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Abstract
The Eurasian Collared-Dove (Streptopelia decaocto) is one of the most successful invasive bird species across the world. Wor-
ryingly, the invasive dove is a known reservoir of many diseases, some of which can potentially infect mammals (including 
human beings). Additionally, aggressive behaviors have been recorded toward other bird species resulting in territory and nest 
usurpation. Thus, the presence of this species poses an important risk for native species with similar habits, particularly in 
insular systems. Based on this, we carried out this study to assess the density and distribution of the Eurasian Collared-Dove 
in the island of Cozumel, as well as to evaluate the relationship between their abundance and the environmental characteristics  
of the places they inhabit. We estimated their distance-corrected densities in the island's largest town and performed an  
inverse distance weighting (IDW) interpolation to visualize their distribution. We performed a generalized linear model 
(GLM) to assess relationships between the environmental variables and the abundance of doves using a reduced model 
procedure. We obtained 137 records of doves present in 94% of all survey sites and an estimated density of 6.8 ind/ha, for a 
total of 6,670 doves in San Miguel de Cozumel. We did not find a spatial pattern of the dove's distribution on the urban set-
ting, but we found an interaction between their abundances with tree cover and building height. Our findings, together with 
previous evidence of infection risk and aggressive behavior, make this species a threat to the native species communities of 
fragile ecosystems such as the island of Cozumel.
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Introduction

The Eurasian Collared-Dove (Streptopelia decaocto) is one 
of the most successful known invasive bird species with an 
impressive population growth worldwide (Romagosa and 
McEneaney 1999). Previous studies have proposed that its 
genetic plasticity, its high emigration rates, the amelioration 

of environments and expansion of cultivation, its broad diet, 
the diversification of their nesting substrates, and its high 
reproductive output are factors associated with its inva-
siveness (Romagosa and Labisky 2000; Rocha-Camarero 
and de Trucios 2002; Bagi et al. 2018). Its origin has been 
traced to India, where it is distributed among a range of 
agricultural habitats (Fisher 1953; Stresemann and Nowak 
1958). Some studies estimate that the spreading of these 
doves across Europe started in the 1930s (Kasparek 1996; 
Rocha-Camarero and de Trucios 2002). Populations that 
have been closely studied are clear examples of its inva-
siveness; a study from the United Kingdom illustrates the 
explosive population growth of an introduced population 
of ~ 3,000 breeding pairs, with a six-fold increase in only 
nine years (~19,000 birds) (Hudson 1972). Similarly, sig-
nificant increases in abundance have also been recorded in 
invasive populations at rapidly growing Indian cities (Menon 
and Mohanraj 2016).

The Eurasian Collared-Dove was introduced to the Ameri-
cas with individuals from Netherlands to Nassau, the capital 
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of Bahamas in the 1970s by a pet breeder (Bahamas; Smith 
1987). Later, in 1974, ~ 50 individuals escaped from captivity, 
spreading to other Caribbean islands; evidence of nesting was 
found the following summer (Smith 1987; Hengeveld 1993; 
Romagosa and McEneaney 1999). It is believed that the dove 
spread to the Florida Peninsula and then to the rest of the 
American continent; however, the details of further invasions 
were not followed closely (Hengeveld 1993). The worrisome 
aspects of this dove’s invasion into new regions include eco-
logical and the health issues. The Eurasian Collared-Dove has 
been found to be aggressive toward native species, such as a 
case of nest usurpation of American Robins (Turdus migrato-
rius) recorded on Texas (Kasner and Pyeatt 2016). This dove 
is also known to be reservoir of many diseases with potential 
zoonotic effects toward wildlife, such as the Newcastle disease 
(Terregino et al. 2003), the West Nile Virus (Panella et al. 
2013), and avian chlamydiosis (Chlamydia psittaci; Donati 
et al. 2015), which can potentially infect mammals (including 
human beings) (Beckmann et al. 2014).

The Eurasian Collared-Dove is widely distributed in 
Mexico (González-Zamora et al. 2016). The first record of 
this species occurred in 2000 in the state of Tamaulipas, 
located in northeast Mexico (Álvarez-Romero et al. 2008). 
A year later, an individual was recorded in Baja California, 
which is located in the westernmost part of the country. 
Afterwards, in 2002, additional records included the Chi-
huahua and Coahuila states. Since then, records of the pres-
ence and reproduction of the Eurasian Collared-Dove have 
grown across the country, including the Peninsula of Baja 
California (Tinajero and Rodriguez-Estrella 2014), Guerrero 
(Blancas-Calva et al. 2014), Tabasco (Sánchez-Soto 2014), 
Querétaro (Pineda-López and Malagamba Rubio 2011), and 
San Luis Potosí (Tinajero and Partida-Pérez 2016). Beyond 
reports of the doves’ presence, reproduction, and competi-
tion for feeding resources with other doves that have similar 
foraging strategies (Poling and Hayslette 2006; e.g., Mourn-
ing Dove – Zenaida macroura; Bonter et al. 2010), there 
are additional alarming reports of this species. For instance, 
Chablé-Santos et al. (2012) described a highly territorial and 
aggressive behavior of the Eurasian Collared-Dove during 
the breeding season, in particular toward the Ruddy Ground 
Dove (Columbina talpacoti) and the White-winged Dove 
(Zenaida asiatica) in the Yucatan Peninsula. Additionally, 
invasive species can potentially reduce the available habitat 
and resources for native species when their densities increase 
and spread geographically, as seen in some Indian cities 
(Menon and Mohanraj 2016). Thus, the presence of this spe-
cies poses an important risk for native species with similar 
habits, particularly in insular systems (Clavero et al. 2009).

The island of Cozumel, which the Eurasian Collared-Dove 
has already invaded, holds many endemic and threatened 
wildlife species. The island is home to several dove species 
that could directly compete with the Eurasian Collared-Dove, 

including the threatened White-crowned Pigeon (Patagi-
oenas leucocephala), as well as the quasi-endemic Carib-
bean Dove (Leptotila jamaicensis). Given that the invasive 
dove is concentrated in the main town of the island, antago-
nistic interactions may still be limited to the urban setting, 
but there is no certainty if the dove will eventually spread 
outside of the town, as has happened in disturbed forests and 
agricultural lands in other Mexican regions (e.g., Chamela, 
Camacho-Cervantes and Schondube 2018). However, apart 
from its presence in the island, we know of no available 
quantitative information on its abundance or distribution. 
Thus, in this study, we aimed to describe the distribution 
of the Eurasian Collared-Dove in the principal town of the 
island (San Miguel de Cozumel) together with a quantitative 
assessment of their density, and therefore estimates of their 
urban population. We also assessed the association between 
the Eurasian Collared-Dove’s presence/abundance and veg-
etation and urban infrastructure variables with the aim of 
providing information that could be of help in the control and 
management of the species.

Methods

Study area

We conducted this study in the island of Cozumel (20° 
26′ 09" N, 86° 55′ 20" W; ~1 m a.s.l.). Cozumel is located 
northeast of the Yucatan Peninsula (Quintana Roo, Mex-
ico). The island originated in the recent Pleistocene and 
is considered the largest island in the Mexican Caribbean, 
with an extent of 489.9  km2 (Flores-Guido 1983). The 
island concentrates a population of ~86,000 inhabitants, 
mostly congregated in San Miguel de Cozumel, which is 
its population nucleus (INEGI 2017). Apart from the urban 
area, which covers around 3.23% of the island, other pre-
dominant ecosystems of the island correspond to deciduous 
and semi-deciduous tropical forest, mangroves, and palm 
thickets, mainly located in the southeast part of the island 
(Téllez et al. 1989; Escalante 1996; INEGI 2009).

Bird surveys and environmental variables

We carried out bird surveys in San Miguel de Cozumel in 
February of 2020. We selected 35 survey sites distributed 
across the urban setting considering a criterion of acces-
sibility, avoiding private property and insecure locations 
(Fig. 1). We conducted one 10 min point-count (unlimited 
radius) at each survey site from sunrise and up to four hours 
later, where all seen and/or heard individuals were recorded 
(Ralph et al. 1996). We followed a double-observer approach 
(sensu Nichols et al. 2000) in which the primary observer 
(IM-F) recorded Eurasian Collared-Doves and a second 
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observer (MAG-M) recorded all the distances of each seen 
individual using a laser rangefinder (Leupold RX-650). We 
located survey sites at least 280 m apart from one another to 
ensure the independence of our observations, with the aver-
age distance among nearest sites being 395 m (± SD 114 m).

To assess potential relationships between environmental 
variables and the abundance of Eurasian Collared-Doves, we 
described vegetation structure (i.e., tree, shrub, and herba-
ceous cover; %), as well as urban infrastructure (i.e., num-
ber of cables, maximum building height; m), and human 
activities (i.e., number of passing pedestrians and number 
of vehicles in 1 min).

Data analysis

We estimated the distance-corrected density of Eurasian 
Collared-Doves in San Miguel de Cozumel using Distance 
6.2 (Thomas et al. 2010). Distance software computes densi-
ties (ind/ha) based on the detection probability of individu-
als from the observer and standardizes detection rates along 
concentric surveyed areas (Buckland et al. 2001). We also 
performed an inverse distance weighting (IDW) interpola-
tion to generate a raster (pixel size: 1.32m) that allows for 
the visualization of the studied dove’s distribution within 
the perimeter of the urban setting. IDW estimates values 
using the nearest sample points available, which, in turn, 
are weighted by a power proportional to the inverse of 
the distance between them and the desired value (Li and 
Heap 2008). Finally, we performed generalized linear mod-
els (GLM) to assess potential relationships between the 
measured variables with presence/abundance of Eurasian 
Collared-Doves. Considering the nature of our dependent 
variable data (i.e., counts), we used a Poisson distribution 

(Coxe et al. 2009). We followed a reduced model procedure 
as suggested by Crawley (2013), deleting the variable with 
the highest P-value until all remaining variables showed 
significant relationships with the dependent variable. We 
performed all analyses in R (R Core Team 2020).

Results

We obtained a total of 137 records of Eurasian Collared-
Dove individuals, which were present in 94% of all survey 
sites. The most parsimonious distance-corrected model 
for the density of doves in San Miguel de Cozumel was 
of 6.8 ind/ha (84% CI: 5.6–8.2, effective radius distance: 
41 m). Considering that the urban setting covers an area of 
987 ha, the extrapolation of our results suggests the presence 
of ~ 5,500–8,100 doves in the urban setting, with an average 
of ~ 6,700 individuals. The depiction of the interpolated data 
using IDW does not show clear spatial patterns across San 
Miguel de Cozumel (Fig. 2). This finding could be related 
to the result of the reduced GLM (overall r = 0.22), which 
shows that two of the measured variables were significantly 
related, both negatively, with the presence/abundance of 
the Eurasian Collared-Dove: (i) tree cover (χ2

1,33 = 45.5, 
P = 0.03), and (ii) maximum building height (χ2

1,32 = 39.0, 
P = 0.01).

Discussion

In this study, we report, for the first time, an estimation of 
the density of the invasive Eurasian Collared-Dove in San 
Miguel de Cozumel. We also depict the spatial distribution 

Fig. 1  Map showing the survey 
sites located in the urban area of 
San Miguel de Cozumel
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of the dove within the limits of the town, as well as its asso-
ciation with vegetation and urban infrastructure variables. 
Results of this study indicate that there is a substantial num-
ber of Eurasian Collared-Doves in San Miguel de Cozumel. 
Considering the human population reported in the island, 
there is approximately one invasive Eurasian Collared-
Dove for every ~ 13 inhabitants. It is important to note that 
this study was performed in the last phase of winter, so we 
assume that our count excludes, or at least has a minimum 
number of, fledgling, immature, and juvenile individuals. 
Yet, the breeding season of the species has been known to 
be prolonged (mainly March–October), with year-round 
breeding in some regions close to their native distribution 
(Baptista et al. 2020). Previous studies have shown that 
this dove can have explosive population increases as well 
as impressive spread of their invasive populations (Hudson 
1972; Cecil 2004), which is likely to occur in the island if 
no management actions are implemented.

The interpolation of our presence/abundance data 
for Eurasian Collared-Doves in San Miguel de Cozumel 
showed no apparent spatial pattern, which could be due to 
the site-specific traits related to its numbers. Results from 
the GLM are clear in that only two of the measured vari-
ables were negatively and significantly related to the pres-
ence/abundance of these doves: tree cover and maximum 
building height. Thus, more doves were recorded in sites 
with less tree cover and also sites with smaller buildings. 
Sites where we recorded ≥ 5 Eurasian Collared-Doves cor-
respond to locations where the highest building was two-
stories high (average 6.2 m ± SD 1.4 m) and had an average 

of 22% tree cover (± SD 16%). Previous studies have 
reported that Eurasian Collared-Doves positively associate 
with built-up areas (Bermúdez-Cavero et al. 2021; Saâd 
et al. 2021); these doves are considered an ‘urban dweller’ 
in Algeria in contrast with other dove species of the same 
genus (Saâd et al. 2021). However, the Eurasian Collared-
Dove has seasonal patterns in relation to buildings. For 
instance, Havlíček et al. (2021) report that the species is 
positively associated with buildings during the breeding 
season but avoid them during winter. This may be due to 
this species frequently using these structures as nest sites 
during the breeding season. Associations with other types 
of variables have also been reported. For instance, warm 
areas have been shown to be favorable for their presence, 
and proximity to the coast were positively related to their 
abundances (Fujisaki et al. 2010), which is why it is not 
surprising to find that the dove is doing so well in the tropi-
cal and coastal San Miguel de Cozumel.

Results of this study provide evidence of the density, dis-
tribution, and local environmental variables related with the 
Eurasian Collared-Dove in San Miguel de Cozumel. Our 
results suggest that the population of this invasive dove is 
well established in the urban setting of the island. Given that 
previous studies from the USA have shown that this dove is 
present in non-urban settings, including forests, shrublands, 
grasslands, and croplands (e.g., Fujisaki et al. 2010), there is 
evidence that suggests that it can spread to other systems in 
the island, with a higher probability to colonize shrublands 
than forested systems (Scheidt and Hurlbert 2014), such as 
the palm thickets located along the eastern coast of Coz-
umel. Actually, we also recorded a few Eurasian Collared-
Dove individuals in electricity/telephone cables along the 
road system of the island (pers. obs.), which is worrisome 
in light of potential invasions into non-urban systems. This 
process may take time, given that the dove recently colo-
nized and would need to go through a lag-phase (Sakai et al. 
2001; Crooks 2005; Aagaard and Lockwood 2014). Thus, 
given the ecological and health risks that this dove poses, 
we strongly encourage the local authorities to swiftly and 
firmly begin with the control and management of this spe-
cies, together with close monitoring across the island.
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