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Abstract

:

This study aims to assess the occurrence of external arthropods on deceased raptors in rescue centers in Tuscany, central Italy. The examined diurnal raptors include 17 common buzzards (Buteo buteo), two European honey buzzards (Pernis apivorus), seven sparrowhawks (Accipiter nisus), six common kestrels (Falco tinnunculus), a western osprey (Pandion haliaetus), and a peregrine falcon (Falco peregrinus). Nocturnal raptors included seven barn owls (Tyto alba), ten tawny owls (Strix aluco), 22 little owls (Athene noctua) and two scops owls (Otus scops). The skin and the feathers of each animal were examined, and arthropods were collected, fixed, and microscopically identified. In 48 out of the 75 examined birds (64%), at least a single arthropod species was found. Identified arthropods included chewing lice (Degeeriella fulva, D. rufa, Colpocephalum turbinatum, C. apivorus, Nosopon lucidum, N. clayae, Craspedorrhyncus platystomus, Laemobothrion tinnunculi, Kurodaia subpachygaster, Strigiphilus cursitans), hippoboscid flies (Ornithomya avicularia), chigger and feather mites (Kramerella lunulata, K. lyra, Kramerella sp., Glaucalges attenuatus, Hieracolichus nisi, Hieracolichus sp., Neotrombicula autumnalis) and ticks (Haemaphysalis sp.). Most of the identified mite, fly and tick species are the first records in raptors in Italy. Moreover, this study presents the first record of Hieracolichus sp. and N. autumnalis mites in P. haliaetus and F. tinnunculus, respectively.
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1. Introduction


Arthropods associated with raptors include lice, mites, ticks, fleas, and flies [1,2,3,4,5]. Chewing lice and feather mites are frequently reported in raptors, which in most cases show no clinical signs [2,4,6,7,8]. However, some raptor ectoparasites may cause severe damage to the feathers, feather loss, intense pruritus and consequent weakness, restlessness, self-induced lesions, and may become fatal to the host birds in more severe cases [1,5,7,9]. Moreover, chigger mites, ticks, and hippoboscid flies may cause anemia and crusted and ulcerative dermatitis, frequently complicated with secondary bacterial infections, and may act as vectors of several pathogens [1,2,7,8,10]. External parasites may negatively affect the natural and captive populations or may face extinction with their hosts [11].



Previous studies carried out in Italy deal mainly with chewing lice [12,13,14,15,16,17,18,19], whereas data about mites, ticks, and flies of raptors are completely lacking.



This study aimed to assess the occurrence of arthropods associated with diurnal and nocturnal deceased raptors in wildlife rescue centers in different areas of Tuscany (central Italy).




2. Results and Discussion


In the geographical area considered in the present study [20], and in Italy [21,22], the buzzard (Buteo buteo) and the little owl (Athene noctua) are included among the prevalent diurnal and nocturnal raptor species, respectively. This could explain the high number of deceased specimens of these two raptor species examined in this study.



This study showed a high prevalence of external arthropods in examined raptors, as 48 out of the 75 examined birds (64%) scored positive for at least one arthropod species. Out of the ten raptor species examined, eight species were found to be positive for the presence of external arthropods. Only the two scops owls (Otus scops) and the single peregrine (Falco peregrinus) scored negatively. However, the found prevalence may be underestimated considering that several ectoparasite species may leave their deceased bird hosts.



Identified arthropods included chewing lice (Degeeriella fulva, D. rufa, Colpocephalum turbinatum, C. apivorus, Nosopon lucidum, N. clayae, Craspedorrhyncus platystomus, Laemobothrion tinnunculi, Kurodaia subpachygaster, Strigiphilus cursitans), hippoboscid flies (Ornithomya avicularia), chigger and feather mites (Kramerella lunulata, K. lyra, Kramerella sp., Glaucalges attenuatus, Hieracolichus nisi, Hieracolichus sp., Neotrombicula autumnalis) and ticks (Haemaphysalis sp.) (Table 1, Figure 1 and Figure 2).



More specifically, the species D. fulva, C. turbinatum, C. platystomus and O. avicularia were identified in the buzzard (B. buteo), N. clayae, C. apivorus and H. nisi were identified in the honey buzzard (Pernis apivorus), while D. rufa, N. lucidum, L. tinnunculi, N. autumnalis and Haemaphysalis sp. were identified in the kestrel (Falco tinnunculus) (Table 1, Figure 1 and Figure 2). H. nisi was also identified in the sparrowhawk (A. nisus). Moreover, Hieracolichus spp. mites were also identified in the single examined osprey (P. haliaetus). However, based on the morphology and dimensions of adults and according to the keys used for the identification of the species within this genus [9,11,23,24], it was not possible to identify the species (Table 1, Figure 1 and Figure 2).



Arthropod species of nocturnal raptors included S. cursitans and K. lunulata identified in the little owl (A. noctua), K. subpachygaster and Kramerella sp. identified in the tawny owl (Strix aluco), and K. lunulata, K. lyra and G. attenuatus (14.29%, 1/7) identified in the barn owl (Tyto alba) (Table 1, Figure 1 and Figure 2).



In most positive birds, intensity was high (Table 1), especially in the case of lice and feather mites. More specifically, a high intensity of at least a single identified louse and/or mite species was observed in each positive diurnal and nocturnal raptor (Table 1). Although lesions associated with some arthropod species identified in this study were previously described in raptors [1,7], no macroscopic lesions were found in the skin or in the feathers of birds found positive for lice and feather mites.



In some birds, more arthropod species were concurrently identified. Among diurnal raptors, two different chewing lice species, namely D. rufa and L. tinnunculi, and larvae of the tick Haemaphysalis sp. (Table 1; Figure 1(2,3); Figure 2(12)), were identified in a kestrel (F. tinnunculus). Another kestrel (F. tinnunculus) was instead found to be concurrently positive for D. rufa and N. lucidum (Table 1; Figure 1(2,6)). The two honey buzzards (P. apivorus) were found to be positive for both chewing lice and mites; more specifically N. clayae or C. apivorus (Table 1; Figure 1: 5, 7) and H. nisi (Table 1; Figure 2(4,5)) were concurrently found in these two honey buzzards.



The 17 buzzards (B. buteo) scored free from mites but a high number of chewing lice were counted in seven of these birds. All these animals scored positive for the species D. fulva (Table 1; Figure 1(1)), and C. turbinatum (Table 1; Figure 1(4)) or C. platystomus (Table 1; Figure 1(9)) were concurrently identified in two and one out of these seven positive buzzards, respectively.



Among nocturnal raptors, three different mite species, namely K. lunulata, K. lyra and G. attenuates, were identified in a barn owl (T. alba) (Table 1; Figure 2(6–9)), while six little owls (A. noctua) were found to be positive for both chewing lice, S. cursitans (Table 1; Figure 1(10)) and mites, K. lunulata (Table 1; Figure 2(7)).



On another buzzard, adults of the hematophagous hippoboscid fly O. avicularia, were identified (Table 1; Figure 1(11)). O. avicularia has been reported to infest a high number of bird species, including raptors [25], in which it may cause severe anemia, especially in younger subjects [26]. Moreover, this fly species can be the vector of several pathogens of raptors, including Haemoproteus spp. and Trypanosoma spp. [25,27,28]. Interestingly, hippoboscid flies may act as phoretic hosts for several Degeeriella species that can be transported to new bird hosts [29].



A high number of N. autumnalis larvae were identified on a kestrel (F. tinnunculus) and in the bag used to transport this animal (Table 1; Figure 2(1)). In birds, larvae of Neotrombicula spp. mites can be found mainly between the keel of the sternum and the cloaca or on the skin of the wings [30,31], as in the kestrel that scored positive in this study. After about 2–5 days from the beginning of the infestation, larvae leave the birds to reach the ground and molt to nymphs [30]. In heavily infested birds, parasitic larvae of N. autumnalis may cause dermatitis and intense pruritus, starvation, self-induced lesions, and secondary bacterial infections [30,31]. However, no lesions were observed in the N. autumnalis-infested kestrel in this study.



In Italy, parasitic larvae of N. autumnalis generally infest birds during the summer [30]. However, in this study the positive kestrel was examined in January. Interestingly, in the Czech Republic some chigger mites (Ascoschoengastia latyshevi) were also rather frequently found on birds, even during winter months [32].



Eight ticks were counted in another kestrel and identified as larvae of Haemaphysalis sp. (Table 1; Figure 2(12)). Among species of the genus Haemaphysalis, larvae and nymphs of the species Haemaphysalis punctata are commonly found on birds, especially passerines but also other birds in the Apennine areas of Italy, as Tuscany [16,33].



Haemaphysalis punctata is a three-host tick known to be from Europe, northwestern Africa, and southwestern Asia [34]. Haemaphysalis punctata larvae and nymphs may infest birds [35,36]. In Europe, H. punctata has mainly a Mediterranean distribution [37]. However, migrating birds are considered to play an important role in introducing this tick species to other European areas [38,39]. Under conditions of high parasite load, this tick may be responsible for anemia, reduced growth, and weight loss and may be the vector of several bacterial and viral pathogens in infested birds [40].



Among external arthropods frequently reported in owls [1,2,41,42], K. subpachygaster lice (Table 1; Figure 1: 8) were identified in three out of ten examined tawny owls (S. aluco), while different Kramerella spp. mites (Table 1; Figure 2(7–11)) were identified in almost all positive owls examined.




3. Materials and Methods


Seventy-five deceased diurnal and nocturnal raptors were examined from 1998 to 2005 for occurrence of external arthropods. Examined diurnal raptors (Accipitriformes and Falconiformes) included 17 common buzzards (B. buteo), two European honey buzzards (P. apivorus), seven sparrowhawks (A. nisus), six common kestrels (F. tinnunculus), a western osprey (P. haliaetus), and a peregrine falcon (F. peregrinus) (Table 1). Among nocturnal raptors (Strigiformes), seven barn owls (T. alba), ten tawny owls (S. aluco), 22 little owls (A. noctua) and two scops owls (O. scops) were examined.



Raptors were wounded or diseased and died from a few hours (40/75) to ten days after their arrival in wildlife rescue centers located in different areas of Tuscany (central Italy), including the districts of Florence (43°46′ N, 11°15′ E), Lucca (43°50′ N, 10°30′ E), Pisa (43°43′ N, 10°23′ E) and Livorno (43°33′ N, 10°18′ E).



The examined birds had not been treated with antiparasitic drugs and were single-caged. In most cases (44/75 birds), deceased birds were placed in clean bags, refrigerated, and transported to the laboratory soon after their death. In other cases, birds were placed in a bag and refrigerated about 24–48 h after the death. The skin and the feathers of each animal and the respective bags were macroscopically inspected, and the feathers were also microscopically observed under a stereomicroscope. Arthropods were collected by means of needles, fine brushes, or tweezers, counted, and fixed in 70% ethanol. Collected and fixed arthropods were mounted in Hoyer medium and microscopically examined under an optical or a stereomicroscope equipped with an ocular micrometer, and species/genus identification was based on morphological and metrical features.



The overall prevalence was calculated as the number of birds among those examined that were found to be positive with one or more individual of at least a single external arthropod. The prevalence of each arthropod species in each bird species was also calculated. Furthermore, concurrent arthropod species found in a single bird host and the intensity of infestation of each arthropod species in a single bird host were also evaluated [43]. Intensity was considered high when the number of each arthropod species counted in a bird host was higher than 100. However, a mean number of 50 mites per feather upon examination of at least 15 feathers was considered as indicative of high intensity in the case of feather mites [44,45].



The keys and descriptions by Séguy [29], Price and Beer [46,47,48], Clayton and Price [49], Lapage [50], Price et al. [51] and Manilla [12,13,14,15] were used for louse genus/species identification. Chigger and feather mites were identified according to keys and descriptions given by Brennan and Jones [52], Canestrini and Kramer [23], Gaud and Atyeo [24,53], Kranz [54], Stekolnikov [55,56], Philips [8], and Manfredini [30]. The Hippoboscid fly species was identified based on identification data reported by Neveau Lemarie [57], Séguy [29], Oboňa et al. [25], and Hill et al. [58]. Finally, descriptions given by Nosek [36], Kranz [54], Manilla [15,16], Pfäffle et al. [35], Iori et al. [59] and Nuttall [60] were used for the identification of tick larvae.




4. Conclusions


External arthropods identified in this survey were previously reported in examined raptor species in different areas worldwide [1,2,5,8,25,46,47,48,49,61]. However, most of the mite, fly, and tick species identified in this study are the first record in raptors in Italy. Moreover, this study is the first report of Hieracolichus sp. in the osprey (P. haliaetus) and of N. autumnalis in the kestrel (F. tinnunculus).







Author Contributions


Conceptualization, S.P.; validation, R.G., C.D. and S.P.; formal analysis, R.G., C.D. and S.P.; investigation, R.G., C.D. and S.P.; resources, S.P.; data curation, R.G., C.D. and S.P.; writing—original draft preparation, R.G., C.D. and S.P.; writing—review and editing, R.G., C.D. and S.P.; visualization, R.G., C.D. and S.P.; supervision, S.P.; project administration, S.P.; funding acquisition, S.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


The authors thank James R. Philips (Babson College, Babson Park, MA, USA) and Ronald Schmäschke (Universität Leipzig-Germany) for their help in the identification of feather mites. The authors thank all wild animal rehabilitation centers for providing the birds examined in this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



De Oliveira, J.B.; Santos, T.; Vaughan, C.; Santiago, H. External parasites of raptors (Falconiformes and Strigiformes): Identification in an ex situ population from Mexico. Revista de Biología Tropical 2010, 59, 1257–1264. [Google Scholar] [CrossRef]

	



Morishita, T.Y.; Mertins, J.W.; Baker, D.G.; Monahan, C.M.; Brooks, D.L. Occurrence and Species of Lice on Free-living and Captive Raptors in California. J. Avian Med. Surg. 2001, 15, 288–292. [Google Scholar] [CrossRef]

	



Lierz, M.; Göbel, T.; Schuster, R. [Occurrence of parasites in indigenous birds of prey and owls]. Berlin Munch. Tierarztl. Wochenschr. 2002, 115, 43–52. [Google Scholar]

	



González-Acuña, D.; Venzal, J.M.; Keirans, J.E.; Robbins, R.G.; Ippi, S.; Guglielmone, A.A. New Host and Locality Records for the Ixodes auritulus (Acari: Ixodidae) Species Group, with a Review of Host Relationships and Distribution in the Neotropical Zoogeographic Region. Exp. Appl. Acarol. 2005, 37, 147–156. [Google Scholar] [CrossRef]

	



González-Acuña, D.; Ardiles, K.R.; Barrientos, C.; González, P.; Moreno, L.; Cicchino, A. Lice of Chilean Diurnal Raptors. J. Raptor Res. 2008, 42, 281–286. [Google Scholar] [CrossRef]

	



Keymer, I.F. Diseases of birds of prey. Veter Rec. 1972, 90, 579–594. [Google Scholar] [CrossRef]

	



Miller, M.J.R.; Ewins, P.J.; Galloway, T.D. Records of Ectoparasites Collected on Ospreys from Ontario. J. Wildl. Dis. 1997, 33, 373–376. [Google Scholar] [CrossRef]

	



Philips, J.R. A review and checklist of the parasitic mites (Acarina) of the Falconiformes and Strigiformes. J. Raptor Res. 2000, 34, 210–231. [Google Scholar]

	



Lima Alves Moro, M.M.; Carvalho Waquim, E.; Soares de Melo Evangelista, L.; Akashi Hernandesd, F. Feather mites (Acari: Astigmata) of the Zoobotanical State Park in Teresina, Brazil. Acarologia 2019, 59, 424–432. [Google Scholar] [CrossRef]

	



Deem, L.S. Infectious and Parasitic Diseases of Raptors. Comp. Cont. Educ. Pract. 1999, 21, 329–338. [Google Scholar]

	



Mironov, S.V.; Efeykin, B.D.; Ibanez, J.C.; Sumaya, A.M.; Tolstenkov, O.O. Captive individuals of endangered Philippine raptors maintain native feather mites (Acariformes: Pterolichoidea) species. Int. J. Parasitol. Parasites Wildl. 2018, 7, 116–133. [Google Scholar] [CrossRef]

	



Manilla, G.; Cicolani, B. Mallofagi rinvenuti su uccelli in Abruzzo. Riv. Parassitol. 1983, 44, 217–232. [Google Scholar]

	



Manilla, G. Prime segnalazioni in Italia d’altre specie di mallofagi. Riv. Parassitol. 1986, 4, 175–183. [Google Scholar]

	



Manilla, G.; Gelsomini, A. Sui mallofagi degli uccelli segnalati in Italia al Parte 1: Amblycera. Atti Soc. Ital. Sci. Nat. Mus. Civ. Stor. Nat. Milano 1988, 129, 489–505. [Google Scholar]

	



Manilla, G.; Gelsomini, A.; Nissi, B.; Delitala, G. Primi reperti di ectoparassiti di uccelli in Sardegna (Mallophaga e Ixodidae). Avocetta 1989, 13, 9–107. Available online: https://www.avocetta.org/articles/vol-13-2-baf-primi-reperti-di-ectoparassiti-di-uccelliin-sardegna-imallophaga-e-ixodidaei/ (accessed on 13 April 2021).

	



Manilla, G. Fauna d’Italia Acari Ixodida; Edizioni Calderini: Bologna, Italy, 1998; p. 288. [Google Scholar]

	



Martin Mateo, M.P.; Manilla, G. Nuevos Malofagos de aves en Italia. Riv. Parassitol. 1988, 5, 141–150. [Google Scholar]

	



Martin Mateo, M.P.; Manilla, G. Nuovi reperti di Mallofagi con 23 nuove specie per l’Italia. Parassitologia 1993, 35, 21–29. [Google Scholar]

	



Agrimi, U.; Destrero, G.; Dell’Omo, G.; Di Guardo, G.; Macchioni, G. Indagine sulla presenza di Mallofagi in uccelli rapaci del Lazio. Supplemento alle Ricerche di Biologia della Selvaggina 1996, 24, 689–693. [Google Scholar]

	



Tellini Florenzano, G.; Baccetti, N.; Arcamone, E.; Meschini, E.; Sposimo, P. Atlante Degli Uccelli Nidificanti e Svernanti in Toscana (1982–1992); Museo di Storia Naturale di Livorno: Livorno, Italy, 1997; p. 414. [Google Scholar]

	



Mastrorilli, M. Distribution of the Little Owl Athene noctua in Italy. 2002. Available online: https://www.owlpages.com/owls/articles.php?a=16 (accessed on 3 March 2021).

	



Peterson, R.; Mounfort, G.; Hollom, P.A.D. Guida Degli Uccelli d’Europa, 3rd ed.; Franco Muzzio Editore: Firenze, Italy, 2002; p. 370. [Google Scholar]

	



Canestrini, G.; Kramer, P. Demodicidae und Sarcoptidae. In Das Tierreich. Eine Zusammenstellung und Kennzeichnung der rezenten Tierformen. Herausgegeben von der Deutschen Zoologischen Gesellschaft; Hef 7/Autorisierter Neudruck; Verlag von J. Kramer: Berlin, Germany, 1965; p. 193. [Google Scholar]

	



Gaud, J.; Atyeo, W. Gabuciniidae, famille nouvelle de sarcoptiformes plumicoles. Acarologia 1974, 16, 522–561. [Google Scholar]

	



Oboňa, J.; Sychra, O.; Greš, S.; Heřman, P.; Manko, P.; Roháček, J.; Šestáková, A.; Šlapák, J.; Hromada, M. A revised annotated checklist of louse flies (Diptera, Hippoboscidae) from Slovakia. ZooKeys 2019, 862, 129–152. [Google Scholar] [CrossRef]

	



Eeva, T.; Andersson, T.; Berglund, Å.M.M.; Brommer, J.E.; Hyvönen, R.; Klemola, T.; Laaksonen, T.; Loukola, O.; Morosinotto, C.; Rainio, K.; et al. Species and abundance of ectoparasitic flies (Diptera) in pied flycatcher nests in Fennoscandia. Parasites Vectors 2015, 8, 648. [Google Scholar] [CrossRef]

	



Baker, J.R. The Transmission of Haemoproteus sp. of English Wood-pigeons by Ornithomyia avicularia. J. Protozool. 1963, 10, 461–465. [Google Scholar] [CrossRef]

	



Votýpka, J.; Oborník, M.; Volf, P.; Svobodová, M.; Lukeš, J. Trypanosoma avium of raptors (Falconiformes): Phylogeny and identification of vectors. Parasitology 2002, 125, 253–263. [Google Scholar] [CrossRef]

	



Seguy, E. Faune de France Volume Insectes Ectoparasites; Librairie de la Faculte des Sciences: Paris, France, 1944; p. 592. [Google Scholar]

	



Manfredini, L. Insetti e Acari di Importanza Veterinaria e Medica; Mazzanti Editore: Venezia, Italy, 2005; p. 196. [Google Scholar]

	



Literak, I.; Honza, M.; Pinowska, B.; Haman, A. Larvae of Trombiculid Mites (Acarina: Trombiculidae) in Wild Birds in the Slovak and Polish Carpathians. Acta Veter Brno 2001, 70, 479–483. [Google Scholar] [CrossRef]

	



Literak, I.; Kocianová, E.; Dusbábek, F.; Martinu, J.; Podzemný, P.; Sychra, O. Winter infestation of wild birds by ticks and chiggers (Acari: Ixodidae, Trombiculidae) in the Czech Republic. Parasitol. Res. 2007, 101, 1709–1711. [Google Scholar] [CrossRef]

	



Toma, L.; Mancuso, E.; D’Alessio, S.G.; Menegon, M.; Spina, F.; Pascucci, I.; Monaco, F.; Goffredo, M.; Di Luca, M. Tick species from Africa by migratory birds: A 3-year study in Italy. Exp. Appl. Acarol. 2021, 83, 147–164. [Google Scholar] [CrossRef]

	



Hoogstraal, H.; Kaiser, M.N.; Traylor, M.A.; Guindy, E.; Gaber, S. Ticks (Ixodidae) on birds migrating from Europe and Asia to Africa 1959–61. Bull. World Health Organ. 1963, 28, 235–262. [Google Scholar]

	



Pfäffle, M.P.; Santos-Silva, M.M.; Jaenson, T.G.T.; Vatansever, Z.; Petney, T.N. Haemaphysalis punctata Canestrini and Fanzago, 1878 (Figs. 88–90). In Ticks of Europe and North Africa; J.B. Metzler: Stuttgart, Germany, 2017; pp. 237–242. [Google Scholar]

	



Nosek, J. The ecology, bionomics, and behaviour of Haemaphysalis (Aboimisalis) punctata tick in central Europe. Parasitol. Res. 1971, 37, 198–210. [Google Scholar] [CrossRef]

	



Estrada-Peña, A.; Farkas, R.; Jaenson, T.G.T.; Koenen, F.; Madder, M.; Pascucci, I.; Salman, M.; Tarrés-Call, J.; Jongejan, F. Association of environmental traits with the geographic ranges of ticks (Acari: Ixodidae) of medical and veterinary importance in the western Palearctic. A digital data set. Exp. Appl. Acarol. 2013, 59, 351–366. [Google Scholar] [CrossRef]

	



Hofmeester, T.R.; Van Der Lei, P.-B.; Van Leeuwen, A.D.; Sprong, H.; Van Wieren, S.E. New foci of Haemaphysalis punctata and Dermacentor reticulatus in the Netherlands. Ticks Tick Borne Dis. 2016, 7, 367–370. [Google Scholar] [CrossRef]

	



Tijsse-Klasen, E.; Hansford, K.M.; Jahfari, S.; Phipps, P.; Sprong, H.; Medlock, J.M. Spotted fever group rickettsiae in Dermacentor reticulatus and Haemaphysalis punctata ticks in the UK. Parasites Vectors 2013, 6, 212. [Google Scholar] [CrossRef] [PubMed]

	



Sándor, A.D.; Kalmár, Z.; Matei, I.; Ionică, A.M.; Mărcuţan, I.-D. Urban Breeding Corvids as Disseminators of Ticks and Emerging Tick-Borne Pathogens. Vector Borne Zoonotic Dis. 2017, 17, 152–154. [Google Scholar] [CrossRef] [PubMed]

	



Bush, S.E.; Villa, S.M.; Boves, T.J.; Brewer, D.; Belthoff, J.R. Influence of Bill and Foot Morphology on the Ectoparasites of Barn Owls. J. Parasitol. 2012, 98, 256–261. [Google Scholar] [CrossRef] [PubMed]

	



Grandón-Ojeda, A.; Valdebenito, J.O.; Moreno, L.; Kinsella, J.M.; Mironov, S.; Cicchino, A.; Barrientos, C.; González-Acuña, D. Gastrointestinal and external parasitism in the Magellanic Horned Owl Bubo magellanicus (Strigiformes: Strigidae) in Chile. Rev. Bras. Parasitol. Veterinária 2018, 27, 161–168. [Google Scholar] [CrossRef]

	



Bush, A.O.; Lafferty, K.D.; Lotz, J.M.; Shostak, A.W. Parasitology Meets Ecology on Its Own Terms: Margolis et al. Revisited. J. Parasitol. 1997, 83, 575–583. [Google Scholar] [CrossRef]

	



Bush, S.E.; Clayton, D.H. Anti-parasite behaviour of birds. Philos. Trans. R. Soc. B Biol. Sci. 2018, 373, 20170196. [Google Scholar] [CrossRef]

	



Clayton, D.H.; Moyer, B.R.; Bush, S.E.; Jones, T.G.; Gardiner, D.W.; Rhodes, B.B.; Goller, F. Adaptive significance of avian beak morphology for ectoparasite control. Proc. R. Soc. B Boil. Sci. 2005, 272, 811–817. [Google Scholar] [CrossRef]

	



Price, R.D.; Beer, J.R. Species of Colpocephalum (Mallophaga: Menoponidae) Parasitic upon the Falconiformes. Can. Entomol. 1963, 95, 731–763. [Google Scholar] [CrossRef]

	



Beer, R.D.P.R. Nosopon clayae sp. n. (Mallophaga: Menoponidae) from Pernis apivorus. J. Parasitol. 1963, 49. [Google Scholar] [CrossRef]

	



Price, R.D.; Beer, J.R. The Genus Kurodaia (Mallophaga: Menoponidae) from the Falconiformes, with Elevation of the Subgenus Falcomenopon to Generic Rank. Ann. Entomol. Soc. Am. 1963, 56, 379–385. [Google Scholar] [CrossRef]

	



Clayton, D.H.; Price, R.D. Taxonomy of the Strigiphilus cursitans Group (Ischnocera: Philopteridae), Parasites of Owls (Strigiformes). Ann. Entomol. Soc. Am. 1984, 77, 340–363. [Google Scholar] [CrossRef]

	



Lapage, G. Veterinary Parasitology, 2nd ed.; Oliver and Boyd: London, UK, 1968; p. 1182. [Google Scholar]

	



Price, R.D.; Hellenthal, R.A.; Palma, R.L. World checklist of chewing lice with host associations and keys to families and genera. In The Chewing Lice: World Checklist and Biological Overview; Price, R.D., Hellenthal, R.A., Palma, R.L., Johnson, K.P., Clayton, D.H., Eds.; Special Publication 24; Illinois Natural History Survey: Illinois, IL, USA, 2003; pp. 1–448. [Google Scholar]

	



Brennan, J.M.; Jones, E.K. Keys to the Chiggers of North America with Synonymic Notes and Descriptions of Two New Genera (Acarina: Trombiculidae). Ann. Entomol. Soc. Am. 1959, 52, 7–16. [Google Scholar] [CrossRef]

	



Gaud, J.; Atyeo, W. Glaucalges. Acarologia 1981, 22, 63–79. [Google Scholar]

	



Kranz, G.W. A Manual of Acarology, 2nd ed.; Oregon State University Book Stores Inc.: Corvallis, OR, USA, 1978; p. 509. [Google Scholar]

	



Stekol’Nikov, A.A.; Literak, I.; Capek, M.; Havlicek, M. Chigger mites (Acari: Trombiculidae) from wild birds in Costa Rica, with a description of three new species. Folia Parasitol. 2007, 54, 59–67. [Google Scholar] [CrossRef]

	



Stekolnikov, A.A.; González-Acuña, D. A review of Chilean chiggers (Acari: Trombiculidae), with the description of a new genus and ten new species. Zootaxa 2015, 3964, 1–43. [Google Scholar] [CrossRef]

	



Neveu Lemaire, M. Traité d’Entomologie Médicale et Vétérinaire; Vigot Frères Editeurs: Paris, France, 1938; pp. 1–1339. [Google Scholar]

	



Hill, D.S.; Hackman, W.; Lyneborg, L. The genus Ornithomya (Diptera: Hippoboscidae) in Fennoscandia, Denmark and Iceland. Notulae Entomologicae 1964, XIIV, 33–48. [Google Scholar]

	



Iori, A.; Di Giulio, A.; De Felici, S. Zecche d’Italia; Giuseppe, C., Ed.; Rolando Editore: Spoleto, Italy, 2005; p. 199. [Google Scholar]

	



Nuttall, G.H.F.; Cooper, W.F.; Robinson, L.E. The Structure and Biology of Haemaphysalis punctata, Canestrini and Fanzago. I. Parasitology 1908, 1, 152–181. [Google Scholar] [CrossRef]

	



Clayton, D.H. Host Specificity of Strigiphilus Owl Lice (Ischnocera: Philopteridae), with the Description of New Species and Host Associations. J. Med. Entomol. 1990, 27, 257–265. [Google Scholar] [CrossRef]








[image: Parasitologia 01 00008 g001 550] 





Figure 1. Louse (1–10) and hippoboscid fly (11) species identified raptors in Tuscany, central Italy. 1. Degeeriella fulva female; 2. D. fulva male; 3. Laemobothrion tinnunculi anterior end; 4. Colpocephalum turbinatum male; 5. Colpocephalum apivorus female; 6. Nosopon lucidum female; 7. Nosopon clayae male; 8. Kurodaia subpachygaster; 9. Craspedorrhyncus platystomus; 10. Strigiphilus cursitans; 11. Ornithomya avicularia. 
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Figure 2. Mite (1–11) and tick (12) species identified in raptors in Tuscany, central Italy. 1. Neotrombicula autumnalis larva; 2. Hieracolichus sp. male; 3. Hieracolichus sp. female; 4. Hieracolichus nisi male; 5. H. nisi female; 6. Glaucalges attenuatus female; 7. Kramerella lunulata female; 8. Kramerella lyra male; 9. K. lyra female; 10. Kramerella sp. male; 11. Kramerella sp. female; 12. Haemaphysalis sp. larva. 
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Table 1. External arthropods identified in raptors in Tuscany (central Italy).
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Bird

(N. Examined)

	
Lice °

(Prevalence)

	
Flies °

(Prevalence)

	
Mites °

(Prevalence)

	
Ticks °

(Prevalence)






	
Diurnal Raptors




	
Osprey (Pandion haliaetus)

(1)

	

	

	
Hieracolichus sp.

(100%, 1/1) *

	




	
Buzzard (Buteo buteo)

(17)

	
Degeeriella fulva

(41.18%, 7/17) *

Colpocephalum turbinatum

(11.76%, 2/17) *

Craspedorrhyncus platystomus

(5.88 %, 1/17) *

	
Ornithomya avicularia

(5.88 %, 1/17)

	

	




	
Honey buzzard

(Pernis apivorus)

(2)

	
Nosopon clayae

(50%, 1/2) *

Colpocephalum apivorus

(50%, 1/2) *

	

	
Hieracolichus nisi

(100%, 2/2) *

	




	
Sparrowhawk

(Accipiter nisus)

(7)

	

	

	
Hieracolichus nisi

(42.86%, 3/7)*

	




	
Kestrel

(Falco tinnunculus)

(6)

	
Degeeriella rufa

(50%, 3/6) *

Nosopon lucidum

(16.67%, 1/6) *

Laemobothrion tinnunculi

(16.67%, 1/6)

	

	
Neotrombicula autumnalis

(16.67%, 1/6)*

	
Haemaphysalis sp.

(16.67%, 1/6)




	
Nocturnal Raptors




	
Barn owl

(Tyto alba)

(7)

	

	

	
Kramerella lunulata

(14.29%, 1/7)

Kramerella lyra

(14.29%, 1/7) *

Glaucalges attenuatus

(14.29%, 1/7)

	




	
Tawny owl

(Strix aluco)

(10)

	
Kurodaia subpachygaster

(50%, 5/6) *

	

	
Kramerella sp.

(50%, 3/6) *

	




	
Little owl

(Athene noctua)

(22)

	
Strigiphilus cursitans

(27.27%, 6/22) *

	

	
Kramerella lunulata

(86.36%, 19/22) *

	








° External arthropod species/genus; * high intensity (>100 individuals per single bird; mean number of 50 mites per feather upon examination of at least 15 feathers/single bird was considered indicative of high intensity in the case of feather mites).
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