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nasal mites (Acari: Rhinonyssidae, Turbinoptidae,

and Ereynetidae) infesting birds in Manitoba,
Canada
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Abstract—Four families of parasitic mites (Acari: Rhinonyssidae, Ereynetidae, Cytoditidae, and
Turbinoptidae) have evolved independently to live inside the nasal passages of birds. A previous
survey of nasal mites in Canada drew attention to the dearth of knowledge about these specialised
mites, and indicated there were more species of nasal mites to discover in Canada. Since 2008, we have
continued to survey nasal mites and herein present the details from infested hosts, 92 host individuals
representing 64 species from 11 orders and 23 families. We report 18 new records for species of nasal
mites in Canada: 16 Rhinonyssidae, one Ereynetidae, and one Turbinoptidae. No Cytoditidae have yet
been recorded in Canada. We also collected five undescribed species of rhinonyssids. A total of 64
host-parasite species records are reported, and of these records, 52 rhinonyssids, one ereynetid, and
three turbinoptids are new for Canada. Nasal mites were not collected from 127 host species, and
several of these host species were sampled extensively (⩾ 50 individuals). This research furthers our
understanding of avian nasal mites in Canada and highlights the need for continued investigations on
these mites.

Introduction

Birds are hosts to a broad diversity of symbiotic
animals and one of the most diverse groups is
mites (Arachnida: Acariformes, Parasitiformes),
with at least 40 families and 3000 described
species that live in close association with birds
(Proctor and Owens 2000). The nature of the
symbiotic relationship and the impacts these mites
have on their hosts are variable, with some species
being detrimental parasites, such as scaly-leg
mites (Knemidokoptes Furstenberg, Prostigmata:
Epidermoptidae), while other species are rela-
tively benign associates such as most feather
mites (Astigmata: Analgoidea, Pterolichoidea)
(Proctor and Owens 2000).
Mites inhabit all parts of the avian integument;

they can be found on and in the skin of their hosts,
on and in the feathers, and even in the nasal
passages, lungs, and air sacs. Dwelling in the

nasal passages of birds has evolved independently
in five families of parasitiform (Rhinonyssidae,
Melicharidae) and acariform (Ereynetidae,
Turbinoptidae, Cytoditidae) mites. Four of these
families are parasites (Knee et al. 2008) and the
other family (Melicharidae) includes phoretic
mites found in the nasal passages of humming-
birds (Colwell 1973). There are at least 500
described species of parasitic avian nasal mites
worldwide (Fain 1994). The Rhinonyssidae
is the most diverse and frequently encountered
family. Rhinonyssids are slow-moving haemato-
phagous endoparasites. These mites occur
predominately in the nasal cavity in association
with the turbinates, scrolls of highly vascularised
epithelial tissue, and occasionally in the tracheal
tissues, lungs, and body cavity (Porter and
Strandtmann 1952; Bell 1996a). Speleognathine
(Prostigmata: Ereynetidae) mites are tissue-
feeding nasal parasites of birds and mammals
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(Akimov et al. 2003). Speleognathines are
found throughout the nasal cavity, and their
hydrophobic cuticle allows them to move
rapidly on top of the nasal mucosa (Porter and
Strandtmann 1952). The Turbinoptidae (Astigmata)
are sluggish, tissue-feeding mites that dwell in
the superficial cutaneous regions of the nasal
cavity and feed on corneous layers of the skin (Fain
1994). Turbinoptids are encountered infrequently,
but when present, a host is often infested with
large numbers (Porter and Strandtmann 1952).
Cytoditidae (Astigmata) species have not been
collected in Canada; this is a small family of
exudate-feeding endoparasites that occur throughout
the nasal cavity as well as the sinuses, lungs and
air-sacs (Fain 1994). In most cases, nasal mites
are not considered to cause significant pathology
to their hosts; however, the feeding activity of
some rhinonyssids may cause trauma to nasal
tissues (de Rojas et al. 2002), and species that
invade the lungs and air-sacs, such as Sternostoma
tracheacolum Lawrence (Rhinonyssidae), can
cause pneumonia and death of their hosts (Bell
1996a).
Avian nasal mites have been surveyed in regions

throughout the world, including Russia, Australia,
Canada, Taiwan, and the United States of America
(Maa and Kuo 1965; Domrow 1969; Pence 1975;
Butenko 1984;Knee et al. 2008). Before Knee et al.
(2008) there were only seven records for nasal mites
from birds in Canada, four of which were published
records (George 1961; Pence 1975; Ballard and
Ring 1979; Hood and Welch 1980) and three were
unpublished records from mites deposited in the
Canadian National Collection of Insects, Ara-
chnids, and Nematodes in Ottawa, Ontario, Canada.
Knee et al. (2008) emphasised the lack of knowl-
edge about these peculiar mites, and indicated that
there were likely still many more species of nasal
mites to be recorded from birds in Canada. Fol-
lowing the publication of this survey, two of the
authors (W.K. and T.D.G) continued to explore the
diversity of nasal mites in Canada with the objec-
tives of discovering undescribed species, as well as
expanding the number of records for Manitoba and
Canada. It is important to know the identity and
distribution of species parasitising birds in Canada
and neighbouring countries. Established host
records enable researchers to detect new species
invasions and to explore the role of these mites in
avian disease.

Materials and methods

Most birds were casualties from 1999 to 2013
from the Wildlife Haven (Manitoba Wildlife
Rehabilitation Organization) and the Prairie
Wildlife Rehabilitation Centre. Small numbers of
birds were submitted by the general public as a
result of window strike, road kill, or cat mauling;
some game birds, typically with breast meat
removed, were donated by hunters. As soon as
possible after death, birds were tagged with date
of death and location, individually bagged and
stored at −20 °C until processing in the laboratory
at the University of Manitoba (Winnipeg, Mani-
toba, Canada). The nasal passages of thawed birds
were flushed with a solution of warm water and
mild soap using orthodontic syringes, a 12mL
Monojet® 412 curved tip plastic syringe for larger
birds (⩾ 10 g) and 3mL Monojet® syringe fitted
with a 22 gauge slotted irrigation needle for
smaller birds (usually < 10 g), though diameter of
the nostrils ultimately determined the size of syr-
inge used. The solution was flushed through each
nostril, through the opening in the palette and
back out the mouth into a Petri dish. Occasionally
nasal mites were collected from whole-body
washing, where a thawed bird was placed in a
container ranging in volume from 4−40 L,
depending on the size of the bird, submerged in
warm water containing a few drops of liquid dish
detergent. Each bird was agitated vigorously three
to 10 minutes, depending on the size of the bird.
Each bird was then removed from the container
and rinsed thoroughly; the washing solution was
filtered through a 90-µm sieve. This process was
repeated once again with warm, soapy water, and
once finally with warm water. The filtrate from all
three washes was preserved in 70% or 95%
ethanol. Samples were examined for mites using a
dissecting microscope. All nasal mites were
collected and preserved in 70% or 95% ethanol
for later identification; all other associated
arthropods were retained by T.D.G.
Mites were removed from ethanol and cleared

in 85% lactic acid, mounted in polyvinyl alcohol
medium (6371A; BioQuip Products, Rancho
Dominguez, California, United States of America),
and cured on a slide warmer at 40 °C for three to
four days. Slide-mounted specimens were exam-
ined using a Leica DM2500 compoundmicroscope
with differential interference contrast. Species level
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identifications were made using keys (Pence
1975; Knee and Proctor 2010) and species
descriptions from the primary literature. Voucher
specimens (CNC535645–CNC535685; Supple-
mentary Material Table S1) are deposited in
the Canadian National Collection of Insects,
Arachnids, and Nematodes (Agriculture and Agri-
Food Canada, Ottawa, Ontario, Canada). Host
taxonomy follows the American Ornithologists’
Union (1983) Checklist of North American
birds, 7th edition, plus supplements. Infestation
parameters were calculated using Quantitative
Parasitology 3.0 (Rózsa et al. 2000). Scientific
permits were issued to T.D.G. for migratory birds
by the Canadian Wildlife Service, Environment
Canada, and for raptors and upland game birds by
Manitoba Conservation.

Results

Over the period of 1999–2013, we examined a
total of 6505 birds for nasal mites (which includes
birds from Manitoba reported by Knee et al.
(2008)), representing 223 species from 16 orders
and 44 families (Table 1). The majority of these

birds were from Manitoba with a small number
(18) from Alberta, British Columbia, Ontario, and
Saskatchewan, Canada. Approximately half of the
birds and species examined were passerines (2904
birds, 110 species). The next most abundant bird
orders examined were Columbiformes, Falconi-
formes, and Anseriformes in order of decreasing
abundance. Considering the low diversity of bird
taxa in the order, columbiform hosts were over-
represented with 804 individuals examined from
two species, Columba livia Gmelin and Zenaida
macroura (Linnaeus). Anseriform, charadriiform,
and falconiform hosts were the next most diverse
orders examined, in decreasing order.
The focus of this study was to provide new host

records and new nasal mite records for Manitoba,
Canada, and North America; therefore, only a
selection of nasal mites from selected hosts (i.e.,
those not reported by Knee et al. (2008)) were
identified to species and are presented here. Fol-
lowing this targeted approach we include the host
records for 92 individual birds, representing 64
species from 11 orders and 23 families (Table 2;
Supplementary Material Table S1). There were 21
new locality records for rhinonyssid species, one
new ereynetid, and two new turbinoptid species
for Manitoba, including five undescribed species
(four rhinonyssids and one turbinoptid), which
will be described in a subsequent publication. For
Canada, there were 16 new locality records for
rhinonyssid species, one new ereynetid, and one
new turbinoptid species. For North America, we
found eight new locality records for rhinonyssid
species and one new turbinoptid species (Table 2).
Identifications were based on adult specimens,
with the exception of two instances where identi-
fication was based on nymphs (Rhinonyssus
rhinolethrum Berlese and Trouessart from Aythya
affinis (Eyton) and Fulica americana Gmelin).
Of the 64 host-parasite associations reported in

this study (Table 2), 58 were new host records for
rhinonyssids, one was new for ereynetids, and
four were new for turbinoptids in Manitoba.
For Canada, the new host-mite records were 52
for rhinonyssids, one for ereynetids, and three for
turbinoptids. New host mite records for North
America included 30 for rhinonyssids, and three
for turbinoptids. Birds were typically infested
with only one species of nasal mite, with the
exception of four individuals that had two species
of nasal mites: Fulica americana with Rallinyssus

Table 1. Diversity and abundance of all birds examined
in Manitoba, Canada for nasal mites during 1999–2013,
including those reported by Knee et al. (2008).

Order
Number of
families

Number of
species

Number
of birds

Anseriformes 1 27 623
Apodiformes 2 2 40
Caprimulgiformes 1 2 128
Charadriiformes 4 25 288
Columbiformes 1 2 804
Coraciiformes 1 1 22
Cuculiformes 1 1 8
Falconiformes 3 16 681
Galliformes 1 5 40
Gaviiformes 1 1 6
Gruiformes 2 4 67
Passeriformes 20 110 2904
Pelecaniformes 2 6 62
Piciformes 1 5 328
Podicipediformes 1 5 51
Strigiformes 2 11 453
Total 44 223 6505

Note: Results from 18 birds from Alberta, British
Columbia, Ontario, and Saskatchewan, Canada not included in
Knee et al. (2008) are also provided in the table.
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Table 2. Host records for nasal mites (Rhinonyssidae, Turbinoptidae, and Ereynetidae) collected from birds in Manitoba (MB), Canada (CAN) (with one °British Columbia,
Canada record), including the status of these records (+ new, − prexisting record) in North America (NA) (*identification based on nymph).

Host order Host family Host species Mite family Mite species

New mite
species MB/
CAN/NA

New host
record MB/
CAN/NA

Number
of hosts
infested/
examined

Prevalence
(95% CI)

Mean Intensity
(95% CI)

Accipitriformes Accipitridae Buteo jamaicensis
(Gmelin)

Turbinoptidae Schoutedenocoptes
species 1

+/+/+ +/+/+ 6/114 5.3 (2.3–11.3) 162.2 (39.7–315.3)

B. swainsoni Bonaparte Schoutedenocoptes
species 1

−/−/− +/+/+ 7/29 24.1 (11.5–43.0) 37.4 (17.1–83.7)

Anseriformes Anatidae Anas clypeata Linnaeus Rhinonyssidae Rhinonyssus
rhinolethrum
(Trouessart)

−/−/− +/+/− † 1/6 16.7 5

A. discors (Linnaeus) R. rhinolethrum −/−/− +/+/− ‡ 1/15 6.7 7
Aythya affinis (Eyton) R. rhinolethrum* −/−/− +/+/− ‡ 1/7 14.3 2
Branta hutchinsii

(Richardson)
R. rhinolethrum −/−/− +/+/+ 1/13 7.7 28

Bucephala albeola
(Linnaeus)

R. rhinolethrum −/−/− +/+/+ 1/4 33.3 1

Caprimulgiformes Caprimulgidae Chordeiles minor
(Forster)

Ptilonyssus species 1 +/+/+ +/+/+ 1/121 0.8 3

Charadriiformes Charadriidae Charadrius vociferus
Linnaeus

Rhinonyssus
strandtmanni Fain
and Johnston

+/+/− +/+/− ‡ 1/33 3 2

Pluvialis dominica
(Müller)

Rhinonyssus pluvialis
Fain and Johnston

+/+/− +/+/− ‡ 1/4 25 8

Laridae Larus delawarensis Ord Sternostoma boydi
Strandtmann

+/−/− +/+/− ‡ 2/77 2.6 6.5

L. delawarensis Turbinoptidae Turbinoptes
strandtmanni Boyd

+/−/− +/−/−§ 7/77 9.1 (4.4–18.0) 65.6 (7.4–156.4)

Leucophaeus pipixcan
(Wagler)

T. strandtmanni −/−/− +/+/+ 1/41 2.4 4

Falconiformes Falconidae Falco sparverius Linnaeus Rhinonyssidae Ptilonyssus cerchneis
Fain

−/−/− −/−/− § 8/41 19.5 (9.2–34.0) 5 (2.6–7.6)

Galliformes Phasianidae Perdix perdix (Linnaeus) Sternostoma guevarai
Guevara

+/+/+ +/+/+ 1/11 9.1 6

Gruiformes Rallidae Fulica americana Gmelin Ereynetidae Neoboydaia lateralli
Fain

+/+/− +/+/− ‡ 1/27 3.7 3
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Table 2. Continued

Host order Host family Host species Mite family Mite species

New mite
species MB/
CAN/NA

New host
record MB/
CAN/NA

Number
of hosts
infested/
examined

Prevalence
(95% CI)

Mean Intensity
(95% CI)

F. americana Rhinonyssidae Rallinyssus
caudistigmus
Strandtmann

−/−/− −/−/− § 1/27 3.7 3

F. americana Rhinonyssus
rhinolethrum*

−/−/− +/+/− ‡ 6/27 22.2 (10.2–41.5) 5.33 (2.5–9.0)

Porzana carolina
(Linnaeus)

Rallinyssus sorae
Pence and Young

+/+/− +/+/− || 2/30 6.7 3

Rallus limicola Vieillot Rallinyssus verheyeni
Fain

+/+/− +/+/− ‡ 1/6 16.7 4

Passeriformes Alaudidae Eremophila alpestris
(Linnaeus)

Sternostoma
species 1

+/+/+ +/+/+ 1/4 25 3

Bombycillidae Bombycilla cedrorum
Vieillot

Ptilonyssus
bombycillae Fain

+/−/− +/−/−§ 1/56 1.8 1

B. cedrorum Ptilonyssus icteridius
Strandtmann

−/−/− +/+/+ 2/56 3.6 1.5

B. garrulus (Linnaeus) P. bombycillae −/−/− +/−/−§ 9/31 29 (15.8–46.7) 16.8 (8.7–25.8)
Emberizidae Junco hyemalis

(Linnaeus)
Ptilonyssus
japuibensis Castro

−/−/− +/+/+ 25/165 15.2 (10.2–21.5) 3.68 (2.4–5.4)

Melospiza georgiana
(Latham)

Ptilonyssus morofskyi
Hyland

−/−/− +/+/− ‡ 1/6 16.7 7

M. lincolnii (Audubon) P. morofskyi −/−/− +/+/+ 1/10 10.1 6
M. melodia (Wilson) P. morofskyi −/−/− +/+/− ‡ 1/6 16.7 3
Passerculus

sandwichensis
(Gmelin)

Ptilonyssus calvaria
Knee

−/−/− +/+/+ 4/11 36.4 (13.5–66.7) 6.6 (1.0–16.8)

Passerina cyanea
(Linnaeus)

Ptilonyssus
ludovicianus Cerny

+/+/+ +/+/+ 1/2 50 9

Plectrophenax nivalis
(Linnaeus)

P. morofskyi −/−/− −/−/− § 9/13 69.2 (41.4–88.7) 6.2 (3.1–10.3)

Fringillidae Carpodacus mexicanus
(Müller)

P. icteridius −/−/− +/+/+ 1/18 5.6 29

C. mexicanus Ptilonyssus species 3 +/+/+ +/+/+ 4/18 22.2 (8.0–47.1) 6.5 (1.8–14.5)
Loxia curvirostra

Linnaeus
P. morofskyi −/−/− +/+/+ 1/3 33.3 2
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Table 2. Continued

Host order Host family Host species Mite family Mite species

New mite
species MB/
CAN/NA

New host
record MB/
CAN/NA

Number
of hosts
infested/
examined

Prevalence
(95% CI)

Mean Intensity
(95% CI)

L. curvirostra Sternostoma loxiae
Fain

−/−/− +/+/+ 1/3 33.3 2

L. leucoptera Gmelin Ptilonyssus carduelis
Fain

−/−/− +/−/−§ 1/5 20 23

L. leucoptera Sternostoma
cryptorhynchum
Berlese and
Trouessart

+/−/− +/+/+ 1/5 20 4

Spinus pinus (Wilson) Ptilonyssus species 2 +/+/+ +/+/+ 2/29 6.9 4
S. tristis (Linnaeus) Ptilonyssus spini

Stanyukovich and
Butenko

+/+/+ +/+/+ 2/47 4.3 1.5

Hirundinidae Riparia riparia (Linnaeus) Sternostoma
tracheacolum
Lawrence

−/−/− +/+/− ‡ 1/8 12.5 1

Icteridae Euphagus carolinus
(Müller)

P. icteridius −/−/− +/+/− ‡ 1/1 100 1

Quiscalus quiscula
(Linnaeus)

P. japuibensis −/−/− +/+/+ 45/151 30.5 (23.5–38.4) 12.3 (8.2–19.8)

Sturnella neglecta
Audubon

P. icteridius −/−/− +/+/− ¶ 1/4 25 15

Mimidae Dumetella carolinensis
(Linnaeus)

Ptilonyssus euroturdi
Fain and Hyland

+/−/− +/−/−§ 2/6 33.3 20

Toxostoma rufum
(Linnaeus)

Ptilonyssus
toxostomae Pence

+/+/− +/+/− ‡ 2/4 50 72.5

Parulidae Geothlypis philadelphia
(Wilson)

Ptilonyssus sairae
Castro

−/−/− +/+/+ 1/5 20 1

Mniotilta varia (Linnaeus) P. sairae −/−/− −/−/− § 4/12 33.3 (12.3–63.0) 7.0 (1.5–17.3)
Oreothlypis peregrina

(Wilson)
P. sairae −/−/− +/+/+ 15/98 15.3 (9.1–23.9) 4.5 (2.8–8.3)

O. ruficapilla (Wilson) P. sairae −/−/− +/+/− ** 1/12 8.2 1
Seiurus noveboracensis

(Gmelin)
P. ludovicianus −/−/− +/+/+ 6/11 54.5 (26.5–80.0) 10.8 (4.8–21.0)
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Table 2. Continued

Host order Host family Host species Mite family Mite species

New mite
species MB/
CAN/NA

New host
record MB/
CAN/NA

Number
of hosts
infested/
examined

Prevalence
(95% CI)

Mean Intensity
(95% CI)

Setophaga pensylvanica
(Linnaeus)

P. sairae −/−/− +/+/+ 1/3 33.3 5

S. fusca (Müller) P. ludovicianus −/−/− +/+/+ 1/2 50 6
Vermivora chrysoptera

(Linnaeus)
P. sairae −/−/− +/+/+ 1/1 100 3

Regulidae Regulus calendula
(Linnaeus)

Ptilonyssus
acrocephali Fain

−/−/− −/−/− § 2/21 9.5 2.5

Turdidae Catharus minimus
(Lafresnaye)

Sternostoma
spatulatum Furman

+/+/− +/+/+ 1/8 12.5 3

C. ustulatus (Nuttall) S. spatulatum −/−/− +/+/− ‡ 3/86 3.5 5.7
C. ustulatus P. icteridius −/−/− +/+/+ 2/86 2.3 1
Ixoreus naevius° (Gmelin) Tinaminyssus ixoreus

(Strandtmann and
Clifford)

+°/+/− +°/+/−‡ 1/4 25 4

Turdus migratorius
Linnaeus

P. cerchneis −/−/− +/+/+ 1/259 0.4 1

Tyrannidae Empidonax flaviventris
(Baird)

Ptilonyssus tyrannus
Brooks and
Strandtmann

−/−/− +/+/− ‡ 1/4 25 50

E. minimus (Baird) P. tyrannus −/−/− +/+/− ‡ 2/11 18.2 3
Tyrannus tyrannus

(Linnaeus)
Ptilonyssus spinosus
(Brooks and
Strandtmann)

+/+/− +/+/− ‡ 2/13 15.4 1.5

Vireonidae Vireo olivaceus
(Linnaeus)

Ptilonyssus vireonis
Dusbabek

−/−/− −/−/− § 3/19 15.8 (4.5–39.2) 6.3

V. solitarius (Wilson) P. vireonis −/−/− −/−/− § 1/1 100 35
Piciformes Picidae Picoides pubescens

(Linnaeus)
Sternostoma porteri
Hyland

−/−/− +/+/− †† 3/59 5.1 (1.41–14.15) 10.0 (4.00–14.33)

P. villosus (Linnaeus) S. porteri −/−/− +/+/+ 3/17 17.6 34.7
Sphyrapicus varius

(Linnaeus)
S. porteri −/−/− −/−/− § 10/231 4.3 (2.3–7.7) 1.9 (1.3–2.5)

Podicipediformes Podicipedidae Podiceps nigricollis
Brehm

Rhinonyssus
colymbicola Fain
and Bafort

+/+/+ +/+/+ 1/2 50 3
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Table 2. Continued

Host order Host family Host species Mite family Mite species

New mite
species MB/
CAN/NA

New host
record MB/
CAN/NA

Number
of hosts
infested/
examined

Prevalence
(95% CI)

Mean Intensity
(95% CI)

Strigiformes Strigidae Aegolius funereus
(Linnaeus)

Rhinoecius aegolii
Butenko

−/−/− +/−/−§ 3/21 14.3 8.3

Asio otus (Linnaeus) Rhinoecius
brikinboricus
Butenko

+/−/− +/−/−§ 12/40 30 (17.1–46.2) 11.9 (7.1–21.7)

Strix nebulosa Forster R. cooremani +/−/− +/−/−§ 8/83 9.6 (5.5–17.9) 4.1 (2.8–5.0)
Surnia ulula (Linnaeus) R. aegolii −/−/− +/+/+ 1/7 14.3 9

Notes: No confidence intervals (CI) are provided for prevalence or intensity where 95% CI intervals are uncertain for the given sample size.
†Mitchell and Rhodes (1960).
‡ Pence (1975).
§ Knee et al. (2008).
|| Pence and Young (1979).
¶ Spicer (1978).
** Spicer (1987).
††Hyland (1962).
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caudistigmus Strandtmannn and Neoboydaia
lateralli Fain, Bombycilla cedrorum Vieillot with
Ptilonyssus bombycillae Fain and P. icteridius
Strandtmann, Loxia curvirostra Linnaeus with
P. morofskyiHyland and Sternostoma loxiae Fain,
and Loxia leucoptera Gmelin with P. carduelis
Fain and S. cryptorhynchum Berlese and Troues-
sart (Table 2).
One specimen of Ptilonyssus cerchneis Fain

was collected from an American robin (Turdus
migratorius Linnaeus); however, this record is
possibly a falconiform contaminant as P.
cerchneis has only been collected from American
kestrels (Falco sparverius Linnaeus) (Pence
1975; Knee et al. 2008) and may be a host
specialist. The red-tailed hawk, Buteo jamaicensis
(Gmelin), had both the highest mean intensity of
infestation with 162 Schoutedenocoptes species,
one per infested host, and the highest intensity
overall, with 351 mites from one host.
With this study and Knee et al. (2008) com-

bined, a total of 6968 birds from 243 species have
been examined for nasal mites, and no nasal mites
have been collected from 127 of these species in
Alberta orManitoba (Table 3). Sample sizes among
these species ranged from 1–271 with a mean of 15,
most species (83%) were sampled fewer than 10
times. Of the species not found infested with nasal
mites sample sizes were as follows: 41 host
species n⩾ 10 birds, 25 species n⩾ 20 birds, for
five species n⩾ 50 birds, and for four species
n⩾ 100 (Table 3). The four largest sample sizes
were for merlin (n = 242) (Falco columbarius
Linnaeus), American crow (n = 217) (Corvus
brachyrhynchos Brehm), European starling
(n = 153) (Sturnus vulgaris Linnaeus), and blue
jay (n = 131) (Cyanocitta cristata Linnaeus).

Discussion

Our understanding of the rich parasitic arthro-
pod fauna associated with birds in Canada is
incomplete but progressing. With this study and
including Knee et al. (2008), we have examined
243 species of birds for nasal mites, representing
about 57% of Canada’s breeding avifauna (426
species) (American Ornithologists’ Union 1983).
Thus, a moderate portion of Canada’s avifauna
has been examined for nasal mites, but many of
these include species for which sample sizes
are small, and some taxonomic groups are

underrepresented, such as procellariiforms, mar-
ine charadriiforms, and grassland passeriforms, as
indicated in Knee et al. (2008).
Expanding upon the seven pre-existing records

of nasal mites in Canada, Knee et al. (2008)
reported an additional 56 species of nasal mites in
the country (48 rhinonyssids, seven ereynetids,
one turbinoptid), and predicted there were at least
70 species of rhinonyssids in Canada based on
species accumulation curves. In the present study,
we have expanded upon the known diversity of
rhinonyssids (33% increase), ereynetids (14%),
and turbinoptids (100%) in Canada. Overall, a
total of 66 species of rhinonyssids, eight ereynetid
species, and two species of turbinoptids are now
known to occur in Canada. It is likely we will
surpass the estimate of 70 species of rhinonyssids
in Canada during future surveys.
Knee et al. (2008) added an additional 105 new

host-parasite species records (96 rhinonyssid,
seven ereynetid, two turbinoptid) for Canada. In
this survey, we have added 56 additional host-
parasite species records for birds in Canada (52
rhinonyssid, one ereynetid, three turbinoptid).
There are now 155 rhinonyssid, eight ereynetid,
and five turbinoptid host-parasite species records
known for Canada. In this study, we also reported
33 new host-parasite records for birds in North
America. Nasal mites have been surveyed rela-
tively more intensively in the United States of
America than in Canada, and as most bird species
in Canada migrate annually, this makes it more
challenging to observe new records at this broader
geographic scale. One new record of note is an
undescribed species of rhinonyssid from grey
partridge in Manitoba, a bird introduced to
Canada from Europe. Nasal mites had never
previously been reported from galliform hosts in
Canada or the United States of America.
In this survey, Sternostoma tracheacolum was

collected from the bank swallow (Riparia riparia
(Linnaeus)), and is now known from three species
of birds in Canada (including Agelaius
phoeniceus (Linnaeus), Mniotilta varia (Lin-
naeus)) (Knee et al. 2008). This species may
cause serious pathology in their hosts by entering
the lungs and air sacs, which can lead to pneu-
monia and mortality (Bell 1996a). This mite is a
host generalist and has been collected from at least
37 species of wild and captive birds (Fain and
Hyland 1962; Bell 1996b). Considering the
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Table 3. Numbers of each bird species examined from Manitoba (MB) and Alberta (AB), Canada from which no
nasal mites were collected (1999–2013), including Knee et al. (2008) records.

Order Family Species Common name

Number of hosts
examined
(MB/AB)

Accipitriformes Accipitridae Accipiter cooperii
(Bonaparte)

Cooper’s hawk 64/4

Accipiter gentilis (Linnaeus) Northern goshawk 18/4
Accipiter striatus Vieillot Sharp-shinned

hawk
−/9

Aquila chrysaetos (Linnaeus) Golden eagle 3/1
Buteo lagopus (Pontoppidan) Rough-legged hawk 38/2
Buteo platypterus (Vieillot) Broad-winged

hawk
14/1

Buteo regalis (Gray) Ferruginous hawk −/1
Circus cyaneus (Linnaeus) Northern harrier 29/−
Haliaeetus leucocephalus
(Linnaeus)

Bald eagle 40/1

Cathartidae Cathartes aura (Linnaeus)* Turkey vulture 7/−
Pandionidae Pandion haliaetus (Linnaeus) Osprey 7/2

Anseriformes Anatidae Anas acuta Linnaeus* Northern pintail 1/−
Anas americana Gmelin* American wigeon −/1
Anas crecca Linnaeus American green-

winged teal
10/1

Anas strepera Linnaeus* Gadwall 1/1
Aythya collaris (Donovan) Ring-necked duck 2/−
Aythya merila (Linnaeus) Greater scaup 3/−
Aythya valisineria (Wilson)* Canvasback 13/1
Bucephala clangula
(Linnaeus)

Common goldeneye 10/2

Chen caerulescens (Linnaeus) Snow goose 10/−
Cygnus buccinator
Richardson

Trumpeter swan −/2

Lophodytes cucullatus
(Linnaeus)

Hooded merganser 10/−

Melanitta fusca (Linnaeus) White-winged
scoter

1/−

Mergus merganser Linnaeus* Common
merganser

6/1

Mergus serrator Linnaeus* Red-breasted
merganser

1/−

Oxyura jamaicensis (Gmelin) Ruddy duck 4/2
Apodiformes Apodidae Chaetura pelagica (Linnaeus) Chimney swift 6/−

Trochilidae Archilochus colubris
(Linnaeus)*

Ruby-throated
hummingbird

34/7

Caprimulgiformes Caprimulgidae Antrostomus vociferous
(Wilson)

Eastern whip-poor-
will

6/−

Charadriiformes Charadriidae Pluvialis squatarola
(Linnaeus)*

Black-bellied
plover

−/1

Laridae Branta bernicola (Linnaeus) Brant 1/−
Chlidonias niger (Linnaeus) Black tern −/1
Larus argentatus
Pontoppidan*

Herring gull 19/1
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Table 3. Continued

Order Family Species Common name

Number of hosts
examined
(MB/AB)

Chroicocephalus
philadelphia (Ord)

Bonaparte’s gull 1/−

Rissa tridactyla (Linnaeus) Black-legged
kittiwake

1/−

Sterna hirundo Linnaeus* Common tern −/1
Phalaropidae Phalaropus lobatus

(Linnaeus)
Red-necked
phalarope

1/−

Phalaropus tricolor (Vieillot) Wilson’s phalarope 1/20
Recurvirostridae Recurvirostra americana

Gmelin*
American avocet 1/7

Scolopacidae Calidris himantopus
(Bobaparte)

Stilt sandpiper 1/−

Calidris melanotos (Vieillot)* Pectoral sandpiper 2/−
Calidris minutilla (Vieillot)* Least sandpiper 1/−
Catoptrophorus
semipalmatus (Gmelin)*

Willet −/11

Gallinago delicata (Ord) Wilson’s snipe 29/−
Gallinago gallinago
(Linnaeus)*

Common snipe −/5

Limosa fedoa (Linnaeus) Marbled godwit 2/−
Numenius americanus
Bechstein

Long-billed curlew −/4

Numernius phaeopus
(Linnaeus)

Whimbrel 1/−

Scolopax minor Gmelin American
woodcock

16/−

Tringa flavipes (Gmelin)* Lesser yellowlegs 5/1
Tringa melanoleuca
(Gmelin)*

Greater yellowlegs 2/−

Tringa solitaria Wilson* Solitary sandpiper 7/1
Sternidae Hydroprogne caspia Pallas* Caspian tern 3/−

Sterna hirundo Linnaeus* Common tern 3/−
Coraciiformes Alcedinidae Megaceryle alcyon (Linnaeus) Belted kingfisher 22/2
Cuculiformes Cuculidae Coccyzus erythrophthalmus

(Wilson)*
Black-billed cuckoo 8/−

Falconiformes Falconidae Falco columbarius Linnaeus Merlin 242/2
Falco mexicanus Schlegel Prairie falcon 3/1
Falco peregrinus Tunstall Peregrine falcon 11/2

Galliformes Phasianidae Bonasa umbellus (Linnaeus)* Ruffed grouse 14/4
Falcipennis canadensis
(Linnaeus)

Spruce grouse 4/1

Meleagris gallopavo
Linnaeus

Wild turkey 5/−

Phasianus colchicus Linnaeus Ring-necked
pheasant

4/1

Tympanuchus phasianellus
(Linnaeus)

Sharp-tailed grouse −/2

Syrmaticus soemmerringii
(Temminck)

Ijima copper
pheasant

−/1

Gaviiformes Gaviidae Gavia immer (Brunnich) Common loon 6/1
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Table 3. Continued

Order Family Species Common name

Number of hosts
examined
(MB/AB)

Gavia pacifica (Lawrence) Pacific loon −/1
Gruiformes Gruidae Grus canadensis (Linnaeus) Sandhill crane 3/2
Passeriformes Alaudidae Eremophila alpestris

(Linnaeus)*
Horned lark −/1

Calcariidae Calcarius lapponicus
(Linnaeus)

Lapland longspur 1/−

Certhiidae Certhia americana Bonaparte Brown creeper 16/1
Corvidae Corvus brachyrhynchos

Brehm*
American crow 217/1

Corvus corax Linnaeus Common raven 37/2
Cyanocitta cristata
(Linnaeus)

Blue jay 131/4

Pica hudsonia (Sabine) Black-billed magpie 19/3
Emberizidae Ammodramus leconteii

(Audubon)
Le Conte’s sparrow 3/1

Pooecetes gramineus
(Gmelin)*

Vesper sparrow 1/−

Spizella arborea (Wilson) American tree
sparrow

−/7

Spizella pusilla (Wilson)* Field sparrow 1/−
Zonotrichia leucophrys
(Forster)*

White-crowned
sparrow

−/8

Fringillidae Acanthis hornemanni
(Holbøll)

Hoary redpoll 2/1

Icteridae Dolichonyx oryzivorus
(Linnaeus)*

Bobolink 1/−

Xanthocephalus
xanthocephalus
(Bonaparte)*

Yellow-headed
blackbird

11/−

Laniidae Lanius excubitor Linnaeus Northern shrike 2/2
Lanius ludovicianus
Linnaeus*

Loggerhead shrike 1/−

Paridae Poecile atricapillus
(Linnaeus)*

Black-capped
chickadee

36/9

Poecile hudsonica (Forster) Boreal chickadee −/2
Parulidae Oporornis agilis (Wilson) Connecticut warbler 2/1

Setophaga palmorum
(Gmelin)

Palm warbler 12/−

Setophaga castanea (Wilson) Bay-breasted
warbler

4/−

Setophaga virens (Gmelin) Black-throated
green warbler

2/−

Wilsonia pusilla (Wilson)* Wilson’s warbler −/2
Regulidae Regulus satrapa Lichtenstein Golden-crowned

kinglet
7/1

Sittidae Sitta canadensis Linnaeus Red-breasted
nuthatch

8/1

Sitta carolinensis Latham White-breasted
nuthatch

28/3

Sturnidae Sturnus vulgaris Linnaeus* European starling 153/−
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Table 3. Continued

Order Family Species Common name

Number of hosts
examined
(MB/AB)

Turdidae Catharus fuscescens
(Stephens)

Veery 1/−

Catharus guttatus (Pallas)* Hermit thrush 28/1
Myadestes townsendi
(Audubon)

Townsend’s
solitaire

−/1

Sialia sialis (Linnaeus)* Eastern bluebird 1/−
Troglodytidae Cistothorus palustris (Wilson) Marsh wren 2/−

Cistothorus platensis
(Latham)

Sedge wren 2/−

Troglodytes aedon Vieillot* House wren 45/−
Tyrannidae Contopus cooperi (Nuttall) Olive-sided

flycatcher
1/−

Empidonax alnorum
Brewster*

Alder flycatcher 1/2

Empidonax traillii
(Audubon)*

Willow flycatcher 1/−

Tyrannus verticalis Say* Western kingbird 6/−
Vireonidae Vireo flavifrons Vieillot* Yellow-throated

vireo
3/−

Vireo gilvus (Vieillot) Warbling vireo 2/−
Vireo philadelphicus (Cassin) Philadelphia vireo 3/2

Pelecaniformes Ardeidae Ardea herodias Linnaeus Great blue heron 27/1
Ardea alba Gmelin Great egret 1/−
Botaurus lentiginosus
(Rackett)

American bittern 19/−

Ixobrychus exilis (Gmelin)* Least bittern 3/−
Nycticorax nycticorax
(Linnaeus)*

Black-crowned
night-heron

2/−

Pelecanidae Pelecanus erythrorhynchos
Gmelin

American white
pelican

10/1

Piciformes Picidae Dryocopus pileatus
(Linnaeus)*

Pileated
woodpecker

8/3

Sphyrapicus nuchalis Baird Red-naped
sapsucker

−/2

Podicipediformes Podicipedidae Aechmophorus occidentalis
(Lawrence)

Western grebe 23/2

Podiceps auritus (Linnaeus) Horned grebe 1/2
Podiceps grisegena
(Boddaert)

Red-necked grebe 5/1

Podilymbus podiceps
(Linnaeus)*

Pied-billed grebe 20/−

Strigiformes Tytonidae Tyto alba (Scopoli) Barn owl 1/−
Strigidae Athene cunicularia (Molina)* Burrowing owl −/1

Strix varia Barton* Barred owl 5/−
Megascops asio (Linnaeus) Eastern screech owl 22/−

Suliformes Phalacrocoracidae Phalacrocorax auritus
(Lesson)

Double-crested
cormorant

−/20

* Species with nasal mite records in the United States of America.
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pathology and broad host range of these mites, it
is important to monitor the host species range and
distribution of S. tracheacolum.
As seen in other surveys, prevalence of infes-

tation by turbinoptids was low, but when they
were encountered the intensity of infestation was
high. A maximum of 351 Schoutedenocoptes
species, one was collected from one red-tailed
hawk and 244 Turbinoptes strandtmanni Boyd
from a ring-billed gull. Ereynetids were also
infrequently encountered, and when they were
present they occurred in low numbers.
It is rare for one host individual to harbour more

than one species of nasal mite. Pence (1973)
reported co-infestations in birds from Louisiana
but did not provide any details. Spicer (1987)
reported one co-infested flycatcher with two
species of rhinonyssids, representing 1% of 87
infested birds from Texas, United States of
America. Butenko and Stanyukovich (1999)
reported co-infestations of rhinonyssids in 0.3%
of 377 infested mallards (Anas platyrhynchos
Linnaeus), 0.8% of 87 infested Eurasian teals
(Anas crecca Linnaeus), and 2.3% of 84 infested
garganeys (Anas querquedulae Linnaeus). In the
present study, multiple species co-infestations
were uncommon (4.3% of infested hosts) but
higher than in previously published records.
Species of birds infested are always reported in

nasal mite surveys, but rarely are species that were
uninfested by nasal mites included. A substantial
number of birds have been examined in Canada for
nasal mites since 1999, and out of the ~ 7000 birds
examined in this study and Knee et al. (2008),
some host species have been extensively sampled
and yet no mites found. The prevalence of infes-
tation is to some extent a function of the sampling
effort; if more individuals are examined the chance
of finding mites increases, if a host species is
infested at all. Pence (1973) maintained that if
more than 10 birds are examined, it is significantly
more likely that it will be found to harbour nasal
mites. We examined⩾ 10 individuals of 41 species
of birds that had no nasal mites; however, nasal
mites have been recorded for 13 of these species in
the United States of America. We sampled ⩾ 50
individuals of five species of birds, and ⩾100
individuals of four species, none of which were
infested with nasal mites in Canada. Two of these
species (American crow, Corvus brachyrhynchos,
and European starling, Sturnus vulgaris) are

reported to have nasal mites in the United States of
America. Four species of nasal mites are reported
from American robins (Turdus migratorius) in the
United States of America (Pence 1975); we
examined 271 American robins in the present
study plus Knee et al. (2008) and only two of these
had nasal mites; one of these records is likely a
falconiform contaminant. A small number of host
species have been sampled exhaustively in Canada
and yet no nasal mite infestations have been found,
even though they are known to be infested by nasal
mites in other parts of North America. The appar-
ent absence of nasal mites across the geographic
range of their hosts warrants further investigation.
Although we continue to explore the diversity

of nasal mites infesting birds in Canada, there is
still considerable work to do. Our efforts have
been regional, focussed mainly in Alberta and
Manitoba. No doubt there is variation in infesta-
tion parameters and faunal composition com-
mensurate with local environmental conditions
and opportunities for transmission.
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