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Abstract

Evaluation of the invasion potential of the monk parakeet, Myiopsitta monachus, in natural Protected Areas
in Mexico. The monk parakeet, Myiopsitta monachus, is a species of parrot that is native to South America.
By 2016 it had become invasive in Mexico and its populations have since increased dramatically, particularly
in urban areas. It is currently difficult to predict whether it will expand into non—urban areas of the country.
The aim of this work was to assess the risk of invasion of this parakeet into the Natural Protected Areas
(NPAs) of Mexico, where interaction with the native parrots is worrisome due to the aggressive nature of this
parakeet. Using potential distribution models we evaluated this risk using MaxEnt. We performed a functional
analysis of all native parrots of Mexico and M. monachus seeking possible competition or displacement of
the species. According to the MaxEnt model, the Biosphere Reserve Tehuacan—Cuicatlan is the NPA with the
highest risk of such invasion (~42% of its area presents climatically suitable values = 0.75). The functional
trait assessment revealed that the barred parakeet, Bolborhynchus lineola, is the species most similar (97 %)
to the invasive monk parakeet. It is naturally distributed in the Biosphere Reserve of Tehuacan—Cuicatlan and,
from all functional traits considered, differs only in nesting type. This study shows the potential risk that the
invasive monk parakeet represents in Mexican NPAs, and emphasizes the need for effective actions in order
to avoid further potential invasions and expansions of the species occur across Mexico.

Key words: Monk parakeet, Functional ecology, Invasive species, Parrots

Resumen

Evaluacién de la capacidad invasora de la cotorra argentina, Myiopsitta monachus, en areas naturales prote-
gidas de Meéxico. La cotorra argentina, Myiopsitta monachus, es una especie autdéctona de Sudamérica que
en 2016 fue declarada invasora en México, donde sus poblaciones han aumentado drasticamente, sobre todo
en zonas urbanas. Dada la dificultad de predecir si estas poblaciones se expandiran a las zonas rurales del
pais, el objetivo de este trabajo fue evaluar el riesgo de que esta cotorra invada las areas naturales prote-
gidas (ANP) de México, donde preocupa la interacciéon con los loros autéctonos debido al caracter agresivo
de esta ave invasora. Para evaluar este riesgo, se elaboraron modelos de distribuciéon potencial mediante el
programa informatico MaxEnt y luego se realizé un analisis de similitud usando rasgos funcionales de todos
los loros autoctonos de México y de M. monachus a fin de determinar la posibilidad de que se produzcan
fendmenos de competencia o desplazamiento entre las especies. Segun el modelo de MaxEnt, la Reserva
de la Biosfera Tehuacan—Cuicatlan es el ANP con mayor riesgo de invasion (~42% de su superficie presen-
ta valores climaticamente idéneos = 0,75). El analisis de similitud de los rasgos funcionales reveld que el
perico barvado, Bolborhynchus lineola, es la especie mas similar (97 %) a la invasora cotorra argentina, que
se distribuye naturalmente en la Reserva de la Biosfera de Tehuacan—Cuicatlan, y que de todos los rasgos
funcionales considerados, solo difiere en el tipo de anidacion. Este estudio muestra el riesgo que esta especie
invasora puede representar en las ANP mexicanas, asi como la necesidad de adoptar medidas eficaces para
su manejo y control antes de que se pueda expandirse e invadir otras zonas de México en el futuro.
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Introduction

Invasive species are one of the most serious threats to
biodiversity, and in most cases, such introductions are
attributable to humans (Wittenberg and Cock, 2001).
Of the 800 animal species that have been recorded as
extinct since 1500, the cause can be attributed to such
invasions in at least 33% (Blackburn et al., 2019). In
some cases, such invasions also reduce the population
of native species and affect their health, either directly
or indirectly, through the alteration of the structure
and function of the ecosystem (Asner and Vitousek,
2005; Havel et al., 2005; Traveset and Richardson,
2006). The monk parakeet, Myiopsitta monachus, is
a species whose native distribution is Bolivia, Brazil,
Paraguay, Uruguay, and Argentina in South America.
Nevertheless, because many people have a fondness
for parrots as pets and because Mexican laws since
2008 protect native species, those who want to pur-
chase parrots must turn to non—native species such
as the monk parakeet. This bird was first seen living
free in Mexico in 1999 (Salgado—Miranda et al., 2016).
Since then, its populations have increased dramatically.
It is now recorded both in the scientific literature and in
citizen science databases. The combination of these
two sources of information shows the species has now
been reported in 97 cities in Mexico, and it has been
observed in seven geographic regions (North Pacific,
North, Central Pacific, Central Highlands, Gulf Coast,
South, and Yucatan) (Hobson et al., 2017). The im-
portance of the species outside its natural range lies
in several aspects. For example, it has caused severe
damage to agricultural activities in numerous regions
of the world, such as Spain, Israel, the United States,
and England, and even in its native environments,
such as Uruguay and Argentina (Roll et al., 2008,
Conroy and Senar, 2009; Canavelli et al., 2012). In
the United States, for example, it has shown to have
an affinity to nest on electric utility structures, causing
power outages (Tillman et al., 2004; Pruett—Jones et
al., 2007). It is also known to be highly aggressive
towards other bird species in the areas it has invaded,
and it can potentially spread clamidiosis, psittacosis,
and Newcastle disease among wild bird communities,
with devastating (MacGregor—Fors et al., 2011). It may
even affect human health (Temple, 1992). In Mexico,
it has mainly been reported nesting in trees such
as palms (Tinajero and Rodriguez—Estrella, 2015;
Mufioz—Jiménez and Alcantara—Carbajal, 2017), eu-
calyptus, pine, and araucarias (Ramirez—Albores and
Aramburu, 2017), but there are also records reporting
nesting in electricity utilities and other human-made
constructions (pers. obs.).

The invasion of the monk parakeet is relatively recent
in Mexico, and most populations have been recorded in
urban environments. It was officially declared invasive
in here at the end of 2016 (DOF, 2016). The monk
parakeet's behavior towards other species of birds and
mammals has been described as hostile (Di Santo et al.,
2017). It may aggressively intimidate other birds from
approaching food and is known to have killed other avian
species (Freeland, 1973; Davis, 1974). Furthermore, it
may defend its nests aggressively against other species

(Port and Brewer, 2004). Whether it will expand into
non—urban areas of Mexico is difficult to predict. Despite
the multiple records of its presence in many regions
of the country, this possibility has not been evaluated
to date. Our aim was to assess whether the areas of
potential distribution of the monk parakeet in Mexico
overlapped with Natural Protected Areas (NPAs), as in
this scenario native species of Mexico would potentially
be directly affected by said invasion.

Material and methods
Data collection

Georeferenced monk parakeet records in Mexico were
obtained from several sources: the GBIF platform
(GBIF, 2020), aVerAves (CONABIO, 2021), and scien-
tific publications (when they were included). Records
were curated to avoid duplicates and to ensure correct
determination. Subsequently, the current climatic varia-
bles for Mexico were downloaded from Worldclim at a
scale of 30 seconds (~1 Km?) (Fick and Hijmans, 2017).

To know the risk category of native species of
parrots present in Mexican Natural Protected Areas
(NPAs), we consulted the management programs of
the NPAs and CONABIO's web page Avesmx, and
the NOM—-059—SEMARNAT 2019.

Generation of the potential distribution model

Using georeferenced monk parakeet records in Mexico,
we generated a potential distribution map using the
MaxEnt V.3.4.1 program (Phillips et al., 2020), conside-
red one of the best performing algorithms (Elith et al.,
2006). In general, it detects non—-random relationships
between two data sets: (a) georeferenced records of
the presence of the monk parakeet in Mexico, and (b) a
set of 'raster' (type coverage of digital data representing
the climate variables for Mexican territory). With these
data, the modeling was carried out as follows: 75%
of the presence records were used as training points
and 25 % as validation points. A convergence threshold
of 10-5 with 1,000 iterations was used as the upper
limit for each run. To estimate the prediction capacity
of each model, the area under the curve (AUC) was
analyzed, a graphical output where the discrimination
capacity of an absence (specificity) is observed (Phillips
and Dudik, 2008). The output format analyzed was the
cumulative format (range from 0 to 100, which indi-
cates the suitability of the relative potential presence
of the species of each pixel but not a probability of
its occurrence (logistic output). A Jackknife test was
used (Rohlf and Sokal, 1995) to calculate the relative
contribution of each variable to the model, and the
results of this evaluation are expressed with a measure
known as 'gain'. This information is extremely important
to demonstrate the climatic characteristics that should
be recorded and that probably determine the potential
range of the species. Both analyzes, the AUC, and the
Jackknife test were implemented in MaxEnt.

A first model of potential distribution was made
using the records and the climatic variables. To eva-
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Table 1. Functional and behavioral traits of monk parakeet and psittacid species present in the NPAs of
Mexico: D, diet (1, folivore; 2, frugivore; 3, granivore; 4, insectivore; 5, omnivore); F, foraging strategy
(1, searcher; 2, catcher; 3, scraper; 4, robber); FS, foraging strata (1, water; 2, ground; 3, understory;
4, crown; 5, air); NT, nesting type (1, colonial; 2, individual); SB, social behavior (1, monospecific flock;
2, mixed flock; 3, congregatory; 4, lonely); MS, migratory status (1, altitudinal migration; 2, local migration;
3, continental migration; 4, resident). (Number in parentheses indicates less frequent trait or behavior).

Tabla 1. Rasgos funcionales y de comportamiento de la cotorra argentina y de las especies de psitacidos
presentes en las areas naturales protegidas de Meéxico: D, dieta (1, folivora; 2, frugivora; 3, granivora;
4, insectivora; 5, omnivora); F, estrategia de busqueda de alimento (1, buscadora; 2, cazadora; 3, raspadora;
4, robadora); FS, estratos de alimentacion (1, agua; 2, suelo; 3, sotobosque; 4, dosel; 5, aire); NT, tipo de
anidamiento (1, colonial; 2, individual); SB, comportamiento social (1, en bandada monoespecifica; 2, en
bandada mixta; 3, congregatorio; 4, solitario); MS, patron migratorio (1, migracion altitudinal; 2, migracion local;
3, migracion continental; 4, residente). (Los numeros entre paréntesis indican un rasgo o comportamiento

menos frecuente).

Trait
Species D F ES NT SB MS
Myiopsitta monachus (1), 3, (4) 1 2,4 1 1 4
Amazona autumnalis 2,3 1 4 2 1 1
Ara militaris (1), 2,3 1 (3), 4 2 1 1
Bolborhynchus lineola (1), 2, 3, (4) 1, (3) 2,3,4 2 1 4
Amazona albifrons (1), 2,3 1 4 2 1 4
Amazona finschi 5 1,3 2,4 2 1 4
Eupsittula canicularis 1,2, 3 1 4 2 1 4
Forpus cyanopygius 2,3 1 2,4 2 1 4
Rhynchopsitta terrisi 3 1 4 1 1 4
Amazona viridigenalis 2,3 1 4 2 2 4
Eupsittula nana (1), 2, (3) 1 4 2 2 4
Psittacara holochlora 2,3 1 4 2 1 4
Pionus senilis 2,3 1 4 2 1 4
Amazona oratrix 1,2,3 1 4 2 & 4
Rhynchopsitta pachyrhyncha 3 1 4 2 1 4

luate the contribution of the environmental variables to
the prediction of the species model, the results of two
ways that the MaxEnt program uses were analyzed:
the estimate of the contribution percentages relative
to the model and the results of the Jackknife test. In
the case of the Jackknife test, three types of models
were created. The first model was built with all the
variables but excluding an environmental variable to
determine how the excluded variable affected the
model. The following model was created using each
environmental variable independently to observe
how it contributed to the general model. Finally, a
model was built using all the variables. Among the
models created with the independent environmental
variables, we selected those that contributed more
to the general model as the most important variables
and a new potential distribution model was made
with these. Among the models created excluding one
of the environmental variables, the most important

variable was selected as that which, when excluded,
caused a lesser the contribution of the other variables
(Plasencia—Vazquez et al., 2014).

The model generated by MaxEnt and the layers
of the NPAs of Mexico were superimposed using
QGIS. The area (ha) was also estimated, as was
the percentage of each one with suitability values
within three categories (= 0.75-0.84, 0.85-0.90, and
> 0.91); the suitability value of 0.75 was considered
as a significant probability of presence according to
Fitzgibbon et al. (2022), but we built the three cate-
gories assuming that suitability values of 0.75, 0.86,
and 0.91 do not represent the same probability of
presence of the species.

Functional traits

For each parrot species native to Mexico, and also
for the monk parakeet, the most informative functional
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traits were collected according to Howell and Webb
(1995), Del Hoyo et al. (1997), Lépez—Ordéfiez et al.
(2015) and Sahagun—Sanchez and Duran—-Fernandez
(2019) (table 1).

Considering the functional and behavioral traits of
the monk parakeet and psittacid species present in the
NPAs of Mexico (table 2), we performed a two—-way
cluster analysis to determine the degree of similarity
between the species in terms of their functional traits,
and also to know which trait or set of traits produce
such similarity. For this analysis we used the PAST
program version 4.11 (Hammer et al., 2001).

Results

We obtained a total of 5,611 monk parakeet records
for Mexico. Nonetheless, the curation process resulted
in 1,721 validated records, without duplicates. The
model generated by MaxEnt with the validated records
showed that the variables that contributed most to the
potential distribution of monk parakeet were the average
temperature in the coldest quarter, precipitation in the
coldest quarter, seasonality of precipitation, temperature
seasonality, and maximum temperature of the warmest
month (table 2). The regularized training gain was 1.038.
After 500 iterations, the training AUC was 0.885.

The potential distribution model for the Monk Parakeet
revealed that seven regions in Mexico are especially
important according to the obtained suitability value: the
southern coast of the Baja California Peninsula; an area
in the northwest of the country, in the state of Sonora,
which corresponds with an urban center (Hermosillo);
the coastline of the state of Nayarit, Jalisco, and Coli-
ma; Central portions of Transversal Neovolcanic Axis;
the central region of Mexico, Puebla State and Mixteca
region in Oaxaca; a small area in the southern portion
of Oaxaca state; and in central portion of Chiapas state,
near San Cristobal de las Casas (fig. 1).

Superposition of the layers of NPAs of Mexico
shows that four regions had greatest suitability values
for the potential presence of the monk parakeet: Tehua-
can—Cuicatlan, Marismas Nacionales Nayarit, Sierra

Table 2. Contribution of the most important
variables in the potential distribution of the
monk parakeet derived from the model using
MaxEnt: ATcq, average temperature in de
coldest quarter; Pcq, precipitation in the coldest
quarter; SP, seasonality of precipitation; TS,
temperature seasonality, MTwm, Maximum
temperature of the warmest month.

Tabla 2. Contribucion de las variables mas
importantes en la distribuciéon potencial de la
cotorra argentina derivadas del modelo elaborado
utilizando MaxEnt: ATcq, temperatura media en el
trimestre mas frio; Pcq, precipitacion en el trimestre
mas frio; SP, estacionalidad de la precipitacion;
TS, estacionalidad de la temperatura, MTwm,
temperatura maxima del mes mas calido.

Variable Contribution (%)
ATcq 23.7

Pcq 23.6

SP. 20

TS 17.9
MTwm 14.9

Gorda, and Sierra de Manantlan (in order from highest
to lowest risk) (table 3), all Biosphere Reserves (BR).

According to the analysis of the potential distribution
model, only four Mexican NPAs coincide with the regions
with suitability values above 0.75 and these values vary
in each of them. For example, 42% of Tehuacan—Cui-
catlan BR presents suitability values = 0.75, that is: the
current climatic conditions in this region (specifically
average temperature of the coldest quarter, precipita-
tion of the coldest quarter, seasonality of precipitation,
temperature seasonality, and maximum temperature

Table 3. Area and percentage of Natural Protected Areas (NPAs) in Mexico with different suitability
values for the potential presence of Myiopsitta monachus.

Tabla 3. Superficie, absoluta y en porcentaje, de las areas naturales protegidas (NPAs) de México con
diferentes valores de idoneidad para la presencia potencial de Myiopsitta monachus.

Area with suitability value Area with

Total area suitability
NPA % (ha) 2 0.91 0.85 0.75 > 0.75 (ha) %total
Tehuacan—Cuicatlan 490,186.88 26.04 9.51 6.41 205,672.24 41.96
Marismas Nacionales Nayarit 133,854.39 10 13.29 14.01 49,931.21 37.30
Sierra Gorda 383,567.45 0 0 5.92 24,607.12 6.42
Sierra de Manantlan 139,577.13 0 0 2.08 2,902.82 2.08
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Fig. 1. Potential distribution model for the monk parakeet, generated with MaxEnt and climatic variables.
The Natural Protected Areas (NPAs) are Biosphere Reserves (BR).

Fig. 1. Modelo de distribucion potencial de la cotorra argentina generado con MaxEnt y variables climaticas.
Las areas naturales protegidas (NPAs) son Reservas de la Biésfera (BR).

of the warmest month), are appropriate for the monk
parakeet. Therefore, were it to become established, it
would be of high risk. At Sierra de Manantlan, just 2%
of the area has suitability values between 0.75 and
0.84 (table 3). In the Tehuacan—Cuicatlan BR, 26 % of
its surface registered a suitability value for the potential
distribution of the species = 0.91, while 9.5 % registered
a suitability value between 0.85-0.90 and 6.4 % with
presence suitability between 0.75 and 0.85 (table 3).
In the NPAs with suitability values for the potential
distribution of monk parakeet there are 14 species of
native parrots, 12 of which are listed in the NOM—-059—
2019 (table 4). In the Tehuacan—Cuicatlan BR, which
is the NPA with the highest suitability value for the
species, there are three species of native parrots, and
all three are included in NOM-059-2019: one of them
(Ara militaris military macaw) is in danger of extinction
and the other two (Amazona autumnalis red—lored
parrot and Bolborhynchus lineola barred parakeet)
are threatened. In Marismas Nacionales, the BR with
the second highest suitability values, there are three
native species (Amazona albifrons white—fronted parrot,
Eupsittula canicularis orange—fronted parakeet, and
Forpus cyanopygius Mexican parrotlet) that are under
special protection, and another species, the Amazona
finschi lilac—crowned parrot, is in danger of extinction)
NOM-059-2010, NOM-059-2019 (table 4).

Functional trait analysis

The two—way cluster analysis showed that the monk
parakeet and the barred parakeet are the two most
similar species (97 %), but there is also a high similarity
between the former and the Mexican parrotlet (94%).
Nesting type (individual nesting) is the common diffe-
rence between these two native species and the monk
parakeet (colonial nesting), while Forpus cyanopygius
also differs in diet type, being frugivorous (fig. 2).

Discussion

Our results show that regions of Mexico that are
relevant for the potential distribution model of monk
parakeet are important urban and non-urban areas.
This finding is in agreement with a description by Sol
et al. (1997) who stated that in its native range, this
species lives in a great variety of habitats, such as
open forests, trees along watercourses, savanna wood-
lands, dry Acacia scrubland, palm groves, farmlands,
orchards, and urban parks. This is also in agreement
with Neidermyer and Hickey (1977), who stated that in
the first known survey of monk parakeets in the United
States of America, as a control effort by the Fish and
Wildlife Service, 77 % of observations were in urban
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Table 4. Species of psittacids present in the NPAs that resulted in suitability values = 0.75 for the
potential distribution of the monk parakeet: E, in danger of extinction; T, threatened; Pr, special protection;
X, not considered under protection (GPC, Mexican governmental protection category).

Tabla 4. Especies de psitacidos presentes en las areas naturales protegidas (NPAs) que obtuvieron valores
de idoneidad = 0,75 para la distribuciéon potencial de la cotorra argentina: E, en peligro de extincién; T,
amenazada; Pr, objeto de proteccion especial; X, no considerada bajo proteccion (GPC, categoria de proteccion

gubernamental mejicana).

NPAs Species Common name GPC
Tehuacan—Cuicatlan Amazona autumnalis Red-lored parrot T
Ara militaris Military macaw E
Bolborhynchus lineola Barred parakeet T
Marismas Nacionales Amazona albifrons White—fronted parrot Pr
Amazona finschi Lilac—crowned parrot E
Eupsittula canicularis Orange—fronted parakeet Pr
Forpus cyanopygius Mexican parrotlet Pr
Sierra Gorda Rhynchopsitta terrisi Maroon—fronted parrot E
Amazona autumnalis Red-lored parrot T
Amazona viridigenalis Red—crowned parrot E
Ara militaris Military macaw E
Eupsittula nana Olive—throated parakeet Pr
Psittacara holochlora Green parakeet T
Pionus senilis White—crowned parrot T
Sierra de Manantlan Amazona finschi Lilac—crowned parrot E
Amazona oratrix Yellow—headed parrot E
Ara militaris Military macaw E
Eupsittula canicularis Orange—fronted parakeet Pr
Rhynchopsitta pachyrhyncha Thick-billed parrot E

and suburban areas. Later, in 2006, Munoz and Real
found that human activity explained more than 63 %
of the variation in monk parakeet distribution across
Spain, and this information was corroborated by Strub-
be and Matthysen (2009), who found that successful
establishment of monk parakeets across Europe was
positively associated with human population density.
One might thus think that their presence should not
worry us, since in Mexico, although there have been
cases of nesting in electrical infrastructures that could
represent economic losses (as in the United States),
until now they have preferred other types of substrate
to construct their nests, such as tall trees. In many
cities in central Mexico it has been recorded that wild
populations of native parrots could be reproducing
and the invasion of monk parakeets may affect them.
Furthermore, Sol et al. (1997), assure that in the ab-
sence of human control, this species could continue
its expansion into urban and non-urban areas, and
also into agricultural areas (Mufioz and Real, 2006).
In Mexico, it has been reported in sorghum and corn
crops in the state of Oaxaca (Pablo—Lépez, 2009),

but no economic valuation of its effects has yet been
performed. Also importantly, according to the Official
Mexican Standard (SEMARNAT, 2019) in various
natural protected areas of Mexico several populations
of native parrots are in some risk category, so the pre-
sence of M. monachus could represent further risk for
these species. For example, it could be a transmitter
of some bacteria as mentioned by Viana et al. (2016),
or it could displace native psittacid populations. Such
negative effects can extend to other species and other
components such as plant cover and availability of
nesting sites for other birds.

Even though it is known that variables other than
climatic (topographic, vegetation and land cover)
condition the occurrence of species and they could
be included (Contreras—Medina et al., 2010), in the
present work only climatic variables were used. These
variables generated a good model on their own, as
pointed out by Mota—Vargas et al. (2013). However, it
must also be considered that the expansion of monk
parakeets may have limitations, such as the height
of the vegetation (since they seek high substrates to
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Fig. 2. Two—way cluster analysis according to the functional traits of the native psittacids species present
in the NPAs and M. monachus: D, diet; F, foraging; FS, foraging strata; NT, nesting type; SB, social

behavior; MS, migratory status.

Fig. 2. Cluster de doble entrada segun los rasgos funcionales de las especies de psitacidos autéctonos
presentes en las areas naturales protegidas y de M. monachus: D, dieta; F, busqueda de alimento; FS,
estrato de alimentacion; NT, tipo de anidacién; SB, conducta social; MS, patrén migratorio.

nest) and the presence of potential predators, which
are scarce in cities.

According to Gill (2007), native parrots stand out
among terrestrial birds for making the most of the
advantages of social behavior, a phenomenon that
occurs in the monk parakeet and the only aspect that,
according to our results, makes a difference regarding
functional traits with the barred parakeet.

Bonilla—Ruz et al. (2014), pointed out that social
behavior and collective nesting in some green macaw
populations represent advantages for the species,
such as the coordinated formation of flocks and flights,
as well as collective detection and defense against
nest predators.

In this study, social behavior and collective nes-
ting could represent an advantage for the invasion
of monk parakeet to the natural distribution areas of
barred parakeet and Mexican parrotlet, causing their
displacement due to competition, because it is the
opposite case supported by Mason et al. (2005), who
stated that a high divergence reflects a high degree of
niche differentiation in the species, thereby reducing
competition for the most efficient use of resources.
According to our findings, however, the divergence
between monk parakeet and the two cited species
was very low.

According to the structure of the dendrogram
derived from the two—way cluster analysis with their

functional traits, Myiopsitta monachus and Bolborin-
chus lineola are species with a redundant contribution
(represented by short or grouped branches), which
shows functional overlap (Fonseca and Ganade,
2001; Dalerum et al., 2012; Dalerum, 2013). Forpus
cyanopygius is located in this same branch of the
dendrogram but is a little less similar. From the point
of view of functional diversity and ecosystem services
this would mean a high potential to buffer the loss of
species or environmental disturbances in the ecosys-
tem. Nonetheless, in terms of biological invasions, it
could mean that this functional overlap could turn into
species displacement or niche hoarding. This latter
approach predominates in studies on invasive species
and their consequences on biodiversity. However,
the monk parakeet can exert a positive influence on
other species by facilitating nesting sites (Martella
et al., 1985; Hernandez—Brito et al., 2021), and the-
refore assuming the role of ecosystem engineers.
This possibility should be considered with caution,
nevertheless, because nest availability may occur
only when nests have deteriorated and that may be
after several clutches. In addition, at least in cities, it
is more common for generalist birds to occupy these
nests. According to Ricciardi et al. (2021), poor un-
derstanding of interspecific interactions in biological
invasions reduces our ability to predict and detect
impacts on local communities.
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Conclusion

This work aimed to contribute to efforts to manage and
control invasive populations of the monk parakeet in
Mexico. A management program has been developed
for the whole country, not only for natural protected
areas, but it has not yet been implemented. We hope
this study represents an important step towards the
development of an effective control strategy and has
the potential to become an essential tool for monito-
ring species movements and management schemes
in Biosphere Reserves in Mexico, particularly those
around Tehuacan—Cuicatlan and Marismas Nacionales.
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