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Unrelenting spread of the alien monk parakeet
Myiopsitta monachus in Israel. Is it time to
sound the alarm?
Jose-Luis Postigo,a* Assaf Shwartz,b Diederik Strubbec,d and
Antonio-Román Muñoza,e
Abstract
BACKGROUND: Monk parakeets, Myiopsitta monachus Boddaert, are native to South America but have established populations
in North America, Europe, Africa and Asia. They are claimed to act as agricultural pests in their native range, and their communal
stick nests may damage human infrastructure. Although several monk parakeet populations are present in the Mediterranean
Basin and temperate Europe, little empirical data are available on their population size and growth, distribution and potential
impact. We investigated the temporal and spatial dynamics of monk parakeets in Israel to assess their invasion success and
potential impact on agriculture.
RESULTS: Monk parakeet populations are growing exponentially at a higher rate than that reported elsewhere. The current
Israeli population of monk parakeets comprises approximately 1500 individuals. The distribution of the species has increased
and shifted from predominantly urban areas to agricultural landscapes.
CONCLUSIONS: In Israel, monk parakeet populations are growing fast and have dispersed rapidly from cities to agricultural
areas. At present, reports of agricultural damage are scarce. A complete assessment of possible management strategies is
urgently needed before the population becomes too large and widespread to allow for cost-eﬀective mitigation campaigns to
be implemented.
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Information on the distribution and population growth of invasive alien species can be diﬃcult to obtain, especially during
the early stages of the invasion process, when invading species
typically occur at low densities.1 – 3 However, alien birds are frequently attractive to humans and conspicuous, and consequently
their introduction history has often been (reasonably) well documented. There is a generally good historical record of introduced
birds worldwide, and thus avian invasions have strongly contributed to a better understanding of biological invasions.4 – 6 Parrots are well-known, widespread and charismatic alien birds, but
some of them are considered to be pests in their native range and
may also cause damage in non-native habitats.3,7 The most outstanding alien species of the Psittacidae are the ring-necked parakeet, Psittacula krameri Scopoli, and the monk parakeet, Myiopsitta
monachus Boddaert. Both species are known to be able to cause
extensive agricultural damage in their native ranges.8,9
The monk parakeet is a highly social and vociferous parrot that
is capable of acting as a pest species in its natural range of
South America.10,11 It is unique among parrots in that it builds a
communal nest, which contains a variable number of chambers
that are used for breeding and also for roosting throughout the

year.12 Monk parakeets were trapped on a massive scale for export
to other countries as pets, and there is a growing number of new
populations worldwide owing to intentional releases or accidental
escapes.7,13 – 16 Most of the new alien populations appear in large
cities,17 where they may not only cause damage in parks, gardens
and orchards but can also damage human infrastructure (e.g. by
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building their bulky communal nests on utility poles).18 They are
also sometimes perceived as a new source of noise pollution.19,20
Once they are established in cities, urban colonies can act
as propagules for their spread to suburban and neighbouring
rural areas. Evidence from the United States suggests that their
capacity for spread outside urbanised areas may be associated
with climate and may be limited to warmer areas,21 such as the
Mediterranean Basin where food is available all year in large cities
and during part of the year in agricultural land. In any case,
population estimates are essential to draw deﬁnite conclusions
about the population dynamics of an invasive species and to
guide management planning. Therefore, we assessed the current
population size of monk parakeets in Israel and analysed the
population and range dynamics of the species over the last two
decades. We also determined its population growth rate in urban
and agricultural areas. Finally, we identiﬁed and estimated the
agricultural areas potentially exposed to damage.

2

METHODS

2.1 Study area
The study area comprised two locations in the Israeli low-altitude
coastal plain, where the parakeets were ﬁrst introduced: the
Tel-Aviv District and Central District. These areas have the highest
human population densities in the country, with 7784 and 1527
inhabitants per square kilometre respectively, and hold over 40%
of the total population of Israel. The Tel-Aviv District and Central District comprise urban land (87 and 46% respectively) and
farmland (6 and 26% respectively).22 Monk parakeets were ﬁrst
detected in 1995 in Yarkon Park, which is the largest park in Israel
and is located in the northern part of the Tel-Aviv District.23 Breeding monk parakeets were ﬁrst recorded in 1998 (Shwartz A, unpublished). Although the initial population size in the Tel-Aviv District
is unknown, four birds were released in the mid-1990s in the Central District in the same area where nests were ﬁrst observed (Hatzofe O, private communication, 2004).
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2.2 Population estimates and distribution
Monk parakeet population censuses were based on surveys of
the number of nests, number of chambers per nest and estimates
of ‘occupancy’ (i.e. the number of birds inhabiting a chamber).
Historical survey data were available from anecdotal observations of birdwatchers and oﬃcials of the Israeli Nature and Park
Authority (Shwartz A, unpublished). Five systematic surveys of
nests and chambers were conducted in the period 2004–2007
and 2015 prior to the breeding season, which starts around
April in the Mediterranean Basin.24 The same methodology for
detecting nests was used in each survey. Before conducting the
censuses, birdwatchers, researchers, zookeepers and government
and non-governmental oﬃcials were asked via online bird forums,
mailing lists and websites to provide as much information as
possible about the presence of monk parakeets in their areas. We
then visited all the reported locations to conﬁrm their presence
and identify nests by locating calling birds.25 – 27 This is a feasible
and eﬃcient method to locate colonies, because monk parakeets
are noisy and conspicuous birds that spend a large amount of time
in the vicinity of their nests.26,27 We recorded the geographical
coordinates and the nesting substrate (i.e. tree species) of each
nest. Damaged chambers were considered to be abandoned and
were not taken into account because monk parakeets use and
repair their nests continually.13,28 In the case of nests in palm
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trees (typically Phoenix palms), monk parakeets normally build
individual nests around the base of the leaves until they ﬁnally
merge and form a ring. For this reason, nests in palm trees were
always counted as one nest, even if they had not yet merged.
From across the current Israeli distribution range, we selected
a number of nests (n = 34) including 67 chambers, where visibility allowed extensive and detailed monitoring of monk parakeet
activity, to estimate chamber occupancy. We conducted the survey
in March before the breeding period to determine total population
size. Monk parakeets reach sexual maturity in their third calendar
year (around 50% of birds breed for the ﬁrst time 2 years after
ﬂedging).29 During the breeding period, breeding pairs defend the
nest and prevent non-breeders from roosting inside. Therefore, if
the occupancy survey is conducted at this time, the total population size could be seriously underestimated. The number of roosting parakeets per chamber was estimated by counting the number
of birds moving in and out and calculating the number of those
remaining in the nest at night. The survey was conducted from the
ground, using binoculars between 1 h before sunset to the cessation of activity in the colony.24 We counted the number of nests
and the number of chambers, even though there is a strong correlation between these parameters that can be used as an indirect indicator of population size.24 Population trends for the period
1998–2015 were determined using the number of nests, as no
information was available about the number of chambers per nest
during the ﬁrst years (i.e. 1998, 2000) they were observed. We used
the number of chambers and estimates of occupancy to estimate
the monk parakeet population in 2015.
2.3 Data analysis
Following the methodology proposed by Van Bael and
Pruett-Jones,30 we used the number of nests detected in the
period 1998–2015 to estimate monk parakeet population growth
trends. The rate of population growth (r) was obtained by ﬁtting
the census data to the model using the equation Nt + 1 = Nt ert ,
where Nt + 1 is the population size at time t + 1, Nt is the population
at time t, e is the natural logarithm base, r is the intrinsic rate of
population growth and t is the time interval.
In order to determine whether the monk parakeet population growth rates diﬀered between urban and rural habitats, we
assigned nests to three habitat classes according to the amount
of farmland in the vicinity of the nests. Given the lack of empirical data on invasive monk parakeet home ranges, based on our
own observations, we considered a distance of 1 km from the
nests to be the regular feeding distance, (RFD) and 2 km to be the
extreme feeding distance (EFD). Monk parakeets were considered
to inhabit three habitats: agricultural habitats, when farmland was
included in their RFD; semi-agricultural habitats, when farmland
was included in their EFD but not in their RFD; urban habitats,
when no farmland was included in their EFD. Population growth
curves were ﬁtted separately for monk parakeets living in these
three habitats. We used the RFD and EFD to estimate the area
potentially at risk of monk parakeet crop damage. As a proxy of
potential damage, we calculated the farmland area within a circle
centred on the location of each reported (1998, 2000) or recorded
nest (2004–2007 and 2015). These calculations were performed
using the QGIS 2.8.3 Wien© software program. Spatially explicit GIS
data on land use was obtained from the Israeli Nature and Park
Authority.
To explore the diﬀerences in population growth rates between
the three habitats, we built a linear model with log(number of
nests + 1) as a dependent variable and the interaction between
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year and habitat (urban, semi-agriculture and agriculture) as
explanatory variables. We tested model assumptions for normality and non-constant error in variance using Shapiro–Wilk and
Breusch–Pagan tests respectively. We used a linear model to test
whether the amount of agricultural land within monk parakeet
home ranges increased over time.

3

RESULTS

3.1 Monk parakeet population size and trends
Monk parakeet nest censuses showed that the population grew
exponentially in Israel in the period 1998-2015 at a rate (r) of 0.303
(model R2 = 0.962) (Fig. 1). In 2015, 1213 chambers were detected.
During the 2004–2007 period, there were between 1 and 4 chambers per nest (average 2.23 ± 0.65), whereas in 2015 there were
between 1 and 20 chambers per nest (average 2.37 ± 2.24). There
was an average of 1.3 ± 1.3 monk parakeets per chamber (range
1–6), which corresponded to an estimated average of 1556 (95%
conﬁdence interval 1162–1943) monk parakeets in 2015.
3.2 Spatiotemporal patterns of monk parakeet distribution
According to RFD and EFD, in 2015 there were 92 monk parakeet
nests (18.0%) in urban habitat, 326 (63.8%) in agricultural habitat
and 93 (18.2%) in semi-agricultural habitat. The majority of the
urban nests (87) were located in Yarkon Park (Tel Aviv District). In
the Israeli Central District, only six monk parakeet nests were found
in urban habitat, whereas the rest (413) were located in agricultural
and semi-agricultural habitats.
Urban populations grew more slowly than agricultural populations (r = 0.207 versus r = 0.421 respectively; P = 0.03, R2 = 0.88),
while there was no diﬀerence in growth rates between populations in either habitat compared with semi-agricultural populations (r = 0.489) (Fig. 2). The population doubling times were 1.5,
3.1 and 1.7 years in semi-agricultural, urban and agricultural habitats respectively. Based on the RFD, the area of farmland at risk
increased from 0.58 km2 in 2004 to about 20.7 km2 in 2015. However, when based on the EFD, the farmland at risk increased from
1.66 km2 in 2004 to 72.3 km2 in 2015. Thus, there was a signiﬁcant
increase in agricultural land at risk of crop damage over the study
period (P = 0.003, R2 = 0.87) (supporting information Fig. S1).
3.3 Nest substrate
In 2015, monk parakeet nests were found in ﬁve tree species. The
majority of the nests were built in Aleppo pines, Pinus halepensis M.
(65.9%), followed by date palms, Phoenix spp. (16.8%), Eucalyptus
spp. (10.8%), Canary pines, Pinus canariensis C. SM. (4.3%), fan
palms, Washingtonia spp. (2.0%), and one unidentiﬁed species
of tree (0.2%). The tree species diﬀered between habitats; the
majority of monk parakeet nests in urban areas were built in
Eucalyptus trees (59.8%), followed by Aleppo pines and date palms
(30.4 and 9.8% respectively), whereas in semi-agricultural and
agricultural areas the vast majority of nests were built in Aleppo
pines (>78.5%).

4

DISCUSSION
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Figure 2. Population growth according to habitat: M. monachus population
growth rates according to habitat.

Furthermore, since their introduction in Israel, monk parakeets
have not only expanded their distribution from cities to agricultural areas but also established a growing number of breeding
colonies in the vicinity of farmland.
In Israel, the monk parakeet population growth is exponential,
as in other non-native areas, but it is noteworthy that the intrinsic rate of population growth in the Israeli population is about 3
times higher than the reported rate for alien monk parakeets in
the United States (r = 0.303 versus 0.119 respectively).32 This information should be considered to be a warning of future population
increase and range expansion, and probably of increased conﬂict
with farmers in agricultural land. Israel produced about 5000 tons
of sunﬂower seeds in 2014,33 which is precisely the type of crop
that is targeted by the monk parakeet in its native range.34 Furthermore, climate has been commonly considered to be a primary
factor that aﬀects the distribution of alien species,35 and so environmental conditions in the invaded area could explain the relative
success of monk parakeets in Israel.36 In Chicago (IL), monk parakeets are completely dependent on anthropogenic foods during
the winter months.37 The species is more likely to become extinct
in colder and less densely populated invaded areas.15 A recent
study showed that monk parakeets are unlikely to spread from
urban habitats in cold areas of the United States owing to climate
mismatch between the locations of origin and introduction.21 In
Israel, however, monk parakeets do not face the energetic constraints of surviving and breeding at cold temperatures. Similarly
to the case of ringed-necked parakeets in Israel,38 we suggest that
the temperate Mediterranean climate may facilitate higher reproductive and/or survival rates among monk parakeets.
Alien monk parakeets are thought to pose a relatively minor
threat to agriculture not only because of their reliance on anthropogenic food39 but also because there is no evidence that they
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Since its introduction in Israel in 1995, the monk parakeet population has undergone striking growth. We estimate that the current population is about 1500 individuals, and therefore the Israeli
population is the second largest in Europe and the Mediterranean
Basin after the Spanish population of around 20 000 individuals.31

Figure 1. Population growth (1998–2015): population growth of M.
monachus during the period 1998-2015; the labels represent the number
of chambers in every year (2004–2015).
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travel great distances,29 even though agroecosystems are prone
to invasions.40 However, our study shows that, in contrast to other
invaded areas, monk parakeets in Israel have spread from their
urban strongholds to agricultural areas in a short period of time. A
similar situation occurred in Spain, where monk parakeets spread
from Barcelona to farmlands outside the city and caused damage
to diﬀerent crops (0.4% for tomatoes Solanum lycopersicum L., 7%
for quinces Cydonia oblonga M., 17% for persimmons Dyospiros
kaki L. f., 28% for corn Zea mays L., 9–36% for diﬀerent varieties
of round plums Prunus domestica L. and 37% for pears Pyrus communis L.41 Very recently, the Agriculture Damage Section of the
Israeli Nature and Park Authority (Kaplan A, private communication, 2015) reported the ﬁrst ﬂock of monk parakeets feeding
on wheat Triticum spp., which is common behaviour in its native
range.42 Further studies could investigate the eﬀect of land use
changes and crop rotation on the expansion of monk parakeets
in agricultural land.
In their native range, and especially in the Argentinian pampa
grasslands, monk parakeets have strongly beneﬁted from the
conversion of natural grasslands to crops and urban areas. They
have also beneﬁted from the introduction of eucalyptus trees, in
which they commonly breed both in South America and in invaded
areas43,44 such as Israel and other parts of the Mediterranean Basin.
If the rapid increase in population size in invaded areas such as
the United States and Spain30,31 is taken into account, and also
the fact that this parakeet can easily adapt to urban,30,31 suburban
and agricultural habitats, it is reasonable to assume that the monk
parakeet population will continue to spread and increase in Israel.
This possibility is also supported by its nearly omnivorous diet,12 its
capacity to build its own nests, its large reproductive output8 and
the generally favourable environmental conditions in the Israeli
host area. Given these aspects, important farmland areas may be
highly susceptible to invasion by the monk parakeet.
The potential risk of monk parakeet crop damage needs to
be assessed in Israel and other Mediterranean areas where the
species is ﬁrmly established. Such an assessment should include
population viability analyses following Conroy and Senar20 and
Pruett-Jones et al.32 and also studies related to diet and feeding
habits as important aspects of the biology of this species in
non-native areas.20,32 The potential impact on crops could be
assessed by identifying and quantifying food resources and by
determining whether they are consumed in a selective way in
relation to their availability.
However, the need for a more rigorous evaluation of possible monk parakeet impacts and mitigation strategies should not
preclude rapid management actions, especially in Israel, where
short-term monk parakeet damage to crops is not unexpected.
Conﬂicts between farmers and parakeets, if not managed properly,
are likely to result in (unplanned, unauthorised) cullings of monk
parakeets (e.g. through poisoning), risking indirect negative consequences on the environment. Building on the expertise gained
from monk parakeet management programmes such as the ones
carried out in the United States,32 we advocate that, especially in
agricultural areas, cautious mitigation actions be urgently implemented in order to reduce population growth and range expansion rates. Such actions can include the sterilisation of eggs to
prevent them from hatching, or capturing monk parakeets where
feasible. Environmental agencies should take action to reduce
conﬂicts in a responsible manner and monitor ecological, agriculture and other social impacts to establish whether and which
action is needed. In countries where the species is not yet established, or where only small localised populations are present, it
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may be prudent to follow the precautionary principle and implement rapid-action eradication campaigns to prevent damage, as
currently being undertaken in the United Kingdom, where parakeets are captured and taken to zoological parks (Robertson P, private communication, 2015). However, prior to implementing such
campaigns, we would recommend conducting a feasibility study
of the current situation that takes diﬀerent aspects of biological
invasions into account, including a cost-beneﬁt analysis, an assessment of the feasibility of the measures proposed and a strategy
for consulting and engaging public opinion, given that monk parakeets are often positively regarded by the citizens.45
As suggested by Strubbe et al.46 with regard to alien birds, a comprehensive study would be essential to identify the most appropriate long-term management policies and the most cost-eﬀective
way to manage the risk posed by monk parakeets in urban and
agricultural ecosystems. If no action is taken until the problems
have become severe, the eﬀort needed to reduce damage could
be too large to be practically implemented.
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