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Abstract

Introduced species represent a threat to native wildlife worldwide, due to predation, competition, and disease transmission.
Concurrent introduction of parasites may also add a new dimension of competition, i.e. parasite-mediated competition, through
spillover and spillback dynamics. Urban areas are major hotspots of introduced species, but little is known about the effects of
urban habitat structure on the parasite load and diversity of introduced species. Here, we investigated such environmental effects
on the ectoparasite load, richness, and occurrence of spillback in two widespread invasive parakeets, Psittacula krameri and
Mpyiopsitta monachus, in the metropolitan area of Rome, central Italy. We tested 231 parakeets and found that in both species
parasite load was positively influenced by host abundance at local scale, while environmental features such as the amount of
natural or urban habitats, as well as richness of native birds, influenced parasite occurrence, load, and richness differently in the
two host species. Therefore, we highlight the importance of host population density and habitat composition in shaping the role of
introduced parakeets in the spread of both native and introduced parasites, recommending the monitoring of urban populations of
birds and their parasites to assess and manage the potential occurrence of parasite-mediated competition dynamics as well as
potential spread of vector-borne diseases.
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compensates for this loss (Torchin and Mitchell 2004; Romeo
et al. 2014). Since arthropod ectoparasites parasitising the
host’s skin, hair, and/or feathers (such as lice, fleas, ticks,
and mites) may cause illness and reduced fertility (Booth
et al. 1993; Krasnov et al. 2004), the natural enemy loss
may facilitate viability and establishment success of an alien
species (Colautti et al. 2004). On the other hand, alien para-
sites that overcome the introduction step may represent a ma-
jor threat to native species through spillover dynamics and
increase competitiveness of introduced vs. native hosts
(Kelly et al. 2009; Karamon et al. 2015). Finally, trans-
infestation (spillback) of introduced species by native para-
sites may magnify parasite spread and infective power
harming native hosts further (Kelly et al. 2009; Mori et al.
2015).

Urban areas often represent hotspots of introduction events
(Shochat et al. 2010; Clemants and Moore 2003; van
Rensburg et al. 2009; Hernandez-Brito et al. 2014; Gaertner
etal. 2017), particularly when alien species come from the pet
trade (Bowers and Breland 1996; Orchan et al. 2013; Mori
et al. 2018) via intentional or accidental release by owners.

The novel environmental condition urban habitats offer
expose animal colonisers to contrasting factors, some (such
as pollution or vehicle traffic) limiting, others (food provided
by humans, warmer temperatures) facilitating their establish-
ment (Golightly Jr et al. 1994; Chapuis et al. 2011; Clergeau
and Vergnes 2011). Within this framework, there is increasing
attention towards the relationships between wildlife diseases
and urban habitats, due to their implications for wildlife con-
servation and public health (Hofer et al. 2000; Comer et al.
2001; Himsworth et al. 2013; Rothenburger et al. 2017).

Although parasites from the introduced range might coun-
ter the spread of an invader, there is little evidence that this
occurs in many introduced species. According to the “enemy
release hypothesis”, alien species are less infested by parasites
and might become invasive by experiencing less regulation
from the latter (as well as other factors) than in their native
range (Colautti et al. 2004).

Birds are excellent models to test hypotheses on the eco-
logical and evolutionary effects of urbanisation. Many bird
species occur in urban cities worldwide (Blair 1996;
McKinney 2008; Orchan et al. 2013), so there is a wealth of
information about synurbic birds. Urban birds are also usually
very responsive to fine-grained habitat characteristics
(Jokiméki and Suhonen 1998; Parsons et al. 2006), which
makes them suitable models to test the effects of urbanisation
at a small scale. Pet bird species are also among the most
commonly introduced species in urban areas, especially par-
rots and parakeets: > 16% of all known species (Menchetti and
Mori 2014) have established at least one population outside
their native range after introduction.

The monk parakeet Myiopsitta monachus (hereafter, MP)
and the ring-necked parakeet Psittacula krameri (hereafter,
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RNP) are the most successful invaders among Psittaciformes
(Menchetti and Mori 2014; Turbé et al. 2017). RNP is native
to tropical Sub-Saharan Africa (from Senegal to Somalia) and
the Indian subcontinent (from Eastern Pakistan to Assam and
Manipur: Menchetti and Mori 2014); alien populations occur
in Europe, Middle and Far East Asia, Australia, South Africa,
USA, and Venezuela (Menchetti and Mori 2014), and intro-
duced populations in Europe are rapidly expanding (Parau
et al. 2016). MP is native to South America (from Southern
Brazil to central-southern Argentina), with alien populations
occurring throughout northern and central America, the
Caribbean Islands, Eurasia, and Tanzania (Edelaar et al.
2015). European populations of MP are also increasing in
both population size and extent of occurrence (Doménech
et al. 2003; Mori et al. 2013) (Di Santo et al. 2013). The
information available on parakeet ectoparasites is partial or
anecdotal, both in their native and invaded ranges (Mori
et al. 2015). Both RNP and MP are documented to host a
number of parasitic taxa in both ranges (Table S1 in supple-
mentary materials).

In this work, we assessed arthropod ectoparasite richness
and diversity within an area that is part of the invaded range of
these parakeet species. Additionally, we also tested whether
parasite loads in RNP and MP are related to individual varia-
tion and land use.

Materials and methods
Study area

Sample collection took place in the metropolitan area of Rome
(41.89° N, 12.49° E, central Italy), a large urban area covering
approximately 1300 km?. The study area is characterised by a
prevalence of urban matrix (~90%), comprising sparse to
high-density districts. A total of 1798 public green areas are
present in Rome, ranging from small recreational gardens to
extensive natural reserves and agro-pastoral areas, covering
ca. 40 km? (www.comune.roma.it).

RNPs and MPs are both present in Rome with well-
established and large populations since the 1970s (RNP) and
1980s (MP), numbering ca. 6000 and 2500 birds for RNP
(Parau et al. 2016) and MP (unpublished data), respectively.

Parasite sampling and identification

Arthropod ectoparasites were sampled from individual
parakeets of both species admitted to the LIPU Wildlife
Rescue Centre in Rome in 2015-2016; for each parakeet
brought to the centre by the public, the centre’s staff recorded
species, age (categorised as adult, subadult, or nestling), sex
(for RNPs only, assessed following Butler 2003), location,
and cause of admittance. Animals sampled at rescue centres
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may provide valuable data on wildlife ecology, distribution,
and epidemiology, otherwise difficult to obtain, e.g. due to
low success in capturing wild individuals (e.g. Ancillotto et
al. 2013; Pyke and Szabo 2018); birds admitted for rescue
may though represent a biased picture of parasite abundance
and distribution in the free-ranging population of the hosts, i.e.
rescued birds may face higher parasite loads and poorer health
conditions, which actually led to their capture. No published
work has tested differences in parasite loads between wild and
rescued birds yet; thus, caution must be taken when
interpreting results from this kind of source, but most
parakeets admitted in Rome are rescued as a result of injuries
due to impacts with infrastructures (e.g. windows) and were
otherwise apparently in good body and plumage conditions
(Authors, unpublished data). On admission, we visually
checked birds and immediately treated them following a fu-
migation procedure, using a pesticide for veterinary use
(NeoForactil® by Formevet; formula: piperonyl butoxide
1%, permethrin 0.3%, tetramethrin 0.2%). Birds were manu-
ally sprayed while being singly held in a sterile plastic box
(55 x 25 x 20 cm) with small holes on one side for ventilation;
10 min after treatment, the bird was handled over the box, and
body and wing feathers were systematically ruffled and
inspected. Fumigation procedures are non-invasive and gen-
erally allow to collect > 70% of arthropod ectoparasites, being
thus recommended for parasite collection on live birds
(Clayton and Drown 2001). The parasites were then manually
collected from the box and stored in 95% ethanol; lice were
slide-mounted in Canada balsam following the protocol by
Palma (1978).

We identified parasites using published keys
(Siphonaptera: Smit 1983; Whitaker 2007; Mallophaga:
Johnson and Clayton 2003; Guimaraes 1980; Acarina: Baker
1999; Diptera, Hippoboscidae: Hutson 1984) and consulting
reference specimens hosted at the Department of Life
Sciences of the Natural History Museum of London. We iden-
tified parasites using a stereo microscope (Leica MZ6 C, with
10-100 x lenses) for Hippoboscidae and Siphonaptera and an
optical microscope (Olympus BH2 optic microscope
equipped with 10-200 x lenses) for Mallophaga and Acarina
(Galloway and Lamb 2016).

Overall parasite prevalence was calculated as the propor-
tion of occurrence of a parasite species within the studied host
population.

Data on surrounding habitat

We assessed habitat composition within a 1-km radius around
the locations where parakeets were rescued by extracting land
use composition from land cover IV-level Corine Land Cover
2012 (available from http://www.sinanet.isprambiente.it/it/
sia-ispra/download-mais/corine-land-cover; Fig. 1). Only
birds for which the exact location of rescue was available

(i.e. exact address or site assessed by the person who
brought the bird) were included in the dataset. We carried
out this analysis using ArcGIS version 9.2 (Environmental
Systems Research Institute Inc., Redlands, CA, USA). The
surface area we chose was similar to that of the core areas
known for introduced parakeets (da Silva et al. 2010;
Strubbe and Matthysen 2011). We reclassified habitats into
(1) urban areas (buildings and paved roads), (ii) natural and
semi-natural habitats (natural vegetation and recreational
green areas), and (iii) agricultural areas (orchards and crops).

We estimated an index of parakeet abundance by direct
surveys consisting of counts of visual and acoustic contacts
with parakeets of both species during 10-min point counts at
each location (Ralph et al. 1995). Locations were selected
opportunistically within green areas (i.e. recreational urban
parks, natural reserves, public villas) as close as possible to
the locations from which rescued parakeets came from (the
maximum distance between rescue and survey locations was
350 m). Counts took place between 6.00 and 11.00 AM
avoiding days with strong wind or heavy rain; each location
was visited twice in 2016, once during nesting (February—
May), once in the non-nesting season (October—November).
The two species of parakeets we focused on are easy to tell
apart both visually and acoustically, as they differ in size and
plumage markings as well as in vocalisations. Individuals of
Alexandrine parakeet Psittacula eupatria, also present in
Rome (Ancillotto et al. 2016), are so few (1-2 breeding pairs)
that their presence had no effect on counts.

We also assessed the species richness of the native breeding
bird community through the Rome Atlas of Breeding Birds
(Cignini and Zapparoli 1996). In this case, we overlapped
rescue locations with the Atlas grid (1 x 1 km cells) and ex-
tracted richness value from the grid cells where each rescue
site was located.

Data analyses

We ran generalised linear mixed models (GLMMs): count
data were modelled with zero-inflated Poisson distribution
models; for occurrence data, we ran both binomial and
Poisson (with zero inflation) models, as suggested by our
sample size and low probabilities (Hodges and Le Cam
1960), selecting the approach that maximised model fit (eval-
uated by inspecting model R?); in all cases, zero-inflated dis-
tribution models were thus selected. We modelled the follow-
ing: (i) parasite occurrence, classified as presence (1) or ab-
sence (0) for each ectoparasite species; (ii) total parasite load
(total number of ectoparasites collected on each parakeet); (iii)
ectoparasite species richness (number of species on each par-
akeet); and (iv) occurrence of spillback (presence (1) or ab-
sence (0) of parasites from the native bird community).

We considered parakeet age, sex (only for RNP), and sea-
son as fixed factors, amount of habitat categories (as
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Fig. 1 Locations where parakeets were sampled for arthropod ectoparasites within the metropolitan area of Rome, Italy. Circles: monk-parakeet
Mpyiopsitta monachus (n=127); Squares: ring-necked parakeet Psittacula krameri (n=104)

percentages), parakeet abundance index (separately for the
two species), and native bird richness as covariates and loca-
tion as a random factor. We performed the analyses with R
3.3.2 (R Core Team 2016), using the n/me package (Pinheiro
et al. 2014); all presented models are full models.

Results

We collected and identified 1572 ectoparasites belonging to
10 species from 104 RNPs and 127 MPs (Table 1); no ecto-
parasite species was shared by the two hosts. The most fre-
quent (> 18% of prevalence) and abundant (> 10% of total
ectoparasites for each host species) taxa were Ischnoceran
chewing lice (RNP: Neopsittaconirmus lybartota,
Echinophilopterus tota; MP: Paragoniocotes fulvofasciatus)
and the haematophagous mite Ornithonyssus bursa (on MP).

Overall, 50.0% of parasite species found on RNP and MP
were native to the introduced area, including generalist and
widespread bird parasites (e.g. Dermanyssus gallinae and
three hippoboscid flies) as well as parasites specialised on
mammals (i.e. the squirrel flea Tarsyopsylla octodecimdentata).

General parasite prevalence was relatively high, corre-
sponding to 52.8% for RNP and 38.6% for MP. Abundance
and prevalence of parasites were significantly correlated with
each other at the level of individual parakeets of both species
(see Tables S2-5 in supplementary materials), so we pooled
together all species’ data and used the overall parasite abun-
dance and prevalence.
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Responses of parasitological variables to environmental
and biological factors differed between the two avian hosts
(Table 2). In RNP, parasite presence was influenced by sex
(p <0.05) and males were more heavily parasitised. The par-
akeet abundance index was positively correlated with parasite
prevalence, load, and richness in RNP (all p < 0.001) and only
parasite load in MP (p <0.001).

In the case of RNP, increasing amounts of urbanisation
corresponded to higher rates of presence of parasites from
the introduced range (p < 0.05). In MP, parakeets from more
urbanised areas showed a higher prevalence (p <0.05) and
were more likely to carry parasites from native species
(p<0.001); also, MP parasite richness was positively corre-
lated with the amount of natural habitats (p < 0.05). For RNP
only, both parasite richness and occurrence of spillback were
higher for higher values of species richness of the native bird
community (both p<0.01).

Discussion

Despite having been long overlooked in studies focused on
biological invasions (Kelly et al. 2009), spillback (parasite
transmission from native to alien hosts) has recently gained
attention, particularly when posing health risks to humans or
pets (Marsot et al. 2013; Mazza et al. 2014; Vourc’h et al.
2016). In most cases, invasive species lose their parasitic load
during their establishment in new territories (Vila’ et al. 2005;
Mori et al. 2015; Mazzamuto et al. 2016), but in the case of
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Table 1 Arthropod ectoparasites recorded for monk (Myiopsitta
monachus) and ring-necked (Psittacula krameri) parakeets admitted at a
wildlife rescue centre in Rome, Italy, numbers of collected parasites and
of positive parakeets, place of origin of parasites (/N, invaded range; NV,

native range) and corresponding natural hosts. RNP, ring-necked parakeet
Psittacula krameri (n=104); MP, monk parakeet Myiopsitta monachus
(n=127)

Host Parasite species N parasites N positive parakeets Origin Natural host

RNP Neopsittaconirmus lybartota 718 50 NV Old World parrots
Echinophilopterus tota 103 29 NV Psittacula parrots
Dermanyssus gallinae 17 NV Generalist
Tarsyopsylla octodecimdentata 4 IN Sciurus vulgaris
Ornithomyia avicularia 1 1 IN Generalist

MP Paragoniocotes fulvofasciatus 360 35 NV Neotropical parrots
Ornithonyssus bursa 345 23 NV Generalist
Columbicola columbae 8 2 IN Columbiformes
Crataerina pallida 1 IN Generalist (Apus apus in particular)
Ornitophila metallica 1 1 IN Generalist

introduced parakeets, the “enemy release hypothesis” is not
supported (Colautti et al. 2004) at least at the population level.
In fact, our sample showed a relatively rich ectoparasite diver-
sity (Mori et al. 2015; this work), comparable to that found in
the native ranges of the two hosts (e.g. Aramburu et al. 2003;
Bricefio et al. 2017; Price et al. 2003), yet at the individual
level, most parakeets hosted 0-2 parasite species each (see
Fig. S1 in supplementary materials). We found that ectopara-
site load in the two introduced parakeet species varied in spe-
cies composition and infestation magnitude according to
host’s traits (sex and age), as well as to environmental factors.
The specific prevalence and load of the most common ecto-
parasite species in our sample was lower than in the native
range, at least for MP (the prevalence of P. fulvofasciatum in
our study was 27.7 vs. 45.7% in Bricefio et al. 2017). Despite
their frequent co-occurrence in the study area as well as across
their invaded ranges, RNP and MP shared neither native nor
invasive parasite species.

Being potentially subjected to spillover dynamics, intro-
duced parakeets represent good candidates for parasite-
mediated competition with native birds, as also suggested by
preliminary assessments of their parasite community (Mori
et al. 2015). Yet, the low prevalence at the population level
and the small numbers of native parasites per parakeet though
highlight that parasite mediated-competition with native birds
is still unlikely to occur significantly, and caution is recom-
mended in inferring large-scale interspecific interactions.

Male RNP hosted more parasite species than females, as
seen in other vertebrates (e.g. Uller and Olsson 2003; Krasnov
et al. 2005; Owen et al. 2009); testosterone may have a role in
impairing male immune response, resulting in lower resis-
tance to parasites (Poulin 1996). Furthermore, testosterone
level is strongly associated to conspicuous plumage
colourations in birds, which is under strong sexual selection
by females (Folstad and Karter 1992; Heylen and Matthysen

2008; Escallon et al. 2017). While a colourful plumage is
associated with a higher reproductive success, the associated
hormonal levels might reduce immunological defence
(Roberts et al. 2004), including male bird resistance to para-
sites (Evans et al. 2000). Parasite distribution on hosts is fil-
tered not only by the ability of parasites to persist on different
hosts, but also by the frequency of encounters between hosts
and parasites, as described by the host-compatibility and host-
encounter concept suggested by Combes (1991). Thus, male
parakeets may be subjected to higher parasite loads also due to
their higher mobility, e.g. by spending more time out of the
nest and/or moving over longer distances to reach their forag-
ing areas.

The amount of urban settlements surrounding sites where
RNP and MP were collected influenced the probability of
parakeets to host native parasites (spillback). However, the
low numbers of parakeets hosting parasites from the invaded
range suggest that this aspect warrants confirmation. In urban
environments, contacts between parakeets and synurbic native
birds, such as domestic pigeons Columba livia var. domestica,
are frequent (Dangoisse 2009; Di Santo et al. 2016; Le Louarn
et al. 2016). Not only do pigeons host high numbers of para-
site species (Ferman et al. 2010; Delgado and French 2012),
but they also forage (Clergeau and Vergnes 2011) and nest
(Batllori and Nos 1985; Hernandez-Brito et al. 2014) to-
gether with parakeets. Parasite prevalence increased in MP
in areas dominated by urban settlements, possibly because
of poorer health conditions of birds in more urbanised,
polluted (Fry 1995) urban districts. Parasite richness in this
species was also lower in areas characterised by a greater
extent of natural habitat.

Abundance of conspecific parakeets significantly increased
total parasite load in both parakeet species, parasite richness,
and prevalence in RNP only. Parakeets are highly social, form
long-term pair bonds, and often nest, roost, and forage
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Effect of biological and environmental factors and individual characteristics on the arthropod ectoparasite community of ring-necked parakeet Psittacula krameri (RNP, n=104) and monk

parakeet Myiopsitta monachus (MP, n =127) from the metropolitan area of Rome (Italy) tested with generalised linear mixed models. Spillback, presence of parasites naturally occurring on native species

present in the invaded range; *p < 0.05; **p < 0.01; **¥p < (0.001; n.s., not significant; NA, not applicable

Table 2
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Variable contribution (estimate + standard error) and significance

Model

Native bird
richness

Yoagricultural

Yogreen

Jourban

Season Abundance

Sex

RPandp Age

Response

Species

0.90 + 10.30 n.s.
0.19 + 0.18 n.s.

0.75 + 0.09*

2.74 + 042 n.s.
0.09 + 0.71 n.s.

—4.45 £ 4.63 n.s.
0.79 + 0.85 n.s.

3.55+7.72 ns.
0.65 + 1.41 ns.

4.88 + 0.99%**
1.03 + 0.18***
1.03 £ 0.71%**

4.96 + 5.10 n.s.

1.85 + 1.86 n.s.
1.87 + 2.31 n.s.
3.01 £3.22 ns.

4.95 + 5.61 ns.

1.71 £ 0.95*
0.03 + 0.88 n.s.

—-533+1.12ns.

0.48%*

Parasite presence

RNP

0.33%* —245+3.71 ns.

Parasite load

0.93 + 0.74 n.s.
4.13 + 6.30 n.s.
432 +222ns.

—0.79 + 0.86 n.s.

1.60 + 2.53 n.s.
2.10 £ 2.10 n.s.

0.85 + 0.85 n.s.
—1.39 £ 0.06*

0.65 + 0.04 n.s.
9.74 £ 1.21*

—1.23 £3.36n.s.
4.54 + 1.08 n.s.

NA

-391 £3.75ns.

0.49%
332+ 118 ns.

Parasite richness

Spillback

3.16 + 0.93%%*
1.91 + 1.35 ns.

0.27*

321 £211ns. 9.15 + 1.72%

298 + 1.61 n.s.

1.22 £ 1.28 n.s.
5.32 £ 6.11 n.s.

0.12%

Parasite presence

MP

1.98 + 0.81 n.s.
1.95 + 1.89 n.s.
3.16 + 5.63 n.s.

1.16 + 0.67 n.s.

0.93 £ 0.74 n.s.

232 £0.81%*%% 0.98 + 1.01 n.s.

0.98 = 1.21 n.s.

NA

0.28%%*

Parasite load

0.65 + 0.04 n.s.
1.74 £ 0.21%%*

1.03 £ 0.71 n.s.
4.96 + 5.10 n.s.

1.56 = 0.42 n.s.
495 +£5.61 ns.

NA
NA

1.34 £ 1.75 n.s.
332+ 1.18 n.s.

0.18*

Parasite richness

Spillback

—4.53 £2.30ns.

1.60 + 2.53 n.s.

0.55%%*

socially, sometimes with large numbers which often engage in
mutual preening (Forshaw 2010). Higher parakeet densities may
therefore enhance parasite transmission through an increased
inter-individual contact frequency and not be counterbalanced
by increased preening rates (Moller et al. 1993).

RNPs from areas characterised by a higher species richness
of native birds showed a higher parasite species richness and
were more likely to host native parasites. Of the two parakeet
species, introduced RNPs interact more often with native bird
species than MPs: according to published work, with 36 na-
tive species for the former (Hernandez-Brito et al. 2014;
Covas et al. 2017; Mori et al. 2017) and 12 for the latter
(MacGregor-Fors et al. 2011; Appelt et al. 2016; Di Santo
et al. 2016). Sporadic aggressive interactions may also occur
between RNPs and MPs (Hernandez-Brito et al. 2014), yet the
two species did not share any parasite species in our study. All
these behaviours increase spillback chances, with parasites
moving from the native host to the parakeet in the course of
the interaction. RNP is more mobile than MP, travelling longer
daily distances and being a more efficient disperser (Butler
2003), all factors that increase the probability of encounter
between parakeets and parasites; the lower mobility of MP,
whose activity is closely centred around the large communal
nests built by the species (da Silva et al. 2010), may also
explain the stronger relationship between land use and para-
sites in this species, when compared to RNP.

In South America, infestation of MP by Paragoniocotes

Sfulvofasciatus and Ornithonyssus bursa was considerable in

chicks and decreased in fledged juveniles (Aramburu et al.
2003). Nesting sites may represent important “hubs” for
spillback-spillover dynamics, as many ectoparasites overwin-
ter in nesting holes and dens (Cox et al. 1999) where they may
colonise novel hosts of the same site (both of the same species
and belonging to different taxa) in the following year or sea-
son (e.g. Onstad and McManus 1996; Ancillotto et al. 2014).

Parasites may play a substantial role in parakeet inva-
sion success, but evidence of the actual impact on para-
keet fitness due to ectoparasites has yet to be found;
further investigations are also needed to assess whether
parasites introduced along with parakeets may colonise
and spread among native species, with potential impli-
cations for parasite-mediated competition. Our results
indicate that the role of these birds in spreading para-
sites may also be influenced by landscape composition,
since natural and urban habitats represent important fac-
tors in promoting parasitic infestations. Vector-borne
diseases, especially those transmitted by mites and ticks,
raise concern because they may affect both wildlife and
human health in urban contexts (Orton et al. 2000;
Pisanu et al. 2018); thus, the virological and bacterio-
logical monitoring of parakeet parasites may increase
public awareness and address future policies on the
management of these invaders.
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Future investigations will have to look at the potential ef-
fects of parasites on individual fitness and behaviour of both
introduced parakeets and native birds in urban areas, as well as
search for parasite spillover from parakeets to native birds,
assessing its effects on individual and population fitness.
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