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Abstract Urban expansion to rural and natural areas is a global process. Although several studies
have analyzed bird community attributes along urbanization gradients, little is known on the
impact of urbanization on temporal variability of bird communities. Rural areas show higher
seasonal and interannual variability in environmental conditions and resources than do urban
areas. Our objectives are to determine how seasonal and interannual variability in bird assem-
blages change along an urban–rural gradient, and how interannual variability in bird assemblages
changes with season. Low seasonal and interannual variability of bird communities is expected in
urbanized areas that show a process of temporal homogenization. Seasonal variability of bird
richness and abundance were positively related to the percent cover of crops. Seasonal and
interannual variability in community composition were positively related to coverage of herba-
ceous vegetation and crops, and negatively related to coverage of impervious areas. Interannual
variability of bird richness and abundance were highest during the non-breeding season. We
conclude that highly urbanized areas allow bird communities to have a more stable composition
over time, promoting temporal homogenization. Our results emphasize that urbanization alters the
temporal dynamics of resources and, therefore, the temporal variability of bird communities.
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Introduction

In the 21st century, over 80 % of the human population is expected to live in urban areas in
Latin America and the Caribbean (United Nations Fund 2012). The expansion of urban areas
can exceed population growth (Szlavecz et al. 2011); thus, the impact of urbanization on
biodiversity has major conservation and management implications. Many studies that have
focused on the influence of urbanization on bird communities have shown that high levels of
urbanization reduces bird species richness at the local scale (Chace and Walsh 2006; Faeth
et al. 2011). However, little is known about the impact of urbanization on the seasonal and
interannual variability of bird communities (Jokimäki and Suhonen 1998; Barrett et al. 2008;
Jokimäki and Kaisanlahti-Jokimäki 2012; Leveau and Leveau 2012).

Seasonality – or the predictable change in environmental conditions of a site throughout the
year – is relevant to bird community dynamics because it determines the proportions of
resident and migratory species in a community (Herrera 1978; Hurlbert and Haskell 2003).
Sites with the greatest difference in resources availability between the winter and the most
productive period of the year, such as those located in cold and temperate climates, are
expected to have the greatest proportion of migrant species (MacArthur 1959; Hurlbert and
Haskell 2003). Previous studies suggested that seasonal variation in bird communities may be
affected by urbanization. The degree of seasonal change in community composition has been
found to be negatively associated with level of urbanization (Catterall et al. 1998; Clergeau
et al. 1998; Caula et al. 2008; La Sorte et al. 2014). Migratory birds were negatively affected
by high levels of urbanization (Blair and Johnson 2008; MacGregor-Fors et al. 2010; Leveau
2013). Migrants may be more excluded from urban areas than the resident species due to low
tree cover in forested areas (MacGregor-Fors et al. 2010). Alternatively, the lowest seasonal
variation of bird communities may be associated to lower environmental seasonality within
urban areas than in rural areas, which is related to favorable microclimate and food availability
during the winter (Hwang and Turner 2005; Caula et al. 2008). In temperate climates, seasonal
environmental variability is reduced in urban centers compared to the landscape matrix in
which urbanization is developed (White et al. 2002; Shochat et al. 2006; Faeth et al. 2011;
Buyantuyev and Wu 2012). Thus, seasonal variability in bird community richness, abundance
and composition are also expected to be reduced.

Interannual variability in environmental conditions also influences bird communities.
Previous studies have shown that bird communities responded to year-to-year variability in
habitat structure and resources, climate variation and predictability, primary productivity and
species diversity (Järvinen 1979). Also, abundance of the dominant species was positively
related to community stability (Sasaki and Lauenroth 2011). Moreover, the pattern of
interannual variability in bird community attributes may differ among seasons (Wiens
1989); several previous studies found higher interannual variability of communities during
the non-breeding than during the breeding season (Rice et al. 1983; Leveau and Leveau
2012). This pattern was related to a more restricted habitat use during the reproductive
season (Alatalo 1981).

Urban areas have a constant supply of food resources for omnivorous species. Moreover,
urban areas in temperate and cold climates may offer relatively mild microclimatic conditions
during winter (Suhonen et al. 2009). Residential areas have also a constant supply of resources,
which can stabilize the interannual variability of primary productivity compared to rural areas
(Leveau 2014), promoting stability in community composition. Given the reduction in envi-
ronmental variability in urban environments compared to rural areas (Shochat et al. 2006;
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Buyantuyev and Wu 2009), there can also be expected reductions in the variability of bird
community attributes among years as well as a seasonal effect on observed interannual patterns.

Studies that relate the interannual variability of bird communities to urbanization levels are few
and show contrasting results (Sodhi 1992; Suhonen et al. 2009; Leveau and Leveau 2012). To our
knowledge, no previous study describes a year-to-year variation in bird community composition
along urban–rural gradients. By including rural areas (i.e., horticulture, agriculture, pastures), we
searched on the contrast of interannual variability in resources and habitat structure between urban
and rural areas (Buyantuyev andWu 2012). This greater contrast can shed new insight concerning
the interannual variability of bird communities along urban–rural gradients.

Urbanization is considered one of the most homogenizing forces on bird communities
(McKinney 2006). As urbanization gets more intense, similarity in species composition
between sites increases regardless of the geographic location (Clergeau et al. 2001; Blair
and Johnson 2008; La Sorte and McKinney 2007). If bird communities in the most urbanized
areas have lower seasonal and interannual variability of composition, the biotic homogeniza-
tion might have a temporal component in the seasonal (La Sorte et al. 2014) and interannual
time scales, which we call Btemporal homogenization^.

Our objective was to analyze seasonal and interannual patterns in the variability of bird
assemblages along an urban–rural gradient in central Argentina. The degree of temporal
variability in species richness, abundance and composition of bird assemblages were compared
along a gradient from the core urban area of Mar del Plata city (Pampean region of Argentina)
to the agricultural area during three consecutive years. It is expected that the least variability in
richness, abundance and composition of bird assemblages to be in the most urbanized sites and
during the breeding season.

Materials and methods

Study area

Bird surveys were conducted at the coastal city of Mar del Plata (>600,000 inhabitants,
Instituto Nacional de Estadísticas y Censos 2012) and nearby rural areas in Buenos Aires
province, Argentina (38° 00′S, 57° 33′W). Mean monthly temperature is the lowest in July
(6.7 °C) and the highest in January (21.1 °C). Maximum mean rainfall occurs in January
(124.2 mm) and minimum in June (21.5 mm) (Servicio Meteorológico Nacional). The city is
surrounded by agricultural areas (the landscape matrix) comprising cropfields, pastures, tree
plantations and small fragments of seminatural grasslands and forests.

We defined five habitat types based on coverage of primary land uses along the urban–rural
gradient: 1) core urban areas with concentration of commercial and administrative activities
and having mean of 61 % of ground cover being buildings (see Electronic Supplementary
information) along transects; 2) suburban areas composing mainly detached houses with
managed vegetation such as gardens with lawn, trees and shrubs, and having mean of 27 %
of ground cover being buildings; 3) periurban areas of houses and extensive parks located at
the edges of town with mean of 25 % of ground cover being buildings; 4) horticulture sector
located 2 km from the city edge with mostly lettuce, carrot and tomato crops, with mean of 6 %
of ground cover being buildings and 5) agricultural areas located 1 km from city edge
composed mainly of soybean and wheat crops on fields larger than those in the horticulture
areas, with mean of 0.10 % of ground cover being buildings.
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Bird surveys

Birds were surveyed along 100×50-m strip transects (sampling units) within 4 h of sunrise.
Surveys were conducted from May 2010 to February 2013. Following a stratified sampling
design, each of the five habitat types along this urban–rural gradient were surveyed along 15
strip transects separated at least by 100 m, and visited three times during the non-breeding
(April-September) and three times during the breeding (October-March) seasons. All transects
were located along streets within the city and along secondary roads in horticulture and
agriculture habitats. All birds seen or heard while walking transects were recorded, excluding
flying high birds. Surveys were conducted by the same observer (LML) and lasted 3 to 5 min
in each transect. For more information about the location of transects see Leveau (2013).

Habitat variables

In each habitat type, two circles of 25m radiuswere located, one in the center of the first 50m along
transects and the other in center of the remaining 50 m. In each circle, the following variables were
estimated visually: 1) percentage coverage of trees, shrubs, lawn (managed herbaceous vegetation),
buildings, non-managed herbaceous vegetation, cultivated land and paved roads; 2) the number of
trees>5m in height and <5m in height; and 3) the number of pedestrian and vehicles (cars, bicycles
and motorcycles) every three min during the bird surveys (Fernández-Juricic 2000). Coverage of
vegetation types and buildings sometimes exceeded 100 % because vegetation types were over-
lapped. Habitat diversity in each transect was estimated using the Shannon index, which incorpo-
rated the percent cover of trees, shrubs, lawn, herbaceous vegetation, cultivated land and buildings.
When the percentage cover of habitat components exceeded 100%, values were corrected for up to
100 %. Occasionally, habitat coverage changed between years; in these cases, average coverage
among years were estimated. Pedestrian and vehicle traffic for each season and year were also
averaged. Artificial nest boxes and feeding sites were very rare in the study area.

Data analysis

Environmental variables were analyzed by Principal Component Analysis (PCA). The number of
axes was determined choosing eigenvalues greater than one (Kaiser 1960). We characterized each
axis based on those variables with correlations greater than or equal to 0.40. For each variable,
greatest correlation to the axes was considered to interpret each factor (Pérez and Medrano 2010).
Scores for each axis were used as independent variables in statistical tests. Species richness for each
transect was determined using the COMDYN program (Hines et al. 1999). This program estimates
richness and associated variance taking into account possible differences in detectability among
species (Hines et al. 1999). The outcomes of COMDYN are the estimated species richness, its
standard error and an estimated detection probability of species in the transect. COMDYN
considers the information of species detected and undetected in a series of visits to a given transect.

Seasonal and interannual variability in species richness were determined by the
coefficient of variation (CV). The standard deviation of the temporal variability of bird
richness, which takes into account the sampling variance associated with species
richness according to the COMDYN results, was estimated (Link and Nichols 1994).
Thus, the Breal^ temporal variance is equal to the estimated variance in time using
estimates of bird richness from COMDYN minus the average sampling variance asso-
ciated with seasonal and annual estimates of bird richness (Link and Nichols 1994;
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Newmark 2006). Negative values were set to 0. The variability in bird abundance was
also quantified by the CV.

The variation in bird community composition was estimated by ‘persistence’ (Fernández-
Juricic 2000), which is the number of species recorded in each transect during every season (or
year) divided by the total number of species recorded in all seasons (or years). Persistence
values range from 0 (no species was recorded during either seasons or the three consecutive
years) to 1 (all species were recorded in each season or year of sampling). For example,
considering four species (A, B, C and D) of which A and B were recorded during the three
breeding periods, whereas species C was only observed in the first period and D during the
second breeding period; then persistence is 2/4 equal to 0.50. Furthermore, the temporal
variation in species composition was quantified by the new adjusted abundance-based
Sorensen index of similarity between seasons (Chao et al. 2005, 2006), which takes into
account unobserved species due to differences in detectability between seasons. For the
interannual variability among the three years, the new abundance-based Morisita index was
applied to evaluate the overall similarity among years (Chao et al. 2008). Similarity indices
were applied from SPADE program (Chao and Shen 2010).

Difference in bird richness and abundance between seasons was tested with a paired student
t-test (Zar 1999). Differences in the seasonal CVof bird richness, abundance, persistence and
the Sorensen index among habitat types were analyzed with one-factor ANOVA, whereas
differences in the interannual CV of bird richness, abundance, persistence and the Morisita
index between seasons and habitat types were analyzed applying a two-way factor ANOVA.
Indices of seasonal variability of assemblages were averaged for the three years. The assump-
tion of normality of the data was analyzed with the Kolmogorov-Smirnov test, whereas the
homoscedasticity was tested by the Levene test. In cases of heteroscedasticity, an alpha value
of 0.025 (Tabachnick and Fidell 2001) was used.

Generalized Additive Models (GAM) were used to relate temporal variability of bird com-
munities with habitat variables. Additive models allow establishing non-linear relationships (Zuur
et al. 2009). The relationships between habitat variables, CVof bird richness and abundance, and
similarity indices were determined assuming a Gaussian distribution. When necessary, the
dependent variables were arcsine square root transformed to approximate assumptions of nor-
mality and homoscedasticity (Zar 1999). Because persistence may be influenced by the level of
detectability in the different transects of the urban–rural gradient, the estimated probability of
detection calculated by COMDYN was selected as a linear predictor in the GAM. Statistical
analyzes were performed with R using the mgcv package (Wood 2011; The RDevelopment Core
Team 2013). Models were obtained using a backward procedure to eliminate non-significant
variables (P<0.05) from the full model using the ANOVA function. Plots of the regression
models were constructed with visreg package (Breheny and Burchett 2013).

Results

A total of 72 bird species were recorded (Table 1), of which 9 were recorded only during the
non-breeding season and 20 only during the breeding season. Five species were exotics: Rock
Dove, European Starling, European Greenfinch, European Goldfinch and House Sparrow (see
Table 1 for scientific names). Eleven bird species were migrants, 8 of them are part of the
South American Temperate-Tropical group, two were South American Cool-Temperate mi-
grants and one was a Pan New World migrant (see Joseph 1997).
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Table 1 Bird species observed during the three years of study along the urban–rural gradient of Mar del Plata
city. For each species, the number of years recorded is given for both seasons. Exotic species are in bold

Species Non-breeding seasons Breeding seasons

Red-winged Tinamou (Rhynchotus rufescens) 3

Spotted Nothura (Nothura maculosa) 2

Cattle Egret (Bubulcus ibis) 1

Whistling Heron (Syrigma sibilatrix) 1

Snowy Egret (Egretta thula) 1

White-faced Ibis (Plegadis chihi) 1

White-tailed Kite (Elanus leucurus) 1 1

Snail Kite (Rosthramus sociabilis) 1

Cinereus Harrier (Circus cinereus) 1

Sharp-shinned Hawk (Accipiter striatus) 1

Roadside Hawk (Rupornis magnirostris) 3 3

Southern Lapwing (Vanellus chilensis) 3 3

Brown-Hooded Gull (Chroicocephalus maculipennis) 1

Rock Dove (Columba livia) 3 3

Picazuro Pigeon (Patagioenas picazuro) 3 3

Spot-winged Pigeon (Patagioenas maculosa) 3 3

Eared Dove (Zenaida auriculata) 3 3

Ruddy Ground-Dove (Columbina tapalcoti) 1

Picui Ground-dove (Columbina picui) 3 3

Guira Cuckoo (Guira guira) 3 3

Burrowing Owl (Athene cunicularia) 2 1

Short-eared Owl (Asio flammeus) 1

Glittering-bellied Emerald (Chlorostilbon lucidus)1 3

White-throated Hummingbird (Leucochloris albicollis) 3 3

Golden-breasted Woodpecker (Colaptes melanochloros) 3 3

Field Flicker (Colaptes campestris) 2 2

Chimango Caracara (Milvago chimango) 3 3

American Kestrel (Falco sparverius) 2 3

Aplomado Falcon (Falco femoralis) 2

Monk Parakeet (Myiopsitta monachus) 3 3

Rufous Hornero (Furnarius rufus) 3 3

Buff-winged Cinclodes (Cinclodes fuscus)2 2

Tufted Tit-Spinetail (Lepthastenura platensis) 1

Firewood Gatherer (Anunbius annunbi) 2 2

Wren-like Rushbird (Phleocryptes melanops) 1

Small-billed Elaenia (Elaenia parvirostris)1 3

Sooty Tyrannulet (Serpophaga nigricans) 1

White-crested Tyrannulet (Serpophaga subcristata) 3 3

Vermilion Flycatcher (Pyrocephalus rubinus)1 2

Spectacled Tyrant (Hymenops perspicillata) 1 2

Dark-faced Ground-Tyrant (Muscisaxicola maclovianus)2 1

Great Kiskadee (Pitangus sulphuratus) 3 3

Tropical Kingbird (Tyrannus melancholicus)1 3
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Environmental axes

The PCA generated four environmental axes representing 83 % of the variance. Component 1
(PC1) explained 37 % of the variance and was negatively related to variables that indicate
highly urbanized areas with high proportion of constructed areas and pedestrian and vehicular
traffic (Table 2). PC2 explained 30 % of the variance and was positively related to the
proportion of residential vegetation (trees, shrubs, grass, trees>5 m) and habitat diversity,
and negatively correlated to the proportion of crops. PC3 represented 8 % of the variance and
was positively related to density of trees<5 m. Finally, PC4 represented 7 % of the variance
and was negatively related to the percentage of herbaceous vegetation and positively related to
the proportion of paved roads.

Table 1 (continued)

Species Non-breeding seasons Breeding seasons

Fork-tailed Flycatcher (Tyrannus savana)1 3

Cattle Tyrant (Machetornis rixosus) 2 3

Grey-breasted Martin (Progne chalybea)1 1

White-rumped Swallow (Tachycineta leucorrhoa)1 1

Barn Swallow (Hirundo rustica)3 3

House Wren (Troglodytes aedon) 3 3

Rufous-bellied Thrush (Turdus rufiventris) 3 3

Chalk-browed Mockingbird (Mimus saturninus) 3 3

European Starling (Sturnus vulgaris) 3 2

Correndera Pipit (Anthus correndera) 1 2

Red-crested Cardenal (Paroaria coronata) 1 1

Blue-and-Yellow Tanager (Pipraeidea bonariensis) 3 3

Saffron Yellow-Finch (Sicalis flaveola) 2 2

Grassland-yellow Finch (Sicalis luteola) 3 3

Great Pampa-Finch (Embernagra platensis) 2 3

Double-collared Seedeater (Sporophila caerulescens)1 1 3

Yellow Cardinal (Gubernatrix cristata) 1

Rufous-collared Sparrow (Zonotrichia capensis) 3 3

Tropical Parula (Setophaga pitiayumi) 3 3

Yellow-winged Blackbird (Agelasticus thilius) 2 1

Brown-and-Yellow Marshbird (Pseudoleistes virescens) 1 2

Bay-winged Cowbird (Agelaioides badius) 3 3

Screaming Cowbird (Molothrus rufoaxillaris) 1 3

Shiny-Cowbird (Molothrus bonariensis) 3 3

White-browd Blackbird (Sturnella superciliaris) 2

European Greenfinch (Carduelis chloris) 3 3

European Goldfinch (Carduelis carduelis) 1

Hooded Siskin (Sporagra magellanica) 3 3

House Sparrow (Passer domesticus) 3 3

Number of species 52 63

1 Tropical-Temperate migrants, 2 Cool-Temperate migrants, 3 Pan New World migrant
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Seasonal variations in bird communities

Bird richness and abundance were higher during the breeding season ( �X =12.15, SD=5.47;
�X =13.41, SD=5.46, respectively) than during the non-breeding season ( �X =9.07, SD=3.98;
�X =12.16, SD=6.48, respectively) (t=7.95, P<0.001; t=2.69, P=0.009, respectively). Sea-
sonal variability of bird assemblages was the highest in the agricultural habitat (Table 3).

Seasonal variability of bird richness was greatest in transects dominated by cultivated land (F=
5.38, P<0.001, estimated degrees of freedom [edf]=5.83) and negatively related to the amount of
low trees (F=4.68,P=0.034, edf=1.00; model r2=0.42) (Fig. 1a). On the other hand, the seasonal
variability of abundance was greatest in transects with a high percentage of cultivated land (F=
8.10, P<0.001, edf=6.07; model r2=0.43) (Fig. 1b). Persistence increased with the proportion of
constructed areas, vehicular and pedestrian traffic (F=34.10, P<0.001, edf=2.02), and also
increased with greater proportion of residential vegetation and habitat diversity (F=2.93,
P<0.001, edf=4.82) and with the proportion of paved roads (F=29.73, P<0.001, edf=1.00;

Table 2 Environmental axes along the urban–rural gradient of Mar del Plata. The correlation values between
each habitat variable and the axes are shown. The greatest variable-axis correlations are in bold

Variables Axis 1 Axis 2 Axis 3 Axis 4

Constructed −0.76 0.08 −0.07 0.49

Pedestrians −0.79 −0.23 −0.16 0.13

Cars −0.90 −0.25 −0.08 0.20

Motorcycle −0.86 −0.05 −0.03 0.08

Bicycle −0.66 0.04 0.15 0.39

Tree 0.01 0.97 0.02 −0.08
Shrubs 0.24 0.82 0.00 0.30

Lawn 0.18 0.81 0.02 0.34

H′ habitat 0.50 0.75 0.06 0.03

Tree>5 m −0.11 0.91 −0.01 −0.25
Crops 0.52 −0.59 −0.33 −0.32
Tree<5 m 0.11 0.04 0.96 −0.01
Paved roads −0.49 −0.06 0.18 0.80

Herbaceous 0.32 −0.20 0.15 −0.85
Eigenvalues 5.19 4.29 1.16 1.02

% Variance 37.12 30.64 8.27 7.32

Table 3 Seasonal variability of bird assemblages along the urban–rural gradient of Mar del Plata city, Argentina

Urban Suburban Periurban Horticulture Agriculture F

CV bird richness 0.15±0.13a 0.15±0.12a 0.19±0.09a 0.18±0.13a 0.42±0.26b 8.05*

CV bird abundance 0.22±0.13a 0.24±0.15a 0.29±0.11a 0.25±0.11a 0.52±0.30b 7.52*

Persistence 0.69±0.13a 0.51±0.09b 0.47±0.09b 0.40±0.09c 0.24±0.11d 40.79*

Sorensen index 0.95±0.05a 0.89±0.05ab 0.83±0.08bc 0.77±0.11c 0.53±0.25d 23.30*

Numbers are means per transect±standard deviation

Different letters indicate significant differences among habitat types (LSD test, P<0.05). * P<0.001
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model r2=0.72) (Fig. 1c). Finally, seasonal similarity of community composition according to the
abundance-based Sorensen index increased with the proportion of constructed areas, vehicular
and pedestrian traffic (F=10.84, P<0.001, edf=1.69), with greater proportion of residential
vegetation and habitat diversity (F=4.83, P<0.001, edf=4.14), and with the proportion of paved
roads (F=14.14, P<0.001, edf=1.00; model r2=0.56) (Fig. 1d).

Interannual variability in bird communities

Interannual variability of bird richness did not vary among habitat types (F4, 70=0.90, P=
0.47), but changed between seasons (F1, 70=5.91, P=0.018) being highest during the non-
reproductive season (Fig. 2a). Interannual variability of bird abundance differed among habitat
types (F4, 70=3.14, P=0.020) and between seasons (F 1, 70=14.06, P<0.001), being highest in
agriculture habitats and during the non-breeding season (Fig. 2b). Persistence varied between
habitat types (F4, 70=13.37, P<0.001) increasing toward the most urbanized sites (Fig. 2c),
and it did not vary between seasons (F1, 70=2.35, P=0.130). The Morisita index was the

Fig. 1 Partial effects of environmental axes and seasonal variability in bird assemblages for: a) the coefficient of
variation (CV) of bird richness, b) CVof abundance, c) persistence, and d) Sorensen index. Gray areas represent
the confidence intervals at 95%. In axis x are indicated the habitat components related to each environmental axis
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Fig. 2 Interannual variability of bird assemblages along the urban-rural gradient of Mar del Plata in different
seasons of the year. Bars indicate means and vertical lines indicate standard deviations. Showing: a) the CVof bird
richness; b) the CV of abundance; c) persistence; and d) the Morisita index. NOREP: non-reproductive season,
REP: reproductive season. Different letters indicate significant differences among habitats (LSD test, P < 0.05)

Fig. 3 Partial effects of environmental axes and interannual variability in bird assemblages for: a) persistence
and b) Morisita index. Gray areas represent the confidence intervals at 95%. In axis x are indicated the habitat
components related to each environmental axis
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highest in the more urbanized habitat types (F 4, 70=5.89, P<0.001) and it was similar between
seasons (F 1, 70=0.22, P=0.64).

Interannual variability of both bird richness and abundance were not significantly related to
any environmental variable. Interannual persistence increased in those transects with a high
coverage of constructed areas, and pedestrian and vehicle traffic (F=92.12, P<0.001, edf=
1.00), being highest in places with abundant low trees (F=6.30, P=0.014, edf=1.00) and
increasing in transects with paved roads (F=23.47, P<0.002, edf=1.00; model r2=0.62)
(Fig. 3a). Interannual similarity of composition according to the abundance-based Morisita
index increased in transects with higher proportion of constructed areas and pedestrian and
vehicle traffic (F=9.89, P=0.001, edf=1.00), with the lowest numbers of low trees (F=2.37,
P=0.064, edf=3.05) and increasing in areas with residential vegetation and habitat diversity
(F=3.83, P=0.052, edf=1.04; model r2=0.28) (Fig. 3b).

Discussion

Seasonal variability in bird communities

Seasonal changes in bird communities are partially determined by the fluctuation in number of
migratory species and residents that make local movements following temporal variation of
resource availability (Avery and Van Ripper 1989; Cueto and Lopez de Casenave 2000a). In
general, bird communities in central Argentina show an increase in richness and abundance in the
spring and summer partially due to the arrival ofmigratory species (Cueto and Lopez de Casenave
2000b; Isacch and Martinez 2001; Isacch et al. 2003; Codesido et al. 2008; Leveau and Leveau
2011). However, urban environments may negatively impact migratory species because of low
availability of nesting sites and food may be limited (Croci et al. 2008; Marzluff and Rodewald
2008; MacGregor-Fors et al. 2010; Leveau 2013). Our results show that community attributes of
urban bird assemblages have lower seasonal variability than farmland assemblages.

We found that seasonality of community attributes declined to more highly urbanized areas
and to areas with managed vegetation, whereas seasonal variability of communities increased
to areas with greater coverage of herbaceous vegetation and cultivated areas. During the
autumn and winter, crop fields are usually stubble or had been plowed, which may influence
seasonal variation of bird communities (Delgado and Moreira 2000). Herbaceous vegetation
can be highly related to seasonal changes in temperature and precipitation. Conversely, habitat
structure in residential areas was relatively stable between seasons because vegetation is
managed (Faeth et al. 2011; Buyantuyev and Wu 2012). Areas with high building concentra-
tion and pedestrian traffic should insure a constant provision of food for omnivorous birds such
as Rock Doves, Eared Doves and House Sparrows.

Bird species living in rural areas use habitats differently between seasons according to both
food and nesting availability (Leveau and Leveau 2011). Certain species such as the Rufous-
collared Sparrow and Grassland Yellow-finch congregate in flocks during winter and concen-
trate at certain sites (Fjeldså and Krabbe 1990; Narosky and Yzurieta 2003); thus, the occupa-
tion of sampling units may vary considerably between breeding and non-breeding season.

Our results are consistent with other studies showing a decrease in the seasonality of bird
communities in highly urbanized areas (Catterall et al. 1998; Clergeau et al. 1998; Caula et al.
2008). However, the relationship between urbanization and seasonal variability in bird
communities may vary with the geographic location of particular cities and their effects on
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migratory species. For example, Juri and Chani (2009) showed that the greatest seasonal
variability in species richness in core urban areas of San Miguel de Tucumán coincided with
the arrival of the migratory Southern Martin (Progne elegans).

Interannual variability in bird communities

Our results showed that the interannual variability of bird abundance and community compo-
sition varied significantly along the urban–rural gradient. However, the degree of urbanization
did not affect the interannual variability in species richness. These results are consistent with
recent studies on the impact of urban gradients on bird communities, which have found the
highest interannual similarity in composition to be in the most urbanized areas (Suhonen et al.
2009; Leveau and Leveau 2012). In contrast to our study, Leveau and Leveau (2012) found
non- significant differences in the interannual variability of bird abundance among habitat
types; however those authors analyzed interannual variability of bird communities within Mar
del Plata city, whereas we extended the spatial scale to include rural areas achieving a greater
contrast in environmental variability (Buyantuyev and Wu 2012). In contrast to our results,
Suhonen et al. (2009) found that the variation in abundance was greater in the most urbanized
areas of 31 Finnish villages and cities.

The stability of bird communities seems to be mainly affected by environmental variability,
species richness and the abundance of dominant species (Järvinen 1979; Grime 1998; Collins
2000; Therriault and Kolasa 2000; Tilman 1999; Sasaki and Lauenroth 2011). Present results
indicate that environmental variability and the presence of a few dominant bird species may be
the main factors influencing a community’s stability. Species richness is not related to stability
in community composition, because interannual similarity in community composition in-
creased to more urbanized areas in which bird richness declines.

In this report, the Rock Pigeon, Eared Dove andHouse Sparrow dominated themost urbanized
areas, comprising 98 % of individuals recorded. Various factors such as food availability, nesting
site availability and microclimate conditions may favor the permanence of only a few species in
highly urbanized areas during the winter (Roth et al. 1989; Suhonen and Jokimäki 1988; Devictor
et al. 2007). An omnivorous diet, gregarious behavior and the capability of nesting in buildings
allow for high density of urban-tolerant species (Kark et al. 2007; Leveau 2013), which therefore
increases their annual persistence (Tellería and Santos 1997). Thus, the most urbanized areas have
greatest stability in bird community composition (Suhonen et al. 2009; Leveau and Leveau 2012).
Because urban exploiters tend to share specific traits, it is likely that the temporal variability of
functional diversity will be affected by urbanization.

The proportion of herbaceous vegetation and crop fields were correlated to the variability in
bird community composition. Specifically, unmanaged herbaceous vegetation was naturally
affected by year-to-year variations in rainfall, as opposed to managed vegetation in residential
areas (Blair 1996; Faeth et al. 2011). Moreover, lands devoted to agricultural and horticultural
practices vary between years due to crop rotation (e.g., soybean-wheat) that influence
resources for birds. For example, some transects in the agricultural area changed from soybean
in one year to sunflower in the next year; sunflower fields may offer more resources for birds
than offered by soybean fields (Leveau and Leveau 2004).

Our study found that community stability varied during the year. There was less interannual
variability in species richness and abundance of birds during the breeding than during the non-
breeding season. That pattern may be related to a more specialized habitat use and spatial
constraints related to the reproductive behavior of birds (Delgado and Moreira 2000; Caula
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et al. 2008). During the breeding season birds need to select habitats with suitable nesting sites,
singing spots and shelter (Hildén 1965; Alatalo 1981). On the other hand, during the non-
breeding season habitat use is more relaxed because individuals increase movements to
alternative habitats in the process of dispersal (Tellería and Santos 1997; Murgui 2007).

Unfortunately, neither the interannual variability of food resources, such as fruits, seeds or
arthropods, nor of the interannual variability of predators such as domestic cats, were not
measured. However, the interannual variability of the normalized difference vegetation index
(NDVI), a proxy of primary productivity and resource availability for birds (Hurlbert and
Haskell 2003), during the study period was significantly lower in suburban, periurban and
horticulture habitats than its value for agriculture and urban habitats (Leveau 2014). This
pattern suggests that vegetation management in moderate and lowest levels of urbanization
decreases the interannual variability of resources for birds. In urban habitats, despite the high
interannual variability of NDVI, birds may take advantage of food provided by humans.

Our results on interannual variability are limited to three consecutive years, which may not be
sufficient to capture the climatic variability that regularly affects central Argentina. In Buenos
Aires province, El Niño Southern Oscilation (ENSO) events influences rainfall patterns (Podestá
et al. 1999; Sierra and Pérez 2001; Isla et al. 2003). El Niño phase is related to an increase in
rainfall during the breeding season whereas La Niña phase is related to a decrease in rainfall.
During the three years of our study, El Niño phase was recorded untilMay 2010, whereas LaNiña
phase and the neutral phase occurred during the rest of the study period (NOAA2014). Therefore,
our study covered a relatively wide spectrum of rainfall variability. However, it has been
considered that the level of interannual variability in bird communities is positively correlated
with the number of monitoring years (Bengtsson et al. 1997). In that sense, long-term studies are
needed to test the urbanization effects on temporal variability of bird communities.

Concluding remarks

In agreement with previous studies, we found that highly urbanized areas have a relatively low
seasonal and interannual variability in bird community composition along an urban–rural
gradient in a temperate coastal city of South America. Temporal stability of bird community
composition in highly urbanized areas, compared to less urbanized zones, occurred at both the
seasonal and interannual scales showing that urbanization promotes a temporal homogeniza-
tion. Finally, the level of interannual variability in bird richness and abundance depended on
the season; given that variability was greater during the non-breeding than during the breeding
season, those results are likely related to a relaxation of habitat requirements by birds.
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