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ABSTRACT

Caribbean islands are important hotspots for endemic species, concentrating high biodiversity on
exceptionally small areas. Cozumel Island is not an exception, yet little published information exists
on its bird diversity. In this study, we assessed the contribution of each major ecosystem of
Cozumel Island (i.e., tropical forest, mangrove, palm thicket, and urban setting) to the island’s
avian diversity. Avian richness was highest in tropical forests, followed by mangroves, palm
thickets, and urban setting. Bird densities were highest in urban settings, followed by tropical
forests, mangroves, and palm thickets. Species composition similarity among ecosystems was low,
with the most dissimilar ecosystem being the urban setting. Interestingly, we recorded the highest
number of unique species in mangroves, followed by tropical forests, urban settings, and palm
thickets. Tropical forests and mangroves of Cozumel Island are the main ecosystems harboring
high avian diversity, with tropical forests housing high avian densities and endemics and man-
groves including the most unique species. As expected, the contribution of urban settings to the
avian diversity of Cozumel Island is limited and includes some highly abundant invasive species, of
which the Eurasian Collared-Dove could represent a major ecological threat.
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RESUME

Les fles des Caraibes sont d'importants points chauds pour les espéces endémiques, concentrant
une biodiversité élevée dans des régions exceptionnellement petites. L'ile de Cozumel ne fait pas
exception, mais peu d’'information existe sur sa diversité en oiseaux. Dans cette étude, nous avons
évalué la contribution a la diversité aviaire de chacun des principaux écosystémes de [ile de
Cozumel (i.e., forét tropicale, mangrove, fourré de palmiers, zone urbanisée). La richesse aviaire
était plus élevée dans les foréts tropicales, suivies des mangroves, des fourrés de palmiers et des
zones urbanisées. Les densités d'oiseaux étaient plus élevées dans les zones urbanisées, suivies des
foréts tropicales, des mangroves et des fourrés de palmiers. La composition spécifique entre les
écosystémes avait une faible similarité; les écosystémes urbanisés étant les plus dissimilaires. Nous
avons enregistré le nombre le plus élevé d'espéces uniques dans les mangroves, suivies des foréts
tropicales, des zones urbanisées et des fourrés de palmiers. Les foréts tropicales et les mangroves
de I'fle de Cozumel sont les principaux écosystéemes arborant une diversité aviaire élevée. Les foréts
tropicales ont des densités aviaires élevées et abritent des espéces endémiques, tandis que les
mangroves ont le plus d’especes uniques. Tel qu'attendu, la contribution des zones urbaines a la
diversité aviaire de I'lle de Cozumel est limitée et inclut certaines espéeces invasives trés abondan-
tes, parmi lesquelles la tourterelle turque, qui pourrait représenter une menace écologique
majeure.

Introduction more diverse and heterogeneous environments

(MacArthur and Wilson 1967). Thus, the wildlife diversity

Given the amount and type of biodiversity they shelter,
insular systems are considered hotspots of conservation,
with endemic species representing an important propor-
tion of their diversity (Myers et al. 2000). The high diver-
sity on islands has often been related to their size, mainly
because insular areas have been shown to correlate with

of an island is, at least partially, driven by its size and
consequent habitat diversity (Scherber et al. 2018).
Other factors such as isolation, commonly measured by
the relative distance to other islands and the mainland,
have been shown to determine the diversity of an island
(Simberloff 1974; Stark et al. 2006; Blackburn et al. 2016).
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One important factor related to insular systems is that
large and isolated islands have faster speciation rates
than small islands closer to the mainland, which is why
islands tend to have high endemism (Rosenzweig 1975).
This is of special concern due to the anthropogenic
pressures that are currently affecting these fragile eco-
systems (Whittaker and Ferndndez-Palacios 2007).

Human activities have shaped insular ecosystems in
a similar fashion as has happened inland (Lugo et al.
2012). In particular, the development of mass tourism
related to sea, sun, and sand amenities has been shown
to represent an important threat to biodiversity (e.g.,
due to the development of resorts, the use of resources
for buildings, transport, pollution by vehicle emissions,
and litter), with important damages to coastal ecosys-
tems (Davenport and Davenport 2006). Also, the pre-
sence of roads has a negative relationship with avian
richness and abundance in different tropical regions,
causing increased vehicle mortality, behavioral changes
due to traffic noise, and increased hunting rates by
humans that take advantage of these roads (Pinto et al.
2020). Development of tourism can increase the rates of
beach erosion and promote human activities in all forms,
affecting habitat availability, productivity, and biodiver-
sity (Yasué and Dearden 2006). Additionally, hurricanes
are an important natural force that has been shown to
mold the structure of bird communities on islands, with
direct detrimental effects (i.e., individual mortality or
geographic displacement), as well as indirect ones (e.g.,
reduction of food supplies, loss of nests and roost sites,
increase in vulnerability to predation, and microclimate
change; Wiley and Wunderle 1993). Moreover, the pre-
sence of introduced invasive species such as the boa
(Boa constrictor) has been identified as a threat to
a broad variety of native species on islands, including
endemics (Martinez-Morales and Cuarén 1999). The
synergy of disasters including hurricanes or cyclones
together with anthropogenic activities is an important
trigger for the decline of endemic and endangered insu-
lar species (Perdomo-Veldzquez et al. 2017).

Birds have been widely studied on islands, providing
an important model to understand the ecology of such
isolated systems (Blondel et al. 1988). Birds inhabiting
islands are not exempt from the many anthropogenic
and naturally related hazards (Webster et al. 2005). In
response to human disturbances, bird populations have
decreased or even disappeared from islands (Macouzet
and Escalante 2001). Yet, some insular bird species have
been shown to be able to overcome hazards and use
human-disturbed habitats and related resources. In par-
ticular, synanthropic species have been shown to
increase their abundances in highly disturbed areas,
with an important number of species concentrating at
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intermediate-disturbance levels and in edge systems
(Lugo et al. 2012; Irizarry et al. 2016; Titoko et al. 2019).
Furthermore, native vegetation on islands (e.g., man-
groves and forests) do not only harbor important avian
diversity but are often large-scale sources of diversity,
mitigating some of the effects of human activities
(Khimoun et al. 2017; Wang et al. 2017; Titoko et al.
2019).

Although Caribbean islands are considered important
hotspots for endemic species, concentrating high biodi-
versity on exceptionally small areas, they are among the
most threatened ecosystems worldwide (Myers et al.
2000). Despite the existence of bird studies in Cozumel
Island (Buffa and Morris 1999; Howell 2004; Martinez-
Morales et al. 2009; Sosa-Lopez and Mennill 2014;
Morales-Contreras et al. 2019), there is little published
information regarding bird diversity and distribution
across Cozumel Island. In this study, we contrasted eco-
logical snapshots of each major ecosystem of Cozumel
Island (i.e., tropical forest, mangrove, palm thicket, and
urban setting) to assess their contribution to the island’s
avian diversity. Considering the relevance and unique-
ness of mangroves, forests, and palm thickets on islands
(Khimoun et al. 2017; Wang et al. 2017; Titoko et al.
2019), we predicted that the bird assemblages in these
ecosystems would be more diverse and unique than
those from urban settings.

Material and methods
Study area

We conducted this study on Cozumel Island (which
means ‘Land of Swallows’ in Maya; i.e, Kosom Lumil),
a system of coral origin located in front of the north-
eastern coast of the Yucatan Peninsula, in the state of
Quintana Roo, Mexico (20°30'13"N 86°56'26"W; ~1 m
asl). The island was formed between the Oligocene and
Pleistocene, with no recognized land bridge, so it is
classified as oceanic (Weidie 1985). It is practically flat,
without geographical barriers or superficial bodies of
water, except for some cenotes (natural wells in lime-
stone soil). Cozumel Island is the largest island in the
Mexican Caribbean, with an approximate territory of
478 km?. Human population in the island is ~86,000
inhabitants, most of whom live in San Miguel de
Cozumel. The main economic activity in the island is
tourism, which is concentrated on its western coast.
The island receives ~50,000 tourists monthly (INEGI
2017). Agriculture, while important in the past, is now
of minor importance.

Cozumel Island is a priority area for biodiversity con-
servation, being the Mexican island with the highest



number of endemic taxa (UNESCO 2016). However,
these endemics are subject to several threats, such as
the introduction of potentially invasive species, genetic
introgression, the expansion of the road system, loss and
fragmentation of native vegetation, human population
growth, and tourism development, which bring changes
in land use (Cuarén 2009). In addition, hurricanes are
natural disturbances with a high capacity to modify the
previous natural conditions, representing an important
threat to the island (Wiley and Wunderle 1993).
Cozumel Island has over 500 plant species, represent-
ing 40% of the vegetation of the State of Quintana Roo
(Téllez-Valdés and Cabrera 1987). Dominant vegetation
types across the island are tropical forests (both decid-
uous and semi-deciduous) composed mainly of two
arboreal strata of 8-20 m and a scarce shrub and herbac-
eous strata. After tropical forests, mangroves (5-10 m
high) follow. Finally, palm thickets (3-10 m high) are
scattered across the island. Most of the plant associa-
tions on the island are considered as secondary vegeta-
tion, as they often replace tropical forests when
disturbed (both naturally and anthropogenically; Téllez-

Mexico

86°56'0"W
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Valdés et al. 1989; Cuarén 2009; Vazquez-Dominguez
and Espindola 2013) and coastal dune vegetation
(Collantes-Chavez-Costa et al. 2019). The dominant
plant species in each ecosystem are as follows: Acacia
gaumeri, Leucaena leucocephala, Pithecellobium dulce,
Caesalpinia platyloba, Cassia racemosa, Cordia sebestena,
Guaiacum sanctum, Capparis incana, Colubrina arbores-
cens, Bursera simaruba, Guazuma ulmifolia, Coccoloba
cozumelensis, Cedrella mexicana, and Randia longiloba
in deciduous forests; Rhizophora mangle and Avicennia
germinans in mangroves; and Thrinax radiata and
Acoelorrhaphe wrightii in palm thickets (Flores-Guido
1983).

Bird surveys

We carried out standardized bird surveys in the four
main ecosystems on the island (i.e.,, mangrove, tropical
forest, palm thicket, and urban setting; Figure 1) in
August 2019. We placed 10 point-counts (50 m radius
and 10 min) in each ecosystem. Briefly, point-counts
consist of fixed circular areas, often with a defined radius

86°4?‘0"W

20°32'0"N

O Tropical forest
/A Mangrove

& Palm thicket

O Urban setting

Figure 1. Study area and survey sites on Cozumel Island indicating point-count distribution in each ecosystem type.
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and during a limited period of time, in which birds are
recorded (both visually and auditory). We established
the location of all point-counts following the presence
of the ecosystems of interest and a criterion of accessi-
bility. We placed points at least 200 m from each other to
avoid recording the same individuals twice. We per-
formed surveys from sunrise up to four hours after (fol-
lowing Ralph et al. 1996). At each point-count location,
we recorded all birds seen or heard through a double-
observer approach (sensu Nichols et al. 2000). Both
observers were present during all the survey points.
For each count, the ‘primary’ observer (IM-F) indicated
the location of detected birds to the ‘secondary’ obser-
ver (MAG-M) for him to record distances between them
and the recorded individuals, using a laser rangefinder
(Leupold RX-650). Notably, the ‘secondary’ observer also
alerted the ‘primary’ one about non-detected bird indi-
viduals, increasing the overall bird detection and allow-
ing for more precise estimates of avian presence and
densities (Nichols et al. 2000). This approach was suita-
ble, considering the structure of vegetation in Cozumel
Island, which can hamper the detection ability of only
one observer. Therefore, we followed this approach with
the aim of increasing avian detectability.

Data analysis

We contrasted the avian species richness values for
each studied ecosystem using rarefaction procedures
with EstimateS 9, which is based on a re-sampling
framework that outputs interpolated species richness
statistical expectations (Colwell 2013). We also calcu-
lated distance-corrected densities for all birds recorded
at each condition (Alldredge et al. 2007), using Distance
6.2. Distance calculates the number of individuals per
hectare based on the probability of detection at
increasing distances from the observer, afterwards
standardizing detection rates along concentric sur-
veyed distances (Buckland et al. 2001; Thomas et al.
2010). For species richness and density comparisons
among conditions, we contrasted 84% confidence
intervals and considered statistical differences with an
a = 0.05 when confidence intervals did not overlap
(following MacGregor-Fors and Payton 2013). We used
84% confidence intervals as 95% confidence intervals
fail to indicate statistical differences with a = 0.05
(MacGregor-Fors and Payton 2013). We finally per-
formed a multivariate Bray—Curtis cluster analysis (aver-
age linkage) using the package vegan (Oksanen et al.
2016) in R (R Development Core Team 2019) to assess
differences in species composition among the birds of
the studied ecosystems.
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Results

We recorded a total of 50 species across our surveys
(Table 1). Tropical forests were dominated by the Black
Catbird  (Melanoptila  glabrirostris),  Yellow-faced
Grassquit (Tiaris olivaceus), and Yellow Warbler
(Setophaga petechia). The most abundant species
recorded in mangroves were the Yellow Warbler, White-
Crowned Pigeon (Patagioenas leucocephala), and
Reddish Egret (Egretta rufescens). Palm thickets were
dominated by the Tropical Mockingbird (Mimus gilvus),
Barn Swallow (Hirundo rustica), and Great-Tailed Grackle
(Quiscalus mexicanus). Finally, the most abundant spe-
cies recorded in urban settings were the Rock Pigeon
(Columba livia), Great-tailed Grackle, and Eurasian
Collared-Dove (Streptopelia decaocto).

Avian species richness showed to be significantly
higher in tropical forests (25 + 2.8 species), not being
statistically different to that recorded in mangroves
(21 £ 5.2 species). In turn, species richness in palm
thickets was significantly lower than in tropical forests,
but not statistically different from that of mangroves
(18 £ 3.4 species). Finally, urban settings had the lowest
species richness (12 + 2.9 species), showing significant
differences with tropical forests and mangroves, but not
with palm thickets (Figure 2).

We recorded a significantly higher density in urban
settings (187 ind/ha, 84% Cls: 112.0-313.0) compared to
the other studied ecosystems. Following urban settings,
tropical forests had a statistically higher avian density (83
ind/ha, 84% Cls: 69.4-100.4) than mangroves (12.7 ind/
ha, 84% Cls: 8.1-20.2) and palm thickets (16.1 ind/ha, 84%
Cls: 11.7-22.2), which did not statistically differ (Figure 3).

We found sites to be quite different, with high average
paired dissimilarities (i.e., ~82%). The most dissimilar eco-
system was the urban setting, with an average 87.3%
dissimilarity with the other studied ecosystems, while
the most similar ecosystems were tropical forests and
palm thickets (68.4% dissimilarity; Figure 4).
Interestingly, we recorded the highest number of unique
species — only recorded in that ecosystem — in mangroves
(S = 20, representing 66.6% of the recorded species in
that ecosystem), followed by tropical forests (S = 13,
representing 43.3% of the recorded species in that eco-
system). The number of unique species in palm thickets
and urban settings was low (3 and 5, respectively), repre-
senting a low proportion of the recorded species in those
ecosystems (16.6% and 23.8%, respectively; Table 1).

Discussion

Studies shedding light on the relative role of ecosystems
in vulnerable systems, such as heavily visited islands, can
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Table 1. Bird species recorded in Cozumel Island, ordered in agreement with the AOS Checklist of North and Middle American Birds
(Chesser et al. 2020). Conservation status: NOM = SEMARNAT (2010, 2019 update); [IUCN = IUCN (2019); Pr = Subject to special
protection; A = Threatened; NT = Near threatened. Endemism: EN = Endemic, QE = Quasi-endemic, SE = Semi-endemic (Berlanga et al.

2019).

Ecosystem

Conservation status Endemism

Bird species Tropical forest Mangrove

Palm thicket Urban NOM IUCN

Columba livia

Patagioenas leucocephala

Streptopelia decaocto

Columbina talpacoti .

Leptotila jamaicensis .

Zenaida asiatica

Zenaida aurita

Crotophaga sulcirostris .

Coccyzus americanus .

Chordeiles acutipennis .

Chaetura pelagica .

Anthracothorax prevostii .

Cynanthus forficatus .

Charadrius wilsonia

Calidris minutilla .
Tringa semipalmata .
Ardea herodias .
Egretta tricolor

Egretta rufescens .
Butorides virescens .
Nyctanassa violacea .
Eudocimus albus

Coragyps atratus

Pandion haliaetus .
Chloroceryle americana .
Melanerpes pygmaeus .

Melanerpes aurifrons .

Elaenia martinica .

Elaenia flavogaster .

Myiarchus tuberculifer .

Tyrannus melancholicus .
Vireo bairdi .

Vireo philadelphicus . .
Vireo magister .

Hirundo rustica

Petrochelidon pyrrhonota

Troglodytes aedon .

Polioptila caerulea .

Melanoptila glabrirostris .

Mimus gilvus .

Spindalis zena

Icterus spurius

Icterus cucullatus

Quiscalus mexicanus .
Parkesia noveboracensis .
Setophaga petechia .

Piranga roseogularis .

Cardinalis cardinalis .

Coereba flaveola .

Tiaris olivaceus .

A NT

QE
QE

QE

. Pr NT QE

. SE

QE

provide information for land managers and planners
(Coccossis 2002). The studied ecosystems showed over-
all low species composition similarity; yet, tropical for-
ests and mangroves, where we recorded the highest
species richness (86% of the total recorded species),
were highly dissimilar in terms of their species composi-
tion (84% abundance-based dissimilarity), showing their
complementary importance in adding to the avian rich-
ness of the island.

Tropical forests were the most diverse of the studied
ecosystems in the island in terms of species richness and
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density. This is in agreement with the plethora of studies
documenting the biodiversity sheltered in these ecosys-
tems, estimated to have more than half of the terrestrial
biodiversity (Wilson 1988; Gardner et al. 2009). But the
conservation importance of the forests of Cozumel
Island does relate not only to the high diversity of birds
that they shelter but also to the presence of endemic
and quasi-endemic species, some of which are of con-
servation concern (i.e.,, Cozumel Vireo - Vireo bairdi;
Yucatan Woodpecker -  Melanerpes pygmaeus;
Caribbean Elaenia - Elaenia matrtinica). Notably, these
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Figure 2. Rarefied bird species richness (mean + 84% confidence
intervals) of the studied ecosystems on Cozumel Island. Letters
above error bars represent statistical differences between for-
ests, mangroves, palm thickets, and urban settings.
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Figure 3. Estimated avian density (mean *+ 84% confidence
intervals) of the four studied ecosystems on Cozumel Island.
Letters above error bars represent statistical differences. The
scale-break in the y-axis is used for visual purposes.

species can be vulnerable to natural disasters, such as
the critically endangered and endemic Cozumel
Thrasher (Toxostoma guttatum), which was considered
associated with dense vegetation areas of forest before
the impact of Hurricane Gilbert (Macouzet and Escalante
2001). Other species, such as the cryptic and highly
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Figure 4. Bray—Curtis multivariate analysis showing bird com-
munity composition similarity in the four studied ecosystems on
Cozumel Island.

endangered Great (Cozumel) Curassow (Crax rubra),
have been estimated to be more abundant in the
island’s tropical forests due to the presence of cenotes
and reduced human disturbance (Martinez-Morales
1999).

Finding higher avian species richness in the surveyed
tropical forests compared to palm thickets was not sur-
prising, considering that higher bird richness can be
associated with more complex vegetation structure
(Melles et al. 2003; Ghadiri Khanaposhtani et al. 2012).
Tropical forests have more complex vegetation structure
than palm thickets, which consist of low diverse com-
munities of secondary vegetation that grew and
replaced the original forests that existed before natural
or anthropogenic disasters such as hurricanes or wild-
fires (Téllez-Valdés et al. 1989). However, we did record
some species that highlight their relative conservation
value, including endemic and quasi-endemic species
(Cozumel Emerald - Cynanthus forficatus; Caribbean
Dove - Leptotila jamaicensis, Black Catbird -
Melanoptila glabirostris), as well as species considered
of conservation concern, nationally or internationally
(i.e., Zenaida Dove - Zenaida aurita, Chimney Swift -
Chaetura pelagica, Black Catbird). We recorded 10 times
less average avian density in palm thickets compared
with tropical forests, suggesting that habitat structure in
palm thickets offers less resources for birds (Jayson and
Mathew 2003). This was not surprising, considering that
landscape heterogeneity, vegetation density, and struc-
ture are essential environmental characteristics, which



often determine bird diversity and distribution (Cody
1981).

Besides recording high bird species richness in the
studied mangroves, we recorded very low avian densi-
ties. Mangroves have been shown to shelter important
avian diversity globally (Mohd-Azlan et al. 2015; Titoko
et al. 2019), but the low densities we recorded were not
necessarily expected, given that many associated spe-
cies are social (e.g., White Ibis - Eudocimus albus;
Wilson’s Plover — Charadrius wilsonia; Kushlan et al.
2017). Additionally, we recorded the highest number of
unique species in mangroves. Among the species
recorded only in mangroves, two are of conservation
concern: the White-crowned Pigeon - Patagienas leuco-
cephala and Reddish Egret - Egretta rufescens.

As expected, the urban area of San Miguel de
Cozumel was where we recorded the lowest richness of
bird species. Actually, urban settings have been shown
to represent a semi-permeable filter for birds globally
and at different scales, with their assemblages represent-
ing non-random subsets of regional species pools (Croci
et al. 2008; MacGregor-Fors 2010; Aronson et al. 2014;
Sanz and Caula 2015; La Sorte et al. 2018). As it has been
shown in empirical studies across the urban ecology
literature, avian diversity in human settlements depends
on vegetation cover and structure (Sultana et al. 2021).
Similarly, we recorded higher bird richness close to
greenspaces of San Miguel de Cozumel. In terms of the
urban settings contributing unique species to the island
diversity, we only recorded three doves, two exotic (i.e.,
Rock Pigeon — Columba livia, Eurasian Collared-dove —
Streptopelia decaocto) and one native (i.e., White-winged
Dove - Zenaida asiatica). It is important to note that the
third most abundant species in San Miguel de Cozumel
was the Eurasian Collared-Dove, a species that recently
colonized Mexican grounds (Gonzdlez-Zamora et al.
2016; Ingenloff et al. 2017). This dove has increased its
populations in San Miguel de Cozumel only since 2008
(with only sporadic records in the island in 1991, 1992,
and 2004; GBIF 2020). It is currently widespread across
town, representing the most frequent species (present in
80% of our point counts located within the urban set-
ting). This is not only worrisome due to antagonistic
interactions with other species in the Yucatan
Peninsula (Ruddy Ground Dove — Columbina talpacoti,
White-winged Dove - Zenaida asiatica; Chablé-Santos
et al. 2012), but for two additional reasons: (i) it is
a potential reservoir of many diseases such as the avian
chlamydiosis (Chlamydia psittaci; Donati et al. 2015),
West Nile Virus (Panella et al. 2013), and Newcastle dis-
ease (Terregino et al. 2003), to name a few; and (ii)
because the species has been shown to invade non-
urban areas after a lag-phase in the United States, with
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records spreading through agricultural fields, and even
forest edges (eBird 2020). It is notable that this species,
as an invasive, does not occur in high densities in all
islands, as is the case in Japan, where it is considered an
endangered species because of decreased population
numbers due to reduced genetic diversity (Nagai et al.
2020).

The size of the island and the fact that tropical forests
cover most of its territory, with important heterogeneity
due to both natural and anthropogenic disturbances,
could be some of the factors behind the concentration
of avian diversity in these ecosystems. This is in agreement
with previous studies that native ecosystems in large
islands can promote habitat diversity and heterogeneity
and consequently biodiversity (MacArthur and Wilson
1967; Simberloff 1974; Scherber et al. 2018). This pattern
does not only apply to birds and has been shown to be
quite generalizable (e.g., plants, terrestrial mammals, and
bats; Power 1976; Kohn and Walsh 1994; Fox and Fox
2000; Davidar et al. 2001; Hoffman et al. 2019).

Cozumel is a highly biodiverse island, even when con-
trasted with nearby insular systems. For instance, the avi-
fauna recorded on Cozumel Island - compiled from
different sources for a considerable period of time by
Lepage (2021) - reaches 333 species, representing ~58%
of the total avifauna of the Yucatan Peninsula (566 species;
MacKinnon-Haskins 2018). In contrast, the avifauna of Isla
Mujeres (Quintana Roo), an island one-tenth of Cozumel's
size, is of 123 species (Barrientos-Medina and Ceballos-
Povedano 2019), comparable to that of Contoy Island,
another smaller island, where 97 bird species have been
recorded (MacKinnon-Haskins 1993). It is noteworthy to
mention that such insular avifaunas are heavily affected
by seasonal changes, and our surveys were conducted on
a specific window of time in August (at the beginning of
the arrival of winter migrants); thus, our results should be
contextualized in relation to the surveyed time of year. In
summary, our results reveal that the surveyed tropical
forests and mangroves of the island of Cozumel are the
main ecosystems harboring high avian diversity on the
island and thus need to be protected. Notably, our results
need to be considered cautiously, given our limited sam-
pling effort. Thus, we strongly suggest future studies to
pursue long-term surveys to confirm if the relations that
we found hold.

On the one hand, tropical forests were shown to
house high avian densities and endemics (different
from urban settings where we recorded high densities
of few species), while on the other hand, we recorded
the most unique species in mangroves. Yet, all four
studied ecosystems showed overall low species compo-
sition similarity, indicating the importance of palm thick-
ets in adding to the avian diversity of the island. Finally,
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as expected, the contribution of urban settings to the
avian diversity of the island is limited and includes some
highly abundant invasive species, of which the Eurasian
Collared-Dove could represent a major ecological threat.
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