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Phoresy of astigmatic mites on ticks and fleas in Poland
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Abstract: Phoresy is an association in which a small animal clings to a larger one exclusively for trans-
portation. We searched for phoretic mites on fleas and ticks of small mammals. A total of 169 fleas of 7
species were collected in the Biatlowieza Forest (E Poland) and in Kosewo Gorne (NE Poland) in July and
August in 2007 and 2008. Moreover, 20 nymphs and 12 females of Ixodes hexagonus (Leach, 1815) were
collected in the beaver farm of the Research Station of Polish Academy of Sciences in Popielno (NE Po-
land) in April and May 2009. Phoretic mites were found on 26 fleas (15.4%) of the following species: Me-
gabothris walkeri (Rothschild, 1902), Megabothris turbidus (Rothschild, 1909), Ctenophthalmus agyrtes
(Heller, 1896), and Hystrichopsylla orientalis (Smit, 1956). The mites were located mainly on abdominal
sternites. Among ticks, only one female was positive for mites, whose larvae (hypopi) were found on its
legs. A total of 6 species of mites were identified. On . hexagonus, we found Acarus farris (Oudemans,
1905) (53 larvae), Acarus siro (L., 1758) (2 larvae), Acarus nidicolous (Griffiths, 1970) (1 larva), Ca-
loglyphus rhizoglyphoides (Zachvatkin, 1937) (1 larva), and Histiostoma feroniarum (Dufour, 1904) (28
larvae), whereas on fleas, 79 larvae of Acarus nidicolous, 1 male of Tyrophagus putrescentiae (Schrank,
1781), and 1 unidentified trombiculid larva. The last 2 mite specimens were found on M. turbidus. This is
the first report on phoretic association of the flea H. orientalis and the tick 1. hexagonus with mites.
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INTRODUCTION

Phoresy is a kind of symbiotic relationship, in which one organism transports on
the surface of its body another organism of a different species. This phenomenon is
known among many animals, but primarily among arthropods. It is a common way of
passive dispersal among mites, where they “hitch a ride” on larger animals, usually
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insects or other arthropods. Usually they cease or otherwise alter normal behaviours
(e.g. feeding, reproduction, movement) until some cue elicits their departure from the
animal and the resumption of normal behaviour (ComBEs 1995; Boczek & Braszak
2005).

The most spectacular diversity of phoretic associations among animals occurs
in mites (Acari) (Houck & O’ConNor 1991). Some mites hold on to their phoretic
carriers with specialized structures (e.g. the anal pedicel in Uropodina; modified legs
I in phoretomorphic Pygmephoridae; a specialized tooth on the chelicerae of many
Macrocheles spp.), but others simply use their feet or grip a seta with unmodified
mouthparts. Phoresy usually results in dispersal but may result in reaggregation,
especially for mites using highly specialized habitats (e.g. pitcher plants and other
phytotelmata). Phoretic relationships may be highly host-specific, very general, or
anywhere in between, depending on the species (ComBEs 1995). Only one develop-
mental stage is usually specialized for dispersal in mites, and the degree of speciali-
zation of that stage can be classified into unspecialized homeomorphs, specialized
homeomorphs, and facultative heteromorphs, such as hypopi in Astigmata (Houck
& O’ConnoR 1991; Boczek & Braszak 2005). These heteromorphs are characterized
by a rudimentary gnathosoma, the absence of a mouth and a hollow gut, extensive
sclerotization, and a caudoventral attachment organ. The frequency of the induction
of the heteromorphic deutonymph (hypopus) varies among taxa. Phoresy is a com-
mon phenomenon in the life cycle of free-living astigmatic mites and has long been
controversial with regard to origin and significance. Astigmatic mites have phoretic
associations with a wide diversity of mammal groups, including rats, mice, ham-
sters, squirrels, chipmunks, marmots, bats, primates, badgers, armadillos, shrews,
other insectivores, and opossums (WHITAKER et al. 1983; Houck & O’ConNoRr 1991;
BaLasHov 2006a, b; WHITAKER et al. 2007). Many species of these mites are common
nest associates of wild mammals throughout the world, and therefore their hypopi are
found on fleas. There is a potential for interspecific host transfer between taxa (e.g.
mammals, birds, and fleas) because of trophic or habitat preferences. In some taxa of
astigmatic mites, parasitism on birds seems to have evolved from phoresy, as hypopi
acquired the ability to absorb the liquid nutrients from hair follicles and subcutaneous
tissues through the cuticle (BaLasHov 2006a).

During earlier studies on fleas and ticks associated with small mammals, we
found hypopi of Astigmata mites on fleas and a tick. The goal of this study was to
identify the phoretic mite species associated with them and to analyse them quanti-
tatively.

MATERIAL AND METHODS

A total of 169 fleas were examined for occurrence of phoretic mites. The re-
search on fleas was conducted in the Bialowieza Forest (eastern Poland) and in Ko-
sewo Gorne (Mazurian Lakeland, north-eastern Poland) in July—August in 2007 and
2008. In the Biatowieza Forest, 7 flea species were collected from root voles Micro-
tus oeconomus (Pallas, 1776): Megabothris walkeri (Rothschild, 1902), M. turbidus
(Rothschild, 1909), Hystrichopsylla orientalis (Smit, 1956), Ctenophthalmus agyrtes
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(Heller, 1896), C. uncinatus (Wagner, 1898), Palaeopsylla soricis (Dale, 1878), and
Peromyscopsylla bidentata (Kolenati, 1883). In Kosewo Gorne, 6 species of fleas
were isolated from bank voles Myodes glareolus (Schreber, 1780) and yellow-necked
mice Apodemus flavicollis (Melchior, 1834): M. turbidus, H. orientalis, Ctenophthal-
mus assimilis (Taschenberg, 1880), C. agyrtes, C. uncinatus, and P. bidentata. All
fleas were collected from mammals caught in live traps. Phoretic mites occurring on
these fleas were searched for under a light microscope, using magnifications of x2
and x10.

Additionally, 20 nymphs and 12 females of Ixodes hexagonus (Leach, 1815)
were collected by hand in the beaver farm of the Research Station of the Polish Acad-
emy of Sciences in Popielno (north-eastern Poland) in April-May 2009, from beaver
fur. All the ticks were examined for occurrence of phoretic mites, but only one female
of I. hexagonus carried them.

All mite specimens collected were examined using differential interference con-
trast (Nomarski DIC) under a light microscope (Zeiss Axioskope 2 plus) and phase con-
trast optics under another light microscope (Olympus CH 40). Mite species were iden-
tified using descriptions of taxa (BREGETOVA et al. 1955; BREGETOVA 1956; GRIFFITHS
1970; FAaIN & Beaucournu 1973), identification keys or other publications (GiLYAROV
& Krivorutski 1975; HuGgHEs 1976; BRITT & MoLYNEUX 1983; FAIN & BEAUCOURNU
1993; KranTz & WALTER 2009), and an unpublished document by O’ConNor (not for
publication or distribution without permission). Moreover, all collected hypopi of Aca-
rus nidicolous were analysed for more exact differentiation from A. avicolus (Tables
2 and 3).

A total of 6 diagnostic characters were measured in each specimen of A. nidi-
colous: length and width of idiosoma, length of tarsi IV, and distances between setae
(d2-d2, d1-d2, and 15-15). All measurements (in um) were based on slide-mounted
specimens examined using differential interference contrast (Nomarski DIC) under the
light microscope (Zeiss Axioskope 2 plus). Photographs were taken with the digital
video camera (Sony Exwave HAD). A modular image processing and analysis system
(Axio-Vision version 3.0, Zeiss) was used to allow accurate measurements. All data
analyses were performed using CSS-Statistica for Windows version 9.

RESULTS

A total of 81 mites were collected from fleas (Table 1). Hypopi of astigmatic
mites were found on 26 fleas (15.4% of the total catch), on their abdominal ster-
nites. The mites were present on 3 flea species collected in the Bialowieza Forest:
M. walkeri (on 5 fleas out of 30 collected, 16.7%), C. agyrtes (on 1 out of 27 fleas
collected, 3.7%), and H. orientalis (a single flea collected and positive for mites).
On other species of fleas examined, hypopi and other developmental stages of mites
were absent (Table 1). Phoretic mites were also detected on 3 flea species collected in
Kosewo Gorne: M. turbidus (on 7 out of 22 fleas collected, 31.8%), H. orientalis (on
2 out of 9 fleas collected, 22.2%), and C. agyrtes (on 3 out of 15 fleas collected, 20%)
(Table 1). From 1 to 3 mites were present on a single flea. Moreover, 85 hypopi were
collected from the female of 1. hexagonus (Table 4), mainly from its legs.
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Table 1. Numbers of fleas examined and with mites in each location

Fleas from Kosewo Gorne Fleas from Bialowieza
Flea species

examined with mites examined with mites
Megabothris walkeri 0 0 30 5
Megabothris turbidus 22 7 14 7
Hystrichopsylla orientalis 9 2 1 1
Ctenophthalmus agyrtes 15 3 27 1
Ctenophthalmus uncinatus 29 0 0 0
Palaeopsylla soricis 9 0 4 0
Peromyscopsylla bidentata 2 0 3 0

The analysis of diagnostic characters (Table 2) made it possible not only to esti-
mate the range of variation but mainly to assess the correctness of identification of all
collected hypopi of 4. nidicolous (Tables 2 and 3) and other hypopi of this genus.

Table 2. Variability of measurements (in pm) of the main diagnostic characters of Acarus nidicolous
hypopi collected from the examined tick and fleas

Character Mean + SD Median Range
Length of idiosoma 231.11 £ 8.83 228.97 218.23-243.70
Width of idiosoma 156.51 £ 8.64 153.14 146.99-171.31
Length of tarsi IV 14.75+£0.39 14.77 14.22-15.36
Distance between setae d2-d2 35.20+£0.75 35.48 34.35-35.77
Distance between setae d1-d2 27.13+£1.36 27.13 26.17-28.09
Distance between setae 15-15 45.28 £3.47 44.63 41.64-49.75

SD = standard deviation

In total, 6 species of mites were identified during the study (Table 4). The fol-
lowing mite species and numbers of hypopi were collected from the female tick 7.
hexagonus: Acarus farris (Oudemans, 1905) (n = 53), 4. siro (L., 1758) (n=2), Aca-
rus nidicolous (Griffiths, 1970) (n = 1), Caloglyphus rhizoglyphoides (Zachvatkin,
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Table 3. Ranges of measurements (in um) of the main diagnostic characters of hypopi of Acarus
avicolus and A. nidicolous according to GrIFFITHS (1970) and Fan & Beaucournu (1972)

Character A. avicolus A. nidicolous
Length of idiosoma 250-270 220-240
Width of idiosoma 195-204 153-163
Length of tarsi IV 19 15
Distance of setae d2-d2 45-64 30-40
Distance of setae d1-d2 20-23 20-30
Distance of setae 15-15 50-54 35-42

Table 4. Phoretic mites collected from the examined tick and fleas

Mites collected from Ixodes hexagonus Mites collected from fleas
Astigmatina, Astigmatina, Prostigmata Astigmatina,
Acaridae Anoetidae Acaridae
Acarus farris (53 hypopi) Histiostoma Trombiculidae  Acarus nidicolous
feroniarum (1 larva) (79 hypopi)

A. siro (2 hypopi) (28 hypopi)

Tyrophagus
A. nidicolous (1 hypopus) putrescentiae

(1 male)

Caloglyphus rhizoglyphoides
(1 hypopus)

1937) from the family Acaridae, Astigmatina (n = 1), and Histiostoma feroniarum
(Dufour, 1904) from the family Anoetidae, Astigmatina (n = 28). Moreover, 2 spe-
cies of astigmatic mites were collected from fleas: A. nidicolous (79 hypopi) and
Tyrophagus putrescentiae (Schrank, 1781) from the family Acaridae, Astigmatina
(1 male, on M. turbidus). Additionally, a single unidentified larva from the family
Trombiculidae was found on the flea M. turbidus collected in the Biatlowieza Forest
(Table 4). It should be stressed that a majority of these mites were collected from both
Megabothris species.

DISCUSSION

Many authors have reported the presence of mite hypopi on arthropod para-
sites of mammals and birds, such as fleas (BRITT & MoLYNEUX 1983; WHITAKER et al.
1983, 2007; Houck & O’ConNoOR 1991 ; FAIN & BEAUCOURNU 1993; FAIN & GALLOWAY
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1993; ScHwaN 1993; MATTHEE et al. 2007), ticks (DUBININA & ALEKSEEV 1995), and
gamasid mites (Mesostigmata) (DurDEN 1986), as well as on ants and the hair of
small rodents and insectivores (PENCE & WEBB 1977; FAIN & WHITAKER 1985; FAIN
1987). Phoretic relations between fleas and mite hypopi have been reported in over
20 mite species, belonging to at least 9 genera and 3 families, mainly the Acaridae,
Saproglyphidae, and Anoetidae (Astigmata) (HAITLINGER 1978; PREISLER et al. 1990;
Houck & O’ConNor 1991; Boczek & Braszak 2005). Mite carriers belong to vari-
ous systematic groups, but they are most common among the Coleoptera, Diptera,
and Hymenoptera (Houck & O’Connor 1991; Szymkowiak et al. 2007). Phoretic
associations with the Siphonaptera are poorly studied (Houck & O’ConNor 1991).
The carrying of hypopi by Ixodida has been reported only by DUBININA & ALEKSEEV
(1995). On the other hand, phoretic associations between fleas and astigmatic mites
Acarus nidicolous, A. avicolus, A. siro, A. farris, and H. feroniarum are not rare in
France (FAIN & BeEaucournu 1973) as well as between A4. nidicolous and fleas from
small mammals in the United Kingdom (BriTT & MoLyneux 1983). Hypopi of A.
nidicolous were found on many flea species: Ctenophthalmus agyrtes, C. arvernus
(Jordan, 1931), C. solutus solutus (Jordan & Rothschild 1920), C. nobilis vulgaris
(Rothschild, 1898), C. bisoctodentatus (Kolenati, 1863), Palaeopsylla minor (Dale,
1878), Nosopsyllus fasciatus (Bosc, 1800), Malareus penicilliger mustelae (Dale,
1878), M. turbidus, Hystrichopsylla talpae talpae (Curtis, 1826), and Archaeopsylla
erinacei erinacei (Saupe, 1995). Hypopi of 4. avicolus were present on fleas Cerato-
phyllus garei borealis (Rothschild, 1906), C. styx styx (Rothschild, 1900), Dasypsy!-
lus gallinulae gallinulae (Dale, 1878), whereas hypopi of H. feroniarum, on Dorat-
opsylla dasycnema (Rothschild 1897) and Ceratophyllus columbae (Gervais, 1844)
(FAIN & BEAaucourNu 1973).

During this study, the most common mites were A. nidicolous on fleas and A. far-
ris on I. hexagonus. It is evident that mites are carried mostly by the flea species be-
ing dominant in the community. M. walkeri is the most common flea on the root vole
M. oeconomus (LACHMAJER & WEGNER 1956; SkuraTowicz 1967), while M. turbidus,
on other voles of the genus Microtus as well as on Myodes glareolus. Ctenophthal-
mus agyrtes is very common on almost all small rodents, but H. orientalis belongs to
the dominant group of fleas in autumn (Skuratowicz 1967; HAITLINGER 1983; STANKO
1988; KarBowiak & Wita 2001). Similar results, showing the preference of hypopi
for dominant species of fleas, were presented by HAITLINGER (1978) and PREISLER et
al. (1990). However, the presence of these hypopi on the flea H. orientalis, as well as
on the tick 1. hexagonus, was not recorded so far.

Our results show that phoretic associations between fleas and mites can be com-
mon in Poland. So far, in Poland the phoresy of mites on fleas was noted in the
Bialowieza Forest and Owl Mountains (Gory Sowie) (HaITLINGER 1978). It should
also be stressed that this is the first report on phoretic associations of the flea H. orien-
talis and the tick 1. hexagonus with mites.
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