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Evidence for an age-dependent influence of environmental variations
on a long-lived seabird’s life-history traits

DEBORAH PARDO,1 CHRISTOPHE BARBRAUD, MATTHIEU AUTHIER, AND HENRI WEIMERSKIRCH

CEBC-CNRS UPR, 1934, F 79360 Villiers-en-Bois, France

Abstract. Theoretical and empirical studies have highlighted the effects of age on several
life-history traits in wild populations. There is also increasing evidence for environmental
effects on their demographic traits. However, quantifying how individuals differentially
respond to environmental variations according to their age remains a challenge in ecology. In
a population of Black-browed Albatrosses monitored during 43 years, we analyzed how life-
history traits varied according to age, and whether individuals of different ages responded in
different ways to environmental conditions. To do so, we: (1) examined how age affected seven
life-history traits, (2) investigated differences in temporal variance of demographic traits
between age classes, and (3) tested for age-dependent effects of climate and fisheries covariates
on demographic traits. Overall, there was a tendency for traits to improve during the first years
of life (5–10 years), to peak and remain stable at middle age (10–30 years), and decline at old
ages. At young ages, survival and reproductive parameters increased, except offspring body
condition at fledging, suggesting that younger parents had already acquired good foraging
capacities. However, they suffered from inexperience in breeding as suggested by their higher
breeding failures during incubation. There was evidence for reproductive and actuarial
senescence. In particular, breeding success and offspring body condition declined abruptly,
suggesting altered foraging capacities of old individuals. Middle-aged individuals had the
lowest temporal variance of demographic traits. Although this is predicted by the theory of
environmental canalization, it could also results from a higher susceptibility of young and old
birds due to their respective inexperience and senescence. The highest temporal variances were
found in old individuals. Survival was significantly influenced by sea surface temperatures in
the foraging zone of this albatross population during breeding. During warm events survival
of young and old individuals improved, whereas a decrease was observed for middle-aged
individuals. Presumably, during cold years with poor environmental conditions, young and
old breeding birds may suffer more from intraspecific competition for resources than middle-
aged individuals. This study showed that age, known as a major factor structuring
demography in long-lived species, can also potentially influence the response of populations
to global change.

Key words: Black-browed Albatross; breeding probability; breeding success; capture–mark–recapture;
chick body condition; fisheries bycatch; Kerguelen Islands; sea surface temperature; senescence; southern
oscillation index; survival; Thalassarche melanophris.

INTRODUCTION

Age is an essential factor to consider when studying

population dynamics and evolution in wild populations

(Charlesworth 1980) as it can have strong effects on a

broad array of physiological, behavioral, phenotypical,

and demographic traits (Reid et al. 2003, Lecomte et al.

2010). An increase in survival and breeding performance

is expected at early ages due to selection (Curio 1983),

constraint (Nur 1984), and restrained reproduction

(Williams 1966). Subsequently, fitness is predicted to

decline either immediately after the age of primiparity

(Hamilton 1966) or after a period of stability of both

traits for middle age classes (Jones et al. 2008). Survival

at old ages is expected to decrease, either due to

senescence, an inevitable decrease in physiological

functioning with age (Monaghan et al. 2008), and/or

life-history trade-offs between investment in current

reproduction vs. future reproduction and survival

(Stearns 1989). Breeding performance could either

decline or increase at later ages due to senescence effects

or terminal investment, respectively (McNamara et al.

2009).

In addition to age effects, environmental variations

can affect demographic parameters and ultimately shape

population dynamics. In the current context of global

changes and the increase of the rate of species extinction,

the link between demographic traits and environmental

covariates is extensively studied in a variety of organ-

isms all around the globe (Parmesan 2006). However,

there is evidence that all individuals of a given
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population may not be impacted similarly by the same

environmental variations (Barbraud and Weimerskirch

2005, Borrego et al. 2008, Lewis et al. 2009). Few studies

have investigated how environmental variations can

potentially differently affect individuals according to

their age (Coulson et al. 2001, Gaillard and Yoccoz

2003). From a theoretical point of view, both sources of

variability should be accounted for simultaneously in

order to get proper estimates of age-related change in

life-history traits as a function of environmental

conditions. This is particularly relevant for long-lived

organisms, where both information on age and envi-

ronmental change are fundamental for understanding

the evolution of their life-history. From an applied point

of view, given the unprecedented global biodiversity

crisis (Western 1992), understanding how individuals

respond to climate change according to their age is

crucial to properly model population trajectories and

conduct conservation actions.

Two sorts of age-dependent differential responses to

environmental variations are expected: firstly, differenc-

es in the intensity of the responses. In an age-structured

population, the sensitivities of the population growth

rate differ between demographic parameters (Saether

and Bakke 2000). Previous studies have shown that

variability is selectively disadvantageous for long-lived

iteroparous species, and that fitness components with

high sensitivities are canalized against temporal vari-

ability (Gaillard and Yoccoz 2003, Doherty et al. 2004,

Nevoux et al. 2010b). Such canalization can also be

observed between age classes. Since in iteroparous

species, sensitivities of the population growth rate are

generally higher for demographic parameters of middle-

aged individuals (Caswell 2001), one can predict that

young and old individuals should be more influenced by

temporal environmental variations than middle-aged

individuals. Secondly, differences in the direction of the

responses are expected. Due to complex mechanisms

such as differential spatiotemporal distribution, compe-

tition, inexperience, or senescence on foraging capaci-

ties, some age classes might be negatively influenced by

changes in climate, while others are not, or even manage

to take advantage of it.

Here, we address two questions: (1) How is demog-

raphy influenced by age? (2) Are young and old

individuals more sensitive to environmental variations?

We used a 43-year data set on a long-lived seabird, the

Black-browed Albatross (Thalassarche melanophris) and

focused on seven major life-history traits: adult survival

probability, breeding probability, breeding success,

stage at reproductive failure, and offspring body

condition and body size at independence according to

parents’ age. Although not considered as a classic life-

history trait, we also examined the age-related pattern in

detectability since, in animals that skip reproduction

such as seabirds, this parameter may be considered as a

proxy of the probability to reproduce (Viallefont et al.

1995). Previous studies on Black-browed Albatrosses

suggested an increase in survival and breeding perfor-

mance with experience (Nevoux et al. 2007), the
existence of a senescence in breeding success in relation

to past experience and hormonal levels (Angelier et al.
2007b), and a sensitivity of demographic parameters to

environmental variation (Nevoux et al. 2007, 2010a,
Rolland et al. 2008, 2009).

Concerning age effects, we were particularly interested
in examining if (and when) trait values improve during
young ages to stabilize at middle-ages and if (and when)

senescence can be detected in the seven traits studied.
According to the relationship found by Jones et al.

(2008) and the generation time of the Black-browed
Albatross (;14 years estimated by the weighted mean

age of the breeding population), an onset of senescence
in survival and breeding success is predicted at ;10

years old, with a slow but significant rate (Jones et al.
2008).

Concerning age-dependent responses to the environ-
ment, previous studies found that differences in breeding

performance (e.g., Laaksonen et al. 2002, Bunce et al.
2005) and survival probability (Gaillard et al. 1998,

Coulson et al. 2001, Barbraud and Weimerskirch 2005)
between juveniles or first-time breeders and more

experienced breeders were particularly marked during
poor environmental conditions with low resource

availability. This was also found in Black-browed
Albatrosses (Nevoux et al. 2007). In addition to

environmental variability, albatrosses are affected by
fisheries by being accidentally caught in fishing gear
(Weimerskirch et al. 2000). It is known that juveniles

represent the major part of birds killed by long-liners
(Gales et al. 1998), including in Black-browed Alba-

trosses, but the demographic impact of fisheries-associ-
ated mortality has, to our knowledge, never been tested

as a function of age in these species. We therefore
predicted that young individuals would be more affected

by environmental conditions and fisheries compared to
older individuals. Finally, we tested the hypothesis that

the oldest albatrosses would be more sensitive to
environmental variations than middle-aged individuals

(Coulson et al. 2001).

MATERIALS AND METHODS

Study species and area

Black-browed Albatrosses are large seabirds breeding
on subantarctic islands during the austral summer. They

become mature at an average age of nine (Nevoux et al.
2010a), and lay a single egg per year without replacement

clutch. The long-term demographic study was carried out
at Canyon des Sourcils Noirs (49.48 S, 70.18 E),

Kerguelen Islands, Southern Indian Ocean. In the colony
of .1000 pairs, a study plot of ;200 nests delimited by

natural borders was monitored each breeding season with
a constant monitoring effort since 1978/1979 (hereafter

named 1979), with banding starting in 1968. Each nest
was checked three times: during early incubation in

October to identify all pair members, at hatching in late
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December to note hatching success, and before fledging in

late March for fledging success. Each year, all unmarked

breeding individuals found in the study area were banded

and all chicks were measured (culmen and wing length,

61 mm), weighed (65 g), and marked with a stainless-

steel band between 21 and 30 March. Tracking studies in

this colony have been carried out since 1994 (Argos

loggers, n¼26; global positioning system (GPS) loggers, n

¼ 65; global location sensing (GLS) loggers, n ¼ 28),

allowing the identification of foraging zones during

breeding in summer and wintering (Fig. 1). In summer,

Black-browed Albatrosses foraged in northeast and

southeast regions of the peri-insular Kerguelen shelf

(Pinaud and Weimerskirch 2002, Rolland et al. 2008).

Their diet is composed mainly of fish (73%), penguins

(14%), and squids (10%; Cherel et al. 2000). They are

known to interact commonly with longline and trawl

fisheries targeting patagonian toothfish (Dissostichus

eleginoides) and mackerel icefish (Champsocephalus gun-

nari) feeding on discards and baits (Weimerskirch et al.

2000). In winter, breeding adults migrate in less than a

week toward southeast Australia and north of Tasmania,

where they remain until the next breeding season (Fig. 1;

K. Delord, C. Barbraud, and H. Weimerskirch, unpub-

lished data). It was shown that they attend long-liners

fishing for southern bluefin tuna (Thunnus thynnus) and

other tuna species in their wintering zone (Gales et al.

1998).

Modeling age-dependent variations in multiple traits

We considered individuals banded as chicks (n¼4235)

and recaptured during the period 1968–2010, allowing

us to know the age at recaptures with precision.

Individuals that were not seen again after their

immature period because they never came back to the

study colony were taken into account in order to avoid

an overestimation of survival. Regular observations

outside the study colony suggested that very few

individuals (,10) born in the study colony were

breeding either in the neighboring main colony or in

an adjacent colony (2 km distant), or distant colonies

(100–450 km). As Black-browed Albatrosses are mono-

morphic, we do not have information on their sex. All

parameters were estimated starting from age five, the

minimum age of first reproduction (Nevoux et al.

2010a).

Adult survival and detection probabilities were

estimated with capture–mark–recapture (CMR) models

using program Mark version 5.1 (White and Burnham

1999). We started from the general full age-dependent

model u(age)p(age), where survival, u, and detection

probability, p, are age dependent. Goodness-of-fit was

computed using parametric bootstrap (1000 iterations)

FIG. 1. Distribution area of Black-browed Albatrosses (Thalassarche melanophris) breeding at Canyon des Sourcils Noirs,
Kerguelen Islands, Southern Indian Ocean. Black dots represent the foraging areas based on 50% kernels of the birds in summer
around Kerguelen and in winter off southern east Australia. Areas delimited by a solid black line represent the zones from which
the local covariates data were extracted, except for the illegal longline fishery effort for which data from the Commission for the
Conservation of Antarctic Marine Living Resources (CCMLAR) zone 58.5.1 were used. Dotted lines represent the Exclusive
Economical Zones (ZEE). Abbreviations are: STF, southern and northern subtropical fronts; SAF, subantarctic front; and PF,
polar front.
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directly in program Mark from the general full-age

model. The overdispersion coefficient was calculated by

dividing the deviance from the original data by the mean

of the simulated deviances and the quasi-AICc (QAICc)

was used for model selection. The detection probability

p was modeled first while keeping a full-age structure on

u. Then, u was modeled using the best model structure

selected on p.

All analyses on traits associated to fecundity were

computed in program R, using package lme4 and

function lmer (Bates and Maechler 2010, R Develop-

ment Core Team 2012). Pseudo-replication was present

in the data for two reasons: Firstly, individuals were

seen many times during their lifetime, and secondly,

both individuals from the same pair were considered.

Generalized linear mixed models (GLMM) were used to

model reproductive traits along with age, while adding

individual random effects to each model to correct for

pseudo-replication. Individual random effects could not

be used while estimating survival and detection proba-

bilities because such effects are not yet available in

program Mark and it would have probably resulted in

too many parameters given the amount of data

available.

Breeding and success probabilities and stage at failure

were coded as binomial characters with, respectively: a

one if an individual was seen breeding at a given year/

age or a zero if it was seen as a nonbreeder; a one if an

individual managed to bring its chick to fledging, a zero

if it failed; a zero when an individual failed at the egg

stage or a one if it failed at the chick stage. A body

condition index of chicks about to fledge was calculated

using the ratio of the mass (g) and the wing chord length

(mm) to bring information on the possible causes of

reproductive failure, linked in particular to the amount

of food received by the chick (Weimerskirch and Lys

2000). Finally, culmen length of chicks about to fledge

was considered as a proxy of the structural size of

chicks. Our definition and calculation of breeding

probability, breeding success, and stage at reproductive

failure implies that these parameters were estimated

from individuals whose detection probability was one.

As it is known that the age of first breeding can influence

the age at onset of senescence, its effect was tested on

each trait (except detection) before analyzing the data

(see Appendix A).

For both the analyses on age-related survival and

reproduction, the fit of different types of models was

assessed using a threshold methodology (Berman et al.

2009, Weladji et al. 2010; see developments of this

methodology in Appendix B). A similar model selection

procedure based on multi-model inference was used on

each trait (Burnham and Anderson 2002; see the

approach used in Appendix B).

Estimating parameter- and age-specific temporal variance

The temporal variance of the two traits most

influential for the population growth rate (survival and

success probability) was calculated for each age class.

Temporal variance includes both the sampling variance

(that depends on the estimation process linked to sample

size and on the fact that detectability is less than one)

and the biological process variance. This last component

represents the true temporal variation in the parameters

of interest, which was used to validate our hypotheses of

canalization of demographic parameters according to

age. The estimated total temporal variance (S2) was

calculated following Gould and Nichols (1998; see

Appendix C).

Testing for a differential impact of environmental

variations with age

Age-specific environmental effects were analyzed on

three of the seven life-history traits studied: adult

survival, success probability, and chick body condition

at fledging, as they are the traits most tightly linked to

fitness. The same data sets were used as for the age

effects, but 2010 was excluded since information on

environmental covariates were lacking at the time

analyses were performed. Seven environmental covari-

ates were selected in order to encompass the potential

climatic and fisheries effects in both the breeding and

wintering areas of Black-browed Albatrosses: Southern

Oscillation Index (SOI_w); sea surface temperature

anomalies (SSTA_s and SSTA_w); longline fishing

effort in number of hooks deployed (LL_s and LL_w);

illegal, unreported, and unregulated longline fishing

effort (IUU_s); trawling effort in number of hours

(Trawl_s). Subscripts ‘‘_s’’ and ‘‘_w’’ mean summer and

winter, respectively (see Appendix D for a full descrip-

tion of each covariate). For each trait we used the

selected model structure describing best age-dependent

variations to which the covariate effect was added. The

effects of environmental covariates were tested following

Grosbois et al. (2008) using likelihood ratio tests (LRT),

analysis of deviance (ANODEV), and the proportion of

variation explained by covariates (R2).

RESULTS

Recruitment age had no effect on age-dependent

survival or on traits linked to breeding performance

(Appendix A).

Effects of age on survival and detection probabilities

The general age dependent model u(age)p(age) was

supported by parametric bootstrap, and the variance

inflation factor (ĉ ¼ 1:03) was taken into account in the

CMR analysis. Detection probability was best modeled

with two thresholds separating a sharp increase from age

5 to age 9, from a slow quadratic increase up to age 23,

when detection reached 0.587 6 0.024, until the oldest

age of 35 years (Fig. 2b, Table 1; Appendix E). For

survival, multi-model inference suggested two thresholds

(Table 2). A first threshold was selected at 8 years old

until which survival increased, then a plateau in middle-

aged individuals at 0.934 6 0.040, until age 30 and a
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strong decrease in the oldest birds. Evidence ratios

between the Gompertz, Weibull, and linear functions

were very close. However, they all corresponded to a

significant decrease in survival in late ages (Fig. 2a,

Table 2), suggesting senescence. We chose to keep the

linear function that had the best evidence ratio.

Effects of age on breeding performances

The breeding probability was constant at 5–35 years

of age at a rate of 0.964 6 0.004 (Table 1, Fig. 2c).

Multi-model inference suggested a single threshold at 8

(Appendix F); however, the 95% confidence interval on

this threshold encompassed all ages, and the slope of the

linear phase before 8 was not significant so the constant

model was selected.

Two thresholds were more likely to describe age

variation in breeding success (Fig. 3a; Appendix G). It

strongly increased until age 10, slightly increased until

age 26, and then strongly decreased at older ages,

suggesting reproductive senescence. The probability of

fledging a chick decreased from 0.763 6 0.027 before 26

years old to only 0.479 6 0.120 when aged 34 (Table 1).

Two thresholds fit the data better on the stage at

failure (Appendix H). Young breeders tended to fail

more during incubation, but an increase was noted until

10 years old. For middle-aged individuals, it stabilized at

0.481 6 0.021 (Fig. 3b), suggesting that individuals were

nearly equally likely to fail at the egg or chick stage. At

the oldest ages, after 27 years old, there was a significant

increase suggesting that old birds failed more during the

chick rearing stage (Table 1). A quadratic function was

firstly selected on the last phase, but it was heavily

influenced by the estimates of ages 30 and 31 that were

at boundary. The more parsimonious linear function

was thus chosen instead.

For chick body condition, a model with two

thresholds best fit the data (Appendix I). However, the

95% confidence intervals of the threshold values of the

two-threshold model were very large and overlapped,

suggesting over-parameterization. A single threshold

model was thus retained. Most models at that point

identified a threshold at 23, which followed no biological

hypothesis, forcing the last phase to be quadratic. All

thresholds at 23 were thus removed, and multi-model

inference suggested that chick body condition varied

slightly with age until 27, and decreased strongly with

age for older birds. Thus, older birds fledged chicks of

almost 20% lower condition than chicks from young and

middle-aged birds (Fig. 3c, Table 1).

Finally, the culmen length of chicks at fledging was

best described by a two-threshold model with three

linear phases (Fig. 3d; Appendix J): an increase between

ages 6 and 8, an increase between 8 and 27, and a

decrease for older individuals. All slopes were significant

(Table 1).

Confidence intervals on the threshold values

Confidence intervals for threshold values are summa-

rized in Table 1. They were relatively narrow for the

thresholds detected during the first part of the repro-

ductive life. On the contrary, 95% confidence intervals

became large for the thresholds detected at later ages.

FIG. 2. Relationship between age and the (a) survival
probability, (b) detection probability, and (c) breeding proba-
bility of Black-browed Albatrosses at Kerguelen (1968–2010).
Solid circles correspond to the parameter estimates from model
u(age)p(age) for survival and detection probability, and from a
generalized linear mixed model with full age dependence for
reproduction probability. Error bars indicate 6SE. The solid
lines correspond to the best models selected using threshold
models by multi-model inference, and the shaded areas
represent 95% confidence intervals. N [obs] and N [ind] indicate
the total number of observations and individuals, respectively,
used for each trait. The numbers across the top of each panel
represent the number of observations at each age.
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Parameter- and age-specific temporal variance

As expected, temporal variances were higher in young

and old individuals than in middle-aged individuals

(Fig. 4). The lowest temporal variance was observed for

middle-aged individuals’ survival. The highest temporal

variance was observed for old individuals’ survival. For

young individuals, the lowest temporal variance was for

success probability. For survival and success probabil-

ities, the largest temporal variance was observed for old

individuals, and temporal variance was the smallest for

survival in middle-aged individuals, whereas it was the

opposite for young and old individuals.

Age dependent sensitivity to environmental conditions

For survival, the best age-dependent model selected

was used to test the effects of environmental covariates

on three age classes (Table 1): young individuals from 5

to 8 years old with a linear age effect (number of

observations, N [obs] ¼ 509, number of individuals,

N [ind] ¼ 355), middle-aged individuals from 9 to 29

(N [obs]¼2599, N [ind]¼571) with no age effect, and old

individuals from 30 to 35 with a linear age effect (N [obs]

¼ 35, N [ind] ¼ 16). Whatever the covariate considered,

residual unexplained variation in survival was detected

by LRTcov=t tests (Table 3). Among the seven covariates,

only sea surface temperature anomalies in the breeding

zone in summer had a significant effect (SSTA_s,

ANODEV F3,90 ¼ 4.649, PBonf ¼ 0.035). This climatic

covariate explained only 12% of the variability in

survival over time once age was accounted for. When

sea surface temperatures were warmer, young and old

individuals survived better, whereas middle-aged indi-

viduals survived less (Fig. 5, Table 3). Two particularly

warm events that occurred in 1997 and 2002 are visible

on Fig. 5.

No environmental covariate had a significant effect on

breeding success (Appendix K) or offspring body

condition at fledging (Appendix L) of young, middle-

aged, or old individuals.

TABLE 1. Characteristics of the best threshold models selected by multi model inference on seven life-history traits of Black-
browed Albatrosses (Thalassarche melanophris) at the Kerguelen Islands, Southern Indian Ocean (1968–2010).

Age-dependent trait Phase 1 Threshold 1 Phase 2 Threshold 2 Phase 3
Age at onset

of senescence (yr)
Rate of

senescence

Survival probability linear 8 [7.8, 10.2] constant 30 [11.9, 34.0] linear 30 �0.414*
Detection probability quadratic 9 [8.2, 9.8] quadratic 23 [11.0, 30.5] constant no senescence � � �
Breeding probability constant � � � � � � � � � � � � no senescence � � �
Success probability linear 10 [9.8, 11.1] linear 26 [18.4, 33.0] linear 26 �0.210*
Stage at reproductive failure linear 10 [8.9, 13.6] constant 27 [23.2, 30.2] linear 27 0.355*
Chick body condition linear � � � � � � 27 [24.8, 30.0] linear 27 �0.215*
Culmen length of chicks linear 8 [7.0, 8.7] linear 27 [23.7, 29.5] linear 27 �0.638*

Notes: Phases 1, 2, and 3 represent the age categories delimited by the selected thresholds in young, middle-aged, and old
individuals, respectively. For each trait, age at threshold is indicated, with its 95% CI in square brackets. The age at onset of
senescence stands for the age at which a trait value starts to decrease. The rate of senescence is given by the slope of the relationship
between the demographic parameter and age for the last phase. Ellipses (. . .) indicate that there is no information given the selected
threshold model.

* The slope is significant at the 0.05 level.

TABLE 2. Results of multi-model inference procedure used to
select the best model structure on the survival probability of
Black-browed Albatrosses at Kerguelen (1968–2010).

Survival trait
model structure

R QAICc

weights n
Evidence
ratio

No. thresholds

0 0.193 5 2.47
1 0.332 15 1.43
2 0.475 45 1.00

First threshold (age)

7 years 0.00 8 2.50 3 105

8 years 0.71 36 1.00
9 years 0.10 12 7.07

Second threshold (age)

23 years 0.00 6 2.43 3 105

24 years 0.00 2 3.58 3 105

28 years 0.02 2 20.27
29 years 0.02 1 20.47
30 years 0.41 29 1.00

Model first phase

Constant 0.00 21 3.11 3 105

Linear 0.12 21 7.28
Quadratic 0.88 21 1.00

Model second phase

Constant 0.30 18 1.00
Linear 0.26 18 1.17
Quadratic 0.12 18 2.08

Model third phase

Constant 0.07 9 1.99
Linear 0.13 9 1.00
Quadratic 0.05 9 2.52
Gompertz 0.11 9 1.20
Weibull 0.12 9 1.08

Notes: The number of models used to obtain the sum of
quasi-AICc (QAICc) weights for a given type of model is
indicated by n. Evidence ratios were calculated following
Burnham and Anderson (2002) and give an idea of the
closeness between two types of models. A negative quadratic
model was initially selected on this phase, yet this function was
excessively influenced by the first three points and did not
possess any biological meaning. First, the number of thresholds
was selected, and then the ages at which those thresholds are the
most likely to occur, and finally, the best fitting type of function
for each phase (Appendix B). Tables corresponding to the other
traits are given in Appendices E–J. Models in boldface type
indicate mod3el structure selected.
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DISCUSSION

We found evidence for age-related changes in five

reproductive traits and in survival in a population of

Black-browed Albatrosses. In addition to expected

increases with age in most traits at younger ages, there

was evidence for reproductive and actuarial senescence.

Importantly, environmental variability differentially

affected age classes. There was a lower temporal

variance of demographic traits in middle-aged individ-

uals, while young and old birds presented higher

temporal variance, particularly in survival for old

individuals. Furthermore, the survival of birds was

differently affected by local climatic conditions during

breeding according to their age; the effect being larger

for senescent individuals.

Life-history traits at early ages

As predicted by the hypotheses of selection, con-

straint, and reproductive restraint, and as suggested by

previous findings in this species (Angelier et al. 2007b,

Nevoux et al. 2007), an increase in several demographic

traits was observed at early ages. The multi-trait analysis

suggested that the increase in breeding success observed

early in life was mainly due to a decrease in failure

probability at the egg stage. This and the high body

condition of chicks raised by younger parents suggest

that young breeding individuals had already acquired

good foraging capabilities. These capacities might still

be under the ones of older adults given the observed

increase in culmen length of chicks. However, young

individuals are poor performers for incubating success-

fully. In most albatrosses, incubation is the stage when

most failures occur (Weimerskirch 1992, Catry et al.

FIG. 3. Relationship between age and the (a) breeding
success probability, (b) stage at reproductive failure (0
corresponds to a failure at the egg stage, and 1 corresponds
to a failure at the chick stage), (c) chick body condition
according to parents’ age, and (d) chick culmen length
according to parents’ age of Black-browed Albatrosses at
Kerguelen (1968–2010). Solid circles correspond to the param-
eter estimates from generalized linear mixed models with full
age dependence. Error bars indicate 6SE. The solid lines
correspond to the best models selected using threshold models
by multi-model inference, and the shaded areas represent 95%
confidence intervals. N [obs] and N [ind] indicate, respectively,
the total number of observations and individuals used for each
trait. The numbers across the top of each panel represent the
number of observations at each age.

FIG. 4. Temporal variance and 95% confidence intervals of
two demographic parameters for young, middle-aged, and old
Black-browed Albatrosses at Kerguelen (1968–2010). Adult
survival probability (solid dots, solid line) for young (5–8
years), middle-aged (9–29 years), and old (30–35 years)
individuals, and breeding success (open dots, dashed lines) for
young (5–10 years), middle-aged (11–25 years), and old (26–34
years) individuals.
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2006). Successful incubation requires synchronization

between partners since eggs left alone even for short

periods are taken by predators, whereas large chicks can

be left unfed for days. Thus, young and inexperienced

partners may be less well synchronized during incuba-

tion (Weimerskirch 1992).

Interestingly, the observation that survival reaches its

maximum value at an earlier age than breeding success

suggests that part of the improvement of breeding

success was due to ontogenetic development, an average

change in performance of the selected survivors, as

recently found in the Common Tern Sterna hirundo

(Rebke et al. 2010). Such a conclusion was also reached

by Nevoux et al. (2010a) when studying recruitment in

Black-browed Albatrosses. Other studies suggested a

combined action of selection of the best performing

individuals and a progressive homogenization of sea-

birds’s skills through learning in Black-legged Kitti-

wakes (Rissa tridactyla; Cam and Monnat 2000), Shags

(Phalacrocorax aristotelis; Daunt et al. 1999), and

Herring Gulls (Larus argentatus; Greig et al. 1983).

The initial increase in detection probability with age

was probably essentially due to the progressive return of

the birds to the colony for their first breeding attempt,

and not to a lack of detection at early ages. Indeed, in

this highly philopatric species, individuals recruit

between 5 and 15 years old, and the probability of first

breeding increases to 0.53 from age 5 to age 10 (Nevoux

et al. 2010a). The constant slope of breeding probability

showed that, once they have recruited, birds breed at a

very high and constant rate independently of their age.

Multi-trait interpretation of the patterns of senescence

Contrary to our prediction, survival and breeding

success did not start to decrease following primiparity.

Rather, all traits remained relatively constant for

middle-aged individuals and eventually started to

decline only at an average age of 27 for breeding traits,

and 30 for adult survival. Similarly, the predicted age at

onset of senescence for the southern fulmar (Fulmarus

glacialoides), was underestimated compared to the one
observed (Jones et al. 2008, Berman et al. 2009).

Individual heterogeneity can affect the detection of

senescence in wild populations (Cam et al. 2002, Péron

et al. 2010). In this study we detected actuarial

senescence without accounting for this heterogeneity.

In a study on the same data set where heterogeneity in

survival was explicitly modeled (G. Péron et al.,

unpublished manuscript), results also indicated a decline

in survival at older ages and revealed a nonsignificant

amount of heterogeneity in age-dependent survival.

Breeding parameters started to decrease, on average,

three years before survival. McNamara et al. (2009)

formalized the order at which survival and breeding

performance should start to decrease by discriminating

internal (damage accumulation) and external causes of

mortalities in the optimal energy allocation framework.

Therefore, contrary to highly polygynous and dimorphic

mammal species such as male bighorn sheep (Ovis

canadensis), for which the damage accumulated with

reproduction is very high due to costly mating tactics

(Gaillard et al. 2003), old seabirds such as Black-browed

Albatrosses might benefit from allocating more to

TABLE 3. Testing for the effects of climatic and fisheries covariates on adult survival probability of Black-browed Albatrosses at
Kerguelen (1968–2009).

Model np Deviance

pBonf
LRT
cov/t

pBonf
LRT
cst/cov

pBonf
ANODEV R2

Slope youngs
(6SE)

Slope mid
(6SE)

Slope old
(6SE)

General models

TIME 99 5935.17
CST 10 6119.21
CST_SSTA_S 30 6098.38
CST_SSTA_W 32 6095.27
CST_Trawl_s 26 6105.63

Covariate models

SOI_W 13 6100.57 * � � � 0.183 � � � �0 282 (0.013) �0 411 (0.017) �2 433 (no est.)
SSTA_S 33 6075.61 * � � � 0.032 0.124 þ0.146 (0.003) �0.353 (0.009) þ0.873 (0.161)
SSTA_W 35 6085.84 * � � � 1.000 � � � �0 194 (0.015) �0 151 (0.032) �0 020 (1.135)
LL_s 13 6112.12 * � � � 1.000 � � � �0.046 (0.005) þ0.041 (0.008) þ6.522 (no est.)
IUU_s 13 6106.49 * � � � 0.715 � � � þ0 110 (0.007) �0 166 (0.007) þ0 416 (0.145)
Trawl_s 29 6088.77 * � � � 0.202 � � � �0 226 (0.033) þ0 219 (0.078) þ0 844 (0.118)
LL_w 13 6104.60 * � � � 0.404 � � � þ0.196 (0.033) �0.206 (0.021) þ3.900 (0.207)

Notes: The seven climatic and fisheries covariates used are: SOI_w, Southern Oscillation Index in winter; SSTA_s and SSTA_w,
sea surface temperature anomalies in summer and in winter, respectively; LL_s and LL_w, longline fishing effort (in number of
hooks deployed) in summer and in winter, respectively; IUU_s, illegal, unreported, and unregulated longline fishing effort (in
number of hooks deployed) in summer; and Trawl_s, trawling effort (in number of hours) in summer. TIME and CST correspond
to models where survival is time dependent and constant, respectively. Age classes were obtained from the modeling of the effect of
age on survival (young, 5–8 years old; middle-aged [mid], 9–29 years old; and old, 30–35 years old). All models had a linear age
effect, except in the middle-age class. Likelihood ratio tests (LRT) and analysis of deviance (ANODEV) were computed to test the
effects of environmental covariates following Grosbois et al. (2008). Ellipses (. . .) indicate that the test was not or could not be
calculated. R2 indicates the proportion of variance explained by the covariate. Slopes are given on the logit scale. ‘‘No est.’’
indicates that the SE of slopes could not be calculated due to a lack of data (essentially in old individuals).

* Significant pBonf (,0.05).
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maintenance than reproduction, as demonstrated by the

smaller size and body condition of fledglings produced

by older birds. However, given the large confidence

intervals around the threshold values at old ages, the

onsets of senescence should be interpreted cautiously.

Evidence of senescence in breeding success was found

in several other species: mammals (Gaillard et al. 2003);

fishes (Reznick et al. 2002); and birds (Reid et al. 2003),

including several seabird taxa (Velando et al. 2006, Reed

et al. 2008, Nisbet and Dann 2009, Lecomte et al. 2010,

Rebke et al. 2010). Our multi-trait analysis gave some

insights into the underlying demographic and behavioral

mechanisms. The poor breeding success of older

individuals was primarily due to increased failures after

hatching. Since the brooding period is very energy

demanding in pelagic birds raising a single chick

(Ricklefs 1983), it is highly probable that old birds

suffered the most at that time of the breeding period,

particularly if their foraging performances were affected.

The decreases in chick’s body condition and culmen size

at fledging raised by old parents suggested lower growth

rates for these chicks, and thus, poorer foraging and

provisioning performances of older parents (Weimer-

skirch and Lys 2000). This decline was so important that

it cannot be explained only by potential phenological

changes (such as a later laying by older birds as

demonstrated in Mute Swans Cygnus olor by McCleery

et al. [2008]). Indeed, according to specific growth curves

(Tickell and Pinder 1975), this decline would represent a

difference at laying of approximately three weeks, which

is not consistent with the short duration of egg laying in

this species. Similar decreases were found in mammals:

in grey seals (Halichoerus grypus), the weaning mass

depended largely on daily milk consumption and

duration of suckling (Bowen et al. 2006). Furthermore,

since fledging body condition may affect juvenile

survival, the fitness of older parents may be further

decreased (Naef-Daenzer et al. 2001). Consistently, old

Black-browed Albatrosses showed an increase in corti-

costerone levels during brooding (Angelier et al. 2007b),

which is supposed to reflect a degradation of the

foraging skills of the oldest individuals (Angelier et al.

2007a). Deficiencies in the foraging capacities of very old

individuals have already been detected in closely related

species: Wandering Albatrosses Diomedea exulans (Le-

comte et al. 2010) and Grey-headed Albatrosses

Thalassarche chrysostoma (Catry et al. 2006).

FIG. 5. Relationship between sea surface temperature anomaly in summer (SSTA_s) and adult survival of Black-browed
Albatrosses at Kerguelen (1982–2009) for (a) young (5–8 years old), (b) middle-aged (9–29 years old), and (c) old (30–35 years old)
breeding individuals. Solid circles correspond to parameter estimates from models with survival as a function of time with a linear
age effect in young and old age classes. Open circles correspond to parameter estimates from models with survival as a function of
sea surface temperature anomaly in summer (SSTA_s) with a linear age effect in young and old age classes. The slopes of the
relationship between survival and SSTA_s were significant in each age class (see Table 3). Age classes and linear trends were
determined following multi-model inference (see Results). Error bars indicate 6SE. N [year], N [obs], and N [ind] give the number of
years, observations, and individuals, respectively, considered in each age class.
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Both the probability of being detected if present at the

colony and the probability of breeding when detected at

the colony did not decline with age. This suggests that it

is unlikely that reproductive skipping increased with age

in Black-browed Albatrosses.

Age-dependent temporal variance in life-history traits

As expected, the lowest temporal variability was

observed in middle-aged individuals, who had the

highest survival and breeding success, thus appearing

as the least influenced part of the population by

environmental factors. Similarly to the findings of

Gaillard and Yoccoz (2003) for juvenile ungulates, we

found that the variance in survival in young breeding

birds was consistently higher than the variance in adult

survival. This result suggests that adult survival is

canalized against environmental variations or alterna-

tively that juveniles and/or young breeders might just be

more sensitive to environmental ‘‘insults’’ (Goodman

1979), given their potentially immature immune system,

poorer foraging skills, lack of experience, and energy

allocation pattern giving priority to growth over

maintenance.

For survival and breeding success, the highest

temporal variance was observed for old individuals.

These results are coherent with theoretical and empirical

findings of declining sensitivities of the population

growth rate to survival and fertility with age for stable

or increasing populations of long lived species (Caswell

2001:211–213) and may be linked to senescence or

accumulated damage over time. Indeed, our results

suggest that old individuals suffer from actuarial and

reproductive senescence possibly linked to declining

foraging capacities. This might enhance their suscepti-

bility to poor environmental conditions, and/or com-

petitiveness during inter- or intraspecific competition

events for resources. Also coherent with the findings of

Caswell (2001) and the canalization hypothesis, in old

individuals the temporal variance in survival was much

higher than the temporal variance in breeding success.

This is also in accordance with what McNamara et al.

(2009) pointed out in the case of senescent long-lived

individuals, for which favoring reproduction over

survival in late life becomes more valuable for the

remaining fitness. Nevertheless, given the small sample

sizes of old age classes, a positive bias is expected on

temporal variance estimates (results not shown), and

variance estimates are imprecise as shown by the large

confidence intervals in particular for survival (Fig. 4).

Thus, these results for old-aged individuals should be

interpreted with caution.

Age-related differential impact

of environmental covariates

As previously found in this species, sea surface

temperature anomalies in the summer foraging zones

affected some demographic parameters (Pinaud and

Weimerskirch 2002, Nevoux et al. 2007, Rolland et al.

2008). During warm events, both young and old

individuals survived better, whereas middle-aged indi-

viduals survived less, although their survival remained

higher than for young or old individuals. Additionally,

the magnitude of the response of old birds was,

respectively, 6 and 2.5 times greater than that of young

and middle-aged ones, as indicated by the slopes

between survival and SSTA_s. A potential explanation

could be that the foraging zones of young and old birds

differ from those of middle-aged birds. An alternative

explanation could be that, in years of low SSTA_s, the

amount of food in the usual foraging zones is reduced,

as suggested by the positive relationship between

SSTA_s and breeding success (Pinaud and Weimer-

skirch 2002, Nevoux et al. 2007, Rolland et al. 2008),

and that during these years, middle-aged individuals

outcompete young and old ones via interference and/or

exploitation competition. This was demonstrated in the

Soay sheep (Ovis aries) by Coulson et al. (2001), who

highlighted the particular sensitivity of old individuals to

poor weather condition at high densities compared to

other more competitive age classes.

Contrarily to previous studies on this population

(Pinaud and Weimerskirch 2002, Nevoux et al. 2007,

Rolland et al. 2008), we did not find a significant

relationship between SSTA_s and breeding success,

although the slopes of the relationships between

breeding success and SSTA_s followed exactly the same

trends as for survival, supporting our previous explana-

tion. Coherent with our findings on temporal variance,

older individuals were more intensively affected by

variations in SSTA_s than younger ones. Diverse

reasons could explain this lack of significance. First,

by considering the age effects, we built more complex

models with an inevitable associated loss of statistical

power. Second, we used a data set with a much longer

time period than previous studies. Third, the geograph-

ical zone selected around Kerguelen in summer was

different as well, due to a better knowledge of the

foraging zones used by albatrosses and to a displace-

ment of foraging zones toward more southern waters

observed in the past five years (H. Weimerskirch,

unpublished data). Finally, we used the Bonferroni

correction, which is very conservative; therefore, only

very strong relationships remained significant.

Again, these results and conclusions for old individ-

uals must be taken carefully given the small sample size

of old individuals from which the regressions were done,

although this is inherent to all studies on senescence in

wild populations.

CONCLUSION

A multi-trait approach covering an array of seven life-

history traits that presented age-dependent variations

allowed a better understanding of complex age–envi-

ronment linkages. Inferences could be drawn on both

the phase of improving performances of young breeders

and the decreases in capacities associated to old age.
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Middle-aged birds’ traits appeared canalized against

environmental variations, and environmental variations

had a lower impact on middle-aged than on young and

old individuals that appeared less robust when facing
poor environmental conditions probably due to their

respective inexperience and senescence. This suggests

that age, known as a major factor structuring the

demography in long-lived species, can also potentially
influence the response of populations to global changes.

The next step will be to quantify, using matrix

population models, the contribution of each age class

to the population growth rate on a gradient of

environmental quality.
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SUPPLEMENTAL MATERIAL

Appendix A

Modeling the effect of age at first breeding (Ecological Archives E094-017-A1).

Appendix B

Description of the threshold methodology used to identify ageing patterns in all life-history traits and of the model selection
procedure (Ecological Archives E094-017-A2).
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Appendix C

Estimating age-specific temporal variances (Ecological Archives E094-017-A3).

Appendix D

Description of the seven climatic and fisheries covariates used to test for a differential impact of environmental variations with
age (Ecological Archives E094-017-A4).

Appendix E

Results of the multi-model inference procedure for detection probability of Black-browed Albatrosses at Kerguelen from 1968 to
2010 (Ecological Archives E094-017-A5).

Appendix F

Results of the multi-model inference procedure for breeding probability of Black-browed Albatrosses at Kerguelen from 1968 to
2010 (Ecological Archives E094-017-A6).

Appendix G

Results of the multi-model inference procedure used to select the best model structure on breeding success probability of Black-
browed Albatrosses at Kerguelen from 1968 to 2010 (Ecological Archives E094-017-A7).

Appendix H

Results of the multi-model inference procedure used to select the best model structure on stage at reproductive failure of Black-
browed Albatrosses at Kerguelen from 1968 to 2010 (Ecological Archives E094-017-A8).

Appendix I

Results of the multi-model inference procedure used to select the best model structure on chick body condition at fledging of
Black-browed Albatrosses at Kerguelen from 1968 to 2010 (Ecological Archives E094-017-A9).

Appendix J

Results of the multi-model inference procedure used to select the best model structure on culmen length of chicks of Black-
browed Albatrosses at Kerguelen from 1968 to 2010 (Ecological Archives E094-017-A10).

Appendix K

Testing for the effects of climatic and fisheries covariates on breeding success of Black-browed Albatrosses at Kerguelen from
1968 to 2009 (Ecological Archives E094-017-A11).

Appendix L

Testing for the effects of climatic and fisheries covariates on chick body condition at the fledging of Black-browed Albatrosses at
Kerguelen from 1968 to 2009 (Ecological Archives E094-017-A12).

DEBORAH PARDO ET AL.220 Ecology, Vol. 94, No. 1

http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/
http://www.esapubs.org/archive/ecol/E094/017/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


