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Urbanization has opposite effects 
on the territory size of two passerine birds
Roselvy Juárez1,2*  , Eduardo Chacón‑Madrigal1 and Luis Sandoval1

Abstract 

Background:  Urban expansion has been identified as one of the leading drivers of biodiversity change or loss. For 
birds, urbanization is specifically related to survival, breeding success, and territory size. Understanding how different 
birds adjust territory size in response to urbanization is essential for their conservation in urban environments and 
to better understand why some species are lost and others persist under this condition. We evaluated the effect of 
urbanization on the territory size of an urban avoider species, White-eared Ground-Sparrow (Melozone leucotis), and 
an urban adapter species, House Wren (Troglodytes aedon), at five Costa Rican sites.

Methods:  We measured the size of 30 ground-sparrow and 28 wren territories using a total of 296 h of observation. 
We followed each individual for at least 1 h per day for at least 2 days of two consecutive years, and geo-referenced 
their locations. Territory size was estimated using the minimum convex polygon method. We measured the urban 
surfaces (roads, buildings, any other paved area, soccer fields, lawns, and gardens with short grass) within territories.

Results:  Ground-sparrow territories were larger at the highly urbanized site than at the non-urbanized site. Wren 
territories were larger at the low urbanized site than at the highly urbanized site. We found a positive relationship 
between urban surface and territory size for the ground-sparrow, but not for the wren.

Conclusions:  Our results showed that not all birds adjust territory size in the same way in response to urbaniza‑
tion. We showed that urban avoiders probably need to defend larger territories in urban environments to find all the 
resources required to survive because urban environments may provide insufficient resources such as food or shelter. 
Urban adapters on the other hand defend smaller territories in urban environments because even small territories 
may provide sufficient resources. These results suggest specific behavioral adaptations developed by Neotropical 
birds inhabiting urban environments.

Keywords:  House Wren, Melozone leucotis, Troglodytes aedon, Urban adapter, Urban avoider, Urban–rural gradient, 
Territory size, White-eared Ground-Sparrow
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Background
The territory is defined as an area protected by one or 
several individuals of the same species against other 
individuals of the same species (although some species 
defend territories against several species) over a time 
period (Tinbergen 1936; Brown 1969; Salomonson and 

Balda 1977). Birds may establish territories during the 
breeding season (Brown 1963), or year-round (Woltmann 
and Sherry 2011; Duca and Marini 2014; Holland et  al. 
2017). During the breeding season, territories may pro-
vide places for mate attraction, food, and nesting (Nice 
1941; Osborne and Bourne 1977; Woltmann and Sherry 
2011). Outside the breeding season, territories may pro-
vide food and roosting places (Nice 1941; Salomonson 
and Balda 1977; Kraaijeveld and Dickinson 2001).

Birds territories are defended by males or females 
alone (Osborne and Bourne 1977; Møller 1990; Weaving 
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et  al. 2014), pairs (Tinbergen 1936; Brown 1963), or 
social groups (Brown 1969; Kraaijeveld and Dickinson 
2001; Duca and Marini 2014). For example, males of 
Northern Cardinal (Cardinalis cardinalis) defend ter-
ritories against other males during the breeding season 
to secure access to females, but they do not do so out-
side the breeding season (Halkin and Linville 1999). In 
Chestnut-backed Antbird (Myrmeciza exsul), both males 
and females defend territories year-round to secure food 
resources and partners (Halkin and Linville 1999). In 
Western Bluebird (Sialia mexicana), outside the breed-
ing season, groups of up to 12 individuals defend terri-
tories against other individuals to protect food resources 
(Kraaijeveld and Dickinson 2001).

Territory size and shape are not static over time and 
may change according to resource abundance and the 
energy invested in defense (Hixon et  al. 1983; Møller 
1990; Butchart et  al. 1999). Therefore, a balance is 
expected between territory size and resource abundance 
or territory size and the time that each individual invests 
in territorial defense, given that territory size is adjusted 
according to the benefits obtained from the defense 
(Brown 1969; Salomonson and Balda 1977; Hixon et  al. 
1983). For example, in Rufous Hummingbird (Selaspho-
rus rufus) there is a positive correlation between territory 
size and weight increase, until a threshold over which the 
increase stops (Carpenter et al. 1983).

In urban environments, some resources may be more 
abundant than others but of inferior quality (Menne-
chez and Clergeau 2006). For example, human waste is 
more abundant in cities, benefiting species that use this 
resource as part of the diet, resulting in smaller terri-
tories inside cities compared to rural or natural habi-
tats (McGowan 2001; Lowry et  al. 2013). The opposite 
is also true, because in urban environments, reduced 
abundance of natural or specialized resources as specific 
fruits, flowers, or insects, encourages birds feeding on 
those resources to defend larger territories to meet their 
requirements (Mennechez and Clergeau 2006; Weaving 
et al. 2014). Even generalist species that feed on human 
waste or human-supplied food may depend on high-
quality natural resources to supply all their nutritional 
and energetic requirements, prompting their necessity 
to defend larger territories to meet them (Mennechez 
and Clergeau 2006; Lowry et  al. 2013). In general, it is 
expected that urban avoider species (i.e. species sensi-
tive to human-produced changes in the landscape and 
with specialized diets) have larger territories inside cit-
ies than urban adapter species (i.e. species able to use 
additional resources provided by humans) (Salomonson 
and Balda 1977; Marzluff et al. 2016; Ruiz-Sánchez et al. 
2017). Considering that not all species respond equally 
to urbanization and that territory size is not static over 

time (Møller 1990; MacDougall-Shackleton and Robert-
son 1995; Holland et  al. 2017), we need to understand 
how different species adjust the size of their territories in 
response to changes in resource availability generated by 
humans, to maintain diversity in urban environments.

Our main objective in this study is to test the struc-
tural cues hypothesis (Smith and Shugart 1987), which 
proposes that bird territory size is related to structural 
habitat features (e.g. urban and natural habitat) as an 
indicator of resource supply (i.e. food and nesting sites). 
More specifically, we evaluated two objectives. First, we 
evaluated if the degree of urbanization is associated with 
territory size in White-eared Ground-Sparrow (Melo-
zone leucotis) and House Wren (Troglodytes aedon). 
Second, we evaluated if House Wren territory size var-
ies throughout the year along an urban–rural gradient. 
We selected White-eared Ground-Sparrow and House 
Wren as model species because both occur sympatri-
cally along urban–rural gradients in the Central Valley 
of Costa Rica and both show different affinities for urban 
environments. White-eared Ground-Sparrow inhabits 
dense thickets of humid and young secondary forest, cof-
fee plantations, and densely vegetated gardens (Stiles and 
Skutch 1989; Sandoval and Mennill 2012; Sandoval et al. 
2015). Both pair members, male and female, defend the 
same territory year-round during multiple years (Sand-
oval et al. 2015), but territory defense appears to be more 
pronounced during the breeding season when males 
sing solo songs (Sandoval et al. 2016). Conversely, House 
Wren is found in open or semi-open areas, from forest 
edges to urban areas with scattered vegetation (Skutch 
1953; Howell and Webb 1995; Johnson 2014). Both male 
and female House Wren stay in the territory year-round 
and males sing all year to defend their first territory for 
life (Skutch 1953; Johnson 2014). Although both species 
occur throughout the Central Valley of Costa Rica, they 
are not equally abundant along its urban–rural gradi-
ent. White-eared Ground-Sparrow is an urban avoider 
and achieves moderate densities in natural habitats 
(Blair 1996; Marzluff and Rodewald 2008). House Wren 
is an urban adapter and can be common in urban envi-
ronments with forest patches (Blair 1996; Marzluff and 
Rodewald 2008).

White-eared Ground-Sparrow and House Wren differ 
in the benefits obtained by using infrastructure or land-
scape produced by urbanization. For example, House 
Wrens forage in the majority of substrates available if 
these contain invertebrates, and build nests in buildings 
and other cavities provided by humans (Skutch 1953; 
Johnson 2014), so they may only need to defend a small 
space in order to find food and other resources. White-
eared Ground-Sparrows, on the other hand, feed mostly 
in humid leaf litter and require dense thickets to build 
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nests (Sandoval and Mennill 2012), so they may need 
to defend more space to find food and other resources. 
Thus, for White-eared Ground-Sparrow, we expected to 
find larger territories at the urban sites than at the rural 
ones; meanwhile, for House Wren, we expected to find 
the opposite pattern. Territory size changes over time 
according to the status of the breeding cycle; to secure 
breeding success males need to defend larger territories 
to protect food resources and mates (Møller 1990; Mac-
Dougall-Shackleton and Robertson 1995; Holland et  al. 
2017). Thus, for House Wren, we expected to find smaller 
territories during the nonbreeding season than during 
the breeding season.

Methods
Study area
We conducted this study at five sites within the Cen-
tral Valley of Costa Rica. (1) Universidad de Costa Rica 
(9.9378° N, 84.0498° W, Coordinate Reference System: 
WGS84). The habitat at this location is 1.5  ha forest 
reserve surrounded by gardens, isolated trees, and build-
ings. The reserve is a 50-years old secondary growth 
forest composed of trees such as Ficus spp. (Moraceae), 
Erythrina poeppigiana (Fabaceae), and Cordia eri-
ostigma (Boraginaceae) with an understory of palms, 
dense bushes, and some vines (Nishida et al. 2009). Birds 
at this site are exposed to high human disturbance. (2) 
Ciudad de la Investigación (9.9390° N, 84.0438° W). The 
habitat at this location is a mix of a riparian strip, gar-
dens, isolated trees, and buildings. The riparian strip is 
dominated by trees such as Ficus spp. (Moraceae) and 
Erythrina poeppigiana (Fabaceae). Birds at this site are 
exposed to moderate to high human disturbance. (3) 
Instalaciones Deportivas (9.9452° N, 84.0449° W). The 
habitat at this location is a mix of small patches of sec-
ondary forest mixed with dense thickets of native herbs 
and exotic grasses, gardens with isolated trees, and some 
buildings (Biamonte et al. 2011). The secondary forest is 
dominated by trees such as Ficus spp. (Moraceae), Inga 
spp., and Cedrela odorata, with an understory of dense 
bushes and vines. Birds at this site are exposed to mod-
erate human disturbance. (4) Jardín Botánico Lankester 
(9.8391° N, 83.8903° W). The habitat at this location is a 
mix of a medium-sized secondary forest, with gardens 
and a few buildings. The forest is dominated by Ficus spp. 
(Moraceae) trees with an understory of dense bushes and 
vines. Birds at this site are exposed to moderate to low 
human disturbance. (5) Getsemaní de Heredia (10.0329° 
N, 84.1131° W). The habitat at this location is a mix of 
a large secondary forest and an abandoned shaded cof-
fee plantation. The forest is dominated by trees such as 
Ficus spp. (Moraceae), Inga spp. (Fabaceae), Lonchocar-
pus spp. (Fabaceae), Erythrina spp. (Fabaceae), and Musa 

spp. plants with an understory of dense bushes and 
vines. Birds at this site are exposed to very low human 
disturbance. Hereafter we will refer to these sites as 
highly urbanized, medium–high urbanized, medium–
low urbanized, low urbanized, and non-urbanized sites 
respectively. These sites were selected because they are 
exposed to a gradient of anthropogenic disturbance (e.g. 
human presence, light pollution, and noise) from the 
highly urbanized to the non-urbanized site, which posi-
tively correlates with urban surface (Blair 1996; Warren 
et  al. 2006). We did not sample White-eared Ground-
Sparrow at the medium–high urbanized site because 
only one pair was present in a site of difficult access; nor 
House Wren at the non-urbanized site because their den-
sity was very low and the individuals were hard to fol-
low and observe inside their habitats. For this reason, we 
excluded these sites from the study for each species.

Fieldwork procedure
At each site, we captured and color-banded at least five 
males (House Wren) or pairs (White-eared Ground-
Sparrow). We followed them during two consecutive 
breeding seasons. For House Wrens, we only marked 
males because only they defend territories (Johnson 
2014). In total, we followed 32 pairs of White-eared 
Ground-Sparrows (highly urbanized site = 5, medium–
low urbanized site = 6, low urbanized site = 13, and non-
urbanized site = 8; 17 pairs were followed both years) and 
30 House Wrens (highly urbanized site = 7, medium–
high urbanized site = 7, medium–low urbanized site = 6, 
and low urbanized site = 10; 21 individuals were followed 
both years). At the beginning of each breeding season 
(April to July 2015 and 2016), we followed focal individu-
als on two different days for 1  h per day, between 0500 
and 0700 h, when both species were typically more active 
and easier to observe, for a combined total of 200  h of 
observation. We also monitored 24 House Wren terri-
tories outside the breeding season (from mid-October 
to the end of November, in 2015 and 2016), on two dif-
ferent days for 1 h per day, between 0500–0700 h, for a 
combined total of 96  h of observation. While White-
eared Ground-Sparrows maintain territories year-round, 
we studied them only during the breeding season, when 
their territorial behavior is more pronounced (Sandoval 
et al. 2015; 2016). Outside the breeding season, pairs are 
shy and reduce the number of interactions with neigh-
bors, and males do not sing from territory edge perches 
(Sandoval et al. 2016), rendering the collection of enough 
data points to estimate territory size difficult. We avoided 
disturbing focal individuals by following them from a 
moderate distance (average of 12 m, range: 8–16 m), and 
by wearing unobtrusive clothing. At the end of every 
hour of observation, we collected the coordinates of 
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each site used by each focal individual for singing using a 
Global Positioning System device (GPS, GARMIN model 
map 62, accuracy = 3 m). Both species sing to defend the 
territory and the ground-sparrow also uses duets for a 
similar purpose (Skutch 1953; Johnson 2014; Sandoval 
et al. 2016). We collected the coordinates only when the 
GPS precision indicated ≤ 4 m. For White-eared Ground-
Sparrow, the number of coordinates collected per terri-
tory ranged from 5 to 25 (mean ± SE: 9 ± 0.6); for House 
Wren, the number of coordinates collected per territory 
ranged from 5 to 24 (9 ± 0.4).

Urbanization analysis
Because the position of any locality along a landscape 
gradient not necessarily indicates its degree of urbani-
zation, we corroborated our estimations measuring the 
proportion of urban surfaces (i.e. roads, buildings, any 
other paved area, soccer fields, lawns, and gardens with 
short grass) within a 500 m radius circle around each site 
sampled. We used as circle center the centroid of all coor-
dinates collected for each territory. Within each circle, 
we measured the urban surface area by manually draw-
ing polygons over satellite images using the land area cal-
culator in Google Earth Pro. The spatial resolution of the 
satellite images used was 46 cm, with an eye altitude of 
1.30 km. For this analysis, we followed the methods used 
by Greggor et al. (2016).

Estimation of territory size
We estimated the territory size of each focal individual 
(wren) or focal pair (ground-sparrow); using the mini-
mum convex polygon of the GPS coordinates collected 
during each season per year. This technique of territory 
estimation has been used to estimate territory sizes in 
other bird species such as Wilson’s Warbler (Cardellina 

pusilla), Chestnut-crowned Antpitta (Grallaria rufica-
pilla), and Red-eyed Vireo (Vireo olivaceus; Kattan and 
Beltran 2002; Marshall and Cooper 2004; Ruiz-Sánchez 
et  al. 2017). We used the “adehabitat” package in R 
(Calenge 2006), to estimate territory size as the minimum 
convex polygon using the sets of coordinates of each 
focal pair. We calculated the minimum convex polygon 
only for individuals for which at least five sets of coordi-
nates per season (wren) or year (ground-sparrow) were 
collected (Fig. 1a, b). The average number of coordinates 
used to estimate the minimum convex polygon is within 
the minimum required to implement this method to esti-
mate territory size, as well as within the number used in 
other studies (Marshall and Cooper 2004; Ruiz-Sánchez 
et al. 2017).

Estimation of habitat type per territory
We classified the habitats available in each territory using 
two categories: (1) urban surface (impervious surface: 
roads, buildings, and any other paved area; and land-
scaped surface: lawns, soccer fields, and open gardens 
with short grass) and (2) natural surface (thickets and 
secondary forest with well-developed understory). We 
measured the urban surface areas inside every territory 
by manually drawing polygons of each type of surface 
area using satellite images and the land area calculator 
in Google Earth Pro. Additionally, where necessary, we 
used field information to distinguish between natural and 
landscaped surface to draw the polygons. We used satel-
lite images from April 2015 and May 2016, with a spatial 
resolution of 46 cm, with an eye altitude of 1.30 km.

Statistical analysis
We conducted a linear mixed-effects model to test 
if the territory size of White-eared Ground-Sparrow 

Fig. 1  House Wren and White-eared Ground-Sparrow territories at the low-urbanized site during the breeding season of 2016: a wrens and b 
ground-sparrows. The inset figure shows the low-urbanized location in Costa Rica
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varies between the four studied sites (i.e. highly urban-
ized, medium–low urbanized, low urbanized, and non-
urbanized sites). In this analysis, we used the site as the 
fixed factor and territory size per year per pair as the 
response variable. We used the pair identity as a random 
factor to account for the fact that each pair was sampled 
repeatedly. After the linear mixed-effects model proved 
that site was a significant factor, we followed up with 
Tukey’s HSD post hoc tests to determine where the dif-
ferences were. We conducted a linear analysis to test the 
structural cues hypothesis. We specifically tested if terri-
tory size increased with the proportion of urban surface, 
rather than total urban surface. This analysis corrects for 
differences in territory size between pairs, allowing us to 
evaluate if this variable influences territory size. We used 
parametric tests because we sampled more than 20 terri-
tories for this species, and after conducting a square root 
transformation on territory size, our data follow a normal 
distribution (Shapiro-Wilks test: W = 0.95, P = 0.12).

We conducted another linear mixed-effects model to 
test if House Wren territory size varies between season 
and among the four studied sites (i.e. highly urbanized, 
medium–high urbanized, medium–low urbanized, and 
low urbanized sites). In this analysis, we included two 
fixed factors without interaction: season and site. The 
response variable was the territory size per season per 
individual. We used the individual identity as a random 
factor to account for the fact that each male was sam-
pled repeatedly. Likewise, after the linear mixed-effects 
model showed that site was a significant factor, we used 
Tukey’s HSD post hoc tests to determine differences 
between sites. Similar to the model for the White-eared 
Ground-Sparrow, we then conducted a linear regression 
to test the structural cues hypothesis. We used para-
metric tests because tests showed normality for House 
Wren data (Shapiro-Wilks test: W = 0.96, P = 0.40). In 
both linear analyses, we used as the Y variable the aver-
age of the territory size per pair (White-eared Ground-
Sparrow) or per individual (House Wren). We used the R 
language and environment 3.3.3 for all statistical analyses 
(R Core Team 2017). We report average ± SE for all our 
measurements.

Results
Based on our 500 m radius circle, our urbanization anal-
ysis supports the classification of the study sites from 
more to less urban sites: urban surface comprised 66% 
of the highly urbanized site, 57% of the medium–high 
urbanized site, 52% of the medium–low urbanized site, 
22% of the low urbanized site, and only 1% of the non-
urbanized site. We estimated territory size for 30 White-
eared Ground-Sparrow territories and 28 House Wren 
territories for both years combined. These data differ 

from the number of territories monitored (32 and 30 
respectively) because for some focal individuals we were 
unable to collect a minimum of five sets of coordinates 
per season (wren) or year (ground-sparrow), prevent-
ing us to estimate territory size. White-eared Ground-
Sparrow territory size was 0.18 ± 0.03 ha, n = 30. House 
Wren territory size was 1.8 times larger during the breed-
ing season (0.11 ± 0.01 ha, n = 27) than during the non-
breeding (0.06 ± 0.01 ha, n = 24; F1,55 = 17.24, P < 0.001).

Effect of urbanization on territory size
White-eared Ground-Sparrow territory size varied 
according to the degree of urbanization (F3,27 = 2.38, 
P = 0.02, Fig.  2). Territories were 3.1 times larger at the 
highly urbanized site (0.28 ± 0.04 ha, n = 5) in com-
parison to the non-urbanized site (0.09 ± 0.02  ha, n = 6; 
post hoc test: P = 0.01, Fig.  2). We also found this pat-
tern between the highly urbanized site and the low 
urbanized site, where territories were 1.8 times smaller 
(0.09 ± 0.01 ha, n = 6; post hoc test: P = 0.03, Fig. 2). For 
all other pair comparisons between territory sizes accord-
ing to the degree of urbanization per studied site, we did 
not find any difference (post hoc test: P > 0.06 for all com-
parisons, Fig. 2). White-eared Ground-Sparrow territory 
size increased as the proportion of urban surface inside 
the territory increased (r2 = 0.15, P = 0.03, Fig. 3). 

House Wren territory size varied according to the degree 
of urbanization (F3,24 = 5.75, P = 0.004, Fig.  4). We found 
2.2 times smaller territories at the highly urbanized site 
in comparison to the low urbanized site (0.05 ± 0.01  ha, 
n = 7; 0.12 ± 0.01 ha, n = 9; post hoc test: P = 0.001, Fig. 4). 
We also found this pattern between the highly urbanized 
site and the medium–low urbanized site, where territories 

Fig. 2  Territory size of White-eared Ground-Sparrow at different 
sites in the Central Valley of Costa Rica. Error bars are standard errors 
around the mean. The capital letter above the bars indicates statistical 
differences between those sites. Sample size per site, from left to 
right, is 5, 6, 13, and 7 respectively
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were 1.8 times smaller (0.09 ± 0.01 ha, n = 6; post hoc test: 
P = 0.03, Fig. 4) and between the medium–high urbanized 
site and the low urbanized site, where territories were 1.6 
times smaller (0.07 ± 0.01 ha, n = 6; post hoc test: P = 0.008, 
Fig.  4). For all other pair comparisons between territory 
sizes according to the degree of urbanization per studied 
site, we did not find any difference (post hoc test: P > 0.06 
for all comparisons, Fig. 4). House Wren territory size was 
not related to the proportion of urban surface inside the 
territory (r2 = 0.00, P = 0.91, Fig. 5).

Discussion
Variation of territory size among birds due to urbanization
We found clear differences in the variation of territory 
size according to the degree of urbanization in the two 

studied species. White-eared Ground-Sparrow had larger 
territories and House Wren had smaller territories at the 
highly urbanized site. Feeding habits may be the factor 
driving this pattern. For certain species like some raptors 
and waterbirds, urban environments provide more food 
(Frixione et  al. 2012; Boggie and Mannan 2014), while 
for others that require some specialized food at least in 
some part of their life, like European Starling (Sturnus 
vulgaris), urban environments may not provide all nec-
essary dietary components (McGowan 2001; Mennechez 
and Clergeau 2006). Flexibility in feeding habits may 
allow urban adapters such as House Wren to have smaller 
territories in urban environments because they can use 
multiple food and habitat resources (Skutch 1953; Lowry 
et  al. 2013). Meanwhile, a species with more limited 
feeding habits (e.g. an obligate ground feeder such as 
White-eared Ground-Sparrow) may need larger territo-
ries to obtain all the required food. Although territory 
size is related to body size, with larger birds defending 
larger territories (Price 1984; Weaving et al. 2014), a pat-
tern also confirmed in this study, this cannot explain the 
opposite patterns that we found for our two focal species 
along an urban gradient.

Additionally, resource availability (e.g. nesting places) 
may be another factor driving the opposite pattern of the 
effects of urbanization on the territory size of ground-
sparrows and wrens. For secondary cavity-nesting spe-
cies like House Wren (Skutch 1953; Johnson 2014), urban 
environments may increase the availability of places for 
nesting since buildings and other human structures pro-
vide many holes to nest (Skutch 1953; Emlen 1974). Con-
versely, for species that nest on the ground and in dense 
thickets like White-eared Ground-Sparrow (Sandoval 
and Mennill 2012), urban environments may offer fewer 
nesting places (Emlen 1974; Mills et  al. 1989; Vignoli 

Fig. 3  Relationship between the proportion of urban surface and the 
territory size of White-eared Ground-Sparrow. Measurements were 
collected at different sites in the Central Valley of Costa Rica during 
2015 and 2016 (n = 30)

Fig. 4  Territory size of House Wren at different sites in the Central 
Valley of Costa Rica. Error bars are standard errors around the mean. 
The capital letter above the bars indicates statistical differences 
between those sites. Sample size per site, from left to right, is 7, 6, 6, 
and 9 respectively

Fig. 5  Relationship between the proportion of urban surface and 
the territory size of House Wren. Measurements were collected at 
different sites in the Central Valley of Costa Rica during 2015 and 2016 
(n = 28)
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et al. 2013). The positive relationship we found between 
ground-sparrow territory size and the proportion of 
urban surface provides additional support for the rel-
evance of resource availability in determining territory 
size (Eberhard and Ewald 1994; Marshall and Cooper 
2004; Weaving et  al. 2014; Ruiz-Sánchez et  al. 2017), 
because individuals inhabiting highly urbanized territo-
ries may need to protect larger areas in order to secure all 
necessary resources to survive and reproduce.

Density is another factor that may determinate ter-
ritory size for both species (Brown 1969; Boggie and 
Mannan 2014; Weaving et  al. 2014). It is expected that 
an urban avoider like White-eared Ground-Sparrow 
achieves its highest abundances in more natural environ-
ments (Blair 1996; Marzluff and Rodewald 2008). There-
fore, at urban sites, where ground-sparrows apparently 
are less abundant (Biamonte et al. 2011), they have more 
area available, allowing them to defend larger territories. 
An urban adapter like House Wren, on the other hand, 
achieves its highest abundance in suburban and urban 
environments with some forest patches (Skutch 1953; 
Blair 1996; Boggie and Mannan 2014), where they defend 
smaller territories compared to natural sites (McGowan 
2001; Johnson 2014). The fact that in urban environments 
ground-sparrows had the largest territories while wrens 
had the smallest territories compared to the low-urban-
ized environments provides support for the influence of 
population abundance in the determination of territory 
size in these two passerines. However, it is also plausible 
that the difference in territory size between urban and 
low-urbanized environments is driving the difference of 
densities between those environments, as has been sug-
gested to explain differences in densities of several spe-
cies of antpittas (Kattan and Beltran 2002).

Variation of House Wren territory size across seasons
House Wren territories in the Costa Rican Central Val-
ley were larger during the breeding season than outside 
the breeding season (approximately 83% larger). In line 
with our results, larger territories during the breeding 
season have been reported in several passerine species 
like Yellowhammer (Emberiza citronella), Barn Swal-
low (Hirundo rustica), and Wilson’s Warbler (e.g. Møller 
1990; Ruiz-Sánchez et al. 2017) and non-passerine species 
like Little Owl (Athene noctua) and Common Cuckoo 
(Cuculus canorus; e.g. Finck 1990; Williams et al. 2016). 
For wrens, similar results have been reported in Pacific 
Wren (Troglodytes pacificus; Hejl et al. 2002) and Marsh 
Wren (Cistothorus palustris; Kroodsma and Verner 
2013). Larger territories during the breeding season, 
especially at the beginning when females are more fertile, 
may help males to reduce the risk of the female being fer-
tilized by another male, and therefore lose reproduction 

opportunities (Møller 1990, 1992). In polygynous species 
like House Wren, large territories during the breeding 
season also may allow males more mating opportunities 
because this may increase the probability of more females 
settling to breed (Dunn 1992; Johnson 2014; Alcock 
2016). Additionally, larger territories may be necessary 
to access the food resources that a breeding pair requires 
(Salomonson and Balda 1977; Ruiz-Sánchez et al. 2017). 
This, in turn, reduces the time that nests are left unat-
tended, thus decreasing nest predation (Beissinger et al. 
1998), or infanticide, as has been reported in unattended 
House Wren nests (Freed 1986; Kermott et al. 1991; Kat-
tan 2016). Larger territories also reduce the need to enter 
another pair’s territory to obtain food, and this reduces 
territorial conflicts that may result in physical damage to 
the parents.

Conclusions
Our results regarding the effects of urbanization on 
the territory size of White-eared Ground-Sparrow and 
House Wren showed that urbanization has opposite 
effects on the territory size of these two passerines with 
different responses to urban development: White-eared 
Ground-Sparrow has larger territories in urban environ-
ments while House Wren shows the opposite pattern. 
Our results of the annual variation in House Wren ter-
ritory size support the defense of larger territories dur-
ing the breeding season, and this may help House Wren 
males to secure the highest reproductive success. Larger 
territories may ensure mate fidelity and also prevent the 
premature death of the pair’s offspring by increasing nest 
and juvenile protection. These results are important for 
urban management practices because they provide evi-
dence about the habitat structure (proportion of urban 
and natural surface) and size necessary for the conserva-
tion of species with different degree of tolerance to urban 
development. Our results also highlight the relevance of 
dense thicket, a habitat generally underappreciated, but 
important for the conservation of urban adapter and 
avoider species alike (Sandoval et al. 2019). For an urban 
avoider species such as White-eared Ground-Sparrow 
whose natural habitat includes dense understories (San-
doval and Mennill 2012; Sandoval et  al. 2016), dense 
thickets inside urban areas constitute an irreplaceable 
trophic substratum for roosting, breeding and feeding. 
This habitat also provides resources for other species of 
birds, mammals, and arthropods specialized or restricted 
to this habitat inside urban areas to survive (Sandoval 
et al. 2019).
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