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Summary

1. The barn swallow Hirundo rustica is a semi-colonial passerine that has declined in
some parts of  its European range, perhaps as a result of  agricultural change. So far,
however, swallow breeding populations have been analysed mostly in north-western
Europe. We studied their distribution, abundance, foraging habitat and breeding
performance on 125 farms in Italy in relation to current and past livestock farming and
agricultural practice.
2. Swallows foraged within 400 m of the farms on which they bred and had a preference
for feeding over hayfields. In logistic and multiple regression models, cross-validated on
independent locations, the presence of cattle or pigs in the period 2–5 years beforehand
best predicted swallow presence on a farm and, in combination with the presence of
stables with traditional architecture, explained 40% of the variance in colony size.
3. Breeding occurred later on farms with no cattle, and fledging success declined with
the number of cattle per farm.
4. This study provides the first evidence from central and southern Europe that
livestock farming and the architecture of rural buildings affects the distribution and
abundance of barn swallows. The data also show how historical ecological information
may play an important role in determining current influences on the distribution and
abundance of a breeding bird.
5. By augmenting perspectives on swallows at a European scale, our results have
important implications for the management and conservation of  their breeding
populations and allow inferences about the effect of agriculture on future demographic
trends.
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Introduction

The breeding populations of some bird species have
declined considerably during recent decades, with
changes in agricultural land use and farming often
implicated for declines in bird populations associated
with agricultural landscapes (Møller 1983a; Marchant
et al. 1990; Tucker & Heath 1994; Fuller et al. 1995;
Hagemeijer & Blair 1997; Pain & Pienkowski 1997;
Petersen & Jacobsen 1997; Poulsen, Sotherton &

Aebischer 1998 and references therein; Bradbury et al.
2000; Brickle et al. 2000; Donald, Green & Heath 2001).
For example, Moreau (1972) estimated a total popula-
tion of barn swallows Hirundo rustica L. exceeding 220
million individuals in the western Palearctic, but sub-
sequent population studies in northern Europe have
indicated a subsequent decline of more than 50% (Møller
1989; Tucker & Heath 1994; Møller & Vansteenwegen
1997). However, the generality and extent of this decline
are still debated. For example, Siriwardena et al. (1998),
reviewing Common Bird Census data, showed no vari-
ation in numbers of barn swallows breeding in Britain
from 1968 to 1994. Moreover, very little information is
available on the ecology and population trends of the
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barn swallow in central and southern European regions,
so that perspectives on populations at a European scale
have a northern bias (Møller 1983b, 1985, 1989, 1994;
Møller & Vansteenwegen 1997). In particular, no long-
term population studies are available for Italy, although
there may have been a local decline since 1993 (N. Saino,
unpublished data). This is unfortunate considering the
increasing conservation interest in this species (EUR-
ING 2001; The Swiss Ornithological Institute 2001).

Our aim in this study was to assess the distribution,
abundance and breeding performance of barn swallows
in an area of the intensively cultivated Po river plain in
relation to agricultural land use, the structure of rural
buildings where colonies occurred, and the history of
livestock farming over a period corresponding to the
maximum life span of swallows in our study popula-
tion. In addition, we aimed to formulate predictive
statistical models of swallow distribution and abund-
ance based on easily measured ecological variables
with relevance to large-scale demography and conserva-
tion. We hypothesized that barn swallows would be
more abundant on farms with livestock and stables
with traditional architecture (see the Methods). Barn
swallows exhibit extremely low breeding dispersal,
and adults that survive to the following breeding
season almost invariably return to the same breeding
colony (Møller 1994; Saino, Bolzern & Møller 1997;
Saino et al. 1999). Hence, the presence and number of
swallows on a farm may partly reflect habitat choice by
individuals breeding up to 5 years earlier, which corres-
ponds with the maximum swallow life span recorded

in our study area (N. Saino, unpublished data). We
therefore also recorded farming activities during the
period spanning from 2 to 5 years prior to the study,
while predicting a positive association with current
swallow abundance. Finally, we predicted that swallows
should be more abundant on farms with relatively
large hayfields within their foraging range, which was
measured by direct observation.

Methods

The sample consisted of  125 randomly chosen farms
in an intensively cultivated area (240 km2) of northern
Italy (Fig. 1). Each farm, identified from detailed maps
(1 : 10 000), was given a number. We then generated
125 random numbers within the range of the total
number of existing farms and included the correspond-
ing farms in our sample. At each farm we inspected all
nests at least once every 15 days between April and July
2000. During the period 1993–2001, when we studied
intensively the breeding biology of 200–400 breeding
pairs each year in the same study area, the earliest date
of egg laying was 4 April. As all colonies were visited at
least once before 15 April, we did not miss any first
broods. We recorded the number of  nestlings that
survived until 10 days after hatching, and this was
considered a measure of  breeding success because
mortality after age 10 days accounts for less than 5% of
total nestling mortality (N. Saino, unpublished data).
Hatching date was estimated from the size of nestlings
and feather development.

Fig. 1. The study area. (a) Lombardia in Italy and Europe. (b) Our study area in Lombardia. (c) Our study area with colonies
identified. Dimension of dots represents colony size.
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We could not capture and individually mark adult
swallows, owing to the large number of colonies and
pairs considered. In order to avoid including second
broods in our data, we excluded all nests in which
the first egg occurred after fledging of the brood that
hatched first in that colony. Fledging was assumed
to occur 20 days after hatching (N. Saino, personal
observation). This procedure, however, could have
caused the exclusion of some late first broods.

The number of  pairs on a farm (colony size) was
considered to equal the maximum number of nests
simultaneously active, i.e. nests in which eggs or nest-
lings were present, during the entire breeding season.
Average hatching date, clutch size and number of
nestlings within each farm were calculated for all first
broods.

 

The number of cows and pigs present at each farm was
recorded. Information about livestock in each year
since 1995 was obtained from the farmers. These data
were used to generate dichotomous and continuous
variables representing livestock rearing in the year of
the study (current livestock farming), in the previous
year (recent livestock farming) and during the period
1995–98 (livestock farming in the remote past). The
rationale was that current livestock farming and that
in the previous year could influence the recruitment of
1-year-old-barn swallows to the focal colony, while
livestock farming in years 1995–98 could influence the
presence of swallows aged 2 years or older. Earlier data
about livestock farming were not considered because
the maximum life span of barn swallows in our study
area is 5 years, as shown by our long-term ringing pro-
ject in the same area (N. Saino, personal observation).

 

We quantified the surface area of different types of land
use in a radius of 400 m around the farm (c. 50 ha)
because we estimated that almost all foraging occurred
within this range (see the Results; Møller 2001). Ten
habitat categories were identified, representing the

most common crops and other kinds of land use such
as human settlements and non-arable land (rivers,
small woods, etc.) (Table 1). Land use was assessed by
direct observation and recorded on maps (1 : 10 000).
The area of each category was measured by super-
imposing a standard grid of equidistant dots (0·5 cm
corresponding to 50 m) onto the map and counting the
number of dots for each habitat category. Hence, every
dot corresponded to an area of 0·25 ha. Maize fields
and hay or grass fields (hereafter ‘hayfields’ for brevity)
accounted for 77%, on average, of the total area around
farms, the third largest land-use category being human
settlements (4·63%; Table 1). On the basis of  these
data we decided to consider only the area of hayfields
and maize fields within a radius of  400 m from the
colony, and to use the Shannon index (Shannon &
Weaver 1949), calculated on the extent of all the land-
use categories, to account for habitat heterogeneity,
as predictor variables in logistic and multiple regres-
sion analyses of  swallow distribution and breeding
performance (see below).

  

Farm building structure was investigated to assess
the presence of what we called ‘traditional stables’ as
distinct from modern cattle sheds. They were buildings
lower than 4·0 m built for fixed stabling of cows and
usually with a hayloft built above. The presence of
traditional stables was entered in the analyses as a
dichotomous variable while their area was included as
a continuous variable. However, several traditional
stables were no longer used for livestock farming.

    

We assessed foraging distance of barn swallows from
the colony by counting the number of  individuals
foraging along 400-m transects radially departing from
the colony. Counts were made from a vantage position,
usually the top of a silo, 10–15 m above ground level.
The direction of the first transect was chosen randomly
from directions that allowed free visibility up to 400 m
from the colony, as determined using field marks, while

Table 1. Categories of habitat and relative extent within a 400-m radius, corresponding to the foraging range of swallows on the
125 farms considered in the study

Land use Extent (%) Cumulative

Maize 47·44 47·44
Hayfields 29·51 76·95
Human settlements 4·63 81·58
Poplar (Populus ssp.) plantations 4·11 85·69
Uncultivated and non-arable land 2·83 88·52
Small woods 2·67 91·19
Soybean 2·36 93·55
Wheat 2·04 95·59
River 1·40 96·99
Others 3·01 100·00
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the direction of the other transects, up to a maximum
of four per farm, was chosen at 90° to the left or right of
the first transect or on the opposite side of the first. The
number of foraging swallows in a strip 20-m wide on
both sides of the transect was recorded in four 100-m
long sections of the transect. Taking advantage of the
observation position we performed snapshot counts of
the swallows foraging along each section of a transect.
All transects were counted in rapid sequence and the
whole process took a maximum of 2 min. Observations
on foraging distance were performed only in relatively
isolated farms in order to avoid counting swallows
from different colonies (farms) foraging together. The
number of swallows observed was considered a density
index of individuals foraging at any 100-m distance
interval from the colony. We conducted observations at
42 farms for a total of  91 transects. These observa-
tions were conducted only once at each farm to avoid
pseudoreplication. The times of  the observations
were randomized and observations were always made
by the same two experienced observers, hence we
were confident that density index values were not
biased.

Foraging habitat selection was investigated by snap-
shot counts of swallows foraging on one hayfield and
on an adjacent maize field located at approximately
the same distance from the nearest colony, within a
radius of 400 m. We selected pairs of fields that could
be observed entirely from the vantage position so that
the counting process did not take more than a few
seconds. We identified 32 colonies with fields located
in a suitable position. The density of swallows was
expressed as the number instantaneously recorded
divided by the area of the field. These observations were
conducted only once per colony.

 

Modelling presence of swallows

Logistic regression models were generated following
a stepwise procedure and a step-up procedure. In the
first procedure, independent variables were entered in a
stepwise forward logistic regression model that would
predict the presence or absence of swallows on a farm.
We based stepwise selection on the Wald statistic, but
selection based on the probability of the log likelihood
ratio on conditional parameter estimates, or on the
maximum partial likelihood estimates, invariably gave
the same results. Group membership was assessed
using a 0·5 cut-off  in the logit transformation of P+

(probability of predicted presence of swallows in a
farm).

Independent variables were strongly intercorrelated
and this could have led to inappropriate selection
in a stepwise procedure. We therefore also adopted a
step-up procedure to select a logistic regression model.
We first fitted models in which the effect of the variables
and factors was examined one at a time, and every vari-

able or factor with a statistical significance above the
criterion level of α = 0·05 was excluded. The correla-
tion structure of significant variables was investigated
to identify predictors that were highly correlated (see
the Results). For each pair of predictors with a correla-
tion greater than 0·7, the predictor with the lowest
significance value (assessed in the direct logistic regres-
sion) was excluded (Green 1979; Fielding & Haworth
1995). Gaussian response models were then tested for
each of  the variables by fitting logistic regressions
with and without the square term. None of the square
terms entered significantly in the logistic regression
models and, consequently, they were excluded from
subsequent multivariate models. Finally, the set of
variables and factors with relatively low intercorrela-
tion that significantly predicted presence of swallows
was entered in a stepwise forward logistic regression
model to generate a more parsimonious model. To
assess logistic model performance we used Cohen’s
kappa because the proportion of observations correctly
classified by the model (overall predictive success, OPS;
sensu Manel, Williams & Ormerod 2001) has recently
been demonstrated as inappropriate for this purpose
as it reflects the prevalence of the target organisms
(Manel, Williams & Ormerod 2001). According to
Landis & Koch (1977), kappa values ranging between
0·41 and 0·60 correspond to ‘moderate’ performance,
while values ranging between 0·61 and 0·80 indicate
‘substantial’ predictive power.

Modelling colony size

Linear regression models to predict colony size were
built following the same procedures as for logistic
regression models. First, a stepwise regression analysis
was run and the final model was considered to have
been identified when all predictors had a significant
effect, according to the F-statistic, with P < 0·05, and
none of the excluded variables had a significant effect.
Secondly, the same step-up procedure used for logistic
regression models was also followed for the linear
models, assessing significance of  the predictors by
the probability associated with the F-statistic. In these
analyses colony size was square-root transformed to
improve normality. Finally, we controlled for data
over-dispersion and non-normality of the dependent
variable by rerunning the final models obtained from
both stepwise and step-up selection procedures with a
quasi-likelihood estimation procedure. Quasi-likelihood
estimation allows the estimation of regression relation-
ships without fully knowing the error distribution
of  the response variable, and thus is advocated for
estimating the dispersion parameter in over-dispersed
models.

Cross-validation of the models

The generality of the predictions of both logistic regres-
sion and multiple regression models was tested by
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dividing the whole sample of farms into two subsets,
called A and B. Each farm was assigned to a subset in
the following way: random numbers between 0 and 1
were generated and associated to the farms. The whole
sample was then split into two subsets using 0·5 as the
cut-off  value. This resulted in sample A including 55
and sample B including 70 farms.

For each subset we built a logistic regression and a
multiple regression model following the same stepwise
and step-up procedures described above. Logistic and
multiple regression models built on subset A, both with
stepwise procedure and with step-up procedure, were
used to predict presence and colony size in farms of
subset B. The results were compared with actual pres-
ence and colony size of farms belonging to subset B,
and vice versa for subset B. The final models for the
two subsets were also rerun while controlling for non-
normality and over-dispersion by a quasi-likelihood
estimation procedure.

Results

    

The density index of foraging barn swallows decreased
significantly as the distance from the colony increased
(Fig. 2). We obtained an estimate of the relative number
of swallows foraging at different distances from the
focal colonies by multiplying the density index for
the ratio of the extension of 100-m wide rings around
the colony and the inner 100-m circle. Regression
analysis showed that the linear distance was a better
predictor of the relative number of swallows than the
quadratically transformed distance. The distance at
which the predicted relative number of swallows fell to
zero was 509·0 m. We decided to consider land use within

a radius where 95% of the swallows were estimated to
forage, calculated to be 400 m.

The density of swallows foraging on hayfields was
approximately 13 times larger than on maize fields
[mean density on maize fields: 0·14 (0·055 SE); hay-
fields: 1·18 (0·615 SE); t-test for paired data: t = 4·50,
d.f. = 31, P < 0·001].

      
 ,    
 

Swallows bred on 95 of  the 125 (76%) farms. The
ecological variables, as expected, were highly inter-
correlated, and several significantly predicted both the
presence of breeding barn swallows and colony size
(Table 2).

In both stepwise and step-up logistic regression
models, only livestock farming in the past could be
included as a predictor of presence or absence of breed-
ing barn swallows (Table 3). Cohen’s kappa for this
simple logistic model was 0·614, while OPS was 84·8%.

Models obtained from the two subsets (models A
and B, respectively) and the whole sample were qualit-
atively identical, and this held true using both step-up
and stepwise selection procedures (Table 3). Cohen’s
kappa was 0·687 for subset A, with an OPS of 87·3%,
and 0·553 for subset B, with an OPS of 82·9%. The
parameters of  the two models were similar and not
significantly different using a t-test (parameter B:
t = 0·46, d.f. = 123, P > 0·3; constant: t = 0·65, d.f. =
123, P > 0·25).

The logistic model obtained from each of the two
subsets was cross-validated by applying it to the
farms of the other subset. Model A applied to subset B
had a kappa = 0·553 and OPS = 82·9% and, conversely,

Fig. 2. The mean density index (+ SE) of foraging swallows in relation to distance from the colony. Linear regression lines for
density index (—) and relative number (- - -) of foraging barn swallows are shown. The density index was calculated as the number
of swallows instantaneously foraging in a 20-m wide strip on both sides of a transect. The equation of the line fitted by linear
regression is y = −0·016(0·020SE)x + 4·366(0·388SE), F1,134 = 57·54, R2 = 0·30, P < 0·0001. The relative number of foraging
swallows was calculated by multiplying the density index for the ratio between the extension of 100-m wide rings around the
colony and the inner 100-m circle. The equation of the line fitted by linear regression is y = −0·009(0·003SE)x + 4·734(0·645SE),
F1,134 = 7·54, R2 = 0·05, P = 0·0069. Both analyses were run on mean values computed for one to four transects per farm.
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model B applied to subset A had kappa = 0·687 and
OPS = 87·3%. In addition, model A a posteriori cor-
rectly classified the same individual farms that were
correctly classified by cross-validation by model B,

and the reciprocal was also true. These results, taken
together, indicate that logistic models were unaffected
by the particular sample of farms on which they were
based.

Table 2. Correlation coefficients between the presence and size of barn swallow colonies and ecological variables. Variables
marked with an asterisk are dichotomous. Statistical dependence between dichotomous variables was tested using contingency
χ2, with Yates correction when necessary, while statistical dependence between a continuous variable and a dichotomous one was
tested with a Mann–Whitney U-test. Pearson’s product-moment correlation coefficients between continuous variables are also
shown. Statistics refer to the entire sample of farms; + indicates statistically significant tests; A indicates that the test is significant
in subset A; B indicates that it is significant in subset B

Presence of swallows* Colony size

Current presence or absence of cattle farming χ 2 = 29·76+AB U = 638·0+AB

Current presence or absence of pig farming χ 2 = 2·83 U = 668·0+

Number of cows currently present U = 488·0+AB 0·34+B

Number of pigs currently present U = 1198·5+ 0·02
Current presence or absence of livestock farming (cows or pigs) χ 2 = 36·19+AB U = 533·5+AB

Presence or absence of cattle farming in 1999 χ 2 = 27·76+AB U = 620·0+AB

Presence or absence of pig farming in 1999 χ 2 = 2·48 U = 613·0+

Number of cows present in 1999 U = 482·0+AB 0·35+B

Number of pigs present in 1999 U = 1227·5 0·00
Presence or absence of livestock farming (cows or pigs) in 1999 χ 2 = 36·19+AB U = 533·5+AB

Number of years between 1995 and 1998 with cattle farming U = 463·0+AB 0·59+AB

Number of years between 1995 and 1998 with pig farming U = 1210·5+ 0·22+B

Average number of cows present between 1995 and 1998 U = 398·0+AB 0·37+B

Average number of pigs present between 1995 and 1998 U = 1215·0+ −0·00
Number of years between 1995 and 1998 with livestock farming U = 412·5+AB 0·61+AB

Relative extent of grass and hayfields U = 1071·5+ 0·21+A

Relative extent of maize fields U = 1399·5 −0·03
Shannon index calculated on proportions for 10 habitat categories U = 1305·0 −0·03
Presence or absence of traditional stables χ 2 = 7·03+A U = 725·0+AB

Total area of all the traditional stables U = 968·5+ 0·34+AB

Sample size
Total sample 125 125
Subset A 55 55
Subset B 70 70

Table 3. Logistic regression models of the presence of swallows after stepwise forward selection of predictor variables, based on
significance of the Wald statistic. The only variable that could be included was the cumulative number of years with animal
farming in the period 1995–98. The ‘global’ model was obtained on the total set of 125 study farms, whereas the other two models
were obtained from different subsets of randomly chosen farms. The model from subset A was cross-validated by classifying farms
according to the predicted presence or absence of breeding swallows and comparing predicted with actual presence. The
reciprocal was done using the model obtained for farms of subset B. The same models were obtained using different criteria of
stepwise selection of predictors and a step-up selection procedure

Predictor variable B SE Wald d.f. P R Exp(B)

Global model (n = 125 farms)
Number of years between 1995 and 
1998 with livestock farming

0·870 0·149 34·303 1 < 0·0001 0·484 2·386

Constant −0·602 0·335 3·222 1   0·073
Model χ2 = 48·94, P < 0·0001, Cohen’s kappa = 0·614, OPS = 84·80%

Model built on subset A (n = 55 farms)
Number of years between 1995 and 
1998 with livestock farming

0·948 0·228 17·236 1 < 0·0001 0·494 2·5805

Constant −0·858 0·530 2·628 1   0·105
 Subset A Subset B Subset A Subset B

Model χ2 = 25·82, P < 0·0001, Cohen’s kappa = 0·687 0·553 OPS = 87·27% 82·86%

Model built on subset B (n = 70 farms)
Number of years between 1995 and 
1998 with livestock farming

0·809 0·196 17·095 1 < 0·0001 0·448 2·2459

Constant −0·413 0·439 0·887 1   0·346
 Subset A Subset B Subset A Subset B

Model χ2 = 23·44, P < 0·0001, Cohen’s kappa = 0·553 0·687 OPS = 82·86% 87·27%
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However, current livestock farming was also an effi-
cient predictor of presence of breeding swallows. Indeed,
in 74 of the 81 farms (91·4%) with livestock there were
barn swallows breeding. On the other hand, out of the
41 farms with no livestock, only 18 (43·9%) were occu-
pied by barn swallows. Of these 18 farms none lost farm
animals during the previous year and only four during
the last 5 years.

      , 
     


The effect of ecological variables on colony size was
analysed by multiple regression analysis. Stepwise

forward selection showed that livestock farming in the
past and the presence of traditional stables together
explained 40% of variation in colony size (Table 4).
Step-up selection of variables gave the same model.
The variables included in the final models were still sig-
nificant when we controlled for over-dispersion of data
with quasi-likelihood estimations (details not shown).

Colony size increased with the number of years
between 1995 and 1998 with livestock farming (Fig. 3)
and was found to be larger in farms with traditional
stables compared with farms with no stables or stables
of other kind [mean colony size in traditional stables:
14·89 (1·68 SE); other stables: 3·96 (1·03 SE); t-test
t = 3·92, d.f. = 123, P < 0·001]. A qualitatively iden-
tical model of  colony size was obtained when we

Fig. 3. The mean (+ SE) colony size of swallows in relation to the number of years with livestock farming during the period 1995–
98 on the 125 farms constituting the total sample. The equation of the regression line is y = 0·74(0·09SE)x + 0·73(0·28SE) when
y is the square-root transformation of colony size; F1,123 = 72·75, R2 = 0·37, P < 0·0001. There were no farms with number of years
between 1995 and 1998 with livestock farming = 2.

Table 4. Multiple linear regression models of the number of breeding pairs (colony size) after stepwise forward selection of predictor variables, based on
the F-statistic. The ‘global’ model was obtained for the total set of 125 study farms, whereas the other two models were obtained for different subsets of
randomly chosen farms. The model from subset A was cross-validated by applying it to data of farms in subset B and calculating the coefficient of
determination based on parameters of model A. The reciprocal was done using the model obtained for farms of subset B. The only variables that could
be included were the cumulative number of years with animal farming in the period 1995–98 and the presence of traditional stables or area of these stables.
The same models were obtained using different criteria of stepwise selection of predictors and a step-up selection procedure

Predictor variable B SE Beta t P

Global model (n = 125 farms)
Number of years between 1995 and 1998 with livestock farming 0·682 0·089 0·560 7·658 < 0·0001
Presence or absence of traditional stables 0·929 0·390 0·174 2·383 0·019
Constant 0·169 0·364 0·465 0·643
P < 0·0001, F2,122 = 40·60, R2 = 0·400

Model built on subset A (n = 55 farms)
Number of years between 1995 and 1998 with livestock farming 0·613 0·128 0·533 4·772 < 0·0001
Total area of all the traditional stables 0·002 0·001 0·236 2·109 0·040
Constant 0·394 0·417 0·945 0·349

Subset A Subset B
F2,52 = 18·96, P < 0·0001, R2 = 0·42 00·363

Model built on subset B (n = 70 farms)
Number of years between 1995 and 1998 with livestock farming 0·776 0·121 0·614 6·415 < 0·0001
Constant 0·783 0·394 1·988 0·051

Subset A Subset B
F1,68 = 41·15, P < 0·0001, R2 = 0·377 0·319
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considered only farms in which breeding barn swallows
were present.

We adopted a procedure similar to that used for
logistic analysis (see above) to test for consistency of
predictive linear regression models based on distinct
subsets of farms. The regression model obtained from
subset A included livestock farming in the past and
area of traditional stables (R2 = 42·0%; Table 4). The
model from subset B included only livestock farming
in the past, with a slightly smaller predictive strength
compared with model A (R2 = 37·7%; Table 4). The
same models were obtained by the step-up procedure.
Also in this case, the variables included in the final
models were still significant when we controlled for
over-dispersion of data with quasi-likelihood estima-
tions (details not shown). When we cross-validated the
models, model A explained 36·3% of the variation in
colony size of farms B, while model B explained 31·9%
of variation in subset A. Hence, also in this case, our
models were rather insensitive to the particular set of
farms considered.

In addition, we are confident that the relationships
between ecological factors and distribution of swallows
reliably reflect the situation at least in the recent past.
For 103 of the 125 farms considered in this study we
had data about breeding swallows from the previous
year. In fact, only one of the colonies present in 1999
had gone extinct in 2000, while no (re)colonization of
any farm that had no swallows in 1999 occurred in
2000.

Current and past livestock farming were inter-
correlated [Kendall τ between the variables ‘number
of years between 1995 and 1998 with livestock farming’
and ‘current presence or absence of livestock farming
(cows or pigs)’ = 0·90, n = 125]. To test the contribu-
tion of livestock farming in the past to current colony
size over that of current livestock farming, we com-
pared the multiple r-value of a linear regression model
in which only current livestock farming and the pres-
ence of traditional stables were entered as independent
variables to that of a model in which we also entered
livestock farming in the remote past. The variance in
colony size explained by the latter model was 8·5%
larger, although not significantly (z = −0·761, P = 0·299),
than that of the former.

     
 ,    
  

Components of breeding performance were subjected
to a stepwise multiple regression analysis where all
ecological variables were included initially. None of
the independent variables significantly predicted mean
within-colony clutch size. In farms housing cows at
present, swallows bred significantly earlier than in those
with no cows. After present cattle farming had been
included in the regression model, cattle farming in the
previous year could also be entered, but indicated a

significant delay in swallow breeding in relation to cattle
farming in the recent past. A close inspection of the
data showed that the significant effect of cattle farming
in the recent past was due to two farms that changed
status between the two breeding seasons and had either
very early or very late average hatching dates, suggesting
that the model including only present cattle farming
was more reliable [equation of the fitted line y = −4·80
(1·936SE)x + 60·56(1·708SE); F1,88 = 6·14, R2 = 0·065,
P = 0·015]. This latter model was also obtained by
step-up selection of independent variables. In addition,
fledging success decreased with the number of cows in
the recent past [equation of the fitted line: y = −0·0016
(6·63 × 10 −4SE)x + 3·2510(0·1466SE), F1,91 = 5·90, R2 =
0·061, P = 0·017]. Again, the same result was obtained
by step-up selection of regressors. No correlation existed
between breeding performance and colony size (P
associated with Pearson correlation coefficient always
> 0·5).

Discussion

We could identify clear relationships between the pres-
ence and abundance of barn swallows in an intensively
cultivated farmland in northern Italy and a range of
ecological factors. Livestock farming affected the abund-
ance, distribution and reproduction of barn swallows
in a Danish population (57°12′N, 10°00′E) breeding
under markedly different ecological conditions com-
pared with the one we studied in northern Italy (Fig. 1)
(Møller 1983b, 1987, 1989, 2001). Hence, while barn
swallows may breed in diverse habitats, our study con-
firms previous evidence of an association between barn
swallows and dairy farming, especially where human-
built open structures are accessible for breeding (Cramp
1988). Livestock farming in the remote past was the
best predictor variable of colony size. The presence of
traditional stables also significantly predicted colony
size while controlling for the effect of actual presence of
livestock, indicating that the structure of rural buildings
has an effect on the abundance of swallows. Although
the effect of past livestock farming was not signific-
antly larger than that of current livestock farming, it
was consistently selected in all regression models as
the best predictor, suggesting that it might actually be
more closely associated with barn swallow abund-
ance. However, it should be emphasized that other eco-
logical factors, including the availability of hayfields,
were also significantly associated with both livestock
farming in the past and distribution of swallows. This
pattern is obviously the reflection of inherent temporal
autocorrelation of the variables we used and the asso-
ciation between agricultural practices and livestock
farming.

The time span to which the historical data on animal
farming referred, however, may seem puzzling, as it
extends over a period (2–5 years before the study) that
exceeds the average life expectancy of barn swallows.
The influence of past conditions could be related to the
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extremely high breeding philopatry of barn swallows
(Møller 1994; Saino, Bolzern & Møller 1997; Saino
et al. 1999). The presence of old breeding individuals
may attract 1-year-old ones, creating a reinforcing effect
that can delay the decline in colony size and, eventually,
local extinction (Danchin, Boulinier & Massot 1998;
Doligez et al. 1999; Schjørring, Gregersen & Bregnballe
1999; Danchin, Brown & Brown 2000). In addition,
fledglings may choose their future breeding site during
their first summer by visiting other colonies, as shown
by the capture of unringed young swallows, during late
spring and summer, in colonies where we had ringed all
nestlings (e.g. Saino et al. 1999). This mechanism might
further slow down the effect of cessation of livestock
farming on swallow distribution. Hence, we believe that
livestock farming in the past accurately reflects current
livestock farming but also accounts for ‘historical’
effects due to high breeding philopatry and modality of
breeding site choice by young individuals.

The positive association between swallows and live-
stock farming or nearby hayfields may be mediated by
insect prey availability. Møller (2001) has shown that
flying insect abundance on farms where animals are
bred is five times larger than on farms with no live-
stock. Although these data concern a north European
area, it seems very likely that a qualitatively similar
difference also existed in our study area. The presence
of  livestock may buffer the effect of  abrupt changes
in meteorological conditions on availability of insects.
In addition, livestock farming could benefit barn
swallows through constantly high ambient temperatures
that reduce the energy cost of incubation, brooding
and thermoregulation, and through the availability of
nest sites (Møller 2001). The density of barn swallows
foraging on hayfields was much larger than that on the
other prevailing crop, maize. This finding suggests that
either insect prey is more abundant and available or
prey are of better quality on hayfields compared with
maize fields, or both.

We observed that cattle farming was associated with
earlier onset of reproduction in swallows. The presence
of cattle may result in microclimatic conditions that
allow earlier breeding and enhance insect prey avail-
ability early in the breeding season. However, cattle
farming was negatively, rather than positively, associated
with fledging success. This result seems to contradict
the observation of a strong association between live-
stock farming and swallow distribution. It is possible
that the recruitment of 1-year-old swallows, which may
have lower reproductive success compared with older
individuals, is larger on farms with large numbers of
livestock (Møller 2001). Alternatively, predators may
specialize on swallow prey where they gather in large
colonies, or some density-dependent effect may exist,
i.e. local competition for food or nesting sites that may
locally depress fledging success. However, such effects
of intraspecific competition should be similar across
colonies under the hypothesis that swallows distribute
themselves across farms according to an ideal free

distribution (Fretwell & Lucas 1970). The fact that
there were no significant correlations between breed-
ing success and colony size could be interpreted as
supporting this hypothesis. Smaller breeding success
on farms with cattle may have been compensated for by
anticipated breeding and, thus, increased opportunity
of rearing a second brood during the same breeding
season, because rearing of a second brood may be
restricted by time or ecological constraints (Wilson
et al. 1997). In this respect, it must be stressed that our
data concerned only first broods, because it was not
practical to capture and individually mark all the
breeding swallows in order to discriminate between
first and second broods. However, this limitation does
not invalidate our conclusions concerning the relation-
ships between breeding performance and ecological
variables.

  

The development of simple descriptive models, based
on very few easily measurable variables and with large
predictive power, can have important management
implications. The area where the present study was
conducted is relatively large and probably representat-
ive of a large part of the Po River plain, which is a
homogeneous intensively cultivated lowland with
scattered farms. While our models will obviously need
validation on independent sets of farms outside our
study area, they suggest that swallow distribution might
be affected by very few ecological factors. The incor-
poration of information on past ecological conditions
extending on a temporal scale equalling the maximum
life span of the focal species is a new approach in this
kind of ecological study. Bird–habitat relationships
have often been investigated with the basic idea that
current ecological conditions can influence current dis-
tribution, abundance and breeding of species. However,
the response of animal populations to environmental
changes can be delayed owing to their preference for
familiar habitats independent of current ecological
conditions. We therefore believe that data on past
environmental conditions may increase the level of
biological realism of bird–habitat models.

 

The incorporation of historical data may allow infer-
ence on future population size based on current
trends in ecological conditions. There exists clear
evidence that livestock farming in Lombardia, the
large (c. 24 000 km2) Italian region where the study has
been conducted, has been increasing by approximately
110 000 heads (6%) from 1995 to 1998 (more recent data
are unavailable), and the same qualitative trend may
also apply to other large regions of Northern Italy.
Under the assumption of a causal link between live-
stock farming and swallow presence and abundance,
this would lead to the optimistic conclusion that
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swallows may increase in future years. However, the
trend will probably be the opposite, because the
number of livestock farms has been declining con-
stantly during the same period by approximately 2200
units (8%) per year, on average. The incorporation of
the number of head of livestock and the number of
years with livestock per farm (see also the Results) in
multiple linear regression models based on our data
indicates that the negative effect of an absence of live-
stock on swallows outweighs by approximately four
times the positive effect of the number of head of live-
stock. Importantly, this effect might be exacerbated by
the structure of buildings where livestock used to be
housed in the past (traditional stables) compared with
modern cattle sheds.
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