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ABSTRACT

Burying beetles (Silphidae) and mites (Acari) have a well-established mutualistic inter-
action, and the phoretic mites will accompany their host even after its death. A voucher
specimen of Nicrophorus vespillo (L., 1758) housed in the historical collection at the
Oxford University Museum of Natural History (OUMNH) was examined for its 456 plus
phoretic mites, which were carefully glued to cardboard slides and preserved together
with the beetle carrier. Due to the fragility of the samples, only the Mesostigmata mites
were prepared for mounting and further species identification. With the addition of 6
hypopi of Histiostomatidae, a total of 462 mites were identified. Four hypopi were found
attached on the Parasitidae dorsal shields and two glued to the cardboard surface. The
remaining 456 were composed of 445 specimens of two populations of Poecilochirus
carabi Canestrini & Canestrini, 1882 (Parasitidae), and 11 specimens identified as two
populations ofMacrocheles nataliae Bregetova et Koroleva, 1960. We discuss the interac-
tion and diversity of the numerous mites recorded on a single N. vespillo host. We propose
that the presence of different populations of phoretic mites on a single carrier is beneficial
to the mites, increasing their chances of outbreeding, adding to their genetic diversity. This
study reports a new record of Acari-to-Acari hyperphoresy.

Keywords phoront; Nicrophorus; Macrocheles; Poecilochirus; Histiostomatidae; hypopi; hyper-
phoresy

Introduction
Mites of the families Parasitidae and Macrochelidae have established a close symbiotic relation
with carrion beetles of the family Silphidae (Schwarz and Müller 1992, Schwarz et al. 1998,
Andreev 1988, Athias-Binche et al. 1993, Baker and Schwarz 1997, Korn 1983, Wilson 1983,
Wilson and Knollenberg 1987). The beetles are known to nest and feed on decaying organic
matter, corpses and carcasses (Anderson 1982). Parasitidae and Macrochelidae mites will
accompany the beetles patrolling their nests, consuming any blowfly maggots trying to eat their
offspring food, and in return they will enjoy housing provided by the beetles and free transport
to fresh carcasses (Perotti and Braig 2009, Braig and Perotti 2009). A detrimental association
has been claimed for some Poecilochirus species (Parasitidae). However, the claims were based
on experiments carried out on artificial arenas, micro-cosmos or enclosures where both beetles
and mites were living in a very limited and sub-optimal habitat (Blackman 1997, Blackman and
Evans 1994), quite far from their natural spacious grounds. This limitation led to overcrowding
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of the mites’ population and predation of the beetles’ eggs, a situation only seen under artificial
rearing.

Phoresy or phoresis is the interaction between a host/carrier and a phoront for the sole
purpose of dispersal (Lesne 1986), and is a wide spread transport mechanism adopted by mites
and ticks (Acari) (Athias-Binche 1994, Petrova and Basikhin 1993, Mašán and Krištofík, 1992).
On occasions, there are overcrowded masses of mites jumping on a host carrier making it
impossible to take off (Perotti and Braig 2009), and the view of a few phoretic mite species
becoming parasites or pseudoparasites has emerged (Athias-Binche 1994, Camerik 2010).

In general, the male carrion beetle is the first leaving the nest and consequently the first
arriving to a new, fresh carcass, preferentially in early stages of decomposition, where it
will start building a new nest underneath or in the surroundings of the cadaver (Schwarz and
Koulianos 1998, Perotti et al. 2010). It is because of this habit that they were also coined
′burying′ beetles (Anderson and Peck 1985), and their occurrence around a corpse can be
overlooked if the nearby soil to the body is not inspected in detail (Saloña-Bordas et al. 2010,
Saloña-Bordas and Perotti 2014).

Silphidae beetles and most members of the Parasitidae interacting with the beetles will
synchronise their life cycles in a symbiotic, beneficial manner. This topic has received
much attention (Schwarz and Müller 1992, Schwarz et al. 1998, Houck and OConnor 1991,
Neumann 1943), while the particulars of the interaction with other mites, like Macrochelidae,
Eviphidae, Uropodidae, Melicharidae, Acaridae or Histiostomatidae among others, which are
less numerous on silphids, is practically unknown. Still, thirteen (13) species of Macrochelidae
seem to prefer these beetles as carriers (Perotti and Braig 2009, Knee 2017).

Parasitidae deutonymphs ride on top of the body surface of the beetles, over the elytra,
while Macrocheles spp. prefer to hide under the elytra (Knee 2017). Parasitidae are very
mobile, they hold onto the beetles using their special pulvilli that grab securely on the tegument.
Upon arrival to the new carcass all mites disembark, commence chasing maggots, Parasitidae
deutonynmphs moult into adulthood and reproduce. Most times, the beetle may not be seen on
the surrounding soil, but the mites abundance will give it away (Perotti and Braig 2009, Perotti
et al. 2010, Saloña-Bordas and Perotti 2014). Burying beetles directly compete with fly larvae
for food resources (flesh), and therefore, predate them with the help of mites too, successfully
eliminating maggots entering their nest (Balduf 1935, Clark 1895, Steele 1927).

The beetles offer a large surface on their bodies, enabling transport of many phoretic mites
at once. Post-breeder beetles leaving a corpse or a carcass are the busiest carriers, as most mites
in the area want to get transported away. Hundreds of them will crowd themselves on the beetle
dorsum, which does not stop the strong Nicrophorus from taking off (Schwarz and Müller
1992, Springett 1968). The highest documented number was reported by Hyatt (1980), who
counted 1,607 mites on a Nicrophorus humator male found around a rodent carcass (North Hill,
Cornwall, UK). The most predominant mite species were from the Parasitidae, Poecilochirus
carabi, with 1,486, followed by 107 of P. subterraneus, all deutonymphs. Mites from another
two families were also passengers on this same beetle, 11 of them were females ofMacrocheles
glaber (Macrochelidae), while the remaining three were Alliphis halleri females (Eviphididae).

In this work, we studied a specimen of Nicrophorus vespillo kept at the historical Silphidae
collection in the Oxford University Museum of Natural History (OUMNH), which was stored
and preserved with its hundreds of phoretic mites. We revealed the identity of 462 mites that
once attempted to travel on this single N. vespillo beetle back in the summer of 1912, on a hill
between the marshes that surrounded Oxford, South England.

Materials and Methods
A beetle voucher specimen, over 100-year-old, with the accession number 1912-5580 was
examined under a LeicaR stereo microscope with a camera attached, to detect the presence
of different morpho-species of mites glued to the cardboard slides (Fig. 1). A handful of
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Figure 1 Labelled historical voucher 1912-5580, showing the pinned beetle Nicrophorus vespillo,
the cardboard slides with the glued mites and the labels.

mite morphotypes were carefully detached from the cardboard with an entomological pin and
mounted with Hoyer mounting medium onto microscope slides after softening for 1 day in
Lactic Acid 50% (V/V) (Krantz, 1978). Slides were labeled accordingly and form part of the
specimen voucher, at the OUMNH. The slides were then inspected with different magnifications
using a LeicaR Phase Contrast compound microscope, attached to a MoticR 10 MP camera.

Results and Discussion
In 1912, insect collector A. H. Hamm found a specimen of Nicrophorus on Lye Hill, from
Cowley Marsh towards Hogley Bog, in an area now known as the Lye Valley and Cowley
Marsh Nature Reserves, Oxford (according to the labels, see Fig. 2). He removed the 456 plus
mites from the single beetle, and painstakingly glued each of them to the cardboard mounts,
preserving beetle and mites together (Fig. 1). Specimens have been carefully prepared and
photographed, managing to preserve their integrity despite their morphological fragility.

One of the labels attached to the beetle specimen stated its identity as Nicrophorus vespillo.
We confirmed this using a key to British Silphidae (Lane et al., 2020). Distinguishing characters
included transverse reddishmarkings on the elytra, partly orange club of the antenna, and curved
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Figure 2 Labels under the pinned beetle indicating the collection site.

hind tibia (see beetle in Fig. 1).
Regarding the total number of mites, a hand-written note by Hamm -also preserved in the

box (Fig. 1), mentions: “Lye Hill, July. 1912… 456, (some lost)”, suggesting that perhaps
some went missing during collection, extraction and gluing. This high density of mites on
such small surface (beetle tegument) once again suggests that the beetle might have ended
its breeding duties and was departing towards a new fresh carcass (Perotti and Braig 2009,
Schwarz and Koulianos 1998, Perotti et al., 2010).

There is no information about the specific body locations where the mites were originally
attached to it when collected in 1912, perhaps they detached when the beetle was euthanatised.
Five different mite morphotypes were identified after inspection of each cardboard slide under
the stereo microscope. Two of them corresponded to Parasitidae, which are the largest in size
and the most numerous, while the remaining smaller three types belonged to twoMacrochelidae
females, and one Histiostomatidae in its hypopial stage (phoretic forms). These hypopi were
observed as hyperphoretic on 4 of the Parasitidae, one on each, as these are very minute and
fragile (200-300 µm) and again, on fragile specimens, it was not possible to mount them. Two
more hypopi were found on the cardboard slides. The Histiostomatidae hypopi (identified
to family using Hughes and Jackson 1958, Fig. 3) bring the total number of mites detected
in the voucher to 462. Hyperphoresy is a well-known phenomenon in the Acari, especially
used by Uropodidae mites (Mesostigmata) (Bajerlein and Bloszyk 2003), but also reported for
Astigmatina and Heterostigmata (Paraschiv and Isaia 2020, Baumann 2018).

The two forms of Parasitidae belong both to the same species, Poecilochirus carabi
Canestrini & Canestrini, 1882 (Fig. 4). Four hundred and forty-five (445) P. carabi s.s.
were transported by the beetle. All were deutonymphs. Both morphotypes presented the same
morphological characters defining the species, the dorsal shields shape and setae, sternal shields,
their setae and its sculpture or transverse band at the anterior part, as well as palp chaetotaxis
(Hyatt 1980). The two populations differ only in size, confirmed by measuring the podosomal
(Fig. 4 C and D) and some of the ophistosomal shields. The length of the podosomal shields
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Figure 3 Hyperphoretic hypopus (Astigmatina: Histiostomatidae) attached to the dorsal shield of a
Poecilochirus carabi (larger morphotype) specimen. Bar 100 µm.

measured: 625 - 655µm long for C, and 545 - 600µm long for D (3 specimens were measured
for each morphotype). Interestingly, the hypopi of Histiostomatidae were observed only on the
population of P. carabi of larger size. While the remaining eleven (11) Mesostigmata, both
types were again assigned to one same species, Macrocheles nataliae Bregetova & Koroleva,
1960 (Fig. 5) (Mašán 2003). For these, the two M. nataliae populations only differ in the
degree of sclerotization.

It is not surprising to find two different populations of P. carabi s.s. riding simultaneously on
the same beetle. These mites switch carriers, perhaps to avoid inbreeding at arrival, as roughly
the same number of male and female nymphs travel on a single carrier and they moult into
adulthood and start breeding shortly after disembarking (Schwarz and Müller 1992, Schwarz et
al. 1998, Baker and Schwarz 1997, Korn 1983, Perotti and Braig 2009, Schwarz and Koulianos
1998, Perotti et al. 2010, Springett 1968, Brown and Wilson 1994). This might suggest that
the small rodent carcass where the beetle originated was colonised by more than one silphid
that could be the same or a different Nicrophorus species (Schwarz and Müller 1992, Baker
and Schwarz 1997, Saloña-Bordas and Perotti 2014, Brown and Wilson 1994, Mašán 1999).
P. carabi s.s. has been recorded from a number of Nicrophorus, Necrodes and Oiceoptoma
silphid species in Europe and the British Islands, including the beetle species inspected here,
N. vespillo (Hyatt 1980, Mašán 1999). An interesting outcome of the size differences of the
populations was the finding of the astigmatid hypopi attached only to the larger morphotypes.
This might relate to phoretic preferences of this unknown species of Histiostomatidae.

Macrochelidae are quite ubiquitous onNicrophorus species (Knee 2017, Mašán 2003, Hyatt
1990, Hyatt and Emberson 1988, Acs et al. 2017, Ciccolani et al. 1981, Evans and Browning
1956, Halliday 2000, Kamaruzaman et al. 2018, Krantz 1998, Krantz andWhitaker 1988, Olivo
1966, Özbek 2017), however, in much less numbers (abundance) than Parasitidae. Despite the
finding of just 11 M. nataliae, two populations were riding the beetle. Macrochelids might
use a similar tactic than parasitids by travelling together as mixed phoretic female founders
(populations), with the purpose of preventing future inbreeding. The two mites analysed, one
of each population were virgin females, as there was no spermatheca inserted in the slits of
coxae IV. This might suggest thatM. nataliae starts reproducing at arrival, parthenogenetically,
producing their (F1) haploid males (Kamaruzaman et al. 2018). Availability of mates from
different genetic pools will favour successful outbreeding. If M. nataliae females travel as
virgin this has also utility in forensic analyses, in estimations of time. The absence of males and
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Figure 4 Poecilochirus carabi deutonymph on Nicrophorus vespillo. a – Stereo microscope photograph of P. carabi glued to cardboard. b –
Microphotograph (Phase contrast) showing sclerotised band in anterior end of sternal shield. c and d – Microphotographs (Phase contrast) of
individuals of the two populations carried by the beetle. Bars: A-200, B-100 and C-D-500 µm.

the occurrence of females-only indicates recent arrival of the beetles to the carcass or corpse
(Perotti and Braig 2009, Perotti et al 2010, Kamaruzaman et al. 2018). M. nataliae has already
been reported from the British Isles on N. vespillo in 1988 (Hyatt and Emberson 1988). M.
nataliae belongs to the M. glaber species group (Hyatt and Emberson 1988). This group of
species is commonly found in association with decomposition (Halliday 2000, Kamaruzaman
et al. 2018). The higher occurrence of M. nataliae in early findings (Evans and Browning
1956), such as this historical case, might suggest that M. glaber, which is very common at
present, could be a recent replacement ofM. nataliae. PerhapsM. glaber was a rare species for
the British Isles in the past, as the species was originally described from continental Europe,
Italy (Filipponi and Pegazzano 1962).

Author Contributions
MAP andMISB designed the study. AS separated themites from the cardboard for identification
and investigated and photographed the voucher specimen. MISB and AS confirmed the beetle
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Figure 5 Macrocheles nataliae female on Nicrophorus vespillo. a – Stereo microscope photograph of M. nataliae glued to cardboard. b –
Microphotograph (Phase contrast) of full body (ventral). c –Microphotograph (Phase contrast) of sternal shield (ventral). d – Microphotograph
(Phase contrast) of ventrianal shield. Bars: A-200, B-200 and C-D-100 µm.
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