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Abstract Alien species are considered a cause of biodiversity
loss throughout the world. An important but often overlooked
form of competition with native species is the parasite-
mediated one. Introduced species may bring their own para-
sites from their native ranges (spillover) or get native parasites
from native species, thus increasing the parasites’ spread and
transmission risk (spillback). Thus, a complete knowledge of
parasites hosted by introduced species is important to assess
and to possibly prevent impacts. Ring-necked and monk
parakeets have been introduced in many European countries,
where they established a number of alien reproductive popu-
lations. We sampled 21 ring-necked parakeets and 7 monk
parakeets from Italy and identified 35 arthropod ectoparasites

belonging to five species. Amongst those, one species was
native to India (Neopsittaconirmus lybartota), where alien
populations of ring-necked parakeet may have been originat-
ed, and one species from South America (Paragoniocotes
fulvofasciatus), which is typically found of the monk parakeet
in its native range. The other three species of arthropod para-
sites were native to Italy and commonly found on native spe-
cies, suggesting the possibility of spillback processes.
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Introduction

Animal species introduced outside their native range may var-
iously affect local biodiversity in their introduced range: they
may bring parasites, act as predators or at least act as compet-
itors of indigenous species and they may introgress with na-
tive genomes as well (Mack et al. 2000). Despite being glob-
ally considered as the second main cause of the sixth biodi-
versity crisis (Simberloff et al. 2013; Galiana et al. 2014),
impacts of biological invasions are still frequently overlooked
or poorly considered, particularly in the case of indirect or less
evident aspects of impact (Simberloff et al. 2013). For in-
stance, when a species is released outside its natural range, it
may also introduce its own parasites into its invasive range or,
conversely, be subjected to infection by local species of para-
sites that it encounters there. Consequently, parasites can have
a substantial impact in biological invasions.

Some species become invasive because they lose their orig-
inal parasites in the new environment (Enemy Release Hy-
pothesis: Prenter et al. 2004), either due to the unsuitability
of the new environment, a founder effect amongst the
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introduced individuals, or due to the effects of medical treat-
ment during captivity in the case of escaped individuals.

At the same time, the introduction of alien species may also
increase incidence, pathogenicity, geographical or host range
of their own (spillover) or native (spillback) parasites (cf.
Kelly et al. 2009). For example, spillover is illustrated by the
giant liver fluke Fascioloides magna (Platyhelminthes,
Trematoda), a parasite introduced by North American deer
(e.g. Wapiti) to Europe (Balbo et al. 1988; Novobilský et al.
2007), where they may attack native red deer Cervus elaphus
and have lethal consequences for Roe deer Capreolus
capreolus. Similarly, squirrelpox virus mediates the amount
and type of competition between alien grey squirrels Sciurus
carolinensis and native European red squirrels Sciurus
vulgaris in the British Isles (Rushton et al. 2005; McInnes
et al. 2013).

In contrast, spillback requires the invader to acquire local
parasites from existing native hosts and to contribute to the
levels of transmission back to the native host, therefore
resulting in indirect competition mediated by the action of
shared natural parasites (Price et al. 1986). For instance, grey
squirrels introduced into Italy may acquire native squirrel fleas
(Ceratophyllus sciurorum sciurorum), thereby increasing their
transmission risk to native European red squirrels (Romeo
et al. 2014).

Although there is a potential for parasite spillback from
non-native species to impact native communities (Romeo
et al. 2014), this phenomenon has been rarely documented
in biological invasions because it is generally assumed that
native parasites are unimportant when assessing the impacts
of alien species (Kelly et al. 2009). Moreover, it is difficult to
evaluate the native or non-native status of many parasite spe-
cies because the inventories of parasites and their geographic
range are incomplete for many countries (Kelly et al. 2009).

Hulme et al. (2009) concluded that only 11 % of the 11,000
alien species introduced in Europe have a proven ecological
impact. Amongst birds, parrots (Aves, Psittaciformes) account
for about 18 % of alien avifauna established in Europe; within
this order, the ring-necked parakeet Psittacula krameri and the
monk parakeetMyiopsitta monachus, both popular species as
pets, are considered to be the most successful of invasive
parrot species (Strubbe and Matthysen 2009; Di Febbraro
and Mori 2014). Together these two species have established
approximately introduced 100 populations throughout Europe
(Strubbe and Matthysen 2009), with the number of breeding
colonies increasing in many countries (e.g. Mori et al. 2013a).
Despite this wide invasive range, information about their im-
pact on native biodiversity is scarce and no data concerning
macroparasites are available (Menchetti and Mori 2014).

In this note, we provide the first data about the
macroparasite fauna of alien parrots in Italy, and we shed light
on whether these alien species have introduced exotic para-
sites or acquired local ones, thus having the potential for

spillover and/or spillback against native species. Arthropod
parasites have been described from the native range of monk
parakeet (Psitticimex uritui, Ornithonyssus bursa,
Paragoniocotes fu lvofasciatus , Heteromenopon
macrurum: Keirans et al. 1973; Aramburù et al. 2003)
and from the Indian range of rose-ringed parakeet
(Saxena et al. 2009), while the only surveys to date
from the African range of this species (Senegal; Najer
et al. 2012) revealed no parasite.

Materials and methods

Parasites collection

A total of 21 ring-necked parakeets were analysed, 13 from
Rome, six from Pavia and two from Follonica—Province of
Grosseto (Fig. 1). Seven monk parakeets from Rome were
also analysed. No data were available for the other colonies
of these species in Italy (cf. Mori et al. 2013a, b).

Amongst individuals from Rome, all the monk parakeets
and six rose-ringed parakeets were recovered at the Wildlife
Rescue Centre operated by LIPU (Italian League for the Pro-
tection of Birds) and were treated with a commercial veteri-
nary pesticide (Foractil®, by Formevet) soon after their admit-
tance to kill and collect ectoparasites; two other rose-ringed
parakeets were found in poor health conditions by private
citizens, parasites collected and sent to the authors for exam-
ination. Parakeets from Follonica and Pavia in poor health
conditions were sent by private citizens to local veterinarians.
Collected parasites were stored in ethanol 95 % for identifica-
tion. All parakeets were found in large urban parks, historic
villas and private gardens.

Parasites identification

All parasites were sent to the Department of Life Sciences at
The Natural History Museum in London, where they were
identified by T.H. (Tarsopsylla octodecimdentata
octodecimdentata: Ceratophyllidae: Siphonaptera Insecta)
and V.S. (Laemobothrion sp., Neopsittaconirmus lybartota
and Paragoniocotes sp.: Pthiraptera: Insecta). All identifica-
tions were completed morphologically using stereo micro-
scopes . The squi r re l f leas T. oc todec imdenta ta
octodecimdentata were determined using the descriptions
and keys of Smit (1983) and Whitaker (2007) and by compar-
ison with specimens in the Siphonaptera collections at the
Natural History Museum. The lice were determined by com-
parison with specimens in the Natural History Museum’s
Phthiraptera collection and confirmed by cross-referencing
with descriptions by Nelson and Price (1965) for
Laemobothrion sp. and Palma (1973) for Paragoniocotes sp.
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The tick Argas reflexus was directly determined by a veteri-
narian from Pavia (S. Martone).

Results

We collected and identified a total of 35 arthropod ectopara-
sites belonging to five species (Table 1): one species of flea
(Siphonaptera), one tick (Acarina) and three species of lice
(Phthiraptera). A total of seven ring-necked parakeets
(33.33 % of the total analysed individuals) and two monk
parakeets (28.57 %) were infested by parasitic arthropod spe-
cies (Table 1; Electronic Supplementary Material).

Discussion

All the arthropod ectoparasites identified were native to Italian
species with two exceptions, Paragoniocotes sp., a louse

genus common on neotropical parrots (Price et al. 2003) and
N. lybartota, a louse typical of Asian (mainly Indian)
parakeets (Saxena et al. 2009). The specimens collected on
monk parakeets are almost certainly P. fulvofasciatus Picaglia,
1885, which is host specific to monk parakeet M. monachus
(Price et al., 2003). This parasite species has previously been
recorded in Italy as the type locality for P. fulvofasciatus is in
the Bvicinity of Modena^ (Picaglia 1885). The detection of
N. lybartota in rose-ringed parakeets in Italy provides an in-
direct support to the hypothesis that the introduced population
in Rome belongs to the Indian subspecies (cf. Scalera 2001);
in India, N. lybartota is a common parasite of the Alexandrine
parakeet Psittacula eupatria (Saxena et al., 2009), which also
breed sympatrically with P. krameri in Italy. Further studies
are required to assess whether these alien parasites are trans-
mitted to native hole-nester birds.

T h e r e d s q u i r r e l f l e a T. o c t o d e c imd en t a t a
octodecimdentata (Kolenati, 1863) was detected with the
highest number of individuals on two ring-necked parakeets.

Fig. 1 Locations of the parakeets
analysed in this work
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This flea has a Holarctic distribution and is primarily found on
tree squirrels or on their predators. Other accidental hosts (e.g.
Vulpes vulpes, Felis catus, Martes martes, Martes foina,
Apodemus flavicollis, Microtus sp., Nucifraga caryocatactes,
Ficedula hypoleuca and Parus major: Smit 1966; Beaucournu
and Launay 1990) are usually associated with trees as resting/
breeding sites. Interactions between native Eurasian red squir-
rels and introduced parakeets have been recently described.
Ring-necked parakeets may harass and repel squirrels, only
rarely coming into physical contact with them (Menchetti
and Mori 2014); Eurasian red squirrels S. vulgaris are listed
amongst the predators of the chicks of ring-necked
parakeets (Mori et al. 2013b); squirrels may be attacked
or mobbed by parakeets defending their nests. Furthermore,
squirrels may visit trunk cavities or occasionally inhabit a
permanent tree den in a trunk cavity before they are later
reused by parrots for breeding (Menchetti et al. 2014), thus
increasing the probability of encounter between these two
species. S. vulgaris is present in the area where flea-infested
parakeets were found (Mori et al. 2013b).

The two louse specimens from the ring-necked parakeet
from Follonica belonged to the genus Laemobothrion (an
adult male and an adult female, possibly Laemobothrion
maximum as suggested by their size: Perez et al. 1995), which
is one of the largest louse genera, normally found on
Falconiformes and, more rarely, on other birds (Nelson and
Price 1965; Perez et al. 1995). L. maximum has been reported
on 32 diurnal raptor species (Clay 1976). The most likely
explanation for this infestation is that the parakeets were
attacked by a hawk or other raptor, which resulted in a trans-
mission from raptor to parakeet. This type of encounter has
been previously documented: ring-necked parakeets have
been often observed chasing or mobbing small hawk species
and may be attacked by larger species (Menchetti and Mori
2014). Kestrels Falco tinnunculus and common buzzards Bu-
teo buteo are present within the study area, and
Laemobothrion species are known to locally occur on these
species (E. Mori personal observation).

The pigeon tick A. reflexus (Acarina: Argasidae) recorded
on ring-necked parakeets from Pavia may also affect human
health. This tick species is typically found on pigeons Colum-
ba livia that live in urban and suburban areas and may be
involved in the transmission of Lyme disease to humans, as
well as of other conditions (systemic reactions with urticaria,
angioedema and anaphylactic shock: Khouri and Maroli
2004). Given the high synanthropy of parakeets, which live
mainly in urban environments in Italy (Mori et al. 2013a) and
the pathologies brought by the presence of A. reflexus on
parrots, this tick species and its associated vector species de-
serve further research.

Overall, these results represent a first assessment of the
parasite community of alien parakeets in Italy, and the list of
parasite species is likely to grow. Alien parakeets appear to be
prone to spillback from native species which they come in
contact with through competition (squirrels), predation (squir-
rels, raptors) or commensalism (pigeons); particularly intrigu-
ing is the likely case of parasite transmission between alien
species occurring in the same environment, a phenomenon
which may increase the complexity of impacts upon native
ecosystems.
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Table 1 Arthropod parasites detected in parakeets introduced to Italy

Species Sex Study site Order Parasite No. of parasites Origin of the parasite Main hosts

P. krameri F Rome Siphonaptera Tarsopsylla o. octodecimdentata 8 N Sciurus vulgaris

P. krameri F Rome Siphonaptera Tarsopsylla o. octodecimdentata 6 N Sciurus vulgaris

P. krameri M Pavia Acarina Argas reflexus 2 N Columba livia

P. krameri F Pavia Acarina Argas reflexus 2 N Columba livia

P. krameri M Follonica Phthiraptera Laemobothrion cf. maximum 2 N Falconiformes

P. krameri F Rome Phthiraptera Neopsittaconirmus cf. lybartota 4 I Asian parrots

P. krameri M Rome Phthiraptera Neopsittaconirmus cf. lybartota 7 I Asian parrots

M.monachus ?? Rome Phthiraptera Paragoniocotes cf. fulvofasciatus 2 I Neotropical parrots

M.monachus ?? Rome Phthiraptera Paragoniocotes cf. fulvofasciatus 2 I Neotropical parrots

N native to Italy, I introduced

Parasitol Res



References

Aramburù R, Calvo S, Alzugaray ME, Cicchino A (2003) Ectoparasitic
load of monk parakeet (Myiopsitta monachus, Psittacidae) nestlings.
Ornitol Neotrop 14:415–418

Balbo T, Rossi L, Meneguz PG (1988) Integrated control of Fascioloides
magna infection in northern Italy. Parassitologia 31:137–144

Beaucournu JC, Launay H (1990) Les puces de France et du bassin
Méditerranéen occidental. Faune Fr :76. Federation FranÇaise des
Sociètès de Sciences Naturelles (Eds.), Paris, France

Clay T (1976) Geographical distribution of the avian lice (Phthiraptera): a
review. J Bombay Nat Hist Soc 71:536–547

Di Febbraro M, Mori E (2014) Potential distribution of alien parakeets in
Tuscany: a bioclimatic model approach. Ethol Ecol Evol 27:116–
128

Galiana N, Lurgi M, Montoya JM, López BC (2014) Invasions cause
biodiversity loss and community simplification in vertebrate food
webs. Oikos 123:721–728

Hulme PE, Pyšek P, Nentwig W, Vilà M (2009) Will threat of biological
invasions unite the European Union. Science 324:40–41

Keirans JE, Radovsky FJ, Clifford CM (1973) Argas (Argas) monachus,
new species (Ixodoidea: Argasidae), from nests of the monk para-
keet, Myiopsitta monachus, in Argentina. J Med Entomol 10:511–
516

Kelly DW, Paterson RA, Townsend CR, Poulin R, Tompkins DM (2009)
Parasite spillback: a neglected concept in invasion ecology?
Ecology 90:2047–2056

Khouri C, Maroli M (2004) La zecca del piccione Argas reflexus (Acari:
Argasidae) ed i rischi per la salute umana. Ann Ist Super Sanita 40:
427–432

Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M, Bazzaz FA
(2000) Biotic invasions: causes, epidemiology, global conse-
quences, and control. Ecol Appl 10:689–710

McInnes CJ, Coulter L, Dagleish MP, Deane D, Gilray J, Percival A,
Willoughby K, Scantlebury M, Marks N, Graham D, Everest DJ,
McGoldrick M, Rochford J, McKay F, Sainsbury AW (2013) The
emergence of squirrelpox in Ireland. Anim Conserv 16:51–59

Menchetti M, Mori E (2014) Worldwide impact of alien parrots (Aves
Psittaciformes) on native biodiversity and environment: a review.
Ethol Ecol Evol 26:172–194

Menchetti M, Scalera R, Mori E (2014) First record of a possibly
overlooked impact by alien parrots on a bat (Nyctalus leisleri).
Hystrix, Ital J Mammal 25:61–62

Mori E, Di Febbraro M, Foresta M, Melis P, Romanazzi E, Notari A,
Boggiano F (2013a) Assessment of the current distribution of free-
living parrots and parakeets (Aves: Psittaciformes) in Italy: a syn-
thesis of published data and new records. Ital J Zool 80:158–167

Mori E, Ancillotto L, Menchetti M, Romeo C, Ferrari N (2013b) Italian
red squirrels and introduced parakeets: victims or perpetrators?
Hystrix, Ital J Mammal 24:195–196

Najer T, Sychra O, Literák I, Procházka P, Čapek M, Koubek P (2012)
Chewing lice (Phthiraptera) from wild birds in Senegal, with de-
scriptions of three new species of the genera Brueelia and
Philopteroides. Acta Parasitol 57:90–98

Nelson RC, Price RD (1965) The Laemobothrion (Mallophaga:
Laemobothriidae) of the Falconiformes. J Med Entomol 2:249–257

NovobilskýA, Horáčková E, Hirtová L,Modrý D, Koudela B (2007) The
giant liver fluke Fascioloides magna (Bassi 1875) in cervids in the
Czech Republic and potential of its spreading to Germany. Parasitol
Res 100:549–553

Palma RL (1973) Sobre algunos Mallophaga de Aves de la Republica
Argentina Insecta. Physis B Aires 3285:483–498

Perez JM, Granados JE, Ruiz I (1995) The morphology of
Laemobothrion (Laemobothrion) maximum (Phthiraptera:
Laemobothridae). Parassitologia 37:45–51

Picaglia L (1885) Pediculini nuovi del Museo di Zoologia ed Anatomia
Comparata della R. Università di Modena. Atti Soc Ital Sci Nat 28:
82–90

Prenter J, MacNeil C, Dick JT, Dunn AM (2004) Roles of parasites in
animal invasions. Trends Ecol Evol 19:385–390

Price PW, Westoby M, Rice B, Atsatt PR, Fritz RS, Thompson JN,
Mobley K (1986) Parasite mediation in ecological interactions.
Annu Rev Ecol Syst 17:487–505

Price RD, Hellenthal RA, Palma RL (2003) World checklist of chewing
lice with host associations and keys to families and genera. In: Price
RD, Hellenthal RA, Palma RL, Johnson KP, Clayton DH (Eds) The
Chewing Lice: World Checklist and Biological Overview. Illinois
Natural History Survey Special Publication, Champaign-Urbana,
Illinois, USA: p 1–448

Romeo C, Wauters LA, Ferrari N, Lanfranchi P, Martinoli A, Pisanu B,
Preatoni DG, Saino N (2014) Macroparasite fauna of alien grey
squirrels (Sciurus carolinensis): composition, variability and impli-
cations for native species. PLoS One 9, e88002

Rushton SP, Lurz PWW, Gurnell J, Nettleton P, Bruemmer C, Shirley
MDF, Sainsbury W (2005) Disease threats posed by alien species:
the role of a poxvirus in the decline of the native red squirrel in
Britain. Epidemiol Infect 134:521–533

Saxena AK, Gupta N, Kumar S, Khan V, Arya G, Saxena S (2009)
Intrinsic rate of natural increase of five species of ischnoceran lice
(Insecta: Phthiraptera) from India. Entomol News 120:363–369

Scalera R (2001) Il parrocchetto dal collare Psittacula kramer. In: Scalera
R (ed) Invasioni biologiche. Le introduzioni di vertebrati in Italia: un
problema tra conservazione e globalizzazione. Corpo Forestale dello
Stato e Ministero delle Politiche Agricole e Forestali, Rome, pp
195–199

Simberloff D, Martin JL, Genovesi P, Maris V, Wardle DA, Aronson J,
Courchamp F, Galil B, Garcìa-Berthou E, Pascal M, Pyśek P, Sousa
R, Tabacchi E, Vila M (2013) Impacts of biological invasions:
what’s what and the way forward. Trends Ecol Evol 28:58–66

Smit FGAM (1966) Tarsopsylla Wagner, 1927. In: Smit FGAM (ed)
Siphonaptera. Insecta Helvetica Catalogum. Imprimerie La
Concorde Lausanne, Lausanne, pp 56–57

Smit FGAM (1983) Key to the genera and subgenera of Ceratophyllidae.
In: Traub R, Rothschild M, Haddow J (eds) The Rothschild collec-
tion of fleas: the Ceratophyllidae: key to the genera and host rela-
tionships: with notes on evolution, zoogeography and medical im-
portance. Cambridge University Press/Academic Press, Cambridge,
pp 1–36

Strubbe D, Matthysen E (2009) Establishment success of invasive ring‐
necked and monk parakeets in Europe. J Biogeogr 36:2264–2278

Whitaker AP (2007) Handbooks for the identification of British Insects,
Vol. 1, Part 1b, 2nd edn. Field Studies Council Shrewsbury, Royal
Entomological Society of London (Eds.), London, UK

Parasitol Res


	Macroparasites of introduced parakeets in Italy: a possible role for parasite-mediated competition
	Abstract
	Introduction
	Materials and methods
	Parasites collection
	Parasites identification

	Results
	Discussion
	References


