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Abstract
While urbanisation remains a major threat to biodiversity, urban areas can sometimes play an important role in protecting
threatened species, especially exploited taxa such as parrots. The Hispaniolan Parakeet Psittacara chloropterus has been extir-
pated across much of Hispaniola, including from most protected areas, yet Santo Domingo (capital city of the Dominican
Republic) has recently been found to support the island’s densest remaining population. In 2019, we used repeated transects
and point-counts across 60 1 km2 squares of Santo Domingo to examine the distribution of parakeets, identify factors that might
drive local presence and abundance, and investigate breeding ecology. Occupancy models indicate that parakeet presence was
positively related to tree species richness across the city. N-Mixture models show parakeet encounter rates were correlated
positively with species richness of trees and number of discrete ‘green’ patches (> 100 m2) within the survey squares.
Hispaniolan Woodpecker Melanerpes striatus, the main tree-cavity-producing species on Hispaniola, occurs throughout the
city, but few parakeet nests are known to involve the secondary use of its or other cavities in trees/palms. Most parakeet breeding
(perhaps 50–100 pairs) appears to occur at two colonies in old buildings, and possibly only a small proportion of the city’s 1500+
parakeets that occupy a single roost in street trees breed in any year. Our models emphasise the importance of parks and gardens
in providing feeding resources for this IUCN Vulnerable species. Hispaniola’s urban centres may be strongholds for populations
of parakeets and may even represent sources for birds to recolonise formerly occupied areas on the island.
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Introduction

Urbanisation is a significant threat to the world’s wildlife with,
for example, residential and commercial development listed as

a contributor to declines in 609 Threatened/Near Threatened
bird species worldwide (BirdLife International 2020).
However, there is a growing appreciation that urban areas
may also act as valuable habitats for wildlife generally (e.g.
Alvey 2006) and for some threatened taxa in particular (Ives
et al. 2016). This value may stem from the diversity of habitats
within urban centres (e.g. Alberti 2005), from the protection
that urban centres offer (e.g. DeStefano & DeGraaf 2003),
and/or from various anthropogenic food resources (e.g.
Stofberg et al. 2019). A group of birds that has adapted par-
ticularly well to urban living are parrots, for which cities rep-
resent fruitful places for exotic species to establish (Butler
2005) and havens for populations of otherwise rare species
to persist or even thrive (Irumba et al. 2016). Several extrinsic
factors may allow parrots above other birds to thrive in cities:
large green spaces which, to some extent, mimic forest
patches (Davis et al. 2012) and between which parrots are
naturally selected to travel; buildings which mimic natural
nest-sites (Tella et al. 2014); the widespread availability of
fruiting trees (Clergeau & Vergnes 2011); high cognitive
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ability and behavioural plasticity for discriminating and taking
advantage of opportunities (Salinas-Melgoza et al. 2013, Sol
et al. 2013); gregarious behaviour for the rapid assimilation of
information (Chapman et al. 1989); and the protection from
trapping by well-enforced laws, the ubiquity of potential
crime witnesses, and/or urban dwellers having little interest
in trapping parrots (Martens & Woog 2017).

The Hispaniolan Parakeet Psittacara chloropterus is a
threatened parrot (IUCN status Vulnerable) endemic to the
Caribbean island of Hispaniola (Haiti and the Dominican
Republic [hereafter DR]) (del Hoyo & Collar 2014).
Hispaniolan Parakeets are obligate cavity nesters and, as with
other secondary cavity nesters on the island (e.g. Hispaniolan
Amazon Amazona ventralis and Hispaniolan Trogon
Priotelus roseigaster), are thought to rely on cavities pro-
duced by the endemic Hispaniolan Woodpecker Melanerpes
striatus (Latta et al. 2006). Hispaniolan Parakeets are gregar-
ious birds that feed on fruit and seeds from a wide variety of
native and non-native species (Olson 2015), but their habitat
needs and breeding ecology are little known (Collar et al.
2020).

A review of records up to 1930 (Wetmore & Swales 1931)
suggests that the species was once widespread and numerous
on the island, but became rarer in lower coastal areas in the
later nineteenth century, although ‘abundant at certain sea-
sons’ (presumably because it descended in winter from mon-
tane areas where it maintained its numbers); around 1870,
flocks could be so great that hundreds were shot in defence
of maize crops, and even in 1927 ‘thousands were seen in
small flocks daily’ in and west of San Juan de la Maguana,
DR. A more recent review of records up to the year 2000
(Keith et al. 2003) provided further evidence of decline, de-
scribing the species as ‘extirpated or uncommon in most
areas’ and citing ‘at least a 95% decline in Los Haitises
National Park, DR from 1976 to 1996’ (a site from which it
was soon afterwards declared extirpated; Latta et al. 2006).
The parakeet has declined and locally disappeared from the
landscape across Hispaniola (Wiley 1991, Dod 1992, Collar
et al. 1994, Snyder et al. 2000, Stattersfield & Capper 2000,
Kirwan et al. 2019). Notably, however, instead of retreating
from the centres of human activity into the most remote areas
(the typical pattern of decline in species) the parakeet pos-
sesses a relatively strong presence in Santo Domingo, DR’s
capital, and Santiago de los Caballeros, DR’s ‘second’ city
(Luna et al. 2018).

The decline of the parakeet has been attributed to habitat
loss, persecution as a crop pest, hunting for food, and exploi-
tation as a pet (Wiley 1991, Collar et al. 1994, Stattersfield &
Capper 2000, Keith et al. 2003, Luna et al. 2018), but the
relative contribution of these threats to the decline is un-
known. However, if foraging opportunities, shelter and nest-
sites are key components of the parakeet’s habitat, Santo
Domingo may have been or become a bulwark against at least

two of these threats. The city certainly appears now to support
the largest/densest single population of the Hispaniolan
Parakeet on the planet. As a first step in seeking to understand,
and in future to manage, the factors influencing this important
population, we examined the distribution of parakeets across
Santo Domingo and related this to characteristics of the city’s
green spaces. We also report on the parakeet’s urban roosting,
and known nesting sites, and relate its distribution to that of
the cavity-producing Hispaniolan Woodpecker.

Methods

Survey area and survey methods

The Greater Santo Domingo area (18°28′N 69°53′W) is the
largest urban centre in the DR, supporting a population of 3.2
million people in an area of 104 km2 (Population Stat 2019).
This coastal metropolitan area is usually defined as the
Distrito Nacional (the capital city and seat of government)
plus eight municipalities from the surrounding Santo
Domingo and San Cristóbal Provinces. Records on eBird sug-
gest that parakeets are most regularly recorded in the Distrito
Nacional. Although the species is recorded often, the spatial
distribution of these records is not sufficient to investigate
habitat use; we therefore designed a survey to cover the city
more widely. It is possible that breeding and feeding sites exist
outside of our survey areas; however, this area covers the
locations of the majority of regular sightings.

From February toMay 2019, we surveyed a 60 km2 area of
Greater Santo Domingo. The survey area was divided into
1 km2 grid cells using a square grid overlay on QGIS (version
2.18.16). Only cells which were (a) considered to be safe to
visit, (b) possessed a suitable road grid to walk transects and
(c) offered a suitable crossing if a river was present were
chosen for potential surveying. Owing to the nature of the city,
this restricted the survey area to the city centre, with the ma-
jority of the grid cells falling inside the Distrito Nacional
(Fig. 1). We used a combination of line transects and point-
counts to document Hispaniolan Parakeets in each of the grid
cells (Buckland et al. 2008). Line transects were 4 km in
length and passed through four of the 1 km2 squares during
each survey; an additional five 1 km2 squares were surveyed
using single 1 km transects. We chose this resolution based on
previous research into urban parrot populations (Grarock et al.
2013, Appelt et al. 2016) and because it captured the variation
between urban areas within the city while still allowing the
repeated surveys to be completed in one season. Visibility
may have differed between transects owing to variation in
urban structure, and was likely to be limited to several hun-
dred metres from the transect line rather than extending to the
whole 1 km2. We attempted to account for these differences in
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detectability by using measurements of urban structure in our
analyses (see below).

Transects were walked at a slow pace (2–3 km h−1) and
repeated three times on separate days (Field et al. 2005). Five-
minute point-counts, during which habitat characteristics were
recorded (see next paragraph), were conducted twice in each
1 km2 square at 250 m and 500 m along the transect. During
the surveys, all Hispaniolan Parakeets and Hispaniolan
Woodpeckers seen and heard were recorded. Fieldworkers
(LIH & CJB) were familiar with both species, which are dis-
tinctive vocally and visually: Hispaniolan Woodpecker is the
only large woodpecker present on the island and Hispaniolan
Parakeet is the only parakeet species present in Santo
Domingo (Latta et al. 2006). Surveys were conducted during
two time-slots, 7h30–9h30 and 15h00–17h00. Transect re-
peats meant each transect was surveyed during both time-
slots at least once. These slots were selected as they avoided
not only the period of lowest parakeet mobility and detectabil-
ity over the hottest hours of the day but also the periods of
highest mobility in the hour after sunrise and the hour before
dusk, when birds are dispersing from and to their roost-sites
(Marsden 1999), thus favouring detection in areas where re-
source use could be recorded.

Fine-scale habitat characteristics were documented during
five-minute point-counts using methods adapted from

MacGregor-Fors & Schondube (2011), involving a circle of
25 m radius around the point-count. The maximum building
height, road width and tree species richness were recorded,
with the maximum value of each characteristic per square
used (from two counts per square). Tree species were identi-
fied in the field. Additionally, a Normalised Difference
Vegetation Index (NDVI) value for each 1 km2 square was
obtained from eMODIS (Jenkerson et al. 2010) ten-day com-
posite NDVI V6 product for Central America and the
Caribbean beginning on 26 March 2019.

Environmental data layers

To map effectively the spatial heterogeneity of urban green
space cover (i.e. individual tree canopies, parks, urban wood-
land), high-resolution image data from the Sentinel-2 sensor
(10 m; ESA 2019a) were acquired from the European Space
Agency Copernicus data repository (ESA 2019b). Two image
tiles from 11 January 2019, representing virtual cloud-free
conditions and pre-processed to surface reflectance (ESA
2019c), were mosaiced to cover the study area. The Blue,
Green, Red and Near Infrared (NIR) band layers were extract-
ed to form a four-layer image stack. NDVI, providing a mea-
sure of active vegetation, was added as a fifth layer (NDVI =
NIR – Red / NIR + Red; Braun & Herold 2004). Remaining

Fig. 1 Number of Hispaniolan Parakeet groups encountered across three
visits to each 1 km2 surveyed. Background shows urban landscape
classification (water = blue, buildings and roads = grey, green spaces =

green) overlaid on Open Street Map of Santo Domingo (map data
copyrighted OpenStreetMap contributors and available from https://
www.openstreetmap.org)
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cloud cover (≈ 0.7% of study area) was manually masked
from the image stack.

To produce a map of green spaces in Santo Domingo we
used a supervised classification approach (Wegmann et al.,
2016). We used GoogleMaps (www.google.co.uk/maps) as
a reference to develop training and testing shapefiles for
three habitat classes in the city. Each file contained 20
examples of ‘Trees’, defined as either single trees or larger
green spaces predominantly covered with trees, ‘Urban
areas’, defined as areas covered with concrete or buildings,
and ‘Water’, areas covered with water. Using the training
dataset, we fitted a RandomForest (Liaw and Wiener, 2002)
model which was then applied to the whole of Santo Domingo
to classify habitat (Wegmann et al., 2016). Testing for agree-
ment between habitat classifications and our ‘testing’ dataset
showed excellent accuracy (0.997; 95% CI 0.992–0.999) and
we also verified these classifications based on locations
known to authors resident in the city and with comparisons
to satellite photographs. We then used the ‘landscapemetrics’
package (Hesselbarth et al. 2019) in R to calculate the number
and size of patches (discrete areas of a single land-cover clas-
sification) of ‘Trees’ within the city. We also calculated the
total area of patches larger than 2 hawithin the 1 km2 square to
represent land covered by parks within the survey squares.
Owing to the high degree of autocorrelation between land-
scape metrics, only the number of patches and the total area
of all patches larger than 2 ha were used in our models.

Data analysis

Single-season site-occupancy models were used to investigate
the distribution of parakeets and woodpeckers within Santo
Domingo. Models for each species were constructed separate-
ly with the same covariates. Time of survey, distance walked,
maximum building height and maximum road width were
considered as potential covariates affecting detectability.
Maximum tree species richness, number of discrete tree
patches (>100 m2) and total area of patches larger than 2 ha
within the survey square were considered as covariates affect-
ing occupancy. Initially models containing only covariates of
detectability were fitted and the ‘best’model selected by com-
paring AICc scores. Then occupancy covariates were added,
keeping detectability covariates constant, and selected in the
same manner. In both cases, models containing all combina-
tions of covariates were fitted and compared. Models with
ΔAICc <2 were considered to have equal support. In this case
the simplest models were considered to be ‘best’ (Burnham &
Anderson 1998).

Relative abundance of parakeet encounters (i.e. number of
groups encountered in each survey square) was modelled
using N-Mixture models (Royle 2004). It was not possible
to model total abundance of birds, because detectability could
not be assumed to be equal for each bird in any given flock

(Kéry & Royle 2015). We used the same potential covariates
for detectability as in the site-occupancy models, and the co-
variates which could potentially influence occupancy were
also used to investigate their potential relationship with rela-
tive abundance. The same model selection method, first in-
volving covariates for detectability followed by covariates for
relative abundance, was also used. All models were fitted in R
(version 4.0; R Core Team 2020) using the unmarked package
(Fiske & Chandler 2011). All of our ‘best’ models were
checked with goodness-of-fit tests (MacKenzie & Bailey
2004) using the AICcMODAvg package (Mazerolle 2019).

Results

Parakeet distribution and abundance

Parakeets were observed in 32 out of 60 1 km2 survey squares
(Fig. 1). There was no difference in the distribution of para-
keet presence across the city (Chi-squared test between num-
ber of ‘occupied’ squares across the NE, NW, SE and SW
quadrants: χ23 = 3.5, p = 0.32). However, parakeet records
were concentrated in the south of the city in areas surrounding
a linear urban park called Parque del Mirador Sur (χ23 = 82,
p < 0.001). The ‘best’model (Tables 1 & 2 SOM) for parakeet
occupancy (Fig. 2a) used no covariates influencing detectabil-
ity (0.56 ± 0.06), and a positive relationship with maximum
tree species richness (0.27 ± 0.13; Fig. 2b) as a predictor of
occupancy (0.82 ± 0.11).

The majority of parakeet records were of single individ-
uals, but 46 groups were recorded in total, with a median
group size of three. Mean group size across the three repeated
surveys was correlated with parakeet encounter rates (rs =
0.95, n = 60, p < 0.001) and the total encounters were positive-
ly correlated between visits in each location (1&2 rs = 0.59,
n = 60, p < 0.001; 1&3 rs = 0.56, n = 60, p < 0.001; 2&3 rs =
0.47, n = 60, p < 0.001). The ‘best’model explaining parakeet
encounter rates (Fig. 2c; Tables 3 & 4 SOM) used a negative
binomial error structure due to overdispersion (Kéry & Royle
2015). Maximum road width (−0.014 ± 0.01; Fig. 2d) was
selected as a covariate for detectability (0.06 ± 0.02) and max-
imum tree species richness (0.19 ± 0.079; Fig. 2d) and number
of tree patches within the survey area (0.017 ± 0.007; Fig. 2d)
were selected as covariates influencing the number of parakeet
encounters. There was onlymoderate correlation between pre-
dicted probability of occupancy and predicted encounter rates
(rs = 0.49).

Nesting and roosting ecology

Breeding was recorded at two well-known sites, the Hospital
San Nicolás de Bari ruins in the Ciudad Colonial and the
Pedro Mir Library, Universidad Autónoma de Santo
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Domingo (UASD) (Fig. 2). Breeding was also found close to
the Jardín Botánico Nacional, another known site, in the form
of a single nest in a cavity in a mature palm. No further nests
were located during the transects or by questioning local peo-
ple. The cavities are attended by parakeets in every month of
the year, although breeding is believed to take place mainly
from February to June (Latta et al. 2006).

Hispaniolan Woodpecker was recorded in many areas
across the city, as were woodpecker cavities which could pro-
vide potential nest-sites for parakeets. In some areas, such as
within the Jardín Botánico Nacional, multiple cavities were
present in the same tree. However, we saw no evidence that
use of these cavities by parakeets was common. The ‘best’
model (Table 5 & 6; Online resource 1) demonstrated that
woodpecker occupancy (0.44 ± 0.15; Fig. i; Online resource
1) was positively related to maximum tree species richness
(0.37 ± 0.19; Fig. iia; Online resource 1) and, unlike the para-
keet encounters model, negatively related to the number of
tree patches within the survey square (−0.04 ± 0.02; Fig. iib;
Online resource 1) as predictors of occupancy (0.44 ± 0.15).

There is just one known roost site regularly used by
parakeets in Santo Domingo. This is located at the entrance
to El Embajador Hotel at the east end of the Parque del
Mirador Sur. Here, parakeets congregate for the night in four
mature Indian almond Terminalia catappa trees. Our own
counts and those from previous visi ts (Table 7;
Online resource 1) suggest that more than 1500 individuals
can regularly use this roost, along with very small numbers of
Hispaniolan Amazons. The urban population is likely to be
larger than this, since birds were observed at the two known

breeding colonies at times when the roost at El Embajador
Hotel was assembling, and other parrot species are known to
be absent from communal roosts when breeding (Cougill &
Marsden 2004).

Discussion

The Hispaniolan Parakeet proved to be widespread within our
60 km2 study area in central Santo Domingo. The species
shows a rather patchy distribution across the rest of
Hispaniola, with the highest proportion of eBird lists placing
it in the provinces of Independencia and Pedernales in south-
west DR plus the Département du Nord in Haiti. Even so, in
these areas it is recorded on only around 15% of lists, whereas
in Santo Domingo it is recorded on over 50% of lists; and
given a detectability in our models of 0.56, it is probably
‘present’ in most locations. There is little evidence from
eBird records, at least, that urban areas on other Caribbean
islands support parakeet populations in any way similar to
the situation in Santo Domingo. Psittacara species are present
in urban areas in other parts of Latin America (e.g. Finsch’s
Pa r ak e e t P . f i n s ch i and Wh i t e - e yed Pa r ak e e t
P. leucophthalmus), but these urban populations appear to
represent part of continuous ranges rather than a disjunct
‘self-contained’ population such as is present in Santo
Domingo.

Intriguingly, the city proves to have been colonised only
recently by the parakeet. It was not mentioned as a locality in
their meticulous account of Hispaniolan birds by Wetmore &

Fig. 2 Results of analysis of the
distribution of Hispaniolan
Parakeet in Santo Domingo,
Dominican Republic, showing (a)
Predicted parakeet occupancy
(darker blue indicates a higher
probability of occupancy), (b)
Probability of occupancy based
on the maximum tree species
richness, (c) Predicted number of
parakeet encounters (darker blue
indicates higher encounter rates)
and (d) Predicted detectability
based on maximum road width
and number of encounters based
onmaximum tree species richness
and number of tree patches within
the survey square. On maps, let-
ters represent A the colonial roost
at El Embajador Hotel, B the
nesting site at UASD and C the
nesting site at Hospital San
Nicholás de Bari
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Swales (1931) or Wiley (1991). Moreover, the roost at El
Embajador Hotel consisted of just 118 birds in 1998, when
it was described as ‘the largest flock recorded in recent years,
and particularly unusual in being in an urban area’ (Kirwan
et al. 1999). As our surveys indicate a far larger population of
1500+ birds within the city, again centred in the south, with
that number regularly roosting at El Embajador Hotel, it can
plausibly be construed that the population became established
in the mid-1990s (presumably from released or escaped mar-
ket birds: see below) and grew very rapidly, with some occu-
pants of city apartments now even feeding the birds on their
balconies (SG pers. info.). Latta et al. (2006) referred to the
species as ‘common in urban parks in Santo Domingo’ and,
although we did not find a particular association with large
parks, we can confirm that green spaces throughout the city
are important drivers of their urban distribution.

Specifically, records were centred on those areas with high
richness of tree species, and encounter rates with parakeet
groups were positively related to tree species richness along
with number of green spaces within the area. Despite this, and
although the size of urban green spaces generally influences
bird species richness (Dale 2018), we found no strong link
between either parakeet distribution or encounter rates and
proximity to the city’s largest green spaces. Within urban
areas, tree species richness can be greater than surrounding
native forest, but the proportion of non-native species also
increases (Nero et al. 2017). Urban parrot species are reported
to use a variety of both native and non-native tree species
(Groom et al. 2014), including those found in ornamental
green spaces such as parks and gardens. Opportunistic obser-
vations of parakeets feeding on a number of exotic trees in
Parque del Mirador Sur during the past three years confirm
this (YML, pers. obs.). The combination of native and non-
native vegetation may increase both the variety and seasonal
abundance of available food resources (Lowry and Lill 2007),
permitting higher population densities of psittacids than in
rural areas (Sol et al. 2013). This could explain why the
Jardín Botánico Nacional, with its high woodland cover and
many native tree species, had relatively low parakeet encoun-
ter rates, possibly because it has fewer non-native trees planted
for their fruits, such as mangoes (much exploited by the par-
akeet, as observed on our surveys), than small urban parks,
public gardens and private courtyards. In our view, parakeets
occupy the central areas of Santo Domingo simply because
smaller, diverse green spaces are more plentiful there than in
peripheral suburbs.

These central areas are also close to the single known large
communal roost, which may play an important role in the
success of the city’s population. Roosts such as this allow
the transmission of key information, notably the location of
foraging areas (Bijleveld et al. 2010). High inter-individual
variability in behaviours in parrot species may also allow the
rapid development of new adaptations in urban environments

(Carrete and Tella, 2011), in our case such as breeding in
buildings, and the well-developed cognitive abilities of parrots
(Schuck-Paim et al. 2008) would allow these novel behav-
iours to be quickly transmitted through the population.
Indeed, gregariousness is associated with the ability to find
and exploit novel foods (Chapman et al. 1989, Sol et al.
2013), such as those from unfamiliar tree species. The roost
at El Embajador Hotel offers opportunities to monitor this
important urban population (e.g. Pithon & Dytham 1999).

The distribution of Hispaniolan Woodpeckers was similar-
ly driven by tree species richness, but was negatively related
to the number of tree patches in the survey square, suggesting
a need for less fragmented areas. Nevertheless, despite the
widespread availability of old woodpecker holes, we found
only one such being used by parakeets. The distributions of
other urban parakeet species are believed to be constrained by
the availability of nesting cavities (Strubbe & Matthysen
2009, Davis et al. 2012), but for Hispaniolan Parakeets there
appears to be an abundance of ostensibly suitable but unused
nest-sites. Based on roost counts of over 1500 individuals, it
would appear that, unless there are several major undetected
breeding colonies, only a small proportion of the population
breeds at any one time. After the fieldwork was completed,
two additional nests were detected in building structures in the
Distrito Nacional: one in a cement shelf for air-conditioning
units outside an apartment building and another on a hollow
ceiling structure outside a shopping centre (YML pers. obs.).
Such nests, however, seem to be rare. If this is so, the two
known communal nesting sites, both in buildings, are of vital
importance to the species.

The origin of the parakeet population in Santo Domingo
(and other urban areas in the DR) remains an open question.
However, the evidence is consistent with the population de-
riving from escaped or released birds. A long tradition exists
among Dominicanos of keeping the endemic Hispaniolan
Amazon, which can be taught to ‘talk’ well, as a pet;
parakeets, by contrast, do not learn to talk but have unpleas-
antly loud and persistent calls. Nevertheless, fledgling
parakeets, which are visually similar to fledgling amazons,
are often sold along the city’s approach roads to unsuspecting
purchasers (YML pers. obs.), and it is entirely plausible that
disappointed or exasperated owners released such birds when
they discovered their mistake. Moreover, in the mid-1990s the
city zoo received so many donations and confiscations of
parakeets that staff reputedly contemplated their release as a
humanitarian option (SG pers. info., S. J. Inchaustegui in litt.).
Given the rarity of the species outside of the city now, the
source of these broods is a matter of considerable interest.

Regardless of their origin, Santo Domingo represents a
stronghold for the Hispaniolan Parakeet, at least currently. In
other areas, threatened species may be less dependent on the
urban parts of their range but the situation in Santo Domingo
demonstrates the potential importance of such populations, and
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their relevance is only likely to increase if trends related to urban
living and expansion continue. It is certainly important to study
the population ecology of the Hispaniolan Parakeet in Santo
Domingo in order to develop evidence-based long-term conser-
vation management initiatives. Whether this urban population
can provide information to help protect populations in the wider
countryside is still unclear. Loss of parakeet populations may
have resulted in the loss of ecosystem function from their original
range (Luna et al. 2018). We do not know if the city currently
provides all of the necessary resources for this parakeet popula-
tion to thrive or whether the availability of some, but not all,
required resources represents an ecological trap (Battin 2004).
While we have highlighted areas of the city and resources which
may be important to this population, exactly how andwhen birds
are using those resources needs study. The tagging of birds at
colonies and roost(s) would offer a way to track movements
around the urban environment, identify key foraging resources
and generate vital demographic data. Nest monitoring and, po-
tentially, the provision of protected, artificial nest sites could help
determine the natural and anthropogenic pressures governing
reproductive behaviour and output, and could be deployed in
other urban areas within the DR. Work of this nature might also
shed light on the causes of the poor status of the species in the
Hispaniolan countryside, and might be used as the scientific
backdrop to the greater engagement of the public in support of
such a familiar, yet virtually unknown, islandwide endemic
species.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11252-021-01119-1.
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