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Abstract. Disentangling the influence of demographic parameters and the role of density depen-
dence on species’ population dynamics is a challenge, especially when fractions of the population are
unobservable. Additionally, due to the difficulty of gathering data at large spatial scales, most studies
ignore the global dynamic of a species, which would integrate local heterogeneity dynamics and
remove the noise of dispersal. We developed an integrated population model (IPM) at a global scale to
disentangle the main demographic drivers of population dynamics in a long-lived species. We used
28 yr of Audouin’s Gull demographic data encompassing 69 local patches (comprising 90% of the
world population). Importantly, we took into account the unobservable fraction of non-breeders and
also assessed the strength of density dependence for this fraction of the population. As predicted by
life histories of long-lived organisms, temporal random variation in survival was highest for immature
individuals (1.326, 95% credible interval [CRI] 1.290–1.940) and lowest for adults (0.499, 95% CRI
0.487–0.720). Large temporal fluctuations in the probability of taking a reproductive sabbatical would
partly explain the consistency in adult survival, with individuals most likely refraining from breeding
when environmental conditions were harsh. Immature survival and fertility were the main drivers of
population dynamics during the study period (r2 = 0.83, 0.77–0.87 and 0.73, 0.63–0.79, respectively).
We found strong evidence of density dependence, not only due to the number of breeders (r2 = �0.34,
�0.43 to �0.24) but also due to individuals on sabbatical (r2 = �0.18, �0.33 to �0.01). From a con-
servation point of view, the species shows a 5% annual global decrease during the last 10 years, and we
propose an update of its conservation status. Even though population dynamics of long-lived organ-
isms are very sensitive to changes in adult survival, we show here that, in the absence of strong envi-
ronmental perturbations affecting this vital rate, fluctuations in population density are mainly driven
by variations in survival of immature individuals and fertility. Integrated models based on long-term
monitoring at a global scale may enhance our ecological and evolutionary understanding of how
demographic drivers influence population dynamics.
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INTRODUCTION

Estimating demographic parameters and understanding
their role in driving population dynamics are crucial from
both a theoretical and applied perspective. Life history the-
ory predicts and prospective analyses have shown that the
contribution of the demographic rates to the population
growth rate varies with species life history traits, and popu-
lation dynamics of long-lived species are very sensitive to
variations in adult survival (Stearns 1992, Caswell 2000,
Sæther and Bakke 2000). However, fitness components that
have a large influence on population growth may exhibit low
temporal variation (Sæther and Bakke 2000, Gaillard and
Yoccoz 2003, Morris and Doak 2004, Bjørkvoll et al. 2016)
and this may effectively reduce their influence in population
dynamics.
Important differences may also exist in demographic

parameters within a species at spatial and temporal scales
(Frederiksen et al. 2005, Grosbois et al. 2008, 2009, Geno-
vart et al. 2018). Dispersal may play a critical role in many

species’ population dynamics (Stenseth and Lidicker 1992,
Clobert et al. 2009). Due to the difficulty of gathering data
at a global scale, most studies are local or include only a few
local populations, ignoring global species dynamics. Demo-
graphic parameters and their influence on population
dynamics may change among different fractions of the pop-
ulation (e.g., age, sex). Assessing the role of these fractions
can be challenging if they are not easily observable or moni-
tored. This unobservable fraction may include one or more
age classes, and it is usually unobservable due to a specific
behavior that makes individuals more cryptic or not visible
to the eye of the researcher. For example, males in marine
turtle populations do not reach the beach for breeding and
therefore are not catchable (Crouse et al. 1987) while some
animals undergo torpor and become unobservable (Ganz-
horn and Schmid 1998). Also in many species (e.g., some
birds and amphibians), there is a non-breeding fraction of
the population that are difficult to study (Cam et al. 1998,
Bailey et al. 2004, Muths et al. 2010). This unobservable,
non-breeding fraction of the population may include sexu-
ally mature individuals that have not yet been recruited and
those that are already recruited but skip breeding. For these
species, population dynamic studies are usually based only
on the reachable breeding fraction of the population. The
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prevalence and role of non-breeders in population dynamics
are unknown (but see Pardo et al. 2013). Lee et al. (2017)
recently highlighted the importance of including the non-
breeding segment of the population when assessing popula-
tion growth rates.
Density dependence, defined as a positive (Allee effect) or

negative effect of population size on population growth rate,
can also play a major role in regulating population dynamics
through resource competition (Hanski et al. 1996, Sibly and
Hone 2002, Lande et al. 2003, Sæther et al. 2016). The
importance of density dependence in population ecology
and quantifying its role is often analytically challenging
(Dennis et al. 2006, Freckleton et al. 2006, Knape 2008).
Lebreton and Gimenez (2013) highlight the potential biases
when assessing the strength of density dependence either on
population dynamics or life history traits. Integrated popu-
lation models (IPMs) are useful tools for inferring popula-
tion growth and age-specific demographic rates. IPMs allow
for joint analysis of demographic data originating from dif-
ferent sources of information (Schaub and Abadi 2011,
Tenan et al. 2012, 2016). These integrated models reduce
parameter uncertainty, incorporate variances and covari-
ances between different demographic parameters into model
projections, account for sampling variance, and allow for
the estimation of latent parameters and the strength of den-
sity dependence (Abadi et al. 2010, 2012, Schaub and Abadi
2011).
The Audouin’s Gull Larus audouinii is a long-lived seabird

that was critically endangered around the 1980s. Due to the
establishment of one colony in 1981 and its exponential
growth, the species has recently been downgraded to “least
concern” (BirdLife International 2017). However, this colony
is now collapsing, holding from more than 70% of the total
world population in 2006 to only 3% in 2017 (Authors, unpub-
lished data). At the same time, some other new patches have
been recently colonized (Payo-Payo et al. 2017) and the actual
global conservation status of the species is unknown, placing
a spotlight on the conservation of this species yet again.
We developed an IPM to analyze an extremely rich data-

base covering almost the entire breeding range (90% of the
total breeding population) of the Audouin’s Gull, including
annual breeding census information, fertility data, and cap-
ture–recapture data. Using this approach, our aims were to
(1) disentangle the demographic drivers of population
dynamics in a long-lived species at a global scale, (2) evalu-
ate the importance of density dependence at each fraction of
the population, including the unobservable non-breeders,
and (3) assess the global conservation status for the species.
These results will help to improve our understanding of the
demographic parameters that drive population dynamics in
long-lived species.

MATERIALS AND METHODS

Study species, study areas and data sets

The Audouin’s Gull is a long-lived colonial seabird with
more than 90% of the global population actually breeding in
the western Mediterranean (data available online).5 An

extensive long-term monitoring program has been carried
out mainly at the larger colony (Punta de la Banya, Catalo-
nia; 40°370 N, 00°350 E), but also to a lesser extent at other
breeding sites, including some recently colonized patches
(Fern�andez-Chac�on et al. 2013, Payo-Payo et al. 2017).
From this monitoring, three data sets have been built:
annual breeding population counts, individual encounter
histories of capture—recapture data and fertility data
(Fig. 1).

Breeding population counts.—Annual censuses of breeding
pairs at western Mediterranean sites were made from 1988
to 2015 at most of the breeding colonies. Even if we could
not guarantee that all colonies were registered annually, we
are confident we covered the most important ones each year;
we ended up monitoring 69 different sites throughout the
study period.

Individual encounter histories.—During 1988–2015, a total
of 27,290 individuals were captured and banded as fledg-
lings using a darvic band with a unique alphanumeric code
at the Punta de la Banya colony (Oro et al. 2010, Genovart
et al. 2012). During the study period, resightings were made
using spotting scopes from a distance all over the western
Mediterranean with a total of 63,106 resights.

Fertility data.—Fertility data set includes the total number
of fledglings for each year from 1988 to 2015. The number
of fledglings at each colony was estimated by capture–recap-
ture methods (Lincoln-Peterson method, Nichols 1992). For
those colonies for which we did not know the number of
fledglings, it was assumed to be the product of the number
of breeding pairs in the colony by the mean fertility esti-
mated for that year in all the colonies where number of
fledglings was known.

The integrated population model

We implemented an integrated analysis of the three data
sets (breeding population count data, individual capture–
reencounter histories, and fertility data). We used an IPM
(Besbeas et al. 2002) to obtain consensual estimates of
demographic rates and population sizes, where inference is
based on a joint likelihood derived by the multiplication of
the likelihoods for the data sets (Schaub and Abadi 2011).
We used a state-space model for population count data,

where the observation process is conditional on a state pro-
cess that describes changes in population size over time as a
function of demographic rates through a population projec-
tion model. We used a female-based, pre-breeding, census
model with nine stages defined by the combination of indi-
vidual age and breeding status and based on previous stud-
ies on this species at its larger colony (Payo-Payo et al. 2016,
Genovart et al. 2017). Specifically, we distinguished stages
for one- and two-year-old individuals (juveniles and imma-
tures that are not sexually mature), three stages for not-yet
recruited individuals (three-, four-, and five-year-old or
older individuals that have never bred), three stages for
breeders (three-, four-, and five-year-old or older individu-
als), and another stage for sabbaticals (i.e., individuals that
have bred at least once and skip reproduction). Changes in5 http://www.iucnredlist.org/details/22694313/0
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population sizes of age–stage classes between consecutive
years were stochastically modeled using binomial and Pois-
son distributions (Appendix S1: Eqs. S1–S4, S6–S7, S9–S13,
S15–S16, S18–S22). We assumed no immigration occurred
in the study population because we are modelling most of
the global population. We also formulated the state-space
model with the assumption of an even sex ratio of fledglings
(Genovart et al. 2003, see Appendix S1) and that individuals
can start reproducing for the first time at three years of age
(Oro and Pradel 2000). We defined age-specific probabilities
for survival: /a12 for one- and two-year-old individuals, /a3
for three-year-old individuals, /a4 for four-year-old individ-
uals, and /a5 for five-year-old or older individuals. We also
specified age-specific probabilities of first reproduction at
three years of age (aa3), four years of age (aa4), or older
(aa5), and age-independent probability to skip reproduction
(Sb) once recruited. In the observation model, we described
the relationship between counts of breeding females at year
t (yt) and the estimated colony size, assuming that the obser-
vation error was normally distributed on the log scale
(Appendix S1: Eqs. S27–S28). The latter assumption implies
that counts of breeding pairs are unbiased on average, that
is, false-negative and false-positive observations cancel out
on average (Kery and Schaub 2011). In addition, the small
error rate in the breeding population surveys (3–4%, Oro
and Ruxton 2001) supports the assumption of negligible
error in detection and that the state-space sub-model yields
unbiased estimates of population size (Kery and Schaub
2011).
We modeled individual encounter histories with a Corma-

ck–Jolly–Seber (CJS) model (CJS; Lebreton et al. 1992)
based on previous studies on this species at its larger colony
(Payo-Payo et al. 2016, Genovart et al. 2017). In the CJS,
we considered age differences in survival and encounter
probability, between the four above-mentioned classes for
survival and three age classes for encounter probability
(one-, two-, and three-year-old or older individuals), in addi-
tion to trap response, and random time variation in both

parameters (Appendix S1: Eqs. S29–S42). We used a Poisson
process to model data on reproductive success (Appendix S1:
Eq. S43). The integrated population model was formulated
to estimate the temporal random variation in fertility (b),
survival rates (/), probability to skip reproduction (Sb), and
encounter probability (p). We thus used a hierarchical for-
mulation where annual estimates were assumed to originate
from a random process with a common mean and a constant
temporal variance (Appendix S1: Eqs. S31–S32, S44, S45).
Probabilities of first reproduction (a) were modeled as time
invariant using informative priors based on estimates
derived for the same population and reported in Genovart
et al. (2017) (Appendix S1: Eqs. S46–S48). Mean and 95%
credible interval (95% CRI) values for all estimates were
provided throughout the manuscript.

Model implementation

We fitted the integrated population model using a Bayesian
formulation and the Markov chain Monte Carlo framework.
Summaries of the posterior distribution were calculated from
3,000,000 posterior samples (20 chains, thinning of 100, and
burn-in of 500,000 iterations). We assessed convergence using
the R̂ diagnostics (Brooks and Gelman 1998) that was <1.01
for all parameters. We refer to Appendix S1 and the supple-
mentary model code in Data S1 for details about prior distri-
butions. Models were implemented using the program JAGS
(Plummer 2003) executed from R (R Core Team 2012) using
rjags package (Plummer 2016).

Effects of vital rates on population growth rate

We compared temporal variation of vital rates with the
variation in population growth rate to assess the differential
influence of those rates on population dynamics. Specifi-
cally, we used correlation analysis that accounted for uncer-
tainty in parameter estimates, where correlation coefficients
(r), their 95% credible interval (95% CRI), and the

FIG. 1. Map of the study area comprising 90% of the global species distribution and 69 different breeding sites censused from 1988 to
2015. Census, fertility, and capture–recapture data were jointly analyzed in the integrated population model (IPM).
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probability that r was positive or negative were derived using
posterior samples of population growth rate and vital rates
on the real scale in a post-hoc analysis (Tenan et al. 2017).
In addition, the explicit separation of the process and sam-
pling variation, within the integrated population model,
ensured correlations to be free from possible bias related to
the observation process; temporal variability of the state
process is thus defined by the variability of the demographic
parameters (Schaub et al. 2013).

Density dependence

We correlated estimates of population growth rate
between year t and t + 1 with total population size and
stage- or age-specific number of individuals in the popula-
tion at year t, in order to assess the strength of density
dependence and how the latter depends on population size
of specific age-stage classes: number of 1-yr-old individuals,
2-yr-old individuals, 3-yr-old individuals, breeders, sabbati-
cals, not-yet recruited, and non-breeders (i.e., not-yet
recruited and sabbaticals).

RESULTS

The estimated total population size reached its maximum
of 34,109 (32,747–35,475 95% CRI) individuals in 2007, fol-
lowed by a marked decrease that led to a halved population
size of 17,367 individuals (16,652–18,138) in 2013 (Fig. 2;
Table S1 in Appendix S2). The geometric mean of popula-
tion growth rate k for the 28-yr study period (1988–2015)
was 1.002 (1.000–1.007, Fig. 3a), and 0.949 (0.929–0.963)
for the last 10 years.
The estimated number of breeding pairs varied from 6,834

(6,444–7,247) in 1990 to 19,723 (18,941–20,518) in 2006
(Fig. 2). The proportion of sabbaticals to breeders did not

show any temporal trend but substantial fluctuations
occurred during the study period, ranging from 0.012
(0.001–0.036) to 0.868 (0.585–1.133) (Figs. 2 and 3g). The
proportion of sabbaticals to breeders was high (>0.7) during
some consecutive years (1989–1991), and mean sabbatical
rate for the study period was 0.125 (0.055–0.217). The pro-
portion of not-yet recruited individuals relative to breeders
ranged from 0.040 (0.030–0.050) to 0.295 (0.257–0.336)
(Fig. 3h). The proportion of non-breeders (i.e., both not
recruited and sabbaticals) ranged from 0.073 (0.037–0.141)
to 1.063 (0.768–1.340) (Fig. 3i). A high proportion of non-
breeders (>0.9) occurred during 1989–1991.
Mean survival probability was lowest in one- and two-

year-old individuals, highest at three years of age and inter-
mediate in four-year-old individuals and five-year-old or
older individuals (Table 1, Fig. 3b–e). Temporal random
variation in survival was highest in the youngest part of the
population (one- and two-year-old), intermediate in three-
year-old, and lower in older individuals. Probability of first
reproduction was highest at four years of age, lowest for
older individuals, and intermediate at three years of age.
The probability to skip reproduction was on average low
with substantial temporal random variability (Table 1;
Table S1 in Appendix S2). Fertility (b0) was, on average,
0.470 (0.377–0.580) fledglings per breeding pair and year,
also with strong temporal random standard deviation
(Table 1, Fig. 3f).
Average detection probability increased with age and was

larger for trap aware (AW) than unaware (UN) individuals
(Table 1).

Effect of vital rates on population growth rate

Survival of individuals one and two years old was the main
driver of the population growth rate during the study period

FIG. 2. Estimated and observed year-specific number of individuals of each fraction for the Audouin’s Gull global population. The
colored shaded areas represent the 95% credible intervals for the estimates.
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as suggested by the strongest correlation between this param-
eter and the population growth rate (r2 = 0.83, 0.77–0.87;
Fig. 4; Table S2 in Appendix S2). The second vital rate most
influencing population growth rate was fertility (r2 = 0.73,
0.63–0.79) (Fig. 4; Table S2 in Appendix S2). Survival of
individuals older than four years was also positively corre-
lated with population growth rate at a lesser extent
(r2 = 0.55, 0.35–0.70) (Fig. 4; Table S2 in Appendix S2),
whereas correlation with three- and four-year-old survival
was close to zero (Table S2 in Appendix S2).

Density dependence

We found strong evidence of density dependence. Popula-
tion growth rate (kt) was negatively correlated with total
population size, number of breeders, number of sabbaticals,
and number of non-breeders at year t, being the number of
breeders the fraction of the population showing the stron-
gest density dependence (r2 = �0.34, �0.43 to 0.24) (Fig. 4;
Table S3 in Appendix S2). Conversely, population growth
rate was positively correlated with the number of one-year-
old individuals (r2 = 0.16, 0.07–0.26) and three-year-old
individuals (r2 = 0.10, 0.00–0.23) (Fig. 4; Table S3 in
Appendix S2). Virtually, no density dependence effect was

found due to the number of two-year-old individuals or the
number of not-yet recruited individuals (Table S3 in
Appendix S2).

DISCUSSION

Based on long-term monitoring and information gathered
on a large geographic scale, along with the use of integrated
population modeling, we were able to identify the main
demographic drivers of population dynamics in a long-lived
species and the role of density dependence in all fractions of
the population (both observable and unobservable). Our
approach allowed us to assess the global species conservation
status after the recent collapse of the main breeding site.
In our case study, the unobservable fraction of the popu-

lation is the non-breeders. We included these non-breeders
in our integrated models and, in agreement with a previous
theoretical study (Lee et al. 2017), we show that these indi-
viduals play a significant role in population dynamics. We
also found that the proportion of non-breeders was highly
variable over the study period. The ratio of non-breeders to
breeders acts as a proxy for population health and stability
in some species and populations (Hunt 1998) with a rapid
decrease in the number of non-breeders in seabird colonies

FIG. 3. (a) Estimates of population growth rate kt, (b–f) year-specific demographic rates, and (g–i) the proportion of sabbaticals, not-yet
recruited individuals, and non-breeders (i.e., sabbaticals and not-yet recruited) to breeders of the Audouin’s Gull population. In panels f
and g, the red dashed line indicates the mean from the random effects model, and the red dotted lines indicate the 95% credible intervals of
the mean (not reported for the derived parameters). The vertical lines indicate the 95% credible intervals for the annual estimates. The
horizontal black dotted line in panel a indicates population stability.
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TABLE 1. Posterior estimates (mean, standard deviation, and percentiles) for the demographic parameters of the Audouin’s Gull
population.

Parameter Mean SD 2.5% 50% 97.5%

Survival, age 1–2
/0;a12 0.744 0.050 0.638 0.748 0.833

Survival, age 3
/0;a3 0.946 0.015 0.917 0.946 0.975

Survival, age 4
/0;a4 0.924 0.011 0.901 0.924 0.946

Survival, age 5+
/0;a5 0.891 0.011 0.870 0.892 0.912

Survival, age effect
b/;a3 1.815 0.424 1.046 1.791 2.736
b/;a4 1.418 0.315 0.815 1.415 2.047
b/;a5 1.026 0.287 0.460 1.023 1.588

Survival, tr SD
r/;a12 1.326 0.263 0.915 1.290 1.940
r/;a3 0.858 0.351 0.292 0.814 1.674
r/;a4 0.572 0.209 0.230 0.549 1.047
r/;a5 0.499 0.095 0.350 0.487 0.720

Encounter probability, age 1 aware
p0,a1,AW 0.005 0.001 0.003 0.005 0.008

Encounter probability, age 1 unaware
p0,a1,UN 0.002 0.001 0.001 0.002 0.003

Encounter probability, age 2 aware
p0,a2,AW 0.246 0.054 0.151 0.242 0.362

Encounter probability, age 2 unaware
p0,a2,UN 0.125 0.032 0.071 0.122 0.198

Encounter probability, age 3+ aware
p0,a3,AW 0.586 0.062 0.448 0.589 0.699

Encounter probability, age 3+ unaware
p0,a3,UN 0.383 0.060 0.261 0.383 0.502

Encounter probability, age effect
cp,a2 4.177 0.387 3.414 4.176 4.935
cp,a3 5.673 0.372 4.910 5.674 6.431

Encounter probability, trap effect
dp �0.837 0.018 �0.873 �0.837 �0.801

Encounter probability, tr SD
rp,a1 1.070 0.237 0.694 1.040 1.614
rp,a2 1.495 0.277 1.053 1.461 2.126
rp,a3 1.184 0.213 0.844 1.157 1.677

First reproduction, age 3
aa3 0.484 0.025 0.436 0.484 0.533

First reproduction, age 4
aa4 0.681 0.025 0.632 0.681 0.730

First reproduction, age 5+
aa5 0.327 0.024 0.279 0.326 0.374

Fertility
b0 0.470 0.052 0.377 0.467 0.580

Fertility, tr SD
rb 0.554 0.083 0.420 0.544 0.742

Skipping probability
Sb0 0.125 0.041 0.055 0.122 0.217

Skipping probability, tr SD
rSb 1.589 0.369 1.027 1.536 2.460

Survey observation error
ry 0.030 >0.000 0.030 0.030 0.030

Notes: Parameters are denoted as follows: /0;a12, /0;a3, /0;a4, /0;a5, intercept of age-specific survival probabilities on the probability scale
(“a12” one- and two-year-old, “a3” three-year-old, “a4” four-year-old, “a5” five-year-old or older); b/;a3, b/;a4, b/;a5, age effect on survival
probability (logit scale); r/;a12, r/;a3, r/;a4, r/;a5, age-specific temporal random standard deviations of survival (logit scale); p0,a1,AW, p0,a1,
UN, p0,a2,AW, p0,a2,UN, p0,a3,AW, p0,a3,UN, intercept of age-specific encounter probabilities for trap aware (AW) and unaware (UN) individuals
(probability scale) (“a1” one-year-old, “a2” two-year-old, “a3” three-year-old or older); cp,a2, cp,a3, age effect on encounter probability (logit
scale); dp, trap response (logit scale); rp,a1, rp,a2, rp,a3, age-specific temporal random standard deviations of encounter probability (logit
scale); aa3, aa4, aa5, age-specific probability of first reproduction; b0, intercept of fertility (natural scale, b0 = exp(lb)); rb, fertility temporal
random standard deviation (log scale); Sb0, intercept of probability to skip reproduction (probability scale); rSb, temporal random standard
deviation of the probability to skip reproduction (logit scale); ry, temporal random standard deviation of the detection probability for the
breeding pairs survey (log scale). Temporal random SD is abbreviated as “tr SD.”

2828 M. GENOVART ET AL. Ecology, Vol. 99, No. 12



providing an early indication of environmental stress (Porter
and Coulson 1987, Klomp and Furness 1992). In some
cases, the decrease in non-breeding individuals is reflective
of the buffering role of this segment of the population dur-
ing harsh environmental conditions (e.g., increase of addi-
tive mortality, changes in food availability). In our case
study, there is no clear indication that the numbers of non-
breeders precede significant population decline. However,
we analyzed a time period that elapsed the exponential
growth phase of the species and we would not expect to
observe a relationship between non-breeders and population
size at this stage of population dynamics. Due to their
buffering role, the number of non-breeders may also be help-
ful to assess the potential resilience of a local population

(Durell and Clarke 2004, Penteriani et al. 2011). Based on
the estimated number of Audouin’s Gull non-breeders, it
seems that this resilience is actually low. Recruitment is
another buffering process usually observed in natural popu-
lations (Gaillard et al. 1998, Votier et al. 2008). We should
acknowledge that recruitment here is assumed to be an age
constant function over the study period. The lack of suitable
data made it impossible to jointly analyze time variation in
both the recruitment and sabbatical processes. Further anal-
yses, perhaps focusing on just one data-rich colony, could
shed some light on the role of temporal variation of recruit-
ment in population dynamics.
We were able to estimate the role of density dependence in

the global population dynamics of a long-lived species.

FIG. 4. Correlation between population growth rate at year t and demographic variables at year t, where the probability of a positive or
negative relationship is ≥0.95. Demographic variables are (a) survival of one- and two-year-old individuals, (b) survival of five-year-old or
older individuals, (c) fertility, (d) total population size, (e) number of one-year-old individuals, (f) number of three-year-old individuals, (g)
number of breeders, (h) number of sabbaticals, and (i) number of non-breeders. Values reported are the probability that the estimated
correlation coefficient (r) is positive (P[r > 0]) or negative (P[r < 0]).
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Integrated population modeling allowed us to also estimate
the strength of density dependence on the non-breeders even
though they are unobservable. Following analyses of a gen-
eral framework of population projection models that explic-
itly incorporated various types of non-breeders, Lee et al.
(2017) suggested that further work assessing the influence of
non-breeders on density-dependent dynamics is necessary.
We found that the number of breeders was the fraction of
the population with a stronger effect on population growth
rate, but we also detected a non-negligible density depen-
dence by individuals taking sabbaticals. This suggests that
this fraction of the population is competing for food
resources with breeders and other species within the same
ecological guild. We think that competition may be occur-
ring during the reproductive season, and most individuals of
a species performing distant migration would skip breeding
once they return to the breeding areas (B�ecares et al. 2016).
When evaluating the role of the vital rates on population

growth rate, we observe that the immature survival rate con-
tributes the most to the variability in population growth dur-
ing the 28 yr of study. This is followed by the effects on
fertility. Even if population growth rate in long-lived species
is most sensitive to variations in adult survival, adult survival
in these species usually shows less temporal variation (Pfister
1998, Sæther and Bakke 2000, Morris et al. 2011). Our work
suggests that in long-lived species population, dynamics can
be effectively driven by other demographic parameters such
as immature survival rates or fertility. This may suddenly
change if adult survival is effected, for instance by additive
mortality from anthropogenic causes (e.g., fisheries’ bycatch,
overharvesting, electrocution in power lines). We suggest that
the significant role of adult survival driving the population
growth rate of the Audouin’s Gulls is mainly caused by tem-
poral variation in its bycatch mortality (Genovart et al.
2017). In the absence of this source of anthropogenic mortal-
ity, the role of adult survival on population growth rate
would be even lower than the actual reported. Our integrated
model points out that skipping breeding would be a bet-hed-
ging strategy for long-lived organisms that have many repro-
ductive chances during their lifespan and would be a part of
the survival–reproduction evolutionary trade-off. In long-
lived species, this would prevent jeopardizing survival when
environmental breeding conditions are harsh (Stearns 1992).
The main ecological drivers explaining the temporal vari-

ability of demographic parameters in this species have been
previously identified. Variations in adult survival seem to be
partially explained by bycatch mortality (Genovart et al.
2017) and occasional local predation by carnivores (Payo-
Payo et al. 2018). Other local factors, including food availabil-
ity or predators, may affect other fitness parameters such as
fertility (Oro et al. 1999). Great differences in the ecological
drivers at a local scale may occur, and it would be interesting
in the near future to quantify their relative importance acting
through different demographic rates (Horswill et al. 2016).
The Audouin’s Gull global population shows more than a

5% annual decrease in population during the last 10 years.
Thus, from a conservation point of view, we propose an
update of its conservation status. The main actual threat for
the species is likely fisheries bycatch (Genovart et al. 2017),
carnivore predation within some colonies (Payo-Payo et al.
2018), a general decrease of fertility due to regime shifts in

small pelagic dynamics (Van Beveren et al. 2016), increased
niche competition and loss of available suitable breeding
habitat (Oro et al. 2009, Almaraz and Oro 2011). The species
seems to respond to local disturbances with the colonization
of new habitats (Payo-Payo et al. 2017); however, this process
does not compensate for the global population decline.
Attention should be paid to some specific regions that have
remained relatively unexplored, such as northern Africa, and
a tiny population in southern Portugal that has experienced
marked growth in recent years (Calado et al. 2017).
We highlight the importance of long-term monitoring

studies at large spatial scales for identifying the demo-
graphic parameters that have the most influence on popula-
tion dynamics. Taking into account all fractions of the
population, including those that are unobservable, and
embracing a representative range of the population will
increase our ecological understanding. This is especially true
for highly mobile species and in instances when heterogene-
ity in local dynamics occurs. Our study improves our under-
standing of animal population dynamics. We provide
evidence for the existence of density dependence, the impor-
tant role of non-breeders in some species’ population
dynamics and demonstrate that in the absence of significant
anthropogenic mortality, population dynamics in long-lived
species may be governed by other demographic parameters
with lower sensitivities than adult survival.
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