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WEATHER IN THE BREEDING AREA AND DURING MIGRATION
AFFECTS THE DEMOGRAPHY OF A SMALL LONG-DISTANCE
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ABSTRACT.—Migratory birds are subject to the effects of various weather systems
during the year. Eluctuations in population size may depend on survivorship of
juveniles and adults at various stages of the annual cycle. Severe weather condi-
tions can lower survival, especially in migrating passerines that feed on insects.
We investigated the effects of climate and density dependence on survival in a
population of Common House-Martins (Delichon urbicum), including variables of
weather experienced both in their breeding areas and during autumn migration.
Unfavorable weather conditions during autumn migration had a severe negative
effect on adult apparent survival, irrespective of sex; whereas temperature in the
breeding area and population size explained a significant proportion of variance in
juvenile survival. Thus, weather conditions experienced in different areas can regu-
late various age classes in different ways, which suggests that climate change can
have a significant but complex influence on demography in passerine populations.
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El Clima de las Areas de Cria y de la Epoca de Migracion Afectan la Demografia de un
Ave Paserina Pequena que Migra a Grandes Distancias

RESUMEN.—Las aves migratorias estan sujetas a los efectos de varios sistemas
climaticos durante el ario. Las fluctuaciones en el tamano poblacional pueden
depender de la supervivencia de los juveniles y los adultos en varias etapas del
ciclo anual. Las condiciones climaticas severas pueden disminuir la supervivencia,
especialmente en aves paserinas migrantes que se alimentan de insectos. En este
estudio investigamos los efectos del clima y de factores dependientes de la densidad
sobre la supervivencia en una pobladon de Delichon urbieum {Hirundinidae),
incluyendo variables climaticas a las que las aves se enfrentan tanto en sus areas de
cria como durante la migracion de otofio. Las condiciones desfavorables durante la
migracion de otofio tuvieron un fuerte efecto negativo sobre la supervivencia aparente
de los adultos, independientementedei sexo. Porsu parte, la temperatLiraenelareade
cria y el tamafio poblacional explicaron una proporcion significativa de la variaza en
la supervivencia de los juveniles. Por tanto, las condiciones climaticas experimentadas
en distintas areas pueden regular las diferentes clases de edad de modos distintos,
lo que sugiere que el cambio climatico podri'a tener una influencia significativa pero
compleja sobre la demografia de las poblaciones de aves paserinas.
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VARIATION IN CLLMATE can have profound
effects on survival, both in sedentary (Sasther
et al. 2000, Loison et al. 2002) and in migra-
tory birds (Sillett et al. 2000, Jonzen et al. 2002).
Large-scale climatic change may particularly
intiuence population dynamics in migrating
birds that breed in temperate areas and winter
in the subtropics or tropics (Ssether ot al. 2004).
To understand the effects of climate on popula-
tion dynamics, it is important to analyze how
variation in climate can affect demography
(Sillett etal. 2000).

Survival is one of the most important
components of lifetime reproductive success
(Clutton-Brock 1988). Appropriate estimates
of survival are essential for studying factors
shaping the probability of survival. Capture-
mark-recapture models (Lebreton et al. 1992)
have been widely used to test for the influence
of age, sex, climate, and individual covariates
on the survival of animals (e.g. Catchpole et al.
2000, Loison et ai. 2002). To enable identification
of biological processes responsible for varia-
tion in survival rates, random-effects models
have been developed to decompose the total
variance from point estimates into a sampling
variance and a process variance (Burnham et at.
1987, Burnham and White 2002, Franklin et al.
2002). That true process variance is important
for revealing sources of temporal variation in
survival (e.g. Gould and Nichols 1998).

Hirundines are small passerine birds that
rely heavily on flying insects for food (Turner
and Rose 1989). Abundance of such insects
is strongly influenced by weather conditions
(Turner and Rose 1989); climatic change may
thus have particularly strong effects on demo-
graphic parameters in hirundines, including
survival. Both strong winds and low tempera-
tures have negative effects on foraging effi-
ciency (Ormerod 1989). Especially important,
in that respect, are weather conditions in feed-
ing areas before and during the long autumn
migration from the European breeding grounds
to the winter destination in sub-Saharan Africa
(Pilastro and Magnani 1997). However, unfa-
vorable weather also affects foraging in hirun-
dines during breeding (Bryant 1973, Jones 1987,
Brown and Brown 1998), which can cause food
shortage among nestlings (Bryant 1975, Christe
et al. 2001). It is well known that scarcity of food
during ontogeny can have profound effects on
life history (Gebhardt-Henrich and Richner

1998). Although nestlings of Common House-
Martins {Deilchoit urbicum; hereafter "house-
martins") are capable of slowing down their
rate of development, and enter torpor when
weather conditions are temporarily bad (Bryant
1975, Prinzinger and Siedle 1988), weight loss
resulting from bad weather still increases nest-
ling mortality (Rheinwald 1971).

The house-martin is a socially monoga-
mous and monomorphic hirundine. By using
capture-mark-recapture models together with
random-effects models, we analyzed the effects
of various demographic parameters and weather
on apparent survival rates in a German popula-
tion of house-martins during a 10-year period
(1967-1976). Annual counts showed that the
population size dropped markedly between 1969
and 1970, and again between 1974 and 1975. The
decline from 1969 to 1970 was associated with a
period of unfavorable weather at the breeding
site (Rheinwald 1970), which apparently had a
negative effect on breeding success and thus on
population size the following year. Furthermore,
in 1974, house-martins were catastrophically
affected by harsh weather before and during
autumn migration. Several hundred thousand
birds were found dead or dying in the Swiss
Alps and in surrounding areas, victims of heavy
snowfall and low temperatures in late September
and October (Ruge 1974, 1975; Hannover 1975;
Meier and Mette 1976; Glutz von Blotzheim and
Bauer 1985). Some evidence suggests that popu-
lation sizes were strongly reduced the following
year (Meier and Mette 1976).

In general, we lack an understanding of
whether variation in a demographic vari-
able translates into effects on population
dynamics because of compensatory intersea-
sonal effects in demography or the effects of
density-dependent variation. However, in
the White-throated Dipper (Cinchis cindus),
climate-induced changes in population size
mainly operate through variation in survival
(Loison et al. 2002). In migratory species, such
effects become even more difficult to docu-
ment, because conditions during migration or
in winter may strongly affect demt)graphy and
thus influence population dynamics (Sa^ther et
al. 2000, Silletf et al. 2000). Our objective was to
assess, by means of capture-recapture analyses,
how variation in local climate during the breed-
ing season and during migration, including an
extreme weather event and subsequent mass
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die-off, affected temporal variation in survival.
Furthermore, we considered how variation in
a large-scale climatic phenomenon, the North
Atlantic Oscillation (MAO; Visbeck et al. 2001),
contributed to variation in survival.

METHODS

Our study is based on data collected in
Riet (48°55'N, 8°50'E), Stuttgart, southwest-
ern Germany, in 1961-1976 (for a detailed
description of the study area, see Rheinwald
and Gutscher 1969). Capture and banding of
nestlings and adults were done in 1967-1976
(Rheinwald 1975). However, data regarding sex
were unavailable for the first two years. Only
nestlings that survived to fledging (hereafter
"juveniles") were included in analyses. A total
of 3,732 individuals was banded during that
period, including 433 males, 470 females, 3,075
juveniles, and 657 adults. Only birds that were
at least one year old when caught were sexed, so
individuals caught as juveniles and not recap-
tured later were of unknown sex.

Size of the breeding population (in number
of pairs) in any specific year was estimated by
counting occupied nests in all colonies within
the village, with population size varying
between 103 and 234 pairs.

To examine the effects of climate on
apparent survival, we obtained several
indices of meteorological conditions. To get a
good estimate of the weather during autumn
migration, we obtained data on precipitation
and temperature from the Disentis weather
station in the Swiss Alps. We also collected
the same data from three other Swiss weather
stations (Interlaken, Zurich, and Davos), but the
Disentis data were best suited for models based
on corrected Akaike's Information Criterion
(AIC_) values. Models made with data from the
other three stations were always poorer, but
there was, in general, high correlation among
data from all four stations, for both precipitation
and temperature. For simplicity, we present only
results obtained with data from Disentis. Mean
precipitation (in millimeters) and temperature
(°C) for 20 September through 15 October—the
period when most house-martins migrate
through the areas in question (see e.g. Hannover
1975, Ruge 1975, Meier and Mette 1976)-were
used in analyses. We also obtained data on
weather during the breeding season (15 May-15

September) from the weather station at Stuttgart-
Echterdingen, Germany, located close to the
breeding site. However, because climate may
vary significantly over short intervals, we also
partitioned the breeding season into two shorter
periods, corresponding approximately to the
timing of the first (15 May-14 July) and second
broods (15 ]uly-15 September) at the breeding
site (Glutz von Blotzheim and Bauer 1985). We
also counted the number of days during the
breeding season when the temperature dropped
below 10°C, which enabled us to obtain a more
sensitive measure of changes in weather regimes
at the breeding site. Finally, we included the
NAO index in analyses as an additional, larger-
scale index of climate variation (e.g. Ottersen et
al. 2001, Visbeck et al. 2001, Jonzen et al. 2002).
That index reflects the relative air-pressure
difference between Iceland and the Azores and
has been found to correlate with variation in
local climate over large areas (Hurrell 1995). In
addition, we investigated density-dependent
effects on apparent survival rates of both
adults and juveniles by including the size of the
breeding population as a variable.

Analyses were performed using capture-
mark-recapture models (Lebreton et al. 1992)
implemented in the program MARK (White
and Burnham 1999). Apparent survival (^)
was estimated from one breeding season to
the next as the probability of returning to the
site used in the previous year. True survival
is expressed as S, and d is the probability of
dispersal. Thus, apparent survival becomes
(|3 = S(l - d). Recapture probability (p) is the
probability of capturing a previously marked
bird during the breeding season. In general,
the conditional probability of recapturing an
individual depends on the conditional survival
rates in the population and the capture rates at
each occasion (Lebreton et al. 1992).

Analyses were performed on two separate
data sets. The first data set included all
individuals of known sex (i.e. individuals that
were captured as adults; >1 year old). That
allowed us to test for both sex differences and
variation in adult apparent survival rates over
time. Data were available for 1969-1976. The
second data set was based on all individuals
of known age—that is, individuals captured as
juveniles (subscript c) or adults (subscript ad).
We could thus test for effects of age and time
on apparent survival —allowing us to examine
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factors affecting juvenile apparent survival. For
that analysis, we had access to data for 1967-
1976. For the first data set, "sex" is the effect of
sex and t is the effect of time; interaction effects
are indicated with an asterisk (*) and additive
effects with a plus sign (+). For the second
data set, additive effects of time (i.e. parallel
covariation over time) were grouped between
parentheses—for example, {(^^^ tf)̂ ^̂ ,)—following
the procedure of Loison et al. (2002).

Again following the procedure of Loison
et al. (2002), we analyzed the data in three
stages. First, we assessed the fit of the general
models used as starting points in analyses by
performing goodness-of-fit (GOF) tests using
the program RELEASE (Burnham et al. 1987)
and a bootstrapping procedure; both those
analyses were performed using MARK (White
and Burnham 1999). For the first data set (adult
birds), we assessed the fit of the Cormack-
Jolly-Seber (CJS) model (\>isex* t)p(sex* I)
using RELEASE, and then assessed the fit of
the same model by employing the bootstrap
procedure (500 simulations). For the second
data set (age-model), we assessed the fit of the
model (p.(l)<\ijt)p^{t)pjt) using both RELEASE
and the bootstrap procedure. Following the
procedure of Gailiard et al. (1997), Ringsby
et al. (1999), and Loison et al. (2002), the Test
3.SR component of juveniles was not included,
because we expected a lower survival of
individuals in that group. Overdispersion
can occur if events depend on each other,
or if survival probabilities vary among
individuals; to correct the estimates of the
sampling variances and covariances, a variance
inflation factor, C, can be estimated as C = xVdf
(Lebreton et al. 1992). Tests for overdispersion
(C) were performed using chi-square values of
both the RELEASE and bootstrap procedures
(Loison etal. 2002),

In the second stage, we tested for the effect
of sex (first data set), age (second data set),
and time on apparent survival and recapture
probabilities. Random-effects models were used
to obtain an estimate of the true process variance
(a-). Using that procedure, we subtracted the
sampling variance (ly-) from the total variance
(tTĵ j,-) to obtain the real process variance of the
temporal variation in apparent survival rates
(Loison etal. 2002).

In the third stage, we assessed the effect of
climate and population density on variation

in apparent survival rates over time for adults
and juveniles. A logit link was used between
covariates and survival rates (Lebreton et al.
1992, Loison et al. 2002). By using random-
effects models, we calculated the amount of
process variance explained by the external
covariates (for an explanation of the approach,
see Loison et al. 2002).

Models were selected on the basis of AlC
values, which avoids the problems of arbitrary
or biased model choice (Burnham et al. 1995).

RESULTS

SuRvrvAL RATES IN RELATION TO SEX AND ACE

In this section, we present results for model
selection and the effect of sex and age on appar-
ent survival and recapture in house-martins.

Gooduess-of-fit testing and mode! selection.—For
all birds of known sex, the goodness of fit of the
CJS model tested with RELEASE (Test 2 + 3)
was satisfactory (sexes pooled: X' = 24.30, df =
25, P = 0.502; males: x' = 16.70, df = 13, P = 0.212;
females: / / = 7.57, df = 12, P = 0.818). Tims, the
assumptions of the CJS model were not violated.
The GOF test yielded C = 1.03, which again is
satisfactory and does not indicate significant
overdispersion.

The bootstrap GOF test on the CJS mode!
without sex effects produced the same results,
yielding C = 1.17. Probability of obtaining a
value at least as high as the observed deviance
under CJS was 0.40. This indicates a good fit of
the data to the CJS model. However, to correct
for the slight lack of fit of the model to the data,
we proceeded by adjusting C from 1.0 to 1.17.

For all birds of known age, the goodness of fit
of the CJS model (t>,(04',,,,(0p,('K,(0 tested with
RELEASE (Test 2 + 3) was satisfactory when
the Test 3.SR component of the juveniles was
removed (x̂  = 30.20, df = 27, P = 0.310; juveniles:
X- - 14.21, df = 9, P = 0.156; adults: X' = 15.99, df =
18, P = 0.593). The GOF test yielded C = 1.59,
which again is satisfactory and does not indi-
cate significant overdispersion.

The bootstrap GOF test for the CJS model
(jl (O(j> ,̂,(O;',(')/',,j(O produced the same results,
yielding C - 1.77. The probability of obtaining a
value at least as high as the observed deviance
under CJS was 0.25. This indicates a good fit of
the data to the CJS model. However, we pro-
ceeded by adjusting C from 1.0 to 1.77.
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Sex, age, and time ejfects on siirvii'al and
reeapture. — VoT all birds of known sex, there
was a considerable difference in AIC between
models (^(se\+t)pit) and cIi(Op(O (Table 1). The
former model was the best among all sets of
models before we included covariates based on
climate, which indicates a large additive effect
of sex and time on apparent survival. Annual
variation in adult survival rates of the two
sexes was correlated (Fig. 1; r,̂ , = 0.829, P = 0.042,
n = 6), indicating that similar factors influenced
survival of the two sexes. However, the small
difference in AIC, between models ^(t)p{sex+t)
and (i^(t)p{t) implies that there are only minor
sex differences in recapture probabilities (Table
1). The estimate of mean recapture probabilities
over all years was 0.822 ± 0.062 (SE) and 0.884 ±

0.057 for males and females, respectively, and
0.831 ± 0.056 for both sexes combined.

Because of the pronounced effect of sex, we
obtained separate sex-specific estimates of the
process variance in apparent survival. For males,
the process variance in apparent survival rates
was 0.038 ± 0.093, with a mean of 0.458 ± 0.044.
Correspondingly, for females, the process vari-
ance was 0.039 ± 0.096, with a mean of 0.362 ±
0.045. In contrast, the sampling variance for males
made up only 14.2'X> of the total variance, whereas
the corresponding figure for females was 13.6%.
The shrunken estimates for apparent survival
(Fig. 1) are therefore very close to the maximum-
likelihood estimates for apparent survival.

For all birds of known age, the best model
before we included external covariates was the

TABLE 1. Capture-mark-recapture models for adult house-martins, ranked by AIC_..

Model

(})(sex+Dis.temp.)p(f)
(!p(sex+t)p(t)
tf)(sex+()p(sex+f)
(p(t)p{t)
(pisex+t)p{.)
4)(0p(sex+/)
(]>(sex+Dis.prec.)p(f)
<p(sex)p{t)
i:j)(sex+NAO);'(f)
(J3(sex+Stu.2temp.)p(f)
(^{t)p(.)
<f)(sex+Stu.days)p(O
4>(sex+Stu.prec.);'(f)
(lj(sex+Stu.ltemp.);'(O
4)(sex+Stu.lprec.);'(f)
4>(sex+Stu.temp.)p(0
(|)(sex+Stut.2prec.)/)(0
(|)(sex+jf);'(O
CJ)(.)/)(f)

ci)(sex*O;'(sex*f)''
c[)(sex)p(.)
(|)(.)p(.)

AIC .̂

1,466.821
1,470.999
1,472.629
1,474.133
1,475.572
1,475.842
1,477.425
1,479.791
1,479.881
1,480.112
1,480.415
1,480.787
1,481.482
1,481.636
1,481.743
1,481.772
1,481.783
1,481.821
1,484.685
1,484.842
1,494.752
1,499.733

AAIC

0.00
4.18
5.81
7.31
8.75
9.02

10.60
12.97
13.06
13.29
13.59
13.97
14.66
14.82
14.92
14.95
14.96
15.00
17.86
18.02
27.93
32.91

Number of
estimated

parameters

9
14
15
12
9

13
9
8
9
9
8
9
9
9
9
9
9
9
7

23
3
2

Model deviance

93.153
87.122
86.700
94.350

101.904
94.014

103.756
108.153
106.212
106.443
108.777
107.118
107.813
107.968
108.075
108.103
108.115
108.153
115.074
82.368

133.217
140.209

''Goodness-of-fit test (GOF; evaluation of fit between model and data) using RELEASE (MARK), and GOF test using
bootstrapping procedurf (500 runs) (MARK).

Abbreviatior\s: AAIC^ = difference in AIC value from the model with the lowest AIC, <{) = apparent survival, p = recapture
prnbability, ( = tirne effect, sex = sex effect, * = interaction eliecl, + = additive effect, Dis. = data from Disentis weather station,
Stu.i = data from Stuttgart-Echterdingen weather station in the period 15 May-14 July, Stu.2 = data frDin Stuttgart-Echterdingen
weather station in the period 15 July-13 September, Stu.days = number ot days with temperature below lO'C (data from
Stuttgart-Echterdingen weather station, 15 May-13 September), temp. = temperature (̂ C), prec. = precipitation (mm), NAO =
North Atlantic Oscillation, n = population size (pairs). For other details on abbreviations and model simplifications, see text.
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FIG. 1. Estimated mean survival rates (±SE) of adult male, adult female, and juvenile house-martins
during the period 1967-1976, based on shrtmken estimates obtained using random-effects models.

one that included age- and time-specific vari-
ability in survival (Table 2). Thus, there were
differences between juveniles and adults in
apparent survival, but not in recapture prob-
abilities. Furthermore, there was temporal
variation in both juvenile and adult survival.
Mean recapture probability over time for birds
marked as juveniles was 0.822 ± 0.041; whereas
for birds marked as adults, it was 0.852 ± 0.033.

Process variance in juvenile apparent sur-
vival was 0.011 ± 0.030, with a mean of 0.145 +
0.013. Sampling variance made up only 16% of
the total variance in apparent survival; thus, the
shrunken estimates for apparent survival (Fig.
1) are close to maximum-likelihood estimates
for the juveniles.

INFLUENCE OF CLIMATE AND POPULATION DENSITY
ON SURVIVAL

In this section, we focus on the external
variables that explain temporal variability in
apparent survival rates of adults and juveniles.
Because of the effect of sex, we investigated
temporal variance in apparent survival for
males and females separately.

Adult SMri'mjj/. —Temporal variation in
apparent survival rates among birds of known

sex was best explained by temperature during
autumn migration (measured at Disentis).
Thus, the additive effects between sex and
temperature during autumn migration had the
most profound effect on temporal variation in
apparent survival of adults in this population
of house-martins (Table 1). In both females and
males, temperature during autumn migration
explained >90% of temporal variation in survival
(Table 3). The slope of the relationship between
temperature during autumn migration and adult
apparent survival supports that finding (males:
slope = 0.903 ± 0.045; females: slope = 0.770 ±
0.068). In addition, precipitation during autumn
migration explained a very large proportion of
the variation in adult apparent survival (males:
slope = -0.650 ± 0.080; females: slope = -0.610 ±
0.082). Variation in NAO explained a significant
proportion (18.1%) of the variation in male
apparent survival, whereas no such effect was
present in females (Table 3). No effect of popula-
tion size was found on survival of adult house-
martins, regardless of sex (Table 3).

juvenile survival.—The external variable
that best accounted for temporal variation in
apparent survival rates among juveniles was
number of days with temperatures below 1O''C
during the breeding season (Table 2). In fact.
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TABLE 2. Capture-mark-recapture models for house-martins marked as juveniles and adults,
ranked by AIC . Age structure of apparent survival and recapture probabilities are indicated
by subscripts c for juveniles and ad for adults. For explanations of abbreviations and model
simplifications, see Table 1 and text.

Model

'^(t)p(.)

AIC

2,571,706
2,580.625
2,583.180
2,584.946
2,585.334
2,586.312
2,586.509
2,586.542
2,586.565
2,586.579
2,586.594
2,586.594
2,587.108
2,590.332
2,595.468
2,757.248
2,758.158
2,759.356
2,764.340

AAIC^

0.00
8.92

11.47
13.24
13.63
14.61
14.80
14.84
14.86
14.87
14.89
14.89
15.40
18.63
23.76

185.54
186.45
187.65
192.63

Number of
estimated

parameters

12
19
12
12
12
12
12
12
12
12
12
12
11
26
19
10
2
9

16

Model deviance

122.107
116.924
133.582
135.347
135.735
136.714
136.910
136.944
136.740
136.811
136.995
136.995
139.521
112.485
131.767
311.670
328.627
315.788
306.689

•• Goodness-of-fit test (GOF; evaluation of fil betwem model and data) using
bootstrapping procedure (500 runs) (MARK).

RELEASE (MARK), and GOF test using

80.4% of the variation in apparent survival
could be explained by that variable (Table 4).
The slope between juvenile survival and the
number of days with temperatures below 10°C
during the breeding season also was highly
significant (slope = -0.846 ± 0.017). In addition,
population size explained a significant
proportion (28.1%) of the variation in apparent
survival rates among juveniles (Table 4). Tliere
was a strong negative relationship between
juvenile apparent survival and population size
(slope = -0.673 ±0.024).

DISCUSSION

The temporal variation in apparent survival
rates obtained here was closely associated with
fluctuations in estimated number of breed-
ing pairs in the population (Table 3 and Fig.
1). Furthermore, the "Schwalbenkatastrophe" in
autumn 1974 led to higher-than-normal mor-
tality in adults in our population (Fig. 1). Our
results indicate that the effect of temperature

was significantly larger than the effect of pre-
cipitation, but that both variables influenced
survival of adults. Extreme weather conditions
at the premigration and early-migration phase
could be very detrimental to insectivores such
as hirundines, and especially for the house-
martins, which usually feed at higher altitudes
than other species of the swallow family, such as
the Barn Swallow (Hirundo rustica; Cramp 1988).
Low temperatures and heavy precipitation may
thus lead to a shortage of food (Williams 1951,
1961) in a period when Bam Swallows usually
store energy before the migration to tropical
Africa across the Alps and through France
and Italy (Pilastro and Magnani 1997, Rubolini
et al. 2002). However, house-martins do not
deposit much fat before migration (Glutz von
Blotzheim and Bauer 1985, Cramp 1988), and
this species is therefore especially vulnerable
to bad weather during migration because they
lack energy reserves. Juvenile apparent survival
was influenced far less by bad weather during
autumn migration (Tables 2 and 4). A possible
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TABLE 3. Temporal variation in adult apparent
survival of house-martins, explained by
covariates. For explanations of abbreviations
and model simplifications, see Table 1 and

TABLE 4. Temporal variation in juvenile apparent
survival of house-martins, explained by various
covariates. For explanations of abbreviations
and model simplifications, see Table 1 and text.

text.

Model

C|)(f)

(}j(NAO)

(]?(Dis.prec.)
4>(Dis.temp.)
cf)(Stu.prec.)
c|>(Stu.lprec.)
(|)(Stu.2prec.)
c|)(Stu.temp.)
c[)(Stu.ltemp.)
c|)(Stu.2temp.)
(|)(Stu.days)

(|j(NAO)
(\)(n)

(ft( Dis. prec.)
c]5(Dis.temp.)
tj)(Stu.prec.)
c|)(Stu.lprec.)
(i)(Stu.2prec.)
(f)(Stu.temp.)
o(Stu.ltemp.)
4>(Stu.2teinp.)
(|)(Stu.days)

Variance
Males

0.03788
0.03102
0.03828
0.02872
0.00010
0.04500
0,04302
0.04213
0.04040
0.04200
0.03572
0.03771

Females
0.03907
0.04206
0.04054
0.02498
0.00230
0,03977
0,04275
0.04038
0.04127
0.04219
0.04031
0.03890

Variance
explained (%)

-
18.1
0.0

24.2
99.7

0.0
0.0
0.0
0.0
0.0
5.7
0.0

_
0.0
0.0

36.1
94.1
0.0
0.0
0,0
0,0
0.0
0.0
0.4

Variance
Model Variance explained (%)

4J(0 0.01054
(j)(NAO) 0.01487 0.0
(\){n) 0.00758 28.1
(|>(Dis.prec.) 0.01129 0.0
î >(Dis.temp.) 0.01092 0.0
(t>(Stu.prec.) 0.01298 0.0
(t)(Sti.i.lprec.) 0.01001 5.0
4.(Stu.2prec.) 0.01154 0.0
4)(Stu.temp.) 0,01465 0.0
(}j(Stu.lteinp.) 0.01021 3.1
(i)(Stu.2temp.) 0.01321 0.0
(i)(Stu.days) 0.00207 80.4

in the present study is further supported by
the findings that both sexes are mostly affected
by the same variables (Tables 1 and 3), which
is in agreement with other studies on sexually
monomorphic hirundines (Szep 1995, Brown
and Brown 1996) but contrary to what has
been found in a sexually dimorphic hirundine
(M0]ler and Szep 2002). The lower annual sur-
vival rates in females may be attributable to sex
differences in postnatal dispersal. Females are
often less faithful to a breeding area than males.
especially after breeding failure (von Gunten
1963). Alternatively, females may have lower
survival rates than males because of larger

explanation is that natal dispersal is higher
than breeding dispersal (von Gunten 1963, Szep
1995). Even though juveniles may be affected as
seriously as adults by bad weather, the effect is
not detected when studying only a single popu-
lation. For house-martins in Riet, previous stud-
ies have found that juveniles tend to return to
their birth site (Rheinwaid and Cutscher 1969,
Rheinwald 1975). Therefore, another explana-
tion for the lower effect of bad weather during
autumn migration on juvenile apparent survival
could be that juveniles may start migration ear-
lier than adults. Many juveniles may have been
able to cross the Alps before the onset of bad
weather, thereby experiencing lower mortality
than adults.

The high correlation in temporal variation in
apparent survival between males and females

reproductive investment.
There was a negative correlation between

NAO index values and survival in adult male
house-martins (Table 3). High NAO values corre-
spond to wet summers and autimms in Northern
Europe (Moller 2002), which could lead to poor
foraging conditions and low insect abundance
(Williams 1951, 1961), The effect of large-scale
climatic conditions on survival has been detected
in other studies (e.g. Siilett et al. 2000, Jones et al.
2002, Loison et al. 2002), and Moller (2002) found
that variation in such climatic conditions affected
the relative importance of first and second
clutches in Bam Swallows. However, juvenile
and female apparent survival were apparently
less affected by NAO (Tables 3 and 4), which
again may be a result of lower site-fidelity in
those groups, so that potential effects of NAO
are hidden by dispersal.
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Weather at the breeding site appeared to have
little effect on apparent survival of adults, but
explained most of the variance in apparent sur-
vival of juveniles (Tables 3 and 4). Thus, when
the temperature falls below lO^C, juveniles suf-
fer high mortality, whereas adults apparently
manage to survive such periods without heavy
losses. Brown and Brown (2004) found that
postfledging survival of juvenile Cliff Swallows
(Petrocheiidon pyrrhonata) was negatively influ-
enced by bad weather in the breeding area;
their explanation was that parents invested
less in offspring In years with bad weather. A
similar explanation may apply to house-mar-
tins. Bryant (1979) found that adult mortality
occurred mainly outside the breeding season,
and other studies have shown that bad weather
during the breeding season is most likely to
influence the rate of food delivery to nestlings
(Lohrl 1971; Rheinwald 1971, 1979; Hund
and Prinzinger 1979). However, adult house-
martins also can suffer significant mortality
because of bad weather at the breeding site
(Rheinwald 1970), like other hirundines (Brown
and Brown 1998); the lack of evidence for that
effect in our study could well be masked by
the much more severe effects of unfavorable
weather during autumn migration.

Population size had a pronounced effect on
juvenile apparent survival (Table 4). A large
population size led to relatively fewer annual
recoveries than a small population size. Thus,
surplus individuals (i.e. juveniles) tended to
disperse more or experience lower survival
(or both) because of density-dependent effects.
Density dependence in local recruitment seems
to be a general phenomenon in small passerines
(Saether etal. 2002),

Dramatic reduction of the breeding popula-
tion following extreme weather conditions (as
in autumn 1974) has usually been followed by a
rapid recovery (Glutz von Blotzheim and Bauer
1985). That was the case in our study popula-
tion: the number of breeding pairs increased
from 103 in 1975 to 165 in 1978 (B. G. Stokke et
al. unpubl. data). Our results demonstrate that
higher juvenile survival resulting from reduc-
tion in population size may be an important
component of that increase—thus illustrating
the interaction between density-dependent
variation and stochastic effects in the demog-
raphy of small passerines. Given that extreme
weather is predicted to become more frequent

with climate change (Easterling et al. 1997), we
can expect that future survival rates of species
like house-martins will depend more on adverse
weather conditions than is currently the case.
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