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Abstract
Urban sprawl is recognized to homogenize biota, with several species that fail to adapt to these new human scenarios. 
However, some species can live and breed successfully in urbanized habitats. We compared the breeding performance of 
the relatively common raptor and poorly studied, chimango caracara (Milvago chimango) in an urban gradient of central 
Argentina. Breeding data of 359 nests were collected during breeding seasons from 2010 to 2012. Birds nested in colonies 
of 3 – 75 pairs. Overall breeding success was 49.9% with productivity at 1 ± 1.14 chicks per nest. Models revealed that 
reproductive success and productivity were higher in nests with earlier laying dates and sited in larger colonies and that 
urbanization gradient did not affect either reproductive output or laying day. Urban habitats in central Argentina appear to 
provide similar reproductive success of chimango caracara than rural or natural habitats. Thus, chimango caracara shows 
behavioral plasticity for their successful persistence to human changes as reflected in successfully breeding in a wide variety 
of habitats such as natural, rural, and urbanized environments that have been impacted by humans.
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Introduction

Natural habitats have been strongly altered by urbanization. 
Although urban development has been responsible for local 
extinctions of native species (McKinney 2006), some birds 
have been able to exploit these urbanized environments 
(Blair 1996). These successful species have a generalist 
diet or flexible behaviors that permit them to found supple-
mentary food and novel nesting sites to adapt and persist in  

urbanized habitats (Møller 2009; Sol et al. 2013; Marzluff 
2017; Boal 2019).

Changes in reproductive output indicate the responses of 
populations to environmental conditions such as urbaniza-
tion. For many bird species that have been studied, urbani-
zation has had a negative impact on reproductive param-
eters such as laying dates, clutch sizes, nestling weights  
and fledging success (Chamberlain et al. 2009). However, 
intermediate levels of urbanization can represent high qual-
ity breeding habitats for some native species, with females in 
better condition, laying larger eggs and having higher overall 
reproductive success than their agricultural counterparts in 
suburban rather than agricultural environments (Cardilini 
et al. 2013).

However, there are cases in which urbanized habitats 
can act as an ecological trap (Bonnington et al. 2015). This 
situation can occur if birds choose poor-quality habitats 
for breeding based on environmental cues that incorrectly 
indicate habitat quality, affecting negatively the reproduc-
tive output of these individuals (Schlaepfer et al. 2002; 
Battin 2004). In this case, birds breeding in urbanized hab-
itats have failed to respond to predation risk (i.e., avoiding 
breeding in areas with high concentration of nest predators 
or adjusting their behavior to reduce the nest predation 
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risk) thereby decreasing reproductive output with higher 
nest predation rates.

Raptor responses to urbanization varies from having 
enhanced reproductive success (Botelho and Arrowood 
1996; Gehlbach 1996; Parker 1996; Stout et  al. 2006; 
Rebolo-Ifrán et al. 2017; Welch-Acosta et al. 2019), to 
showing a neutral response (Stout et al. 1998; Millsap et al. 
2004; Kübler et al. 2005; Dykstra et al. 2009; Rose et al. 
2017) or experiencing negative effects during breeding 
(Tella et al. 1996; Bond et al. 2005; Sumasgutner 2013; 
Sumasgutner et al. 2014a). Raptor species that respond 
well to urban mosaic landscapes usually expand their range 
into urban and suburban areas (Carrete et al. 2009). If these 
habitats or their surrounding areas have an adequate food 
supply, they can allow raptors to breed in these areas that 
might otherwise be considered unsuitable.

Breeding density, generalist diet, flexibility in the use of 
habitat and in use of native or exotic trees to nest and exten-
sion of breeding season have been cited as important strategies 
permitting successful reproduction of raptors in urban mosaic 
landscapes (Kübler et al. 2005; Sumasgutner 2013; Boggie 
and Mannan 2014; Kreiderits et al. 2016; Sumasgutner et al. 
2016; Rose et al. 2017). However, there are cases in which these 
habitats are selected for nesting but reproductive output can be 
lower than in non-urbanized or less urbanized habitats. In these 
cases, it is recognized that urbanized populations have entered 
an ecological trap (Boal and Mannan 1999; Sumasgutner et al. 
2014b).

In colonial species, distance to nearest neighbor nest is 
a measure of spatial distribution of nests and although this 
aspect of breeding ecology has not been sufficiently studied 
in raptors, distance between nests of Eurasian kestrel (Falco 
tinnunculus) decreases with the percentage of urbanized areas 
covered by buildings or areas used by traffic (Sumasgutner 
et al. 2014b). This measure also has been examined in breed-
ing chimango caracaras (Milvago chimango) and no effects  
of nearest neighbor distance on the reproductive success 
were found, but this variable explained variation in clutch 
and brood size (Solaro and Sarasola 2015).

Here, we worked with a relatively common raptor spe-
cies in southern South America, the chimango caracara, in  
which it is unclear whether this species is an urban exploiter 
or adapter. It is unclear whether there is a variation in fea-
tures such as reproductive output and the use of tree species 
to nest in function of human disturbance gradients. In this 
study, we investigated the breeding biology of chimango 
caracara to evaluate the variation in reproductive param-
eters in a gradient of human disturbance and see if these 
parameters are affecting the phenology and behavioral traits 
related to coloniality. In this sense, we expect to found an 
adjustment of reproductive parameters of chimango caracara 
in function of human disturbance, phenology and coloniality.

Methods

Study species

We used the chimango caracara as a study model. The chi-
mango caracara is a relatively common raptor in southern 
South America that inhabits a wide diversity of habitats 
included those highly modified by humans (White et al. 
1994; Leveau et al. 2022). These characteristics together  
with a wide trophic ecology of this species (Biondi et al. 
2005), allows chimango caracaras to better meet their eco-
logical requirements in heterogeneous landscapes (i.e. com-
plex matrix of disturbed and undisturbed plots), thus ben-
efiting from certain levels of human disturbances (Pedrana 
et al. 2008). For its part, it has been found that abundances of 
chimango caracara can be increased by agricultural intensi-
fication (Travaini et al. 1995; Carrete et al. 2009). However, 
chimango caracara abundance has shown to be significantly 
lower in commercial or residential areas of urbanized habi-
tats than in rural areas (Bellocq et al. 2008). The chimango  
caracara has the capacity to breed in varied habitats from 
natural or cultivated to urbanized habitats, in both native and 
exotic trees and can nest solitarily or by forming colonies 
of different sizes (Fraga and Salvador 1986; Morrison and  
Phillips 2000; Solaro and Sarasola 2015).

Study area

This study was conducted in La Pampa province, central 
Argentina, over a gradient of human disturbance defined 
by human presence in different areas. Greatest human dis-
turbance occurred in suburban habitats included peripheral 
residential areas of Santa Rosa and Toay cities in which 
there were a strong human disturbance due to presence 
of inhabitants in their houses and to vehicular and pedes-
trian transit in roads. Intermediate disturbance occurred in 
rural habitats that included agricultural lands with crops 
and pastures for livestock with scattered tree stands of 
exotic tree species, mainly Eucalyptus spp., for cattle shel-
ter. Human presence was limited to a single ranch house 
with three or four persons. An area with the least human 
disturbance occurred in natural habitat represented by a 
7600 ha area protecting calden (Prosopis caldenia) forest  
in which human presence is limited to the tourist sector 
of the reserve. Thus, considering our human disturbance 
gradient, we consider suburban areas as the habitats with 
greater human disturbance, rural as intermediate distur-
bance, and natural areas as less human disturbance.

The six colonies of chimango caracara that we studied 
included three in suburban areas, two in the rural habitat 
and one in the natural habitat (Fig. 1). The three suburban 



745Urban Ecosystems (2023) 26:743–753 

1 3

colonies were Club de Caza Mapú Vey Puudú (36.65° S, 
64.34° W, CC), La Cuesta del Sur (36.72° S, 64.27° W; 
CS) and the Golf Club (36.61° S, 64.23° W; GC). The two 
rural colonies were La Armonía ranch (36.56° S, 64.13° 
W; LA) and the campus of the Universidad Nacional de 
La Pampa (36.56° S, 64.30° W; UC). The natural colony 
was in Parque Luro (36.90° S, 64.25° W; PL).

Nest localization and monitoring

We monitored colonies during three reproductive seasons 
from 2010 to 2012. We began searching for occupied nests 
in September of each year. A nest was considered occupied 
if it contained eggs, chicks or if an adult was incubating. We 
recorded the species of tree or the structure that chimangos 
used for the nest. We visited nests weekly to verify: (i) phe-
nological state; (ii) clutch-size (number of eggs per nest);  
(iii) breeding success (a nest was considered as successful if 
at least one young achieved 80% of mean age of first flights; 
Steenhof and Newton 2007), and (iv) productivity (number 
of young that achieved the minimum age considered to be 
successful). We estimated the population breeding success 

for each colony and year (number of successful breeding 
pairs divided by the total number of pairs attempting to 
breed in a colony in a year).

We estimated the duration (in days) of incubation and nest-
ling periods considering only those nests visited on days of 
egg laying, hatching and when young took their first flights. 
As not all nests were visited on the day that the eggs were 
laid, in several nests laying day was indirectly estimated by 
backdating from later stage in the cycle using the previously 
known duration of incubation and nestling periods.

Spatial analysis of nests

We mapped nests and calculated the nearest neighbor nest 
distances to the external limit of its colony to evaluate the 
relation between nest distributions inside a colony and the 
reproductive output of each nest. The perimeter of each 
colony was defined through a minimum convex polygon 
enlarged in 10 m using all nests presents each year in each 
colony. These geographic analyses were performed using 
software QGis 2.18.13.

Fig. 1  Map showing the loca-
tions of colonies of chimango 
caracara in the present study. 
Dark grey, light grey and black 
represents urbanized, rural, and 
natural habitats. On bottom left, 
study area in central Argentina
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An aggregation index was calculated for each nest using 
the distances between the nests of each colony. This index 
describe the relative position of each nest within the spatial 
distribution of pairs occupying the same breeding colony in 
each year (Cardador et al. 2012). Aggregation index for each 
nest was calculated as 

∑

epx(−dij) where dij was the linear 
distance between breeding pair i and j, and j represented 
all other nests within a colony (Carrete et al. 2006). Values 
of aggregation index ranged from 0 to 1, with lower values 
indicating greater isolation.

Statistical analyses

We used Chi-square tests to analyze independence between 
the origin of nest trees (native vs exotic) and among degrees 
of human disturbance (suburban, rural, and natural colonies).

Linear Mixed Models (LMMs) were used to evaluate the 
variation in laying dates due to year (2010, 2011 and 2012), 
degree of human disturbance (suburban, rural, and natural) 
and colony size (number of nests). Laying date (expressed 
as Julian date) was considered only for a subset of nests for 
which this data was known or indirectly estimated. Julian 
laying dates were included in the models as a response vari-
able, with reproductive season and degree of human distur-
bance as explanatory variables and colony identity included  
as a random intercept. Due to lack of normality of laying 
dates (Shapiro–Wilk normality test: W = 0.98, p < 0.01), this 
variable was transformed as square root for use in models. 
Before transformation, maximum absolute value of Julian 
laying date (2.9) was added to each value to obtain positive 
numbers for taking the square root; this transformation pro-
vided normal data (W = 0.99, p = 0.4585).

Generalized Linear Mixed Models (GLMMs) were used 
to evaluate the variation in nearest neighbor distance (NND) 
in function of three explanatory variables: distance to the 
external limit of a colony, colony size and degree of human 
disturbance. Using the function fitdist of “fitdistrplus” R 
package (Delignette-Muller and Dutang 2015), we tested to 
best fit to NND response variable and then used a Gamma 
distribution in GLMMs. Statistical plots were used to check 
the residuals of global model. A post hoc comparisons were 
performed with Tukey contrasts performed on the final 
model. All tests were two tailed.

GLMMs were performed to evaluate the variation in 
reproductive parameters in function of temporal, coloniality 
and human disturbance variables. Response variables were 
clutch size, reproductive success, and productivity. We built 
three separate sets of models to evaluate the effects of laying 
date, coloniality, annual and human disturbance variables. 
In a first set of models we evaluated the effect of laying date 
(LAY) on clutch size, reproductive success, and productiv-
ity. In the second set of models, we evaluated the effects 
of coloniality variables on the same response variables. As 

covariate we used nearest neighbor distance (NND), distance 
to the external limit of the colony (DISTEDGE), colony size 
(COLSIZE) and the aggregation index (INDEX). Before 
we ran the models, covariates were discarded if significant 
Pearson correlation coefficients existed. These variables 
were scaled to be used in the models. In the last set of mod-
els, we evaluated the effect of year (2010, 2011 and 2012 
[YEAR]) and degree of human disturbance (suburban, rural, 
and natural [HUMAN]) on the same response variables. Due 
to the under dispersion detected using a Poisson distribu-
tion in the global model, clutch size was modeled using a 
Conway–Maxwell–Poisson distribution (Sellers and Shmueli 
2010). Reproductive success was modeled using a binomial 
family and a link function Logit. Productivity was modeled 
using a Poisson family and a link function Log adding an ID 
as correction factor in random component to improve the over 
dispersion detected in a global model. In all models, colony 
identity was included as a random intercept.

All prospective models were built within each set of  
models stated above. Akaike’s information criterion cor-
rected for small sample sizes (AICc) and AICc weight (wi) 
were used to select the best models (Burnham and Anderson  
2002). When there was uncertainty in model choice (lower 
wi), multimodel inference and model averaging were used. 
Model-averaged estimates were obtained by computing 
means and 95% confidence intervals (95% CI) using the 
weighted average of the corresponding coefficient to the top 
models, with ΔAIC < 4. Where the 95% CI for an effect size 
did not span zero, this effect could be considered statistically 
significant at the 5% level (Burnham and Anderson 2002). 
All statistical analysis were performed using R 3.6.1 and 
RStudio 1.2.1335.

Results

Nesting and phenology

We monitored 359 nests during years 2010, 2011 and 2012 
in rural (n = 104), suburban (n = 234) and natural (n = 21) 
habitats. Nests were located in both native (53.83%) and 
exotic (43.17%) species trees. The birds did not use the 
native and exotic trees to the same proportion across the 
urban gradient (χ2 = 176.5, df = 2, P < 0.01, Fig. 2).

Chimango caracara egg laying started in the second 
half of September and continued until the final week of 
December. Chicks left their nests from the second half of 
November until first half of February. Incubation period 
lasted 26.5 ± 2.4 days (n = 6) and the nestling period was 
30.4 ± 4.6 days (n = 9). Laying date was influenced by nei-
ther colony size nor degree of human disturbance degree nor  
year (AICc weight null model = 0.977).
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Coloniality

Colony size varied from 3 to 75 nests. Aggregation index 
was 0.04 ± 0.07 and NND was 35. ± 28.50 m (2 – 171 m) 
(Table 1). This last variable was negatively affected by dis-
tance of nest to external limit of colony and positively by 
colony size (Tables 2 and 3, Fig. 3A, B). Human distur-
bance was retained in the best model to explain the variation 
in NND. Tukey tests revealed that rural habitats had lower 
NND than nests in suburban and natural habitats (Tukey 
tests, p < 0.05), but there were no differences in NDD 
between nests in suburban and natural habitats (Tukey test, 
p = 0.662, Tables 2 and 3, Fig. 3C).

Reproductive output

Clutch size was 2.6 ± 0.59 eggs per nest (n = 316). Over-
all breeding success was 49.9% (Table 1). Productiv-
ity was 1 ± 1.14 chicks per nest (range = 0 – 3 chicks). 
Models revealed that laying date had a negative effect 
on clutch size (coefficient estimate ± SE: -0.02 ± 0.01, 
Fig.  4a), reproductive success (-0.29 ± 0.15, Fig.  4b)  
and productivity (-0.16 ± 0.05, Fig.  4c), and colony  
size had a positive effect only on reproductive success 
and productivity (Fig. 5). All other tested variables did 
not affect any of these parameters (Online resource, 
Table S4 and S5).

Fig. 2  Percentage of native and exotic trees used to nest for chimango caracara in natural, rural and suburban habitats

Table 1  Reproductive success (RS, in %), colony size (COLSIZE, 
number of nests) and Nearest Nest Distance (NND, mean) in three 
reproductive seasons (2010–2012) and in six reproductive colonies of 

chimango caracara in suburban, rural and natural habitats of central 
Argentina. Numbers in brackets are the sample size in each colony 
and season

Habitat Colony Season

2010 2011 2012

RS COLSIZE NND RS COLSIZE NND RS COLSIZE NND

Suburban CC 10 (10) 10 52.04 11.1(9) 9 42.80
CS 62.5 (56) 59 43.44 54 (74) 74 41.74 54.3 (70) 70 38.46
GC 28.6 (7) 7 61.07 25 (8) 8 51.08

Rural UC 66.7 (3) 3 18.85
LA 56.5 (23) 23 22.12 59 (39) 39 17.40 35.9 (39) 39 18.95

Natural PL 44.4 (9) 9 47.75 33.3 (12) 12 40.03
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Discussion

We examined the variation in breeding parameters of chi-
mango caracara with regard to variables related to phenol-
ogy, coloniality and degree of human disturbance in a data 
pool of 359 nests in three reproductive seasons. Overall, 
we were able to find support for two of our predictions, 
our analysis did not detect any effect of urban gradient 
on reproductive output; however, these parameters were 
affected by the phenology and coloniality variables find-
ing earlier nests and sited in larger colonies with better 
reproductive output.

Chimango caracaras in suburban and natural habitats 
used native tree species more often than exotic species, 
but caracaras in rural habitats used a higher proportion 
of exotic tree species than native trees. As we did not 
measure availability of trees for nesting in each habitat, 
we cannot confirm that chimango caracaras choose tree 
type (native or exotic) based on availability. There is 
a clear preponderance of exotic trees in rural habitats 
which would explain the use exotic tree species that exist 
in this habitat (mainly groves with Eucalyptus sp.). In 
natural habitats (a protected area assigned to protection 
of natural forest) the main nest tree is the caldén (Pros-
opis caldenia) a native species. In suburban habitats, 

there are many exotic ornamental trees but there are 
abundant patches of native forest which chimango cara-
caras prefer to nest. The use of both native and exotic 
trees for nesting has already been reported for other 
studies both in central Argentina (Fraga and Salvador 
1986) and southern Chile (Morrison and Phillips 2000) 
and this plasticity allows this species to breed even in 
non-natural habitats.

The breeding phenology values we observed match reports 
for this species for central Argentina (Fraga and Salvador 1986) 
which record egg laying from the second half of September until 
the final week of December. Morrison and Phillips (2000) noted 
that the start of laying occurred in the first half of September 
for southern Chile. Our values for the incubation (26.5 days) 
and nestling (30.4 days) periods match with the values reported 
by Fraga and Salvador (1986), but disagree with Morrison and 
Phillips (2000) who reported 32 and 41 days for incubation and 
nestling periods, respectively. This difference could be due to 
sampling error associated to each of these measures and to low 
number of nests in which the exact date of laying and hatching 
eggs could be known (two in Chile and 6–9 in this study).

The timing of egg laying has a great impact on fitness 
and will influence reproductive parameters as clutch size, 
nestling quality, reproductive success, and productivity. 
Several studies have shown that the earlier laying dates in 

Table 2  Summary of model-selection results for GLMM models 
explaining variation in nearest neighbor distance (NND) in function 
of distance of nest to external limit of colony (DISTEDGE), colony  
size (number of nests in each year, [COLSIZE]) and human distur-

bance degree (HUMAN). K is the number of estimated parameters. 
Models are listed in decreasing order of importance (wi). Models with 
high wi and that did not need multi model inference are shown in bold

Response variable Candidate models K AICc ΔAICc wi

NND DISTEDGE COLSIZE HUMAN 7 3124.0 0.00 0.733
COLSIZE HUMAN 6 3127.3 3.30 0.141
DISTEDGE HUMAN 6 3128.6 4.51 0.077
HUMAN 5 3129.6 5.51 0.047
DISTEDGE 4 3136.5 13.43 0.001
DISTEDGE COLSIZE 5 3137.3 13.23 0.001
Null model 3 3140.1 16.02 0.000
COLSIZE 14 3141.2 17.18 0.000

Table 3  Estimate ± standard error (SE), t-value and p-value of coef-
ficients of GLMM model explaining variation in nearest neigh-
bor distance (NND) in function of distance of nest to external limit  
of colony (DISTEDGE), colony size (number of nests in each year, 

[COLSIZE]) and human disturbance degree (HUMAN). In cat-
egorical variable as HUMAN, the reference category (Natural) was  
included in the intercept and compared with the category shown 
between brackets

Response variable Explanatory variable Estimate ± SE t-value p-value

NND Intercept 0.0267 ± 0.0035 7.55  < 0.01
scale(DISTEDGE) -0.0024 ± 0.0010 -2.360 0.018
scale(COLSIZE) 0.0031 ± 0.0010 3.013  < 0.01
HUMAN
(Rural) 0.0258 ± 0.0046 5.502  < 0.01
(Suburban) -0.0032 ± 0.0037 -0.857  < 0.01
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urban landscapes is due, presumably, to females being in 
better condition (Chamberlain et al. 2009). Although clutch 
size, reproductive success and productivity were affected by 

laying date, there were no differences in laying date among 
different years, colony size or among habitats with different 
levels of human disturbance likely because chimangos have 
found sufficient food in the appropriate time to breed both 
in natural, rural, or suburban habitats which would allow 
to females reach a necessary body condition to breed in the 

Fig. 3  Results of GLMMs that evaluated the variation in nearest 
neighbor distance (NND) in function of (a) distance of nest to exter-
nal limit of colony (DISTEDGE), (b) colony size (COLSIZE) and (c) 
human disturbance degree (HUMAN). Different capital letters indi-
cate significant pairwise differences (Tukey’s test) between urbaniza-
tion categories

Fig. 4  Results of GLMMs that evaluated the variation in (a) Clutch 
size, (b) Reproductive success and (c) Productivity in function of lay-
ing day (LAY)
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correct time. This similar pattern was found by Rose et al. 
(2017) for the Black Sparrowhawk (Accipiter melanoleucus) 
across an urban gradient in Africa.

Following the classification proposed by Newton (1979), 
and considering mean NND values of this study, chimangos 
nest in dense colonies in all habitats studied. This behavior 
has been mentioned for this species in a suburban colony, 
however without strong evidence the authors considered NND  
as an important characteristic that would affect reproduc-
tive output of chimango caracaras in this habitat (Solaro and 
Sarasola 2015). We found that nests in smaller colonies and 
placed in the center of the colony were closer to other nests 
than those of larger colonies or placed at a colony’s periph-
ery. Moreover, rural colonies showed smaller NND than in 
suburban and natural colonies. This pattern of separation of 
nests within a colony may be influenced by the distribution 
of available trees. In suburban and natural habitats chimangos 
used native tree species for which the distances between trees 
can be greater and more varied without a regular pattern.  
For colonies in rural habitats tree distribution is clumped 
and equidistant and is determined by requirements, needs 

and utility of people that planted them. Although Morrison  
and Phillips (2000) did not work in urban habitats, they 
analyzed chimango colonies in a diverse mosaic of forest 
patches, linear strips, fields with secondary growth of trees 
and shrubs, open pastures, and agricultural fields. They found 
that the nearest neighbor distances between nests are almost 
five times greater than the values we found. The Eurasian 
kestrel (Falco tinnunculus), for example, is commonly asso-
ciated with urbanized landscapes because they often nest in 
cavities of old buildings in the center of cities; therefore, the 
distribution and NND of their nests are conditioned by the 
distribution of these structures with the smallest NND found 
in the city center (Sumasgutner et al. 2014b). This pattern 
could be compared to what we noted for rural colonies in 
which chimangos nest in trees that that had been planted and 
have smaller NND at these sites.

We found mean clutch size to be 2.65 ± 0.59 eggs per nest. 
This value is similar to that found by Fraga and Salvador 
(1986) for a rural colony of Buenos Aires province, Argentina 
(2.77 eggs per nest) and was slightly greater than the report 
of Morrison and Phillips (2000) for Chiloe island, Chile (2.26 
chicks for nest). Overall reproductive success reported in this 
study (49.9%) was higher than values found by both Fraga 
and Salvador (1986) (30%) and Solaro and Sarasola (2015) 
for a suburban colony in La Pampa province, Argentina 
(32%). However our reproductive success was lower than the 
report of Morrison and Phillips (2000) (57%). The values of 
productivity found in this study (1 ± 1.14 chicks) agree with 
Morrison and Phillips (2000), who found a productivity of 
1.06 and 2.14 chicks for nest for beach and inland colonies 
respectively.

Timing of breeding has an important influence on repro-
ductive output in birds (Dunn and Møller 2014). Food avail-
ability varies seasonality and birds adjust laying dates to syn-
chronize hatching so that chicks can be reared during the peak  
of food abundance. Earlier egg laying is often associated with 
larger clutch sizes, greater production of young and higher 
reproductive success (Verhulst and Nilsson 2008). In our  
study, laying date had a negative effect on clutch size, repro-
ductive success and productivity, with late breeders laying 
fewer eggs, failing more and rearing fewer chicks. If adjust-
ing breeding phenology to optimal conditions is profitable in 
reproductive terms, our results support the idea that earlier 
breeders were able to better adjust their phenology to achieve  
a better reproductive performance in producing a larger num-
ber of nestlings.

Colony size had a positive effect on reproductive success 
and productivity with nests placed in larger colonies having 
a greater probability of being more successful and producing 
more chicks in each season. Large colonies reflect a favora-
ble environment for breeding (Serrano et al. 2004). Although 
it was not measured in this study, it is likely that larger colo-
nies were located in places with higher food availability and 

Fig. 5  Results of GLMMs that evaluated the variation in (a) Reproduc-
tive success and (b) Productivity in function of Colony size (COLSIZE)
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less predation pressure which allowed these breeders to be 
more successful than birds nesting in smaller colonies. In 
our study larger colonies occurred both in rural and subur-
ban habitats which indicates that both habitats are beneficial 
for breeding (see later). There have been proposals that those 
species that nest in both solitary and in colonies would have 
adaptive benefits compared with those species that nest only 
as either a solitary or colonial breeder (Sasvari and Hegyi 
1994). The chimango caracara breeds both solitarily and 
colonially (Fraga and Salvador 1986; Morrison and Phillips 
2000; Solaro and Sarasola 2015). Here we reported colonies 
of different sizes and the variability in the pattern of nest 
distribution which could be a behavior that enhances the 
flexibility and adaptability of this species to a wide variety 
of habitats as studied here (Solaro and Sarasola 2019).

The ways that raptors respond to urbanization during the  
reproductive season are highly variable (Solaro 2018), and 
these responses depend on nesting and feeding requirements 
and vulnerability to human disturbance (Kettel et al. 2017). 
Some species are negatively impacted by urbanization 
(Tella et al. 1996; Charter et al. 2007; Sumasgutner 2013; 
Sumasgutner et al. 2014a, b), others may respond positively 
(Gehlbach 1996; Parker 1996; Stout et al. 2006; Lin et al. 
2015; Welch-Acosta et al. 2019), and some may not be influ-
enced by urbanization (Rosenfield et al. 1995; Gahbauer 
et al. 2015; Rose et al. 2017). We found that clutch size, 
reproductive success, productivity and laying date were not 
affected by the human disturbance gradient we studied. The 
lack of urbanization effect on chimango caracara breeding 
could be a response to three factors. First, the cities of our 
study were moderately small (around 115,000 and 12,000 
inhabitants to Santa Rosa and Toay, respectively) in which 
the strong effects of urbanization might not be so marked in 
suburban areas where colonies were placed. This is impor-
tant from a conservation standpoint since suburban areas 
could be important sites in which raptor birds can live, feed 
and breed (Hogg and Nilon 2015), and it would be useful 
to increase our understanding of breeding biology of urban-
adapted species in smaller town and cities (Reynolds et al. 
2019). Second, chimango caracaras that breed in suburban 
habitats can find sufficient food for themselves and their 
young inside of urban areas, or their daily home range would 
allow them to find this resource outside of it (Sumasgutner 
2013), so they could respond to nutritional needs of their 
progeny in the same way as non urbanized breeders, getting 
then similar reproductive parameters. Finally, urban habi-
tats have a variety of threats to raptors (Solaro 2018), and 
losses during reproduction can reduce reproductive output 
(Rebolo-Ifrán et al. 2017). Although depredation was not 
quantified in this study, losses may not have been strong 
enough to affect the reproductive output of urbanized breed-
ers. Since clutch size, reproductive success and productivity 
did not vary with degree of urbanization, we do not consider 

breeding in suburban habitats to be an ecological trap for the 
chimango caracara.

Conclusions

One interesting finding from this study is that urbaniza-
tion has no effect on either laying date or reproductive out-
put. However, earlier nests and larger colonies had higher 
reproductive output. To summarize, the chimango caracara 
shows behavioral plasticity for their successful persistence 
to human modified habitats as reflected in being a successful 
breeder in a wide variety of habitats such as natural, rural, 
and urbanized environments studied here.
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