most abundant sympatric species that exploits discards [25], 108 

to account for density dependence of the guild through interference competition and 109 

obtained the proxy of food availability per capita (hereafter DD). As a proxy of first 110 

winter conditions, we used the North Atlantic Oscillation climatic index during 111 

December–March (hereafter WNAO), because gulls disperse during winter mostly to the 112 

Senegambia region [26]. This long-distance dispersal decreases with age, and most 113 

birds do not cross to Africa as they become older (figure 1) [26]. High positive WNAO 114 

values are associated with the intensification of upwelling and thus with higher small 115 

pelagic fish availability [27]. DD and WNAO index are independent of each other (R2 = 116 

0.011, p = 0.636). 117 

(c) Modelling and hypothesis testing 118 

Models were constructed in a multi-event capture-recapture framework, which 119 

addresses state uncertainty by relating the true state of the individual to the observed 120 

event via a series of conditional probabilities [28]. Goodness of fit test (GOF, see the 121 

electronic supplementary material S2) suggested the presence of both trap-dependence 122 

and transience effects. After accounting for them, an acceptable variance inflation factor 123 

of 1.42 was obtained and used to correct all models constructed in E-SURGE [29,30]. 124 

Based on the GOF results we built models with four states (Aa, alive and trap-aware; 125 

Au, alive trap-unaware; Dr, recently dead and Dl, dead long ago) and three events (0, 126 

not seen; 1, seen alive and 2, seen dead) (see the electronic supplementary material, S3). 127 

We used previous knowledge of the species [34–36] to design our initial exploratory set 128 

of models and select the best general model structure based on QAICc criterion (see the 129 

electronic supplementary material S4.1)[34]. We tested the absence of long-term cohort 130 

effects by running additive and interaction models including cohort and age effects. 131 

Once confirmed, we used the best general model to run different models including the 132 

effect of DD and WNAO in early-life and their additive and interaction effects. Finally, 133 

we calculated the fraction of temporal variation explained by each covariate (DD and 134 

WNAO) using ANODEV [35](see the electronic supplementary material, S5). This was 135 

first tested in the general model with the best age structure and then in each of the 136 

young age-classes in order to evaluate their temporal extent.  137 
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3. Results  138 

The best recapture structure retained three age classes with different recapture 139 

probabilities, time and a trap awareness effect (STEP1, see the electronic supplementary 140 

material S4.1). The model including temporal variation in recovery probabilities 141 

performed the best (STEP2, see the electronic supplementary material S4.1) and the best 142 

structure for survival included five age classes with an interaction with year (STEP3, 143 

see the electronic supplementary material S4.1 and S4.2 for model estimates, figure 2). 144 

We also evaluated the potential effects of early-life environmental covariates on 145 

survival. Models including DD and WNAO covariates performed poorly in terms of 146 

QAICc compared to the best model, the time varying model (see the electronic 147 

supplementary material S4.3), but they explained large proportions of survival 148 

variability. DD explained 34 % of survival variability, WNAO explained 17 % of survival 149 

variability, and the models including additive and interaction effects explained 42% and 150 

50% of survival variability respectively (see the electronic supplementary material S4.3, 151 

all p ≤ 0.002).  152 

  Once the effect of both DD and WNAO had been confirmed, we evaluated their effects 153 

on each of the five ages considered. DD and WNAO had a strong influence on Audouin’s 154 

gull survival but the effect faded after the first year of life (beta estimates β (and 95% 155 

confidence intervals CI) for first-year survival φ1: βDD = 0.625 (0.248, 1.001), βWNAO= 156 

0.464 (0.376, 0.551) see the electronic supplementary material S4.4 showing beta 157 

estimates for each model). Offspring born under high food availability per capita and 158 

those that experienced mild first winters (high WNAO values) had increased first-year 159 

survival rates. DD and WNAO explained similar amounts of survival variability — about 160 

50% of first-year survival (p = 0.000; see figure 3 and the electronic supplementary 161 

material S4.5). The model including both DD and WNAO conditions explained a 162 

significant 62% of first-year survival (F2, 19 = 15.52, p < 0.001, see the electronic 163 

supplementary material S4.5). Models including an interaction effect do not explain any 164 

extra variance compared to the models including only the additive effect. 165 

4. Discussion  166 

Several previous studies show that the effects of early-life conditions on fitness 167 

components can be important: the harsher the conditions an individual experiences 168 

during early life, the higher fitness costs the individual will undergo [1,3,4,6]. However, 169 
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few studies have attempted to unravel the fitness consequences of early-life conditions 170 

in critical periods other than the rearing period, especially in wild populations [3]. We 171 

evaluate for the first time both the effects of early-life conditions experienced during 172 

rearing, but also during the first winter on the survival of a long-lived bird. Here, we 173 

find that both rearing and first winter conditions influenced first year survival. Although 174 

harsh early-life conditions can have consequences for long-term fitness, their influence 175 

is usually most pronounced during early life stages [1,10]. We also show here that in 176 

Audouin’s gulls, harsh early-life conditions strongly influenced first-year survival but 177 

that influence fades at older ages. The mechanisms driving trade-offs of poor early-life 178 

conditions in future fitness are likely to respond to complex causal routes and they 179 

remain fairly unknown. Thus, we cannot ascertain whether what we observed was the 180 

result of compensatory effects, acquired resilience, life history trait plasticity or a 181 

combination of those processes [10,36]. Previous studies suggest that early-life 182 

conditions might act as selection filters by eliminating frail individuals from the 183 

population, and leading to stabilization of adult survival at high values by 184 

environmental canalization typical for long-lived species [14,37–39]. Our results 185 

suggest that a strong selection filter operate on this species at least during the first year 186 

of life, eliminating those frail individuals, and the strength of mortality during this 187 

period depends on the severity of environmental conditions during early life. Therefore, 188 

rearing and first winter periods seem to be operating as two consecutive cohort effects 189 

likely resulting in a positive selection for high-quality phenotypes [17].  190 

  In our study, food competition by density-dependence was a key factor driving the 191 

effects of early-life conditions on survival. Breeding gulls intensively exploit trawler 192 

fleet discards, and food availability per capita during the rearing period is positively 193 

related to improved chick body condition and higher reproductive success [25,40]. We 194 

show here that food availability per capita for breeders during rearing also improves 195 

future survival of newborns. This cohort effect during the rearing period can be 196 

considered a maternal effect because the environment experienced by the mothers 197 

influences the future performance of their offspring. After fledging, juveniles disperse 198 

and winter in the Senegambia region, where they mainly feed on small pelagic fish 199 

shoals [26]. Climatic conditions during first winter also influenced juvenile survival. 200 

Positive NAO is associated with the strengthening of the African Coast upwelling and 201 

increasing the availability of small pelagics [41–43]. Therefore, higher food availability 202 

during first winter period improves juvenile survival. Our results agree with our 203 
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expectations on the survival components of fitness; that is, individuals suffering from 204 

food limitation during their early life, both during rearing and first winter, suffer fitness 205 

costs [44].  206 

  We found that individuals born in years when there was lower competition for 207 

foraging resources survived better in their first year of life. When individuals attempt to 208 

exploit a common limited resource, competition occurs [45]. The degree of competition 209 

depends on both the absolute resource availability and the number of individuals 210 

exploiting that resource. Hence, this is a density-dependent process [45,46]. 211 

Competition is common in natural populations and so its effect is implicitly accounted 212 

for in most early-life condition studies [16,44]. Such studies include either population 213 

size or resource availability as competition proxies and many have found strong 214 

density-dependent effects for different fitness components [47–49]. However, we 215 

suggest that, when available, the combination ‘resource availability per capita’ is likely 216 

to be a more accurate proxy for density-dependence driven by competition. Density-217 

dependent effects on juvenile survival have been widely reported, especially in 218 

mammals and birds [2,3,16,50]. These studies suggest that this demographic trait and, 219 

particularly, first-year survival are the most affected by density-dependence. However, 220 

these survival rates are also likely to be the most variable over the years since they have 221 

not been environmentally canalized.  222 

  Environmentally induced responses are often complex and lead to covariance 223 

processes within demographic traits [51,52]. For instance, a decrease in density-224 

dependence during rearing increased not only survival rates of gulls (our study), but 225 

also the reproductive performance of breeders [22]. These variations in how individuals 226 

from different cohorts respond to environmental conditions act as a structuring force in 227 

population dynamics, because cohorts of individuals might differ considerably in their 228 

future performance [53,54]. The influence of age and environmental variability over the 229 

years on several life-history traits and population dynamics has been extensively studied 230 

in many taxa, but the potential influence of cohort effects has been seldom considered 231 

[55]. For instance, a cohort of individuals reaching sexual maturity synchronously and 232 

beginning to breed in a harsh reproductive season can pay a reproductive cost with 233 

reduced survival and lifetime reproductive success. Furthermore, the next cohort of 234 

offspring could inherit the effects of this bad maternal environment. Thus, we highlight 235 

here the relevance of monitoring early-life phases for understanding their sensitivity to 236 
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environmental conditions and the potential consequences for population dynamics. 237 

Although life-history theory predicts that adult survival will be the key parameter 238 

driving population functioning, juvenile survival has recently been acknowledged as an 239 

important source of variability in population dynamics [17,37,49].  240 

  Here, we present the first evidence on how both rearing and first winter conditions 241 

shape the survival of the first year of life via density-dependence and climate effects. 242 

These two consecutive cohort effects synchronously influence the survival of 243 

individuals born in the same season and suggest the existence of delayed life-history 244 

effects, such as variability and delay in density-dependence in population dynamics 245 

[54]. The incorporation of these findings into fitness studies and future population 246 

models will provide a better understanding of complex population dynamics. 247 

 248 

Author contributions 249 

APP, MG, AB & DO collected the data; DO conceived the idea, APP & RP conducted 250 

the analyses, APP led the writing and APP, MG, AB, RP and DO co-wrote the article.  251 

Ethics statement 252 

 253 

This study complies with the current European and Spanish laws regulating scientific 254 

research on animals. Permits were given by Spanish Ministry of the Environment and 255 

Delta de l’Ebre NP. 256 

 257 

Data accessibility 258 

Data available from the public CEDAI Repository:  259 

http://cedai.imedea.uib-csic.es/geonetwork/srv/es/main.home?uuid=e13d37f4-2fe6-260 

4f9e-8a51-d60bc6ea1a2c 261 

Competing interests 262 

We have no competing interests. 263 

Acknowledgements 264 

 We thank the staff of the PEG (IMEDEA) and the Delta de l’Ebre NP – in particular 265 

Julia Piccardo – for helping with the fieldwork over the years. G. Tavecchia and P. 266 

Monaghan kindly made very valuable comments on the manuscript.  267 

References 268 



10 
 

1. Lindström, J. 1999 Early development and fitness in birds and mammals. Trends 269 

Ecol. Evol. 14, 343–348. (doi:10.1016/S0169-5347(99)01639-0) 270 

2. Forchhammer, M. C., Clutton-Brock, T. H., Lindström, J. & Albon, S. D. 2001 271 

Climate and population density induce long-term cohort variation in a northern 272 

ungulate. J. Anim. Ecol. 70, 721–729. (doi:10.1046/j.0021-8790.2001.00532.x) 273 

3. Hastings, K. K., Jemison, L. A., Gelatt, T. S., Laake, J. L., Pendleton, G. W., King, 274 

J. C., Trites, A. W. & Pitcher, K. W. 2011 Cohort effects and spatial variation in 275 

age-specific survival of Steller sea lions from southeastern Alaska. Ecosphere 2, 276 

art111. (doi:10.1890/ES11-00215.1) 277 

4. Le Galliard, J. F., Marquis, O. & Massot, M. 2010 Cohort variation, climate effects 278 

and population dynamics in a short-lived lizard. J. Anim. Ecol. 79, 1296–1307. 279 

(doi:10.1111/j.1365-2656.2010.01732.x) 280 

5. Reid, J. M., Bignal, E. M., Bignal, S., McCracken, D. I. & Monaghan, P. 2003 281 

Environmental variability, life-history covariation and cohort effects in the red-282 

billed chough Pyrrhocorax pyrrhocorax. J. Anim. Ecol. 72, 36–46. 283 

(doi:10.1046/j.1365-2656.2003.00673.x) 284 

6. Gaillard, J. M. 2003 Cohort effects and deer population dynamics. Ecoscience 10, 285 

412–420.  286 

7. Drummond, H., Rodríguez, C. & Oro, D. 2011 Natural ‘poor start’ does not increase 287 

mortality over the lifetime. Proc. Biol. Sci. 278, 3421–3427. 288 

(doi:10.1098/rspb.2010.2569) 289 

8. Johan Solberg, E., Loison, A., Gaillard, J.-M. & Heim, M. 2004 Lasting effects of 290 

conditions at birth on moose body mass. Ecography 27, 677–687. 291 

(doi:10.1111/j.0906-7590.2004.03864.x) 292 

9. Christensen, T. K. 1999 Effects of Cohort and Individual Variation in Duckling 293 

Body Condition on Survival and Recruitment in the Common Eider Somateria 294 

mollissima. J. Avian Biol. 30, 302–308. (doi:10.2307/3677356) 295 



11 
 

10. Metcalfe, N. B. & Monaghan, P. 2001 Compensation for a bad start: grow now, pay 296 

later? Trends Ecol. Evol. 16, 254–260. (doi:10.1016/S0169-5347(01)02124-3) 297 

11. Descamps, S., Boutin, S., Berteaux, D., McAdam, A. G. & Gaillard, J.-M. 2008 298 

Cohort effects in red squirrels: the influence of density, food abundance and 299 

temperature on future survival and reproductive success. J. Anim. Ecol. 77, 305–300 

314. (doi:10.1111/j.1365-2656.2007.01340.x) 301 

12. Marquis, O., Massot, M. & Le Galliard, J. F. 2008 Intergenerational effects of 302 

climate generate cohort variation in lizard reproductive performance. Ecology 89, 303 

2575–2583.  304 

13. Baron, J.-P., Le Galliard, J.-F., Tully, T. & Ferrière, R. 2010 Cohort variation in 305 

offspring growth and survival: prenatal and postnatal factors in a late-maturing 306 

viviparous snake. J. Anim. Ecol. 79, 640–649. (doi:10.1111/j.1365-307 

2656.2010.01661.x) 308 

14. Monaghan, P. 2008 Early growth conditions, phenotypic development and 309 

environmental change. Philos. Trans. R. Soc. Lond. B Biol. Sci. 363, 1635–1645. 310 

(doi:10.1098/rstb.2007.0011) 311 

15. Watson, H., Bolton, M. & Monaghan, P. 2015 Variation in early-life telomere 312 

dynamics in a long-lived bird: links to environmental conditions and survival. J. 313 

Exp. Biol. 218, 668–674. (doi:10.1242/jeb.104265) 314 

16. Van de Pol, M., Bruinzeel, L. W., Heg, D., Van der Jeugd, H. P. & Verhulst, S. 315 

2006 A silver spoon for a golden future: long-term effects of natal origin on fitness 316 

prospects of oystercatchers (Haematopus ostralegus). J. Anim. Ecol. 75, 616–626. 317 

(doi:10.1111/j.1365-2656.2006.01079.x) 318 

17. Sergio, F., Tavecchia, G., Blas, J., López, L., Tanferna, A. & Hiraldo, F. 2011 319 

Variation in age-structured vital rates of a long-lived raptor: Implications for 320 

population growth. Basic Appl. Ecol. 12, 107–115.  321 

18. Sanz-Aguilar, A., Béchet, A., Germain, C., Johnson, A. R. & Pradel, R. 2012 To 322 

leave or not to leave: survival trade-offs between different migratory strategies in 323 



12 
 

the greater flamingo. J. Anim. Ecol. 81, 1171–1182. (doi:10.1111/j.1365-324 

2656.2012.01997.x) 325 

19. Fay, R., Weimerskirch, H., Delord, K. & Barbraud, C. 2015 Population density and 326 

climate shape early-life survival and recruitment in a long-lived pelagic seabird. J. 327 

Anim. Ecol. 84, 1423–1433. (doi:10.1111/1365-2656.12390) 328 

20. Oro, D., Cam, E., Pradel, R. & Martinez-Abrain, A. 2004 Influence of food 329 

availability on demography and local population dynamics in a long-lived seabird. 330 

Proc. R. Soc. B Biol. Sci. 271, 387–396.  331 

21. Fernández-Chacón, A. et al. 2013 When to stay, when to disperse and where to go: 332 

survival and dispersal patterns in a spatially structured seabird population. 333 

Ecography 36, 1117–1126. (doi:10.1111/j.1600-0587.2013.00246.x) 334 

22. Oro, D., Hernández, N., Jover, L. & Genovart, M. 2013 From recruitment to 335 

senescence: food shapes the age-dependent pattern of breeding performance in a 336 

long-lived bird. Ecology 95, 446–457. (doi:10.1890/13-0331.1) 337 

23. Almaraz, P. & Oro, D. 2011 Size-mediated non-trophic interactions and stochastic 338 

predation drive assembly and dynamics in a seabird community. Ecology 92, 1948–339 

1958.  340 

24. Oro, D., Ruiz, X., Jover, L., Pedrocchi, V. & González-Solís, J. 1997 Diet and adult 341 

time budgets of Audouin’s Gull Larus audouinii in response to changes in 342 

commercial fisheries. Ibis 139, 631–637. (doi:10.1111/j.1474-343 

919X.1997.tb04685.x) 344 

25. Oro, D. & Ruiz, X. 1997 Exploitation of trawler discards by breeding seabirds in the 345 

north-western Mediterranean: differences between the Ebro Delta and the Balearic 346 

Islands areas. ICES J. Mar. Sci. J. Cons. 54, 695–707. 347 

(doi:10.1006/jmsc.1997.0246) 348 

26. Oro, D. & Martinez, A. 1994 Migration and dispersal of Audouin’s gull Larus 349 

audouinii from the Ebro Delta colony. Ostrich 65, 225–230. 350 

(doi:10.1080/00306525.1994.9639686) 351 



13 
 

27. Hurrell, J. W., Kushnir, Y., Ottersen, G. & Visbeck, M. 2003 An Overview of the 352 

North Atlantic Oscillation. In The North Atlantic Oscillation: Climatic Significance 353 

and Environmental Impact (eds J. W. Hurrell Y. Kushnir G. Ottersen & rtin 354 

Visbeck), pp. 1–35. American Geophysical Union. [cited 2015 May 13].  355 

28. Pradel, R. 2005 Multievent: an extension of multistate capture-recapture models to 356 

uncertain states. Biometrics 61, 442–447. (doi:10.1111/j.1541-0420.2005.00318.x) 357 

29. Pradel, R., Wintrebert, C. & Gimenez, O. 2003 A proposal for a goodness-of-fit test 358 

to the Arnason-Schwarz multisite capture-recapture model. Biometrics 59, 43–55.  359 

30. Choquet, R. & Nogue, E. 2010 E-SURGE 1.7 user’s manual. – CEFE, Montpellier.  360 

31. Oro, D., Pradel, R. & Lebreton, J.-D. 1999 Food availability and nest predation 361 

influence life history traits in Audouin’s gull, Larus audouinii. Oecologia 118, 438–362 

445. (doi:10.1007/s004420050746) 363 

32. Oro, D. & Pradel, R. 2000 Determinants of local recruitment in a growing colony of 364 

Audouin’s gull. J. Anim. Ecol. 69, 119–132. (doi:10.1046/j.1365-365 

2656.2000.00379.x) 366 

33. Genovart, M., Pradel, R. & Oro, D. 2012 Exploiting uncertain ecological fieldwork 367 

data with multi-event  capture-recapture modelling: an example with bird sex 368 

assignment. J. Anim. Ecol. 81, 970–977.  369 

34. Burnham, K. P. & Anderson, D. R. 2002 Model Selection and Multimodel Inference 370 

- A Practical Information-Theoretic Approach. 2nd edn. Springer. [cited 2013 Nov. 371 

6].  372 

35. Grosbois, V., Gimenez, O., Gaillard, J.-M., Pradel, R., Barbraud, C., Clobert, J., 373 

Møller, A. P. & Weimerskirch, H. 2008 Assessing the impact of climate variation 374 

on survival in vertebrate populations. Biol. Rev. 83, 357–399. (doi:10.1111/j.1469-375 

185X.2008.00047.x) 376 

36. Drummond, H. & Ancona, S. 2015 Observational field studies reveal wild birds 377 

responding to early-life stresses with resilience, plasticity, and intergenerational 378 

effects. The Auk 132, 563–576. (doi:10.1642/AUK-14-244.1) 379 



14 
 

37. Gaillard, J.-M., Festa-Bianchet, M. & Yoccoz, N. G. 1998 Population dynamics of 380 

large herbivores: variable recruitment with constant adult survival. Trends Ecol. 381 

Evol. 13, 58–63. (doi:10.1016/S0169-5347(97)01237-8) 382 

38. Stearns, S. C. 1992 Evolution of life histories. Oxford University Press, London.  383 

39. Kendall, B. E., Fox, G. A., Fujiwara, M. & Nogeire, T. M. 2011 Demographic 384 

heterogeneity, cohort selection, and population growth. Ecology 92, 1985–1993. 385 

(doi:10.1890/11-0079.1) 386 

40. Oro, D., Jover, L. & Ruiz, X. 1996 Influence of trawling activity on the breeding 387 

ecology of a threatened seabird, Audouin’s gull Larus audouinii. Mar. Ecol. Prog. 388 

Ser. 139, 19–29.  389 

41. Barber, R. T. & Chavez, F. P. 1983 Biological consequences of El Niño. Science 390 

222, 1203–1210. (doi:10.1126/science.222.4629.1203) 391 

42. Santos, A. M. P., Kazmin, A. S. & Peliz, Á. 2005 Decadal changes in the Canary 392 

upwelling system as revealed by satellite observations: Their impact on 393 

productivity. J. Mar. Res. 63, 359–379. (doi:10.1357/0022240053693671) 394 

43. Pedlosky, J. 1978 A Nonlinear Model of the Onset of Upwelling. J. Phys. 395 

Oceanogr. 8, 178–187. (doi:10.1175/1520-396 

0485(1978)008<0178:ANMOTO>2.0.CO;2) 397 

44. Breton, A. R. & Diamond, A. W. 2014 Annual survival of adult Atlantic Puffins 398 

Fratercula arctica is positively correlated with Herring Clupea harengus availability. 399 

Ibis 156, 35–47. (doi:10.1111/ibi.12100) 400 

45. Begon, M., Mortimer, M. & Thompson, D. J. 1996 Population ecology: a unified 401 

study of animals and plants. Oxford; Malden, MA: Blackwell Science.  402 

46. Krebs, C. J. 2001 Ecology: The Experimental Analysis of Distribution and 403 

Abundance: Hands-On Field Package. 5 edition. San Francisco: Benjamin 404 

Cummings.  405 



15 
 

47. King, C. M. 2002 Cohort variation in the life-history parameters of stoatsMustela 406 

erminea in relation to fluctuating food resources: a challenge to boreal ecologists. 407 

Acta Theriol. (Warsz.) 47, 225–244. (doi:10.1007/BF03194145) 408 

48. Durant, J. M., Anker-Nilssen, T. & Stenseth, N. C. 2003 Trophic interactions under 409 

climate fluctuations: the Atlantic puffin as an example. Proc. R. Soc. B Biol. Sci. 410 

270, 1461–1466. (doi:10.1098/rspb.2003.2397) 411 

49. Grande, J. M., Serrano, D., Tavecchia, G., Carrete, M., Ceballos, O., Díaz-Delgado, 412 

R., Tella, J. L. & Donázar, J. A. 2009 Survival in a long-lived territorial migrant: 413 

effects of life-history traits and ecological conditions in wintering and breeding 414 

areas. Oikos 118, 580–590. (doi:10.1111/j.1600-0706.2009.17218.x) 415 

50. Bonenfant, C. et al. 2009 Chapter 5 Empirical Evidence of Density‐Dependence in 416 

Populations of Large Herbivores. In Advances in Ecological Research (ed H. 417 

Caswell), pp. 313–357. Academic Press. [cited 2015 Apr. 3].  418 

51. Coulson, T., Gaillard, J.-M. & Festa-Bianchet, M. 2005 Decomposing the variation 419 

in population growth into contributions from multiple demographic rates. J. Anim. 420 

Ecol. 74, 789–801. (doi:10.1111/j.1365-2656.2005.00975.x) 421 

52. Herfindal, I., van de Pol, M., Nielsen, J. T., Saether, B.-E. & Møller, A. P. 2014 422 

Climatic conditions cause complex patterns of covariation between demographic 423 

traits in a long-lived raptor. J. Anim. Ecol. 84, 702–711. (doi:10.1111/1365-424 

2656.12318) 425 

53. Benton, T. G., Plaistow, S. J. & Coulson, T. N. 2006 Complex population dynamics 426 

and complex causation: devils, details and demography. Proc. R. Soc. B Biol. Sci. 427 

273, 1173–1181. (doi:10.1098/rspb.2006.3495) 428 

54. Beckerman, A., Benton, T. G., Ranta, E., Kaitala, V. & Lundberg, P. 2002 429 

Population dynamic consequences of delayed life-history effects. Trends Ecol. Evol. 430 

17, 263–269. (doi:10.1016/S0169-5347(02)02469-2) 431 

55. Coulson, T., Catchpole, E. A., Albon, S. D., Morgan, B. J. T., Pemberton, J. M., 432 

Clutton-Brock, T. H., Crawley, M. J. & Grenfell, B. T. 2001 Age, Sex, Density, 433 



16 
 

Winter Weather, and Population Crashes in Soay Sheep. Science 292, 1528–1531. 434 

(doi:10.1126/science.292.5521.1528) 435 

FIGURES 436 

 Figure 1. First winter conditions for Audouin’s gulls, expressed as the average winter 437 

net primary production during 2002–2012 (mg C m-2 day-1) on the Northwest African 438 

coast, which influenced the availability of small pelagics. Left panel represents first 439 

winter resightings of animals marked at the Ebro Delta (red dots), whereas right panels 440 

show those resightings for older birds (red dots). The size of red dots is proportional to 441 

the number of individuals resighted. Resighting data were provided by the Catalan 442 

Ringing Office (www.ornitologia.org). 443 

 444 

Figure 2. Annual survival (95% CI) of Audouin’s Gulls breeding in the Ebro Delta in 445 

1988–2012 (each panel represents one of the five age classes retained by the best model; 446 

see the electronic supplementary material S4.1).  447 

 448 
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 449 

 450 

Figure 3. Relationship between first year survival (φ1 ) of Audouin’s gulls breeding in 451 

the Ebro Delta and tonnes of fish landed by trawlers per capita, including Audouin’s 452 

and yellow-legged gulls (DD.); and WNAO, Northern Atlantic Oscillation index, during 453 

the first winter of life. 454 

 455 

 456 


