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Abstract

Parasite-mediated competition has been reported to be one of the most harmful, although overlooked, impacts that alien species
have on native ecosystems. Monk parakeets Myiopsitta monachus are successful invaders in Europe, where they have been
introduced from South America. Colonial nests of these parrots may also host other species, e.g. the rock pigeon Columba livia
forma domestica. In this work, we analysed the ectoparasite composition of monk parakeets in Barcelona (Spain) and we
evaluated their potential role as parasite-mediated competitors, by comparing their parasitic load with that of coexisting rock
pigeons. Only two arthropod species were observed on monk parakeets, whereas four species were detected on pigeons.
Parakeets were rarely infested by pigeon parasites (prevalence = 0.66%), whereas parakeet mites were recorded more often on
pigeons (prevalence = 10.00%). The number of total parasites per bird increased with increasing densities of monk parakeets,
both for pigeons and for parakeets. Therefore, overcrowding of birds due to the increasing population of monk parakeets in
Barcelona may affect the health status of native pigeons, suggesting a potential role for parasite mediated competition by
introduced parakeets. Furthermore, spill-over of alien mites (Ornithonyssus bursa) by monk parakeets to rock pigeons should
be monitoring as it may affect human health.
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Introduction compete one another through the inter-transmission of several

parasite species they share (Price et al. 1986; Mclnnes et al.

Invasive alien species occupy the ecological niche of native
species at an alarming rate and alter the structure and the
function of native ecosystems, through hybridisation, compe-
tition, predation, parasitism and disease (e.g. Mack et al. 2000;
Mazza et al. 2014; Nentwig et al. 2018). Two species may
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2013); therefore, parasites may have a substantial role in bio-
logical invasions. When a species establishes new populations
outside its natural range, it may spread its own parasites to the
invasion range (“spill-over process”) and/or be subjected to
the infection by local parasites (“spill-back process”)
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increasing their spread success (Colautti et al. 2014; Romeo
etal. 2014; Mori et al. 2018a). The spill-back process has been
long overlooked in biological invasions (Kelly et al. 2009;
Romeo et al. 2014), despite growing interest in recent times,
mostly involving spill-back that impacts human health
(Marsot et al. 2013; Vourc’h et al. 2016). Accordingly, an
introduced host infested by native ectoparasites may suffer
from these ectoparasite attacks which, in turn, may influence
its invasion process (Prenter et al. 2004; Kelly et al. 2009).
This cross-infestation may also locally increase the distribu-
tion of native parasites, which may in turn alter the dynamics
of infestation on native hosts (e.g. Mori et al. 2018a). Among
birds, parakeets are widely recorded as alien birds worldwide,
with the ring-necked parakeet Psittacula krameri and the
monk parakeet Myiopsitta monachus (hereafter, MP) being
the most abundant ones (Menchetti and Mori 2014; Edelaar
et al. 2015; Parau et al. 2016; Turbé et al. 2017).

Most colonies of introduced MPs occur in urban areas
(Moltoni 1945; Munoz and Real 2006; Sol et al. 2017), and
their ecological impacts have been widely studied (Menchetti
and Mori 2014; Reed et al. 2014; Castiglioni et al. 2015; Di
Santo et al. 2016; Senar et al. 2016). In America, MPs may kill
blue jays Cyanocitta cristata, American robins Turdus
migratorius and house sparrows Passer domesticus around
colonial nests (MacGregor-Fors et al. 2011), particularly when
at very high densities. Conversely, in Europe, where nesting
trees are abundant and do not represent a limiting resource,
sparrows may use the nests of MPs for breeding (Moltoni
1945; Batllori and Nos 1985). In European countries, harass-
ments by MPs have been observed against jackdaws Corvus
monedula, hooded crows Corvus cornix and common kestrels
Falco tinnunculus at nesting sites (Dangoisse 2009; Menchetti
and Mori 2014; Di Santo et al. 2016). Conversely, MPs fre-
quently share feeding and nesting sites with the feral rock
pigeon Columba livia forma domestica (hereafter, RP) with-
out any apparent competition (Moltoni 1945; Weiserbs and
Jacob 1999; Dangoisse 2009; Zocchi et al. 2009; Appelt
et al. 2016). Little information is available on ectoparasite
loads of MPs, with only a few parasite species reported on
them in Italy: the introduced South American louse
Paragoniocotes fulvofasciatus and tropical blood-eating mite
Ornithonyssus bursa, as well as the native pigeon louse
Columbicola columbae and flat flies Crataerina pallida and
Ornithophila metallica (Mori et al. 2015a; Ancillotto et al.
2018). In the native range (South America), the tropical
blood-eating mite is abundant on chicks of MP and it has been
recorded in a number of synoptic bird species (Aramburu et al.
2003). This parasite has been occasionally spotted also in
Europe (Viviano and Bongiorno 2014); its bites may provoke
dermatitis, asthma and skin rashes in humans (Orton et al.
2000).

The metropolitan area of Barcelona (Spain) hosts one ofthe
largest, increasing colony of MPs in Europe, coexisting with a
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number of native bird species and widely observed while for-
aging together with RPs (Batllori and Nos 1985; Rodriguez-
Pastor et al. 2012). Thus, introduced MPs may be prone to
spillback from native species. Furthermore, MPs show clus-
tered distributions within European cities, mostly linked to
selected nesting plant species (Sol et al. 1997). By contrast,
RPs may range for up to 6 km from their nests to reach feeding
sites and, therefore, they show a continuous distribution over
urban areas (Baldaccini et al. 2000; Rose et al. 2006a;
Soldatini et al. 2006).

In this work, we aimed at assessing the species composition
of the ectoparasite community of MPs in Barcelona and at
evaluating their potential role as parasite-mediated competi-
tors, by comparing their ectoparasite load with that of
coexisting RPs. According to the “enemy release hypothesis”,
alien species lose a high proportion of their ectoparasites fol-
lowing the introduction outside their native range (Colautti
et al. 2014; Romeo et al. 2014). Thus, it is suggested that they
might be more susceptible to native ones (Mori et al. 2015b,
2018a, b). We predicted (i) a higher parasite diversity and
higher infestations in native RPs, with respect to introduced
MPs. In turn, given the “enemy release hypothesis”, we also
predicted that spill-back would be much more frequent than
spill-over, as a lower diversity in parasite infestations on the
introduced host might favour the transmission and spread of
native parasites on the “new” host (ii).

Materials and methods
Study area

Our research was carried out within the metropolitan area
of Barcelona (north-eastern Spain: Fig. 1). Barcelona
covers an area of 102.16 km?, mostly composed by hu-
man settlements and buildings (72.3%). This city is divid-
ed into ten districts (Fig. 1), and it hosts one of the largest
MP colony in Europe, including over 5000 individuals,
with a clustered distribution according to the last census
(Senar et al. 2017a; Fig. 1). About 85,000 individuals of
feral RPs evenly occur throughout the city (in 2015:
Montalvo et al. 2017). The population of ring-necked
parakeets is still low in Barcelona (i.e. less than 300 in-
dividuals: Senar et al. 2017b), and this parrot species
rarely interacts with RPs (Hernandez-Brito et al. 2014;
Menchetti et al. 2016). Conversely, RPs quite often use
abandoned nests of MPs to breed, and then they could
easily be infested by their parasites (cf. Moltoni 1945;
Ancillotto et al. 2018). As well, few blue-crowned
parakeets Psittacara acuticaudatus and red-masked
parakeets Psittacara erythrogenys are also present in
Barcelona, but no interaction with native birds has been
reported (Santos 2006).
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Fig. 1 Location of trees where
chicks of MP were sampled in
Barcelona (“sample nests™).
Location of sites where RPs were
captured through compressed air
propelled nets are also reported.
The heat map (made through the
QGIS tool “heatmap”) shows the
density of trees with MP nests in
the city (2015 census: Senar et al.
2017a, b)

o'

ampled nests

= Location of pigeon captures

Selection of MP nests

We created a shapefile including all trees hosting MP nests
through the software QGIS (www.qgis.org. Accessed on 10
April 2017), following the 2015 census (Senar et al. 2017a).
Then, we built up a polygon layer encompassing all the MP
colonies. We defined as a “colony” every group of individuals
nesting in clusters of trees located in a single urban geographic
location (square, park, garden, avenue, street): none of the
trees were separated by more than 100 m from the nearest
one. We excluded from our analyses all the colonies located
in the city centre (i.e. Ciutadella Park area): MP population
dynamics studies by JCS are ongoing in this area, and we did
not want to affect results. As to the other colonies, we first
visited them to determine the accessibility to trees and nests.
We needed to reach the tree base with a truck crane, and in
many parks, gardens, streets and avenues, this was not possi-
ble. Furthermore, in some trees, nests were too high or tree
branches prevented us to sample them. We then selected a
subsample of available colonies spread apart (Fig. 1), so that
they were representative for the distribution of the MP in
Barcelona (Senar et al. 2017a). The first clutch of MPs in
Barcelona usually takes place from March to May—June, and
the second one—when parasites for our study were
collected—from June to July—August. Parasites were collect-
ed from 17 colonies in July.

Sampling methods

In each colony, we checked all the trees with MP nests acces-
sible to the truck crane. For each checked tree, we checked all
the chambers of each nest. On July, about one third of all
chambers (30%; n = 149) was occupied. Some chambers were
occupied by RPs, which used the MP nests (Supplementary
Material 1). When a chamber occupied by MP or RP chicks
was detected, we collected birds alive and we put them in a

divided box. Chicks coming from the same chamber were put
into the same division of the box, which was assigned to a
unique code (Supplementary Material 1). Chicks were distin-
guished from adults following Navarro and Bucher (1990).
Once we finished checking the nests of one tree, birds were
checked for parasites and released at the capture point.
Furthermore, RPs were also captured using compressed air
propelled nets during an ongoing numerical control program
of urban birds carried out by the Monitoring and Control of
Urban Pests Service (Barcelona City Council) in 18 localities
included within all the districts of Barcelona (Fig. 1). Capture
areas were selected according to the local density of RPs
(Pascual et al. 2015) and also occurred in the surroundings
of the highest densities of MPs.

We sampled a total of 178 MPs and 340 RPs: MP chicks
came from 58 trees and 68 chambers, located in 17 sampling
sites. In 39 chambers, we collected only 1 chick; in 22 cham-
bers, we collected 2 brother chicks; in 11 chambers, we col-
lected 3 chicks; in 9 chambers, we collected 4 chicks; and in 4
chambers, we collected 5 chicks.

Collection and identification of ectoparasites

We collected ectoparasites from the plumage of each captured
bird. Individuals were set on a white tray and a pesticide was
sprayed on their plumage. After 2 min, the plumage was thor-
oughly brushed for the collection of ectoparasites. We also
applied an electric aspirator throughout the plumage to collect
remaining parasites. The feathers of the head, the neck, under
the wings, body, legs and cloaca were raised and thoroughly
examined with a hand lens. Attached ectoparasites such as
mites, which could not be removed by brushing or aspiration,
were gently dislodged with tweezers. Collected ectoparasites
were counted and preserved in labelled vials, containing 70%
alcohol. Parasites were identified using keys (lice,
Mallophaga: Johnson and Clayton 2003; mites, Acarina:
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Baker 1999; flat flies, Hippoboscidae: Hutson 1984). All iden-
tifications were accomplished through examination of sam-
ples at stereomicroscope (% 400: Leica DM8000 M).

Statistical analyses

We investigated differences in parasites load using generalised
linear mixed models (GLMMs; Zuur et al. 2009). We consid-
ered the number of specimens of each arthropod species
counted per examined host individual, i.e. including not
infested hosts. In turn, we modelled 5 different indicators,
i.e. our response variables: (i) the overall number of parasite
specimens, (ii) the number of specimens of O. bursa, (iii) the
number of specimens of C. columbae, (iv) the number of
specimens of C. bidentatus and (v) the number of specimens
of P. canariensis counted in each sampled bird. We modelled
our indicators using negative binomial errors (link: log),
which are suited for count data as well as can handle potential
overdispersion (Zuur et al. 2009). Statistical analyses were
performed following the information-theoretic approach
(Burnham and Anderson 2002), by evaluating multiple candi-
date models for each indicator. Global models included all the
biologically meaningful fixed effects which could influence
our response variables.

We investigated the variation in the number of parasite
specimens counted on host individuals according to the fol-
lowing, potential influencing factors: host species (two levels:
RP vs MP; reference category: RP), MP density (continuous
variable: number of breeding pairs/5 mz), extent of urban
green area (continuous, in hectares) and sampling date (con-
tinuous, Julian day). In addition, we included three interaction
terms as potential influencing predictors: the interaction be-
tween the host species and the extent of urban areas, the inter-
action between the host species and the density of MPs as well
as the interaction between the host species and the sampling
date, to test whether host-specific effects on parasites load
may occur. Modelling the number of C. columbae,
C. bidentatus and P. canariensis in relation to host species
and relevant interactive effects was not necessary, since these
parasites were mostly found in RPs, without infesting MPs
(Supplementary Material 1). Thus, for these arthropod spe-
cies, we analysed a subsample of the total dataset, by consid-
ering the sampled RPs only, to assess how they vary in relation
to monk parakeet density, green area extent and sampling date,
as predictors.

The number of parasites is expected to be associated for
those host individuals which share the same nesting chamber,
as well as for those living in the same nesting tree/urban green
area, likely showing a hierarchical spatial autocorrelation. In
turn, each model included crossed and nested random effects
among/within nesting trees and nesting areas. In detail, we
included the following: (i) the sampling nesting chamber as
a random intercept nested within the nesting tree, to account
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for repeated counts of parasites on birds sharing the same
nesting chamber; (ii) the nesting tree as a random intercept
nested within the nesting green area, to account for repeated
counts of parasites on birds living in the same nesting tree; and
(iii) nesting areas as a random intercept, to account for repeat-
ed measures within and between different urban green areas.
Consequently, hierarchical random structure of our models
should allow to handle potential spatial autocorrelation of re-
sponse variables (Zuur et al. 2009).

Continuous predictors were centred to improve the inter-
pretability of models’ main effects and interactions
(Schielzeth 2010). Multicollinearity among covariates was
tested for each full model by calculating the variance inflation
factor (VIF) for all the predictors. All VIF values were <2,
indicating no multicollinearity (Zuur et al. 2009). VIFs were
calculated through the R package car (Fox and Weisberg
2011). Model selection was performed following the mini-
mum Akaike’s Information Criterion, corrected for small sam-
ples (AICc: Burnham and Anderson 2002). For each response
variable, all alternative models were ranked and weighted
from the global model. Models with AAICc >2 of the best
model, as well as models with an AICc value greater than that
of any simpler, nested alternative were not selected. For each
response variable, coefficients of predictors, 95% confidence
intervals and variance of random effects were estimated for
the top-ranked model. Significance of predictors was assessed
by checking whether 95% confidence intervals included 0.
Model selection and GLMMs were performed through the R
packages MuMIn (Barton 2012) and /me4 (Bates et al. 2015),
respectively. Validation of the best models was made by visual
inspection of residual patterns (Zuur et al. 2009), as well as by
calculating and testing the dispersion variance factor (cf. Zuur
et al. 2009; Bolker 2018) through the R package sjstat
(Lidecke 2018).

Results

We obtained 1805 ectoparasites from 173 out of 178 MPs,
belonging to 2 species (Table 1; see also Supplementary
Material 1 for detailed information on sampled individuals)
and 2463 ectoparasites from 339 out of 340 sampled pigeons,
belonging to 4 species (Table 1). Parasite load did not change
significantly among birds able and unable to fly (x*rp = 1.43,
p=0.18; x*mp =0.09, p =0.73); thus, we pooled together the
relevant data.

MPs showed a higher prevalence for O. bursa with respect
to RPs, which showed the highest prevalence for the other
parasites species (Table 1). In particular, no C. bidentatus
and P. canariensis were found in MPs, while only 2 out of
178 sampled MPs were infected by C. columbae (Table 1).

Table 2 shows the selected models. No overdispersion was
detected in our best models (Goverall no. of parasites = 0.8056,
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Table 1  Ectoparasite load assessed on monk parakeets (MPs) and rock pigeons (RPs) in Barcelona (7 = number of chicks sampled; A = alien, N =
native)

Parasite species (typology, origin) Chicks infested Mean £ SE no. parasite specimens/chick

MP (n=178) (%) RP (n=340) (%) MP (n=178) RP (n=340)

Ornithonyssus bursa (Mite, A) 97.19 10 10.01+1.08 0.44 +0.09
Columbicola columbae (Louse, N) 1.12 90.29 0.13+0.10 371 £0.17
Campanulotes bidentatus (Louse, N) 0 58.82 Nil 1.61 £0.12
Pseudolynchia canariensis (Flat fly, N) 0 70.88 Nil 1.48 £ 0.07

x> =409.2238, p=0.9995; o of 0. pursa=0.3517, x> =

178.6589, p=0.9995; dno. of C. cotumbae=0.7083, x> =

235.1649, p=1; Guo. of ¢ pidentans = 0.5860, x*=195.1310,
P=15 Guo. of P canariensis = 0.6468, x?=215.3843, p=1;
Table 3). Overall, the number of parasites counted in a bird
was higher in RPs and increased with the MP density which-
ever the host species (Table 3a; Fig. 2a). The number of
O. bursa specimens counted was higher in MPs, decreased
through sampling period (Table 3b; Fig. 3) and was influenced
by the interaction between the host bird species and MP den-
sity; O. bursa increased with MP density for MPs, but not for
RPs (Table 3b; Fig. 2b). As to ectoparasites infesting RPs only
(C. columbae, C. bidentatus and P. canariensis), all the arthro-
pod species showed an increase of the specimens counted with
increasing density of MPs (Table 3c, d, e; Fig. 4). No response
variable was influenced by the extent of urban green areas
(Tables 2 and 3).

Discussion

The “enemy release hypothesis” (Colautti et al. 2014) sug-
gests that alien species lose most of their ectoparasites after

Table 2 Result of models selection: best models and models with
AAIC, <2, each with K, AIC, value, AAIC, and weight. Response
variables are intended per sampled chick. All the models run also

the introduction process in new areas (Romeo et al. 2014;
Mori et al. 2015b; Mazzamuto et al. 2016). Therefore,
parasite-mediated by alien species has been for long
overlooked in studies on biological invasions. Despite this,
some parasites may survive the introduction event, and atten-
tion on this topic recently increased, particularly when involv-
ing human health and wellness (for a review, see Mazza et al.
2014). MP chicks are infested by more ectoparasites in their
native range (Aramburu et al. 2003), with respect to the intro-
duced one. Only one species, the tropical fowl mite O. bursa,
occurred with a high prevalence in our sample. Mite preva-
lence in MP was high in areas dominated by urban settle-
ments, most likely because of bird health conditions within
polluted urban districts (Haag-Wackernagel 2005; Delgado
and French 2012), as well as of parakeet overcrowding in
urban areas (Rodriguez-Pastor et al. 2012). Conversely, native
European parasites are very rare (lice) or totally absent (flat
flies) on MPs, with only few pigeon lice C. columbae ob-
served, discarding the hypothesis of spill-back occurrence.
Thus, despite overcrowding, parakeets are poorly vulnerable
to native parasite attacks (see Masello et al. 2018). In Europe,
RPs host a high number of parasite species (i.e. up to 10-23
species of ecto-and endo-parasites), particularly in urban areas

include crossed and nested random intercepts (see “Materials and
methods™)

Dataset Response variable Models retained (fixed effects) K  AIC, AAIC,  Weight
Monk parakeets and No. of parasite specimens host species + MP density + green area 10 3107 0 0.390
rock pigeons (n=1518) extent + host species X MP density
host species + MP density + green area extent 9 3107.1 0.11 0.371
host species + MP density + host species 3108 0.97 0.239
x MP density
No. of O. bursa specimens host species + MP density + Julian day 10 15618 0 0.613
+ host species x MP density
host species + Julian day 8 15627 092 0.387
Rock pigeons (n =340) No. of C. columbae specimens MP density + green area extent 8 15235 0 0.51
MP density 7 15235 0.0l 0.49
No. of C. bidentatus specimens ~ MP density 7 10973 0 1
No. of P. canariensis specimens ~ MP density 7 970.8 0 1
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Table 3  Parameters estimated (B: coefficient; CI: 95% confidence
interval; ¢: variance dispersion factor; variance of random factors) for
the top-ranked models of ectoparasites counted in RP and MP chicks.

Continuous predictor are centred. The reference category of host species
is RP. Predictors whose 95% Cls do not include 0 are shown in bold

Response variable Predictor B 95% CI

a) No. parasite specimens intercept 1.9811 1.8840; 2.0783

Eb = 9-805h6 . , s vari 01500 host species (MP) -0.4559 -0.7105; -0.2011

nesting chamber : nesting tree) variance = 0. . .

(nesting tree) variance = 0.0059 MP density 0.0608 0.0449; 0.0767

(nesting tree : nesting area) variance = 0.0070 green area extent 0.0170 -0.0020; 0.0361

(nesting area) variance < 0.0000 host species (MP) : MPs density 0.0380 -0.0125; 0.0885

b) No. O. bursa specimens

?) = Q~35lh7 . . v 3400 intercept 27613 -3.6889; -1.8337

nesting chamber : nesting tree) variance = 1. . .

(nesting tree) variance < 0.0000 host spec1ves (MP) 2.2684 1.1163; 3.4205

(nesting tree : nesting area) variance < 0.0000 MPs density -0.0009 -0.1263; 0.1244

(nesting area) variance = 3.2600 Julian day -0.0601 -0.0928; -0.0275
host species (MP) : MPs density 0.2077 0.0141; 0.4013

¢) No. C. columbae specimens

¢ =0.7083 intercept 1.2369 1.0852; 1.3886

(nesting chamb i ) vari 0.1270

nesting chamber : nesting tree) variance = 0. . .

(nesting tree) variance < 0.0000 MP density 0.0494 0.0254; 0.0734

(nesting tree : nesting area) variance < 0.0000 green area extent 0.0348 -0.0115; 0.0811

(nesting area) variance = 0.1330

d) No. C. bidentatus specimens

¢ =0.5860 intercept 0.1437 -0.1334; 0.4207

(nesting chamb i ) vari 0.2866

nesting chamber : nesting tree) variance = 0. . .

(nesting tree) variance < 0.0237 MP density 0.0741 0.0321; 0.1160

(nesting tree : nesting area) variance < 0.0097

(nesting area) variance = 0.4348

e) No. P. canariensis specimens

¢ =0.6468 intercept 0.3343 0.1201; 0.5485

ing chamb i i 0.0000 P
(nesting chamber : nesting tree) variance < 0. MP density 0.0803 0.0447: 0.1159

(nesting tree) variance < 0.0000
(nesting tree : nesting area) variance < 0.0000
(nesting area) variance = 0.2890

(Ferman et al. 2010; Delgado and French 2012; Mori et al.
2018b). Accordingly, in our sample, RPs showed a higher
number of ectoparasites and a higher arthropod species-rich-
ness, with respect to MPs, thus fulfilling our prediction (i).
Furthermore, 10.00% of sampled RPs were infested by O.
bursa, a typical parasite of MPs, indicating that spill-over pro-
cess was common differently from spill-back, therefore pro-
viding evidence to the opposite of our prediction (ii). This may
be due to the nature of the ectoparasites. On one side, lice are
often highly-specific to their host species (Johnson and
Clayton 2003), thus explaining why pigeon lice infesting
RPs are rare on MPs. On the other side, acarid mites, as those
detected on alien MPs, may develop in a wild array of bird
host species, thus potentially infesting native bird species, e.g.
RPs (Baker 1999). Being wide-ranging birds (Rose et al.
2006a), RPs may spread O. bursa over large areas (i.e. over
150 ha: Baldaccini et al. 2000; Rose et al. 2006a, b; Soldatini
et al. 2000), thus increasing the transmission risk of this mite
and posing a further risk to human health (Orton et al. 2000;
Mori et al. 2018b). Bites of O. bursa may affect human health,
provoking dermatitis, asthma, severe irritations and skin
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rashes in humans (Orton et al. 2000). Ornithonyssus bursa is
frequently found on a number of bird species in tropical and
subtropical areas (Mori et al. 2018b), where it is reported as a
vector of viruses affecting both wild birds and poultry activi-
ties (Santillan et al. 2015). This parasite has also been occa-
sionally found in Europe (Viviano and Bongiorno 2014),
where several alien populations of MPs occur (Edelaar et al.
2015).

We showed that the number of total parasites on each sam-
pled bird (both MPs and RPs) increased with increasing den-
sity of birds (both MPs and RPs), whereas the size of green
areas did not influence it. This finding supports the hypothesis
that introduced MPs might represent good candidates for
parasite-mediated competition with native birds (Mori et al.
2015a; Ancillotto et al. 2018). In details, ectoparasites load
was higher on RPs with respect to MPs, furtherly confirming
our prediction (i). Where the density of MPs is the highest (cf.
Fig. 1), RPs increase their susceptibility also to their native
ectoparasites, which may affect their health status. This may
be due to the fact that RPs and MPs use to feed on the same
areas, often on the same trophic resources (Carrillo-Ortiz
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Fig. 2 Relationship between

density of MPs (breeding pairs/
5 m% mean-centred ¥ = 16.6125)
and a the overall number of
ectoparasite specimens and b the
number of O. bursa specimens
counted in RPs (left panels) and
MPs (right panels) chicks. Lines
and bands show predicted values
and 95% confidence intervals
estimated by GLMMs
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Fig. 3 Relationship between Julian day (mean-centred X =216.7066)
and the number of O. bursa specimens counted in host chicks. Lines
and bands show predicted values and 95% confidence intervals
estimated by GLMMs
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susceptibility to ectoparasite attack (cf. Lafferty and Holt
2003; Tschirren et al. 2007).

The number of mites per bird was higher on MPs than on
RPs, although it increased with increasing density of MPs
only, i.e. of their specific host, but not of RPs. In our sample,
infestations by O. bursa decreased with increasing date, thus
providing support to the fact that this mite is linked to nests
and to unfledged chicks, while leaving birds when near to
flight (cf. Aramburu et al. 2003; Mori et al. 2018b).

MPs use to share their colonial nests with other species both in
the native range (e.g. with jabirus Jabiru mycteria and RPs:
Burger and Gochfeld 2005; Nores 2009) and in the introduced
one (e.g. with Italian sparrows Passer italiae, RPs, introduced
sacred ibis Threskiornis aethiopicus, white storks Ciconia
ciconia and jackdaws Corvus monedula: Moltoni 1945;
Castiglioni et al. 2015; Gioele Grandi and Jordi Pascual, personal
observations). Thus, we suggest that the risk of virus/parasite
transmission to native birds would occur. Accordingly, contacts
between MPs and other synurbic birds may occur both at feeding
and at nesting sites (e.g. Dangoisse 2009; MacGregor-Fors et al.
2011; Di Santo et al. 2016), despite being more uncommon than
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Fig. 4 Relationship between density of MPs (breeding pairs/5 m?, mean-
centred X =17) and the number of specimens of a C. columbae, b
C. bidentatus and ¢ P. canariensis counted in rocky pigeon chicks.

Lines and bands show predicted values and 95% confidence intervals
estimated by GLMMs

those between native birds and invasive ring-necked parakeets
(Menchetti et al. 2016; Covas et al. 2017).

Furthermore, colonial nests are used by MPs as roosts outside
the breeding period (Moltoni 1945; Hyman and Pruett-Jones
1995; Postigo et al. 2017). Arthropod ectoparasites often
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overwinter in nesting holes and dens (Cox et al. 1999;
Ancillotto et al. 2014). Thus, they may affect chicks of the same
chamber in the following breeding season independently from
the species they belong to (Aramburti and Campos Soldini
2008). Commensalism and syntopy between native and alien
species increased the frequency of inter-individual contact, thus
enhancing ectoparasite load and sharing. Even if only neutral
interactions have been reported between MPs and RPs (Nores
2009; Di Santo et al. 2016), diet overlap and feeding/nesting/
roosting site sharing may result in interspecific competition.
The invasion success of the MP (e.g. Hobson et al. 2017,
Postigo et al. 2017) may be favoured by the low species richness
in arthropod they are infested with. Conversely, infested RPs
may exponentially spread arthropod infestations and vector-
borne diseases even outside metropolitan areas. RPs may in-
crease the spread of vector-borme diseases brought by MP mites,
as they may affect both wildlife (e.g. other MPs) and human
health in urban and periurban contexts (Mori et al. 2018b).

In light of all these considerations, and also given the im-
pacts of MPs to local agriculture (Senar et al. 2016), manage-
ment actions should be rapidly taken into account following
the European guidelines (Crowley et al. 2017; Carboneras
et al. 2018; Crowley et al. 2018;). Further research should be
deserved to analyse the effects of parasites on the fitness of
native birds (e.g. house sparrows and tits Parus major and
Cyanistes caeruleus: cf. Lymbery et al. 2014) and the impor-
tance of spill-back by MPs in other invaded areas. Special
attention should also be paid to vector-borne disease, especial-
ly those transmitted by O. bursa to native vertebrates, humans
included (Orton et al. 2000; Mori et al. 2018Db).
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