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Simple Summary

The effects of urbanization on woodland insectivorous mixed-species flocks have been little
studied, and no seasonal studies are known. This study aimed to describe the structure and
seasonal dynamics of insectivorous mixed flocks in urban green areas of Buenos Aires City,
Argentina. A total of 82 visits were conducted from April 2025 to March 2026. The most
frequent and abundant bird species in flocks were the White-crested Tyrannulet (Serpophaga
subcristata), the Greyish Baywing (Agelaioides badius), the Masked Gnatcatcher (Polioptila
dumicola), and the Tropical Parula (Setophaga pitiayumi). Serpophaga subcristata, Polioptila
dumicola, and Setophaga pitiayumi tended to occur together in flocks. Flock occurrence was
significantly associated with Julian day and peaked in autumn and during the early winter,
coinciding with the non-breeding season. The results suggest that mixed flocking behavior
helps individuals and pairs of different bird species by likely improving access to food and
reducing predation risk as they move outside their breeding territories.

Abstract

The effects of urbanization on woodland insectivorous mixed-species flocks have been
little studied, and no seasonal studies have been conducted. This study aimed to describe
the structure and seasonal dynamics of insectivorous mixed flocks in urban green areas of
Buenos Aires City, Argentina. A total of 82 visits were conducted from April 2025 to March
2026. The potential effects of temperature, precipitation, humidity, and Julian day on flock
occurrence were analyzed. The most frequent and abundant bird species in flocks were the
White-crested Tyrannulet (Serpophaga subcristata), the Greyish Baywing (Agelaioides badius),
the Masked Gnatcatcher (Polioptila dumicola), and the Tropical Parula (Setophaga pitiayumi).
Serpophaga subcristata, Polioptila dumicola, and Setophaga pitiayumi tended to occur together
in flocks. Flocks were observed in both native and exotic tree species. Flock occurrence
was significantly associated with Julian day and peaked in autumn and during the early
winter, coinciding with the non-breeding season. These results align with other studies
conducted in subtropical and temperate regions. The significant relationship between flock
occurrence and Julian day during the non-breeding season suggests that mixed flocking
behavior helps individuals and pairs of different bird species by likely improving access
to food and reducing predation risk as they move outside their breeding territories. A
better understanding of the effects of urbanization on mixed flocks would be gained by
comparing the spatial and temporal dynamics of flocking behavior in insectivorous birds
in urban green areas with those in the region’s native woodlands.
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1. Introduction
Mixed-species flocks are conspicuous groups of different bird species that forage

together [1]. These flocks have been studied in forest insectivorous birds in tropical and
temperate regions (see reviews of Powell [2], Tubelis [3], Sridhar et al. [4], Goodale et al. [5,6],
Beauchamp and Mangini [7], and Wu et al. [8]) and are associated with several benefits. On
the one hand, the group of birds helps detect predators and reduces the risk of predation
through the dilution effect [9]. Different species in the flock may ensure the presence of
sentinel species and diverse alarm systems and vigilance [6,10]. On the other hand, different
diets and foraging strategies among species in the flock may help reduce competition [11],
while foraging efficiency is enhanced by reduced individual investment in vigilance [12–15].

Mixed flocks have shown two types of assembly, open membership and structured [16].
Open membership has been recorded in tropical and subtropical forests, and flock com-
position is variable, changing according to local bird community composition [17,18]. In
contrast, structured mixed flocks have been recorded in understory evergreen forests
and have a stable bird composition, which is independent of the variation in the relative
abundances of bird species in the local community [19–21].

Mixed-flock size, diversity, and composition are expected to vary spatially along
natural and anthropogenic gradients [5,8,22,23]. For example, Wu et al. [8] found that
mixed-flock species richness increased toward the tropics, likely reflecting richer species
pools. In addition, Montaño-Centellas and Jones [18] have found changes in the species
richness and composition of bird flocks along altitudinal gradients in the Bolivian Andes in
response to temperature and vegetation structure. On the other hand, anthropogenic forest
loss and fragmentation have been linked to shifts in species composition and declines in
species richness in tropical and temperate forests [24,25].

However, the temporal dynamics of mixed flocks have been much less explored [26].
For instance, the patterns of seasonal variation in mixed-flock behavior are unclear at the
global scale, although some regional patterns have been identified [26]. In the tropics,
flocks tend to be year-round [19,27], but see Rutt and Stouffer [28]. In contrast, mixed
flocks in subtropical and temperate regions are seasonal, with higher flock occurrence
and species richness during the non-breeding season [29–35]. Mangini and Areta [36]
have suggested that seasonal changes in the occurrence of mixed flocks are driven by
temperature variations, with low temperatures promoting mixed-flock formation due to
increased energetic demands and food scarcity [37].

Urbanization is associated with habitat loss and fragmentation, as well as various
forms of pollution and human disturbance that can alter bird behavior [38]. However,
the impact of urbanization on woodland insectivorous mixed flocks has been little stud-
ied [39–41]. These studies have found that urban areas reduce insectivorous mixed-flocking
behavior. For example, Fernández-Juricic [40] found that flock size increased in larger
parks, in parks dominated by coniferous trees and large trees, and near other large parks
in Madrid, Spain. The seasonal dynamics of flocks in urban environments have not yet
been studied.

This study aimed to analyze the assembly and seasonal patterns of woodland insectivo-
rous mixed-flock occurrence in urban green areas of Buenos Aires City, located in Argentina’s
temperate region. Given that urban areas buffer annual microclimatic and resource variations,
which in turn buffer the seasonal dynamics of bird communities [42,43], we may expect
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year-round activity of mixed flocks. Alternatively, mixed-flock occurrence may show strong
seasonality linked to the non-breeding season or to low winter temperatures.

2. Methods
2.1. Study Area

The study was conducted in three urban green spaces in Buenos Aires City, Argentina
(34◦35′59′′ S 58◦22′55′′ W; 3,121,707 inhabitants [44]; 25 m.a.s.l.; Figure 1). The city lies
within an ecotone between the grasslands of the Pampean Phytogeographic Province, the
semi-open woodlands of the Espinal Phytogeographic Province, and the woodlands of the
Paranaense Phytogeographic Province [45,46]. The Pampean Phytogeographic Province of
the study area comprises a mesophytic pseudosteppe dominated by Bothriochloa lagurioides
and Nassella spp. [46]. The semi-open woodlands of the Espinal Phytogeographic Province
comprise Celtis ehrenbergiana, Zanthoxylum rhoifolium, Zanthoxylum fagara, Prosopis alba,
Jodina rhombifolia, and Aspidosperma quebracho-blanco. The woodlands of the Paranaense
Phytogeographic Province of the study area comprise Baccharis salicifolia, Tessaria integrifolia,
and Salix humboldtiana. However, the region has been heavily disturbed by agriculture,
livestock grazing, and urban expansion. The climate is classified as subtropical humid (Cfa,
Koppen-Geiger classification, [47], with a mean annual temperature of 18.25 ◦C and annual
precipitation of 1236.3 mm (National Meteorological Service). Seasons are marked by cold
winters and hot, wet summers (Figure S1).

Figure 1. Location of Buenos Aires City in Argentina (a), point counts in Buenos Aires City (b),
and point counts in the three urban green spaces surveyed (c). Black points are at the Faculty of
Agronomy of Buenos Aires University, gray points are at the Isla de la Paternal park, and the white
point is at the Antonio Malaver park. Black lines connecting points indicate the pathways where
flocks were surveyed in addition.

2.2. Flock Surveys

Flock surveys were conducted in three urban green areas: (1) Faculty of Agronomy of
Buenos Aires University (74 ha, seven point counts); (2) park Isla de la Paternal (7.82 ha,
two point counts); and (3) park Antonio Malaver (1.18 ha, one point count) (Figure 1). The
number of points in each green area varied by area size and accessibility. The general habitat
structure of the green areas consisted of lawns with trees and some shrubs. Five-minute
point counts with a 50 m radius, separated by at least 200 m, were conducted during the
first four hours after sunrise [48]. In addition, flocks were surveyed on transects connecting
points in the Faculty of Agronomy and Isla de la Paternal (Figure 1c).
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Surveys were conducted over an annual cycle, from April 2025 to March 2026. Points
in the Faculty of Agronomy were surveyed on one morning, totaling 45 visits during the
annual cycle. Point counts in Isla de la Paternal and Malaver were conducted on another
morning, totaling 37 visits. Each green area was visited between two and four times
per month.

I defined a mixed flock as two or more individuals of different species moving in
close proximity, within 10 m of the nearest individual [33]. However, I did not track flocks
for longer than five minutes to avoid double counting of individuals in the same park
and humans disturbing the flocks [49]. The time spent following flocks is similar to that
reported in other studies conducted in urban areas [40,50]. In addition, I recorded the
tree species used by each flock. Several studies have emphasized the role of native trees
supporting bird diversity in urban areas [51–54]. Thus, the tree species was classified as
native to the study area, native to the country but exotic in the study area (original to the
country), or exotic. This study focused primarily on insectivorous bird species that forage
in trees.

The use of mixed flocks by bird species was characterized as their frequency and
association between species. Frequency was the number of flocks used by each bird species.
Species association in flocks was analyzed through multivariate statistics (see below). In
addition, I analyzed the relationship between the relative abundance of species in mixed
flocks and their abundance in the study area.

2.3. Bird Species Surveys

Bird surveys were conducted during point counts to relate species’ relative abundances
to those in the flocks. Only individual birds foraging or perching in the green areas were
recorded. The surveys were conducted simultaneously with those of bird flocks.

2.4. Environmental Variables

At the start of each survey, temperature and relative humidity were obtained from the
local meteorological station’s online data (https://ws2.smn.gob.ar/). The Julian day for
each survey was also recorded. Thus, I had data on temperature, humidity, and the Julian
day for each survey day (n = 82 visits). Total monthly precipitation was obtained from the
National Meteorological Service.

2.5. Statistical Analysis

The relative abundance of bird species in flocks was correlated with their relative
abundance in point counts using Pearson correlation. In addition, species associations
within flocks were analyzed using ordination and cluster analyses based on the Jaccard
dissimilarity index for presence/absence species data. Non-metric multidimensional scal-
ing (NMDS) is a multivariate ordination technique that allows visualization of associations
between species and flocks in a small number of dimensions using dissimilarity indices [55].
Hierarchical clustering was used to group species within the flocks based on the Jaccard
dissimilarity matrix. Groups were obtained using the average-linkage method. NMDS was
performed using the metaMDS function in the vegan package in R (version 4.4.2) [56,57],
whereas the hierarchical clustering was performed using the hclust function in R.

Mixed-flock presence was modeled as a function of environmental variables using
Generalized Additive Models (GAMs) with a binomial error structure. GAMs are non-
parametric regression models that allow the evaluation of nonlinear relationships between
variables [58]. The response variable was the presence of flocks during each morning
survey. The environmental variables were Julian day, temperature, humidity, and monthly
precipitation for each weekly survey. Because each survey had a different number of point
counts, this variable was included in the model to control for sampling effort. Because
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multiple visits were made to each green area, which constituted temporal pseudoreplicates,
each site was included in the model using the bs “re” function [59]. The sites corresponded
to the green areas visited each morning, namely the Faculty of Agronomy, Isla de la Pa-
ternal, and Malaver parks. Model selection was based on Akaike’s Information Criterion
(AIC), with models having lower AIC values chosen [60]. I used AICc due to the small
sample size and obtained AICc values for all possible models using the dredge function
in the MuMIn package [61]. The normality and heteroscedasticity of the model residuals
were tested using the DHARMa package [62]. The best model (lowest AICc) was plotted
with the visreg package [63].

3. Results
A total of 13 bird species and 86 individuals were detected across 14 flocks (Table 1).

Flocks had a mean species richness of 3.14 species (range = 2–5 species) and a mean
abundance of 6.14 (range = 2–13 birds). The most frequent and abundant species in flocks
were the White-crested Tyrannulet (Serpophaga subcristata), the Greyish Baywing (Agelaioides
badius), the Masked Gnatcatcher (Polioptila dumicola), and the Tropical Parula (Setophaga
pitiayumi). Most species were resident and belonged to invertivore guilds. Flocks were
observed in two native tree species from the study area [64,65], including Enterolobium
contortisiliquum (n = 4) and Erythrina crista-galli (n = 2), Tipuana tipu (n = 2) exotic from the
study area but native from northwestern Argentina [66], as well as in exotic tree species,
including Quercus robur (n = 4) and Ficus aurea (n = 2).

The relative abundance of species in flocks was positively correlated with their relative
abundance in point counts (Pearson correlation, r = 0.749, n = 13, p = 0.003; Figure 2). The
relative abundance of Polioptila dumicola, Setophaga pitiayumi, Serpophaga subcristata, and
Agelaioides badius tended to be overrepresented in flocks compared with their abundances
in point counts. In contrast, the Rufous-collared Sparrow (Zonotrichia capensis) and the
House Wren (Troglodytes musculus) were underrepresented.

Figure 2. Relationship between the relative abundance of bird species in mixed flocks (y-axis)
and in point counts (x-axis) during autumn and winter in urban green areas of Buenos Aires City,
Argentina (see Table 1 for total individuals). The blue line indicates exact correspondence between
the two relative abundances. Species names: agba, Agelaioides badius; bacu, Basileuterus culicivorus;
come, Colaptes melanochloros; icpy, Icterus pyrrhopterus; lean, Lepidocolaptes angustirostris; pifl, Piranga
flava; podu, Polioptila dumicola; segr, Serpophaga griseicapilla; sepi, Setophaga pitiayumi; sesu, Serpophaga
subcristata; thsa, Thraupis sayaca; trmu, Troglodytes musculus; zoca, Zonotrichia capensis.
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Table 1. List of species detected in mixed-species flocks of urban green areas of Buenos Aires City,
Argentina. Numbers are the amount and percentage of flocks occupied by each species (n flocks = 14)
and the total individuals of each bird species in flocks. Guild classification based on Wilman et al. [67].
* Winter migrant. ** Individuals surveyed during autumn and winter, simultaneously to flock occurrence.

English Name Scientific Name Guild Flock
Numbers (%)

Total
Individuals in

Flocks

Total
Individuals in

Points **

Green-barred
Woodpecker

Colaptes
melanochloros Invertebrate 1 (7) 1 33

Narrow-billed
Woodcreeper

Lepidocolaptes
angustirostris Invertebrate 4 (29) 4 61

White-crested
Tyrannulet

Serpophaga
subcristata Invertebrate 9 (64) 13 62

Straneck’s
Tyrannulet

Serpophaga
griseicapilla * Invertebrate 1 (7) 1 1

House Wren Troglodytes
musculus Invertebrate 1 (7) 1 93

Masked
Gnatcatcher

Polioptila
dumicola Invertebrate 6 (43) 9 16

Tropical Parula Setophaga
pitiayumi Invertebrate 6 (43) 10 25

Golden-crowned
Warbler

Basileuterus
culicivorus Invertebrate 1 (7) 1 3

Hepatic Tanager Piranga flava Invertebrate 1 (7) 2 13

Sayaca Tanager Thraupis sayaca Omnivore 1 (7) 1 41

Rufous-collared
Sparrow

Zonotrichia
capensis Plant and Seeds 2 (14) 2 82

Greyish Baywing Agelaioides badius Invertebrate 7 (50) 35 194

Variable Oriole Icterus
pyrrhopterus Invertebrate 4 (29) 6 17

Ordination analyses and hierarchical clustering based on Jaccard dissimilarity indi-
cated that Polioptila dumicola, Setophaga pitiayumi, and Serpophaga subcristata tended to occur
together in flocks (Figure 3). The Narrow-billed Woodcreeper (Lepidocolaptes angustirostris),
Zonotrichia capensis, the Green-barred Woodpecker (Colaptes melanochloros) and Agelaioides
badius formed another association.

The best model predicting flock occurrence included the Julian day (estimated degrees
of freedom = 1.904, Chi-square = 7.232, p = 0.030, pseudo-r2 = 0.105; Table S1). The predicted
probability of flock occurrence peaked between Julian days 100 and 200, corresponding to
the austral autumn, the beginning of winter, and the non-breeding season for bird species
(Figure 4). No flocks were recorded from spring through much of the summer.
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Figure 3. (a) Non-metric multidimensional scaling (NMDS, stress = 0.076) based on Jaccard dissim-
ilarity showing bird species associations in mixed flocks, and (b) cluster analysis showing groups
of species in flocks. The vertical red line indicates a median cut-off of 0.628 dissimilarity. Species
names: agba, Agelaioides badius; bacu, Basileuterus culicivorus; come, Colaptes melanochloros; icpy, Icterus
pyrrhopterus; lean, Lepidocolaptes angustirostris; pifl, Piranga flava; podu, Polioptila dumicola; segr, Ser-
pophaga griseicapilla; sepi, Setophaga pitiayumi; sesu, Serpophaga subcristata; thsa, Thraupis sayaca; trmu,
Troglodytes musculus; zoca, Zonotrichia capensis.

Figure 4. Predicted probability of bird mixed-species flock occurrence (y-axis) in relation to the Julian
days (x-axis) in urban green areas of Buenos Aires City, Argentina. The solid line shows the fitted
model and the shading represents 95% confidence intervals.

4. Discussion
The results showed that mixed-species flocks of woodland insectivorous birds in urban

green spaces support the open-membership hypothesis, as flock species composition was
positively related to their abundance in green areas. Flock formation was highly seasonal,
predominantly during the non-breeding season.

In general, the relative abundance of bird species in mixed flocks was positively
correlated with their relative abundance during bird surveys in the green areas. Therefore,
flock composition varies with that of local communities, supporting the idea of open
membership in flocks [18,68]. This variable flock formation contrasts with other studies in
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which species composition is stable and flocks are usually dominated by nuclear species
that contribute to flock formation and cohesion [20,26,69].

However, some species were overrepresented in flocks relative to their abundance in
the study area. Serpophaga subcristata, Polioptila dumicola, and Setophaga pitiayumi tended to
occur together in flocks. In general, these species are highly insectivorous foliage foragers
in the canopy of the region’s native woodlands [67,70]. To my knowledge, there are no
published records of mixed-species flocks in the region’s native woodlands.

On the other hand, Agelaioides badius was also overrepresented in flocks and was
associated with other underrepresented species in flocks, such as Lepidocolaptes angustirostris,
Zonotrichia capensis, and Colaptes melanochloros. Zonotrichia capensis have a more varied diet
and habitat use, foraging on plant material and seeds on the ground [67,71]. Moreover,
Colaptes melanochloros, Agelaioides badius, and Zonotrichia capensis have also been recorded
forming mixed ground flocks during spring and summer [49].

Therefore, two types of flocks were recorded in this study. A more stable mixed flock
composed of foliage insectivore specialists, such as Serpophaga subcristata, Polioptila dumicola,
and Setophaga pitiayumi, and another less stable mixed flock composed of Agelaioides badius
and other transient species, such as Lepidocolaptes angustirostris, Zonotrichia capensis, and
Colaptes melanochloros. Further research is needed to analyze the distinct roles of species in
mixed flocks, such as nuclear, leader, or sentinel [26].

Mixed flocks were observed in similar proportions across native and exotic tree species.
Therefore, these patterns agree with other studies showing that both native and exotic tree
species can support native birds by providing food resources [72,73]. However, this study
only analyzed tree use by flocks, and a more detailed test of tree selection, comparing use
and availability, is required.

Flocks were highly seasonal, peaking in autumn and early winter, which corresponds
to the non-breeding season. This pattern aligns with other studies conducted in temperate
and subtropical areas [29,30,33–35,74]. However, our results did not show a relationship
between flock occurrence and temperature. The climatic fluctuations in our study area
were likely not severe enough to trigger flocking behavior [36]. The urban heat island
phenomenon in large cities such as Buenos Aires [75–77] may raise minimum winter
temperatures, resulting in milder climatic conditions for birds. Instead, the significant
relationship between flock occurrence and Julian days during the non-breeding season
suggests that mixed flocking behavior likely helps individuals and pairs of different species
find food and avoid predators as they move outside their breeding territories.

The number of flocks recorded in this study was lower than in other studies conducted
in urban areas [39–41]. The differences may be related to sampling effort, although the
number of sites and visits in this study appears similar to those in other studies [39,41].
Alternatively, the lower number of flocks in this study could reflect lower densities of
the bird species that form flocks, such as Serpophaga subcristata, Polioptila dumicola, and
Setophaga pitiayumi. These species depend on native woodlands [70], which are scarce
in the region due to the ecotone transition with natural grasslands (see Study Area) and
are further reduced by deforestation, exotic tree invasion, cattle grazing, agriculture, and
urban expansion [78]. In addition, tree species used in urban green spaces in the study
area are mostly exotic, which can negatively affect bird species densities [79]. In contrast,
the abundance of bird species that form flocks in other studies conducted in the Northern
Hemisphere [39–41] may be higher because forested biomes naturally surround cities.
Therefore, higher regional densities of bird species can promote greater flock formation
compared with this study.
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5. Conclusions
The relative abundance of bird species in flocks was positively related to their abun-

dance in the study area. Therefore, habitat quality in urban green areas that support forest
insectivorous bird species is fundamental to flocking behavior. On the other hand, the sea-
sonal dynamics of flocks were similar to those reported in studies conducted in temperate
and subtropical areas. Flocking behavior in insectivorous forest species is mainly observed
outside the breeding season, probably favoring food search and minimizing predation
risk. However, other factors, such as prey detectability, may influence mixed-species flock
formation [80] and warrant further research. Given the limited data from this study, I rec-
ommend surveying additional urban green areas in winter to examine how green area size,
isolation, and habitat structure affect flock behavior. In addition, a better understanding of
the effects of urbanization on mixed flocks would be gained by comparing the spatial and
temporal dynamics of flocking behavior in forest birds in urban green areas with those in
the region’s native woodlands.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/birds7030046/s1, Figure S1: Climatic characteristics of
flock surveys in green areas of Buenos Aires City, Argentina. Temperature (a) and humidity (b) data
were retrieved from the National Meteorological Service online website (https://ws2.smn.gob.ar/) at
the beginning of each survey during April 2025–March 2026. Precipitation data (c) are monthly values
during the study period from the local station of the National Meteorological Service, related to the
median Julian day of each month; Table S1: Generalized additive models showing the relationship
between flock occurrence and environmental variables, sampling effort, and sampling site. Humidity,
Julian day, precipitation, temperature, and site have smooth terms. df: degrees of freedom; logLik:
log-likelihood; delta: difference of AICc between models; weight: represents the relative probability
or support of each model in a candidate set.
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