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Abstract
The Mediterranean climate of North Africa encompasses an interesting variety of sub-climates, from humid and sub-humid to
semi-arid and arid. Such variability may provide vital insights into mechanisms that drive species distribution and offered us an
ideal opportunity to test phenotypic variations along gradients. We aim in this study to investigate the breeding behaviour of
house martin Delichon urbica (Linnaeus, 1758) populations along regional climatic gradients in north-eastern Algeria. During
two consecutive breeding seasons (2016–2017), nine field sites (328 active nests) belonging to three different sub-climates:
humid, sub-humid, and semi-arid were surveyed regularly from March to August. We used generalized linear models to test the
relevance of local climate and several ecological variables on laying reproductive output. Laying dates were positively correlated
with climate condition (GOF = 0.42), the semi-arid climate creating appropriate conditions for advancing the laying process,
whereas sub-humid and humid climate delayed it. Clutch-size and number of chicks hatched per nest were affected by local
climate conditions; they were greater in humid areas than in sub-humid and semi-arid ones. The other non-climatic variables as
brood order, laying date, distance to fields, and distance to water were not significant. The spatial analysis around nest sites of
house martins also showed that dense vegetation cover and reduced urbanization levels may be potential predictors of breeding
behaviour. Nest sites located in humid areas with dense vegetation cover, and low urbanization levels that characterize the
surrounding landscape provide high-breeding success rate to this species if compared to sub-humid and semi-arid areas. These
findings can be a useful indicator of environmental change in a country that is already experiencing severe drought stresses,
uncontrolled urbanization, and high deforestation rates.
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Introduction

The impact of climate change on the population biology of
birds has gained the long-term attention of ornithologists on
the basis that bird’s life history is closely linked to climate
(Crick 2004). There is a general consensus that birds can ad-
just the magnitude and pattern of their breeding effort in rela-
tion to climate change (Slagsvold et al. 1984). They can for

example advancing their date of laying associated with warm-
er spring temperature (Dunn 2004), thereby leading to an im-
portant influence on several aspects of reproduction (Møller
2002) such as clutch size, hatching success, and recruitment
(Verboven et al. 2001; Both and Visser 2005; Cooper et al.
2005; Drent 2006). Moreover, climate change can be more
detrimental for breeding birds especially when it operates syn-
ergistically with anthropogenic stressors (Laudelout and
Paquet 2014).

Mediterranean climate of North Africa is characterized by
extreme fluctuations (UNESCO 1963; Ramdani et al. 2009).
At basin scale several divergences of meteorological parame-
ters (e.g. ambient temperature, rainfall, evapotraspiration)
have been detected (Cody and Mooney 1978; Ramdani et al.
2009). Based on trends of these important climatic parameters
this climate encompasses an interesting variety of sub-cli-
mates: humid to sub-humid (warm and dry summers and mild
and relatively rainy winters), and semi-arid to arid (relatively
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hot temperatures and modest precipitation) (Bagnouls and
Gaussen 1957; Stewart 1975; UNESCO 1963; Le Houérou
et al. 1977; Torrent 2005). The time and space behaviour of
the geographical features (orography, proximity to the ocean
(or sea), elevation, water bodies distribution, vegetation
cover...etc.) play an important role establishing the climate at
local scale (Lionello et al. 2006).

Algeria is the largest country in Africa and has a typical
Mediterranean climate. However, there is a distinct regional
gradient in the climate, from Mediterranean humid and sub-
humid climate in the coastal northeast part of the country to
semi-arid in the Hauts Plateaux (high lands) and an arid cli-
mate across the Sahara (Meddour 2002; Elafri et al. 2020).
The effect of this variability on fauna and flora diversity of
the country is perceptible by all. Biodiversity levels, land-
scapes and ecosystems in humid areas are much higher than
for the country overall. Such variability may provide vital
insights into mechanisms that drive species distribution and
offer us an ideal opportunity to test phenotypic variations
along gradients. These can be useful indicators of species-
level responses to environmental change in a country that is
already experiencing severe drought stresses and has also been
subjected to uncontrolled urbanization and a high deforesta-
tion rate.

Given this context, our aim was to investigate the breeding
behaviour of house martin Delichon urbica (Linnaeus, 1758)
populations along regional climatic gradients. In pursuance of
this goal, reproductive performances (measured as laying
dates, clutch size, and hatching success) in house martin pop-
ulations nesting at three different North African sub-climates
(humid, sub-humid and semi-arid) were investigated during
two consecutive breeding seasons. Semi-arid zones are the
most seriously affected by extreme variability in climatic con-
ditions during breeding season, leading to “ecological
crunches” that have profound effects on bird populations
(Morrisson 1986) either indirectly, through habitat changes,
or directly through heat stress or water restriction (George
et al. 1992). Thus, we hypothesized that nests located at
semi-arid areas where vegetation is reduced in quantity and
quality would provide low breeding success of this
Hirundinidae.

Methods

Study areas

The study was conducted in Mila Province (9375 km2) situ-
ated in the high plateau in the northeast of Algeria between the
coast and Sahara at 464 m of altitude and 33 km from the
Mediterranean Sea (Fig. 1). It is governed by three microcli-
mates: humid in northern mountain reliefs and median part,
semi-dry to sub-humid in the median part of the Wilaya, and

semi-dry in the high plains (Fig. 2) (Ouelbani et al. 2016;
Laala and Alatou 2017; Bramki et al. 2018). On the territory
of this Wilaya, there is an important area of forests that covers
9.68% of the total surface area. These two forest heritages
contain varied species: pines of Aleppo (Pinus halepensis
Mill.), eucalyptus (Eucalyptus sp.), cork oak (Quercus suber
L.), and holm oak (Quercus ilex L.) as well as the introduced
species such as Pinus nigra, Eucalyptus globulus, and
Cupressus arizonica. The rest of the vegetation cover is
partitioned between cereal culture, dried vegetables, and ar-
boriculture (Ouelbani et al. 2016).

Data collection

During two consecutive breeding seasons (2016–2017), nine
nest sites belonging to three different sub-climates: humid,
sub-humid, and semi-arid (Fig. 1) were surveyed regularly
from March to August to determine the start of eggs laying,
clutch size, and hatching success (proportion of the eggs
hatched to the total number of the eggs laid) of the house
martin D. urbica.

In total, we recorded 328 active nests; all of them were
found on concrete buildings (schools and houses). The con-
tents of each nest were checked at least once a week during the
two nesting seasons. In Algeria, the house martins produced
two broods (Lahlah et al. 2006); after the success of the first
breeding (chicks fledged) they often attempt to produce a sec-
ond clutch.

Once all clutches had either hatched or failed and all birds
had left their nests, I measured for each nest, the shortest
distance to water (including all water bodies: streams, rivers,
ponds...etc.), and the distance to the closest field (crop fields).
To calculate distances, the location (using a hand-held GPS
receiver) of each nest was mapped using Esri map open
(source: https://satellites.pro/carte_de_l-Algerie).

Based on landscape elements observed from aerial photo-
graphs (Esri map open source: https://satellites.pro/carte_de_
l-Algerie), we determined the composition of the surrounding
landscape areas at each nest site at spatial scale consisting of
circular buffers with radii of 1000 m. This is the average
distance at which Hirundinidae family commonly moves
around their nests during the breeding period (Osawa 2015).

We categorized three landscape classes: urbanized areas,
vegetated area, and non-vegetated area. For assessing our clas-
sification accuracy, we have collected ground truth data using
a hand-held GPS receiver. We went to the field (in
March 2016 and 2017) to see what the land covers are and
record their coordinates (x, y). In total, 308 ground truth points
have been collected in the field (Table 1). The class accuracies
determined by comparing test pixels with the corresponding
location in the classified image. We used field verified ground
references locations for the test pixels. Results are expressed
in an error matrix (Rwanga and Ndambuki 2017) which
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shows the overall and class accuracy and amount of ground
truth points within each class (Table 1). We use ArcGIS
geoprocessing tools to accomplish this assessment.

Data analysis

Possible correlations among variables were checked using
variance inflation factors (VIFs). To prevent multicolinearity,

the variables were tested with VIF Analysis (Quinn and
Keough 2002). Variables with a VIF > 5 were removed as
recommended by Zuur et al. (2009). To test the effect of the
covariates on house martin laying date, clutch size and hatch-
ing success (i) we used Generalized Linear Models (GLM)
with the negative binomial distribution to test the influence
of local climate as a categorical variable of three climate types
(humid, sub-humid, and semi-arid) on laying date (local

Fig. 1 Location of nest sites in Mila Province, north-eastern Algeria (source: Laala and Alatou 2017)
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weather was the only explanatory variable examined for lay
date), (ii) we used Generalized Linear Models (GLM) with
Poisson’s error distribution, to test the effect of years, local
climate, the brood order, laying date, distance to fields and

distance to water on the clutch size and hatching success sep-
arately. For each set of predictors, we developed an all-
inclusive design (all possible combination models) by using
multimodal inference. Models were then ordered by

Fig. 2 Summary stats for each region on temperature and precipitation (an average of 30 years including the two years of the study, from 1988 to 2018)
(ArcGIS 10.5 Owner ESRI, Redlands, California, USA)

Table 1 Error matrix shows the overall and class accuracy and number of ground truth points within each class

Ground truth (count points)

Predicted (class name) Urbanized area Vegetated area Non-vegetated area Percent Predictions

1) Urbanized area 90 0 20 81.81% 110

2) Vegetated area 0 80 4 95.23% 84

3) Non-vegetated area 10 4 100 87.71% 114

Percent 90% 95.23% 80.64% 87.66%

Total 100 84 124 308
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increasing AICc (Burnham and Anderson 2002). We consid-
ered all models with ΔAICc lower than 2 as equally good
(Burnham and Anderson 2002). Model weights were used to
define the relative importance of each explanatory variable
across the full set of models evaluated by summing weight
values of all models that included the explanatory variable of
interest. We tested the model performance by the Hosmer–
Lemeshow Goodness of Fit Test (Hosmer and Lemeshow
2000).When significant effects were found we used One-
way ANOVA with pairwise comparisons (Tukey multiple
comparisons of means 95% family-wise confidence level) to
determine which pairs differences (three pairs: humid vs. sub-
humid, humid vs. semi-arid, sub-humid vs. semi-arid) are sta-
tistically significant.

All statistical analyses were performed in R-3.0.2 software
(R Development Core Team 2013). We used the package
‘MASS’ to apply Generalized Linear Models (GLM) with
the negative binomial distribution, the package ‘car’ (Fox
and Weisberg 2011) to calculate Variance Inflation Factor
(VIF), the package ‘MuMIn’ to calculate AICc (Bartoń
2015), and the package ‘Resource Selection’ to test the best
model performance.

Results

Breeding ecology

Under the three different local climate conditions of the study
area, means laying date of Algerian common house martin
varied significantly (Fig. 3a). Going from most humid to least
humid the negative Binomial GLMs analysis indicated that
laying date was significantly correlated with local climate
condition (GOF = 0.42), demonstrating thereby potential im-
portance of this predictor. The semiarid climate creating the
appropriate conditions for advancing the laying process (ß =
−034, z = −4.17 p < 0.001) while the humid climate delaying
it (ß = 3.08, z = 69.09, p < 0.001). Generally, the onset of egg
laying was advanced from 20 and 25 April at humid and sub-
humid environments, respectively, to 7 April at the semi-arid
ones (Table 2).

Clutch size for the three localities all study areas combined
(n = 328 nests) ranged from 3 to 7 eggs. Maximum habitat
difference in mean clutch size for the populations was 1.08
eggs (Table 2) comparing humid and sub-humid habitats.
Clutches of seven eggs were recorded exclusively at the hu-
mid habitat (14 nests) (Fig. 3b). Results of a Poisson GLM
with clutch size showed that the model including local climate
was the only top model(Δ AICc <2, GOF = 0.99).From least
humid tomost humid, the top model indicating that clutch size
was positively associated with local climate conditions (semi-
arid: ß = −0.14, z-value = −2.27, p = 0.02; subhumid: ß =
−0.22, z-value = −3.62, p = 0.05; and humid: ß = 1.66, z =

48.38, p < 0.001). On other words, clutch size was lower in
arid areas (least humid) and increased slightly when local
climate conditions became more humid (Tukey multiple com-
parisons of the three pairs: humid vs. sub-humid, humid vs.
semi-arid, sub-humid vs. semi-arid are statistically significant
(all p < 0.05) (Fig. 4). Whereas, the other non-climatic vari-
ables (years, brood order, laying date, distance to fields, and

Fig. 3 Laying date (a), the number of eggs per nest (b), and number of
eggs hatched (c) in response to climatic variables in the Algerian common
house martin. Median and interquartile range are shown

Biologia



distance to water) were not significant (Δ AICc >2, was not
retained after model selection) (Table 3).

Among the 328 clutches monitored (1597 eggs), 88.47%
were successfully hatching. Average hatched success was
4.25 (± 1.01) hatchlings per nest, ranging from 2 to 6 nestlings
(Fig. 2c). The most parsimonious model (Poisson GLM) of
hatching success includes only local climate conditions (Δ
AICc <2, GOF = 0.99) (Table 2). The number of eggs hatched
per nest was greater in humid conditions (ß = 1.51, z = 41.16,
p < 0.001) than in sub-humid and semi-arid ones (respective-
ly: ß = −0.14, z = −2.27, p = 0.02; ß = −0.13, z = −1.99; p =
0.04) (Fig. 2c). The remaining variables (years, brood order,
laying date, distance to fields, distance to water) poorly ex-
plained (Δ AICc >2, was not retained after model selection)
the variation in the hatching success of Algerian common
house martin.

Landscape characteristics around each nest site

According to the obtained overall accuracy (87.66%)
(Table 1), our landscape categorization of aerial photos is very
appropriate. The spatial analysis around each nest sites of
house martin shows that the surrounding landscape in the
humid areas is characterized by dense vegetation cover and
reduced urbanization levels (Fig. 5c), while the vegetation
cover is reduced in quantity and quality when local climate
conditions became more arid (Fig. 5a).

Discussion

This study contributes considerably to our understanding of
the importance of local climate conditions as a determinant
factor on laying dates, clutch size variation, and hatching suc-
cess, in a long-distance migratory species (common house
martin) across the southern part of their breeding range.
Studies on North African populations of this Hirundinidae
species are very interesting; Garcia and Arroyo (2001) expect-
ed that different environmental factors influencing life histo-
ries may reach their extreme values at the southern edge of the
species breeding range. This fact has already been confirmed
by Sakraoui et al. (2005) regarding the breeding ecology of a
similar aerial insectivore, the barn swallow Hirundo rustica
(Linnaeus, 1758) when clutch sizes were larger than expected.
Furthermore, the hot and dry period of the breeding season,
typical of North Africa, is a heavily limiting factor for
breeding phenology (Blondel and Aronson 1999).

By examining the breeding strategy of common house mar-
tin nesting across north-eastern Algeria, it appears that the
magnitude of local weather conditions drives the timing of
breeding and reproductive investment. We provide evidence
of the negative effect of semi-arid and sub-humid conditions
on laying dates, clutch size variation, and hatching success. At
a local scale, our results revealed that laying dates were ad-
vanced in semi-arid areas where warm and dry spring is most
pronounced compared to humid areas. This is logical since,
the initiation of egg laying is known to be more affected by

Table 3 Most supported models
on the effect of climatic and non-
climatic variables on clutch size
and hatching success in the
Algerian common house martin

Model logLik AICc ΔAICc Wi GOF (p)

Clutch size Local climate −594.74 1195.6 0 0.99 0.99

Null model −602.18 1206.4 10.84 0.004

Hatching success Local climate −577.92 1161.9 0 0.81 0.99

Null model −581.43 1164.9 2.95 0.187

Models are ranked according to AICc and only models within an interval of ΔAICc<2 and the null models are
shown. The difference inAICc from the best-supportedmodel (ΔAICc), Akaike’s weights (wi), −2 log-likelihood
values(logLik), and Hosmer–Lemeshow Goodness of Fit Test (GOF) are also given.“.. .” Refers to additional
models examined, but not listed in detail to avoid overlong table, as they were not informative (all models that
were ran for each response variable are shown in Online resource 1). N = 328. Local climate: humid, sub-humid,
and semi-arid

Table 2 Mean clutch size and
laying date for an Algerian
common house martin nesting at
three local climate conditions

Clutch sizea First-egg datesb N (number of nests)

Humid 5.26 ± 1.07 20 April (20 April - 18 June) 161

Sub-humid 4.18 ± 0.77 25 April (25 April - 20 June) 85

Semi-arid 4.57 ± 1.03 7 April (7 April - 30 May) 82

aMean ± SD
bMedian range
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local conditions than by overall climate changes (Green
2010), and species breeding at different localities can attain
a higher intraspecific variation (Visser et al. 2003). Also, in
similar species such as barn swallows (Møller 2008), there is
considerable variation among study sites related to local tem-
perature differences. This phenomenon is very common and is
mostly likely caused by geographic differences in the extent
and timing of warming (Dunn and Winkler 2010). In addition
to temperature per se, variation in the time of egg-laying is
often associated with precipitation (Newton 1998). In the

semi-arid region such as our study area, precipitation is
strongly seasonal and often concentrated in one portion of
the year. Thus, rainfall deficiency certainly has a negative
effect on ground vegetation and associated insects (Wolda
1978) that female martin rely on to produce clutches (Aslan
and Yavuz 2010). Furthermore, by testing some metabolic
mechanisms in passerines, it was shown that the beginning
of some specific physiological processes could be triggered
by rainfall (Leitner et al. 2003; Hau et al. 2004; Fulgione et al.
2005). Indeed, birds cannot anticipate and prepare for a

Fig. 4 Spatial variation of mean
clutch size at the three climatic
levels (humid, sub-humid, and
semi-arid) of the Algerian
common house martin (ArcGIS
10.5 Owner ESRI, Redlands,
California, USA)
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regular reproductive period in such seasonally unpredictable
habitats (Hau et al. 2004); they will start therefore egg laying
opportunistically at any time during the breeding season.

At the regional scale, our findings are consistent with the
typical pattern shown by house martin in the other parts of the
country: April 6th recorded by Lahlah et al. (2006), and April
18th by Hamlaoui et al. (2016). The overall laying dates were
relatively advanced in comparison to more northerly regions,
such as central and north Europe (Pikula and Beklova 1987;
Kamiński and Wołosiuk 1995; Górska 2001), excepting the
Town of Extremadura, West Spain where the first eggs were
laid in March (Pajuelo et al. 1992; de Lope et al. 1993). It is
well known that climatic factors such as temperature and pre-
cipitation are amongst the most important factors affecting
breeding ecology of birds (Slobodník et al. 2013). There is a
general consensus that lay dates within bird species varied by
population and local climatic conditions (Visser et al.
2003).Warming in the spring certainly induces most species
to advance their laying dates (Dunn 2004).

The impact of climate on breeding dates may require
additional information about the availability of food,
physiological condition as well as patterns of adult

mortality throughout the breeding season. Despite that,
and since the obtained laying dates were notably associ-
ated with local climate fluctuations, we may conclude that
local climate is the most likely explanation for the breed-
ing phenology in the studied house martin populations.

The present study also highlights the effect of local
climatic conditions on clutch size variation. We observed
that mean clutch size was higher in humid areas and de-
creased slightly when local weather conditions became
more arid. This finding is in concordance with clutch size
patterns for many bird species when number of eggs per
nest was negatively affected by critical level of tempera-
ture and positively correlated with rainfall rates (Aslan
and Yavuz 2010). As well as direct effects of temperature
increase, clutch size can also be affected indirectly by
other constraints of aridity. The most crucial one of these,
is food availability and more important is nutrient avail-
ability (fat, protein, water, and calcium) that egg forma-
tion requires (Patten and Rotenberry 1999). In the inves-
tigated semi-arid areas, water resources such as small riv-
ers, streams, and other water bodies are temporary and
tend to dry up and disappear early during the breeding

Fig. 5 Composition of the surrounding landscape areas within circular buffers of radius 1000 m for eight (8) house martin nest sites located in the humid
(2 sites) (a), sub-humid (4 sites) (b) and semi-arid areas (2 sites) (c) (ArcGIS 10.5 Owner ESRI, Redlands, California, USA)
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season (Smadhi et al. 2017). Also, these areas belong to
the Algerian steppe where vegetation is reduced in quan-
tity and quality, and the main vegetation cover remains
exclusively cereals and rangelands (Bouazza et al. 2012).
The effect of host plants on insect herbivore population is
well known, higher plant richness leads to higher abun-
dances and diversity of most insect species (Masters et al.
1998) which are the primary source and the typical diet in
the house martin and many other passerine species, espe-
cially when nesting (Johnston 1993; New 2015). Thus,
clutch size should be constrained during oogenesis be-
cause of reduced availability of these preferred food items
(Johnston 1993; Seress and Liker 2015; Seress et al.
2018). On the other hand, the spatial analysis around each
nest sites of house martin showed that the surrounding
landscape in the humid areas is characterized by dense
vegetation cover and reduced urbanization levels. This
may result in greater clutch sizes thanks to food availabil-
ity for egg-laying females and reduced human distur-
bances (Seress et al. 2018).

It is important here to mention that in all populations of
house martin studied (Lahlah et al. 2006) the average clutch
size of 5.26 found in this study is among the greatest one.
Although, these differences in clutch sizes are driven by
changes in a range of environmental conditions, we demon-
strate that large clutches were recorded at nest sites under
humid local weather, dense vegetation cover, and low urban-
ization levels that characterize the surrounding landscape.
Such results may provide insights into mechanisms that drive
breeding strategies in urban insectivorous birds that still re-
main unclear (Gil and Brumm 2014).

Regarding the hatching success, we found that num-
bers of hatchlings are higher in nest sites located in
humid areas than in semi-arid area. This finding could
be related to the environmental conditions during the
breeding season that might directly influence incubation
in aerial insectivores (Magrath 1990). Changes in incu-
bation costs can have fitness consequences (Bryan and
Bryant 1999). Breeding females that have experienced
reduced incubation demands due to changes in environ-
mental conditions (temperature, food availability, air
pollution...etc.) may be in poor body condition and thus
unable to build up sufficient body reserves necessary for
successful incubation (Daunt et al. 1999). Yet again, we
demonstrate the suitability of nest sites located in humid
as opposed to the semi-arid area as a determinant factor
of breeding success in house martin populations of
north-eastern Algeria.

Numbers of hatchlings are much higher than those reported
for hose martin populations nesting in neighbouring regions,
such as Annaba in extreme north-eastern Algerian (Lahlah
et al. 2006). An inspection of environmental conditions
concerningMila (study area) and Annaba shows that although

both the cities face similar climatic conditions, they differ in
urbanization level. Annaba is a more urbanized city and has
also been subjected to severe anthropogenic problems (water
and air pollution) (Ounissi et al. 2016). This difference is
probably the reason why nest sites in our study area (Wilaya
of Mila) provide more safe places for nesting house martin.
Furthermore, the values of hatching success (4.25 hatchlings
per nest and rates of 88.47%) are much higher than most of
those reported for other house martin populations (for exam-
ple: Cramp 1988; Pajuelo et al. 1992; Christe et al. 2001;
Lahlah et al. 2006; Zhou et al. 2012).

Variability in local climate conditions among regions that
characterized our study area offered us an ideal opportunity to
test phenotypic variations along gradients. Such variability
may provide insights into mechanisms that drive species dis-
tribution, and thus can be a useful indicator of environmental
change. We found that local climate conditions and vegetation
cover as well as urbanization levels are the main environmen-
tal variables that determine laying dates, clutch size variation,
and hatching success in an Algerian house martin population.
Nest sites located in humid areas with dense vegetation cover,
and low urbanization levels that characterize the surrounding
landscape, provide high-breeding success rate to this
Hirundinidae. We believe that these findings strongly inform
predictions of species-level responses to environmental
change in a country that is already experiencing severe
drought stresses and subject to uncontrolled urbanization
and a high deforestation rate.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.2478/s11756-020-00666-w.

Acknowledgments We thank Bruce Peterson for his help providing ed-
itorial assistance on this manuscript through the AFOEditorial Assistance
Program. This study was supported by the Algerian Ministère de
l’Enseignement Supérieur et de la Recherche Scientifique (MESRS) for
material support [Project of university research-training PRFU (ex.
CNEPRU) Code: 00L02UN360120150001].

Funding This study was supported by the Algerian Ministère de
l’Enseignement Supérieur et de la Recherche Scientifique (MESRS) for
material support. No financial support or benefits have been received by
nor any individual or entity with whom or with which I have a significant
relationship from any commercial source which is related directly or
indirectly to the scientific work which is reported on in the article except
as described below. Moreover, neither I, nor any individual or entity with
whom or with which I have a significant relationship has a financial
interest in the subject matter discussed in the manuscript.

Data availability The authors confirm that the data supporting the find-
ings of this study are available within the article a sa supplementary
material.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Biologia

https://doi.org/10.2478/s11756-020-00666-w


Ethics approval All procedures followed by this study were in accor-
dance with international ethical standards and were approved by the
Algerian Ministère de l’Enseignement Supérieur et de la Recherche
Scientifique (M.E.S.R.S.). The research involved no human participant.

Consent for publication Authors accept all publication rights.

Code availability Software used in this paper will be available upon
reasonable request.

References

Aslan A, YavuzM (2010) Clutch and egg size variation, and productivity
of the house sparrow (Passer domesticus): effects of temperature,
rainfall, and humidity. Turk J Zool l34(2):255–266. https://doi.org/
10.3906/zoo-0811-22

Bagnouls F, Gaussen H (1957) Les climats biologiques et leur classifica-
tion. Ann Géogr Fr 355:193–220

Bartoń K (2015) MuMIn: multi-model inference. R package. Version
1.15.1

Blondel J, Aronson J (1999) Biology and wildlife of the Mediterranean
region. Oxford University Press, New York

Both C, Visser ME (2005) The effect of climate change on the correlation
between avian life-history traits. Glob Chang Biol 11:1606–1613.
https://doi.org/10.1111/j.13652486.2005.01038.x

Bouazza R, Bodas S, Boufennara H, Bousseboua, López S (2012)
Nutritive evaluation of foliage from fodder trees and shrubs charac-
teristic of Algerian arid and semi-arid areas. J Anim Feed Sci 21:
521–536. https://doi.org/10.22358/jafs/66126/2012

Bramki A, Ramdhane M, Benrachi F (2018) Natural radioelement con-
centrations infertilizers and the soil of the Mila region of Algeria. J
Rad Res Appl Sci 11(1):49–55. https://doi.org/10.1016/j.jrras.2017.
08.002

Bryan SM, Bryant DM (1999) Heating nest-boxes reveals an energetic
constraint on incubation behavior in great tits, Parus major. Proc R
Soc Lond B 266:157–162. https://doi.org/10.1098/rspb.1999.0616

Burnham KP, Anderson DR (2002) Model selection and inference: a
practical information– theoretic approach, 2nd edn. Springer-
Verlag, New York

Christe P, De Lope F, González G, Saino N, Møller AP (2001) The
influence of environmental conditions on immune responses, mor-
phology and recapture probability of nestling house martins
(Delichon urbica). Oecologia 126(3):333–338. https://doi.org/10.
1007/s004420000527

Cody ML, Mooney HA (1978) Convergence versus non convergence in
Mediterranean climate ecosystems. Annu Rev Ecol Sys 9(1):265–
321. https://doi.org/10.1146/annurev.es.09.110178.001405

Cooper CB, Hochachka WM, Butcher G, Dhondt AA (2005) Seasonal
and latitudinal trends in clutch size: thermal constraints during lay-
ing and incubation. Ecology 86:2018–2031. https://doi.org/10.1890/
03-8028

Cramp S, (1988) The birds of the Western Palearctic. Vol. V. Oxford
University Press, Oxford

Crick HQ (2004) The impact of climate change on birds. Ibis 146:48–56.
https://doi.org/10.1111/j.1474-919X.2004.00327.x

Daunt F, Wanless S, Harris MP, Monaghan P (1999) Experimental evi-
dence that age specific reproductive success is independent of envi-
ronmental effects. Proc R Soc Lond B 266:1489–1493. https://doi.
org/10.1098/rspb.1999.0805

de Lope F, Gonzalez G, Perez JJ, Moller AP (1993) Increased detrimental
effects of ectoparasites on their bird hosts during adverse environ-
mental conditions. Oecologia 95:234–240. https://doi.org/10.1007/
BF00323495

Drent RH (2006) The timing of birds’ breeding seasons: the Perrins hy-
pothesis revisited especially for migrants. Ardea 94:305–322

Dunn PO (2004) Breeding dates and reproductive performance. Adv Ecol
Res 35:69–87

Dunn PO, Winkler DW (2010) Effects of climate change on timing of
breeding and reproductive success in birds. In: Møller AP, Fielder
W, Berthold P (eds) Effects of climate change on birds. Oxford
University Press, Oxford, UK, pp 113–128

Elafri A, Boumaaza O, Khemis MDEH, Boucherit K, Houhamdi M
(2020) Population dynamics and distribution patterns of diurnal rap-
tors in northeastern Algeria: seasonal variation and some nesting
characteristics. Ekológia (Bratislava) 39(1):58–71. https://doi.org/
10.2478/eko-2020-0005

Fox J, Weisberg S (2011) An R companion to applied regression, 2nd
edn. Sage, Thousand Oaks

Fulgione D, Rippa D, Caliendo MF, Milone M (2005) Seasonal breeding
in the Italian sparrow: plasma androgen levels and spermatogenesis.
Isr J Zool 51:229–240

Garcia JT, Arroyo BE (2001) Effects of abiotic factors on reproduction in
the Centre and periphery of breeding ranges: a comparative analysis
in sympatric barriers. Ecography 24:393–402. https://doi.org/10.
1111/j.1600-0587.2001.tb00474.x

George TL, Fowler AC, Knight RL, McEwen LC (1992) Impacts of a
severe drought on grassland birds in western North Dakota. Ecol
Appl 2(3):275–284. https://doi.org/10.2307/1941861

Gil D, Brumm H (2014) Avian urban ecology behavioural and physio-
logical adaptations, 1st edn. Oxford University Press, Oxford, UK

Górska E (2001) Population density and breeding ecology of the house
Martin Delichon urbica in Pomerania (NW Poland). Acta Ornithol
36:79–84. https://doi.org/10.3161/068.036.0103

Green K (2010) Alpine taxa exhibit differing responses to climate
warming in the Snowy Mountains of Australia. J Mt Sci 7:167–
175. https://doi.org/10.1007/s11629-010-1115-2

Hamlaoui B, Rouaiguia M, Zebsa R, Kafi F, Haddad S, Lahlah N,
Houhamdi M (2016) On the breeding ecology of house martins
Delichon urbica (Linnaeus 1758) in Northeast Algeria. Zool Ecol
26(2):77–84. https://doi.org/10.1080/21658005.2016.1149350

Hau M,Wikelski M, Gwinner H, Gwinner E (2004) Timing of reproduc-
tion in a Darwin’sfinch: temporal opportunism under spatial con-
straints. Oikos 106:489–500. https://doi.org/10.1111/j.0030-1299.
2004.13206.x

Hosmer DW, Lemeshow S (2000) Applied logistic regression, 2nd edn.
John Wiley & Sons, Inc, New York. https://doi.org/10.1002/
0471722146

Johnston RD (1993) Effects of diet quality on the nestling growth of a
wild insectivorous passerine, the house martin Delichon urbica.
Funct Ecol 7(3):255–266. https://doi.org/10.2307/2390203

Kamiński P, Wołosiuk P (1995) Breeding ecology of house martins
Delichon urbica in the conditions of north-east Poland. Acta
Ornithol 29:135–143. https://doi.org/10.3161/068.036.0103

Laala A, Alatou D (2017) Interpolation spatiale des températures
mensuelles en Algérie orientale. La Météorologie 98:45–51.
https://doi.org/10.4267/2042/62459

Lahlah N, Chabi Y, Bańbura M, Bańbura J (2006) Breeding biology of
the house martinDelichon urbica in Algeria. Acta Ornithol 41:113–
120. https://doi.org/10.3161/068.041.0207

Laudelout A, Paquet JY (2014) Les changements climatiques et les
oiseaux: synthèse et impacts sur l’avifaune wallonne. Aves 51(4):
193–215

Le Houérou HN, Claudin J, Pouget JCM (1977) Etude bioclimatique des
steppes algériennes. Bull Soc Hist Nat Afr Nord Alger 68(3–4):34–
74

Leitner S, Van’t Hof TJ, Gahr M (2003) Flexible reproduction in wild
canaries is independent of photoperiod. Gen Compar Endocrinol
130:102–108. https://doi.org/10.1016/S0016-6480(02)00574-9

Biologia

https://doi.org/10.3906/zoo-0811-22
https://doi.org/10.3906/zoo-0811-22
https://doi.org/10.1111/j.13652486.2005.01038.x
https://doi.org/10.22358/jafs/66126/2012
https://doi.org/10.1016/j.jrras.2017.08.002
https://doi.org/10.1016/j.jrras.2017.08.002
https://doi.org/10.1098/rspb.1999.0616
https://doi.org/10.1007/s004420000527
https://doi.org/10.1007/s004420000527
https://doi.org/10.1146/annurev.es.09.110178.001405
https://doi.org/10.1890/03-8028
https://doi.org/10.1890/03-8028
https://doi.org/10.1111/j.1474-919X.2004.00327.x
https://doi.org/10.1098/rspb.1999.0805
https://doi.org/10.1098/rspb.1999.0805
https://doi.org/10.1007/BF00323495
https://doi.org/10.1007/BF00323495
https://doi.org/10.2478/eko-2020-0005
https://doi.org/10.2478/eko-2020-0005
https://doi.org/10.1111/j.1600-0587.2001.tb00474.x
https://doi.org/10.1111/j.1600-0587.2001.tb00474.x
https://doi.org/10.2307/1941861
https://doi.org/10.3161/068.036.0103
https://doi.org/10.1007/s11629-010-1115-2
https://doi.org/10.1080/21658005.2016.1149350
https://doi.org/10.1111/j.0030-1299.2004.13206.x
https://doi.org/10.1111/j.0030-1299.2004.13206.x
https://doi.org/10.1002/0471722146
https://doi.org/10.1002/0471722146
https://doi.org/10.2307/2390203
https://doi.org/10.3161/068.036.0103
https://doi.org/10.4267/2042/62459
https://doi.org/10.3161/068.041.0207
https://doi.org/10.1016/S0016-6480(02)00574-9


Lionello P, Malanotte-Rizzoli P, Boscolo R, Alpert P, Artale V, Li L,
Luterbacher J, MayW, Trigo R, Tsimplis M, Ulbrich U, Xoplak E
(2006) The Mediterranean climate: an overview of the main charac-
teristics and issues. In: Lionello P, Malanotte-Rizzoli P, Boscolo R
(eds) Mediterranean climate variability, Dev Earth Env Sci,
Elsevier, Amsterdam, pp 1–26. https://doi.org/10.1016/S1571-
9197(06)80003-0

Magrath RD (1990) Hatching asynchrony in altricial birds. Biol Rev
65(4):587–622. https://doi.org/10.1111/j.1469-185X.1990.
tb01239.x

Masters GJ, Brown VK, Clarke IP, Whittaker JB, Hollier JA (1998)
Direct and indirect effects of climate change on insect herbivores:
Auchenorrhyncha (Homoptera). Ecol Entomol 23(1):45–52

Meddour R (2002) Bioclimats, étages et séries de végétation de l'Atlas
Blidéen (Algérie). Phytocoenologia 32(1):101–128

Møller AP (2002) North Atlantic oscillation (NAO) effects of climate on
the relative importance of first and second clutches in a migratory
passerine bird. J Anim Ecol 71:201–210. https://doi.org/10.1046/j.
1365-2656.2002.00589.x

Møller AP (2008) Climate change and micro-geographic variation in
laying date. Oecologia 155:845–857. https://doi.org/10.1007/
s00442-007-0944-3

Morrisson ML (1986) Birds as indictors of environmental change. Curr
Ornithol 3:429–451

New TR (2015) Insect conservation and urban environments, First edn.
Springer International Publishing, Cham, Switzerland

Newton I (1998) Population limitation in birds. Academic press, London
Osawa T (2015) Importance of farmland in urbanized areas as a landscape

component for barns wallows (Hirundo rustica) nesting on concrete
buildings. Environ Manag 55(5):1160–1167. https://doi.org/10.
1007/s00267-015-0457-5

Ouelbani R, Bensari S, Mouas TN, Khelifi D (2016) Ethnobotanical
investigations on plants used in folk medicine in the regions of
Constantine and Mila (north-east of Algeria). J Ethnopharmacol
194:196–218. https://doi.org/10.1016/j.jep.2016.08.016

Ounissi M, Laskri H, Khélifi-Touhami M (2016) Net-zooplankton abun-
dance and biomass from Annaba Bay (SW Mediterranean Sea) un-
der estuarine influences. Med Mar Sci 17(2):519–532. https://doi.
org/10.12681/mms.1474

Pajuelo L, de Lope F, da Silva E (1992) Breeding biology of the house
Martin (Delichon urbica) in Badajoz, W Spain. Ardeola 39:15–23

Patten MA, Rotenberry JT (1999) The proximate effects of rainfall on
clutch size of the California gnatcatcher. Condor 101(4):876–880.
https://doi.org/10.2307/1370080

Pikula J, Beklova M (1987) Bionomics of species of the family
Hirundinidae. Acta Sci Nat Brno 21:1–39

Quinn G, Keough M (2002) Experimental design and data analysis for
biologists. University Press, Cambridge, UK

R Core Team (2013) R: a language and environment for statistical com-
puting. RFoundation for Statistical Computing, Vienna, Austria.
URL http://www.R-project.org/

Ramdani M, Elkhiati N, Flower RJ (2009) Lakes of Africa: north of
Sahara. Encyclopedia of Inland Waters, pp:544–554. https://doi.
org/10.1016/B978-012370626-3.00035-1

Rwanga SS, Ndambuki JM (2017) Accuracy assessment of land use/land
cover classification using remote sensing and GIS. Int J Geosci
8(04):611. https://doi.org/10.4236/ijg.2017.84033

Sakraoui R, Dadci W, Chabi Y, Bañbura J (2005) Breeding biology of
barn swallowsHirundo rustica in Algeria, North Africa. Ornis Fenn
82(2):33–43

Seress G, Liker A (2015) Habitat urbanization and its effects on birds.
Acta Zool Acad Sci Hung 61:373–408. https://doi.org/10.17109/
AZH.61.4.373

Seress G, Hammer T, Bókony V, Vincze E, Preiszner B, Pipoly I et al
(2018) Impact of urbanization on abundance and phenology of cat-
erpillars and consequences for breeding in an insectivorous bird.
Ecol Appl 28(5):1143–1156. https://doi.org/10.1002/eap.1730

Slagsvold T, Sandvik J, Rofstad G, Lorentsen Ö, HusbyM (1984) On the
adaptive value of intra clutch egg-size variation in birds. Auk
101(4):685–697

Slobodník R, Balážová M, Jandzik D, Baláž M (2013) Local weather
differently affects collared flycatcher reproduction at different alti-
tudes. Open Life Sci 8(11):1145–1152. https://doi.org/10.2478/
s11535-013-0230-9

Smadhi D, Zella L, Bachir H (2017) Droughts in semi-arid cereal regions
of Algeria. J Fundam Appl Sci 9(2):1063–1073. https://doi.org/10.
4314/jfas.v9i2.29

Stewart PH (1975) Un nouveau climagramme pour l'Algérie et son ap-
plication au barrage vert. Bull Soc Hist Nat Afr N Alger 65(1–2):
239–252

Torrent J (2005) Mediterranean soils. In: Hillel D, Hatfield JL (eds)
Encyclopedia of soils in the environment. Elsevier, New York,
USA, pp 418–427

UNESCO (1963) Bioclimatic map of the Mediterranean zone: ecological
study of the Mediterranean zone, explanatory notes. UNESCO-
FAO, Paris

Verboven N, Tinbergen JM, Verhulst S (2001) Food, reproductive suc-
cess and multiple breeding in the great tit Parus major. Ardea 89:
387–406

Visser ME, Adriansen F, van Balen JH, Blondel J, Dhondt AA, van
Dongen S et al (2003) Variable responses to large-scale climate
change in European Parus populations. Proc R Soc Lond B270:
367–372. https://doi.org/10.1098/rspb.2002.2244

Wolda H (1978) Seasonal fluctuations in rainfall, food and abundance of
tropical insects. J Anim Ecol 47:369–381. https://doi.org/10.2307/
4289

Zhou ZX, Sun YUE, Dong LU, Xia CW, LloydHUW, Zhang YY (2012)
Breeding biology of Asian house Martin Delichon dasypus in a
high-elevation area. Forktail 28:1–6

Zuur AF, Ieno EN, Elphick CS (2009) A protocol for data exploration to
avoid common statistical problems. Methods Ecol Evol 1:3–14.
https://doi.org/10.1111/j.2041-210X.2009.00001.x

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Biologia

https://doi.org/10.1016/S1571-9197(06)80003-0
https://doi.org/10.1016/S1571-9197(06)80003-0
https://doi.org/10.1111/j.1469-185X.1990.tb01239.x
https://doi.org/10.1111/j.1469-185X.1990.tb01239.x
https://doi.org/10.1046/j.1365-2656.2002.00589.x
https://doi.org/10.1046/j.1365-2656.2002.00589.x
https://doi.org/10.1007/s00442-007-0944-3
https://doi.org/10.1007/s00442-007-0944-3
https://doi.org/10.1007/s00267-015-0457-5
https://doi.org/10.1007/s00267-015-0457-5
https://doi.org/10.1016/j.jep.2016.08.016
https://doi.org/10.12681/mms.1474
https://doi.org/10.12681/mms.1474
https://doi.org/10.2307/1370080
http://www.r-project.org/
https://doi.org/10.1016/B978-012370626-3.00035-1
https://doi.org/10.1016/B978-012370626-3.00035-1
https://doi.org/10.4236/ijg.2017.84033
https://doi.org/10.17109/AZH.61.4.373
https://doi.org/10.17109/AZH.61.4.373
https://doi.org/10.1002/eap.1730
https://doi.org/10.2478/s11535-013-0230-9
https://doi.org/10.2478/s11535-013-0230-9
https://doi.org/10.4314/jfas.v9i2.29
https://doi.org/10.4314/jfas.v9i2.29
https://doi.org/10.1098/rspb.2002.2244
https://doi.org/10.2307/4289
https://doi.org/10.2307/4289
https://doi.org/10.1111/j.2041-210X.2009.00001.x

	Local climate conditions impact on breeding performance of house martin (Delichon urbica) populations in Algeria
	Abstract
	Introduction
	Methods
	Study areas
	Data collection
	Data analysis

	Results
	Breeding ecology
	Landscape characteristics around each nest site

	Discussion
	References




