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Abstract

Introduced millipede species in the family Julidae are common in the U.S. but little is known about how
they interact with other organisms, such as mites. To start to determine the nature of the relationship,
millipedes were sampled from across the eastern U.S.A. and the United Kingdom in 2008-2009. Sixteen
morphospecies of mites (Acari: Astigmata, Mesostigmata) were collected from these millipedes, 12 of
which from a total of 13 species of julid millipedes. None of these 12 species was restricted to a single host
species. However, 12 of the 16 mite species collected were restricted to either the U.S.A. or the U.K. These
results are consistent with locality, rather than host, specificity.
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Introduction

Mites evolved relationships with other arthropods between 100-300 million years
ago with the diversification of both plants and arthropods in the late Mesozoic era
(Southwood 1973). As more niches became available mites developed a wide variety of
well-known symbiotic relationships with many arthropods (Lindquist 1975) including
many species of myriapods (Maes 1983; Southcott 1987; Bloszyk et al. 20006), especial-
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ly members of the class Diplopoda, the millipedes. Notably, most available studies are
limited to large mites associated with relatively large, tropical species of millipedes (gen-
erally length > 3 cm). Most of these mites belong to the suborder Mesostigmata (Table
1). Second, with some exceptions (Lawrence 1939a; Evans and Sheals 1959; Kethley
1978; Ishikawa 1986; Fain 1988; Gu et al. 1991; Fain 1994; Gerdeman and Klompen
2003; Uppstrom and Klompen 2005), most studies do not report a precise identifica-
tion of the millipede host (even at the generic or familial level). This, of course, makes
it difficult to recollect these species or to study their ecological relationships.

Most mites associated with small millipedes (length < 3 ¢cm) are not Mesostig-
mata, but belong to the cohort Astigmata. Reported associations of astigmatid mite
and millipedes are shown in Table 2. The relationships between astigmatid mites and
small millipedes are suspected to be commensalistic (OConnor 2009) although little
experimentation has been done to discern the exact nature of the relationship. The
cohort Astigmata is characterized by having the second of the three ancestral nymphal
instars, the deutonymph, highly modified for dispersal (the hypopus stage) (OConnor
2009). This instar is characterized by the absence of a mouth, a very flat venter and
convex dorsum, strong sclerotization of both dorsum and venter, and modification of
a number of posterior setae into a postero-ventral attachment organ. The astigmatid
deutonymph is considered to be one of the best examples of a phoretic adaptation. A
thorough definition of phoresy in mites is given in Houck and OConnor (1991). In
broad terms, the deutonymph is a way for phoretic species to disperse from a subopti-
mal environment which it may not be able to escape on its own.

The focal taxon for this study are millipedes in the family Julidae. These millipedes,
are relatively small (20-40mm), are primarily distributed in the Palaearctic region,
and are now found in a variety of anthropogenic habitats in temperate regions. They
have also been recorded from many countries in Europe and from Canada, the Tristan
da Cunha Island group in the Atlantic Ocean, Mexico, Chile, Peru, New Zealand,
South Africa, and Antarctica (Blower 1985). Currently, there are 19 species known
from the U.K. (Blower 1985) and 10 from the U.S. (Hoffman 1999). They are as-
sumed to be introduced to the New World from Europe by the deposition of ballast
as part of colonial-era shipping (Lindroth 1957; Blower 1985; Shear 1999). Currently,
julid millipedes are found in a wide variety of man-made habitats such as residential
gardens and parks. Dispersal of these millipedes within North America was, and prob-
ably continues to be, mainly through landscape management and transport of plants
by humans. This history makes them an ideal test group for examining the effects of
recent long range dispersal and possible founder effects.

Between March 2008 and October 2009, millipedes of the family Julidae were
collected for a population genetics study. This study allows us to present preliminary
data on the following questions:

1. What species are present across the eastern U.S.?
2. What mites are associated with these species?
3. Are there strong indications of host and /or locality specificity?
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Table I. Literature records of mesostigmatid mites (Acari: Mesostigmata) associated with Diplopoda.

Host names are given as in the original references.

Mite taxon ‘Millipede host ‘ Country ‘Source
Gamasina
Ascidae
Asca aphidioides Parafontaria sp. Japan Ishikawa 1986
Blattisociidae
Lasioseius angustus “Phyodesmus” sublimbatus | Indonesia Evans and Sheals 1959
Lasioseius frontalis Platyrrhachus mirandus Indonesia Evans and Sheals 1959
Lasioseius polydesmophilus | Platyrrbachus mirandus Indonesia Evans and Sheals 1959
Lasioseius sugawari Oxidus gracilis Japan Ishikawa 1986
Iphiopsididae
Iphiopsis mirabilis millipede Italy Berlese 1882
Iphiolaelaps myriapoda millipedes Queensland Womersley 1956
(Australia)
Jacobsonia africanus Spirostrepta sp. Cameroon Fain 1994
Jacobsonia andrei Spirostrepta sp. Cameroon Fain 1994
Jacobsonia audyi Thyropygus sp. Malaya Evans 1955

Jacobsonia berlesei

Indo-Malayan millipede

Java-Malaysia

Casanueva and
Johnston 1992

Jacobsonia puylaerti Pachybolus macrosternus Dem. Rep. Congo | Fain 1994

Julolaelaps buensis millipede Cameroon Maes 1983

Julolaelaps cameroonensis millipede Cameroon Maes 1983

Julolaelaps celestiae Archispirostreptus gigas East Africa Uppstrom and Klompen

2005

Julolaelaps dispar juliform millipede Somalia Berlese 1916

Julolaelaps excavatus large “julid” Dem. Rep. Congo | Fain 1987b

Julolaelaps idjwiensis large “julid” Dem. Rep. Congo  |Fain 1987b

Julolaelaps kilifiensis spirostreptid millipede; Kenya; unknown Kontschan 2005;
Archispirostreptus gigas Salmane and Telnov 2007

Julolaelaps lucaror juliform millipede Somalia Berlese 1916
julid millipede India Vitzthum 1921 (as /.
indica)
Julolaelaps madiakokoensis | large “julid” Dem. Rep. Congo  |Fain 1987b
Julolaelaps moseri spirostreptid millipede; Trinidad; unknown |Hunter and Rosario 1986;
Archispirostreptus gigas Salmane and Telnov 2007
Julolaelaps myriapodalis spirostreptid millipede West Africa Ryke 1959
Julolaelaps nishikawai Nedyopus patrioticus Japan Ishikawa 1986
Julolaelaps pararotundatus | spirostreptid millipede West Africa Ryke 1959
spirostreptid millipede Kenya Kontschan 2005
Julolaelaps parvitergalis Parafontaria sp. Japan Ishikawa 1986
Julolaelaps parvunglatus Parafontaria sp. Japan Ishikawa 1986
Julolaelaps paucipilis large juliform millipede Dem. Rep. Congo  |Fain 1987b
Julolaelaps peritremalis spirostreptid millipede West Africa Ryke 1959
Julolaelaps rotundatus juliform millipede Somalia Berlese 1916
Julolaelaps serratus millipede Cameroon Maes 1983
Julolaelaps spirostrepti Spirostreptus” sp. Tanzania Oudemans 1914
Julolaelaps tritosternalis Ommatojulus caspius Iran Moraza and Kazemi 2012
Julolaelaps vandaelensis millipede Cameroon Maes 1983
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Mite taxon Millipede host Country Source
Narceolaelaps americanus | Narceus americanus North Carolina (USA) |Kethley 1978
Narceolaelaps annularis Narceus annularis eastern USA Kethley 1978
Narceolaelaps burdicki Tylobolus sp California (USA) Kethley 1978
Narceolaelaps gordanus Narceus gordanus Florida (USA) Kethley 1978
Scissuralaelaps bipartitus millipede on orchid Philippines Ishikawa 1988
Scissuralaelaps breviseta Trigoniulus sp. Philippines Ishikawa 1988

Scissuralaelaps grootaeri unidentified “Tule” New Guinea Fain 1992
Scissuralaelaps hirschmanni | Polyconoceras sp. New Guinea Fain 1992
Scissuralaelaps irianensis unidentified millipede New Guinea Fain 1992
Scissuralaelaps joliveti Polyconoceras sp. New Guinea Fain 1992

Trichaspis julus Julus terrestris China Gu etal. 1991
Laelapidae
Cosmolaelaps hortensis Oxcidus gracilis Japan Ishikawa 1986
Hypoaspis polydesmoides polydesmid millipede Malaya Evans 1955
Iphidolaelaps myriapoda millipede Australia Womersley 1956
Macrochelidae
Macrocheles muscaedomesticae| Parafontaria sp. Japan Ishikawa 1986
Ologamasidae
Stylochyrus rarior polydesmid millipede Towa & Missouri Kethley 1983
(USA)
Xystodesmidae: Apheloria, |Appalachian Mtns. | Swafford and Bond 2009
Appalachioria, Brachoria, (USA)
Dixioria, Nannaria,
Pleuroloma, Prionogonus,
Sigmoria
Parholaspidae
Holaspulus tenuipes ‘Pﬂmfonmriﬂ sp. ‘]apan Ishikawa 1986
Sejina
Heterozerconidae
Afroheterozercon pachybolus | Pachybolus macrosternus Dem. Rep. Congo  |Fain 1988
Afroheterozercon spirostreptus | Spirostreptus cornutus Dem. Rep. Congo | Fain 1988
Asiobeterozercon audax Spirostreptus Java (Indonesia) Berlese 1910
millipede Malaysia Fain 1989
Allozercon sp. Rhinocricidae Philippines Gerdeman and
Garcia 2010
“Heterozercon” elapsus Thyropygus sp. Sumatra (Indonesia) |Vitzthum 1925; 1926
Heterozercon microsuctus spirostreptid Brazil Fain 1989
Maracazercon joliveti spirostreptid Brazil Fain 1989
Narceoheterozercon ohioensis | Narceus annularis Ohio (USA) Gerdeman et al. 2000;
Gerdeman and
Klompen 2003
Trigynaspida
Costacaridae
Costacarus reyesi ‘ millipede ‘Mexico ‘ Hunter 1993
Euzerconidae
Neoeuzercon diplopodophilus ‘millipede ‘Panama ‘Funk 1980
Diplogyniidae
Cryptometasternnum pill millipedes Australia Womersley 1958

queenslandense
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Mite taxon Millipede host Country Source
Diplogynium acuminatum | millipede Brazil Canestrini 1888
Neodiplogynium schubarti | Sooretama aguirrei Brazil Trigirdh 1950
Neotenogyniidae
Neotenogynium malkini Orthoporus sp. Ecuador Kethley 1973
Paramegistidae
Meristomegistus vazquezi | Aceratophallus sp. Mexico Kim and Klompen 2002
Neomegistus julidicola juliform millipede South Africa Trigardh 1906; 1907
Neomegistus remus Proporobolus sp. Australia Baker and Seeman 2008
Paramegistus confrater juliform millipede South Africa Trigardh 1906; 1907

Table 2. Literature reports of astigmatid mites (Acari: Astigmata) associated with Diplopoda. Host

names are given as in the original references.

Mite taxon Millipede host Country Source
Histiostomatidae
Histiostoma feroniarum Ommatoiulus moreleti Australia Baker 1985
Acaridae
Caloglyphus julidicolus Doratogonus flavifilis South Africa Lawrence 1939a
Schwiebea sp. Xystodesmidae: Apheloria, | Appalachian Mtns. | Swafford and
Appalachioria, Brachoria, (U.S.A) Bond 2009

Boraria, Dixioria, Nannaria,

Rudiloria, Sigmoria

Schwiebea nova Cylindroiulus sp. Hungary Mahunka 1962
Canestriniidae
Diplopodocaptes transkeiensis | glomerid millipede South Africa Fain 1987a
Odontopygidae Kenya Fain 1987a
Chetochelacaridae
Chetochelacarus mamillatus | julid millipede Dem. Rep. Congo | Fain 1987a
Lophonotacaridae
Lophonotacarus minutus glomerid millipede South Africa Fain 1987a
Odontopygidae Kenya Fain 1987a
“Astigmata” Polydesmus inconstans Michigan (U.S.A.) | Snider 1984

Host specificity in relationships between the millipedes in the family Julidae and the
phoretic mite would be indicated if particular mite species are consistently associated with
specific millipede host species. If mites are host specific and there was a founder effect
during colonization of the New World, diversity of specific mites in the U.S. is likely to
be less than in Europe. Alternately, the presence of mites on a millipede may be based on
locality, not host, specificity. This assumes that mites are specific to a certain area or type
of off-host habitat. In this case a wide range of hosts occurring in the preferred habitat/
locality might be suitable as phoretic host. Predictions for the locality hypothesis are (1)
individual mite species will be present on a number of different millipede host species but
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restricted to certain collection localities; (2) ‘American’, not European, mites will be pre-
sent on U.S. representatives of European millipede species, and (3) there will be similar
mite diversity on U.S. and European populations of the same millipede species.

Material and methods

Collection localities

Millipede specimens were collected from localities in the eastern United States from
March through October in 2008 and 2009 and in the United Kingdom in April 2009.
Sites in the U.S.A. were chosen to include geographic diversity and to include a num-
ber of cities used as colonial ports. While known to be found near such port cities, the
current range of julid millipedes is more extensive.

Collection methods

Millipedes were collected by hand except in one instance (Whetstone Park, Colum-
bus, OH) where litter was returned to the Ohio State University Acarology Labora-
tory (OSAL) for extraction by Berlese funnel. Hand collection was done from wood
mulch, leaf litter, and soil. Much collecting was done at the soil/litter interface.
Millipedes (with mites associates attached) were collected and placed individually
into 1.5 mL vials containing 95% ethanol. Mites release their hold on immersion in
alcohol, so individual host preservation is essential. Millipede and mite specimens
used in this study are deposited at OSAL. Voucher numbers for representatives of
all millipede host species and mite morphospecies, as well as species citations, are
listed in Appendices 1 and 2.

Determinations

Millipedes were dissected and, in some cases, genitalia were slide mounted. Specimens
were identified using the following keys: Blower (1985), Shear (unpublished key), and
Shelley (1978, 1988, 2002). Hoffman’s checklist (1999) was used as a reference for
regional distributions.

Mites were sorted to morphospecies using a 12—110x Nikon SMZ dissecting mi-
croscope, and some individuals from each morphospecies (including a diversity of
hosts and/or sites) were slide-mounted for final identification using a Zeiss Axioskop
compound microscope at magnifications up to 1000x. Overall, 148 mites, approxi-
mately 11% of total mites collected, were slide mounted. Astigmatid mites were iden-
tified to genus using keys by OConnor (unpublished). Specific identification proved
impossible as most mite species collected appear to be undescribed. Full description of



Phoretic mite associates of millipedes (Diplopoda, Julidae) in the northern Atlantic region... 75

these mites is beyond the scope of this study, but we do provide some of the characters
on which discrimination into morphospecies was based. This should allow evaluation
of the validity of those morphospecies concepts.

Prevalence and intensity

Prevalence of the identified mites was calculated for each host species and each locality.
Prevalence is defined as: (number of hosts with a particular parasite species) / (number
of hosts examined) (Margolis et al. 1982). Higher prevalence results from finding a
high number of hosts that were examined are found to be carrying a parasite, or pho-
retic, species. Additionally, the intensity (average mites per infested host) for each host
species was calculated (Margolis et al. 1982). Because not all mites were mounted for
identification, prevalence calculations are imperfect. A relatively high percentage of as-
sociated mites was mounted for hosts collected < 20 times, and prevalence calculations
for those hosts are relatively accurate, but these numbers are minimum estimates for
millipedes species where N > 20.

Results

Millipede Collections

Twenty three species of millipedes were collected representing 9 different families (Ta-
ble 3). Thirteen of these species belong to the family Julidae, the focus of this study. Six
were collected in large numbers (> 100); Brachyiulus pusillus, Cylindroiulus caeruleocinc-
tus, Cylindroiulus latestriatus, Cylindroiulus puncratus, Cylindroiulus truncorum, and
Ophyiulus pilosus. Millipedes in the remaining 8 families (Abacionidae, Blaniulidae,
Cleidogonidae, Euryuridae, Glomeridae, Parajulidae, Polydesmidae, and Spirobolel-
lidae), with the exception of Blaniulidae, were collected in relatively low numbers.

Mite Collections

Representatives of 6 genera of mites were associated with millipedes collected in this
study. These mites belong to two families in the cohort Astigmata; Acaridae and Histios-
tomatidae, and two families in the suborder Mesostigmata; Laelapidae and Uropodidae.

Astigmata

The astigmatid mites represented 13 morphospecies: Rhizoglyphus A and B (Figure
la and lc, respectively), Sancassania A and B (Figure 1b), Schwiebea A, C, D, E (Fig-
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anterior apodeme |

A.

Y anterior apodeme II

posterior apodeme [

posterior apodeme II

posterior apodeme III

median ventral apodeme IV

Figure |. Diagram of the coxal fields and coxal apodemes of a Rhizoglyphus A b Rhizoghphus B and
¢ Sancassania B.
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A. B.

- -

O partial fusion

Figure 2. Diagram of the coxal fields and coxal apodemes of a Schwicbea A b Schwiebea C ¢ Schwiebea
D and d Schwiebea E.
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Figure 3. Diagram of the coxal fields and coxal apodemes of a Schwiebea F b Schwiebea G and ¢ Schwie-
bea H.
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ures 2a, 2b, 2¢, & 2d, respectively), F, G, and H (Figures 3a, 3b, & 3c, respectively),
Thyreophagus (all Acaridae), and Histiostoma (Histiostomatidae). Specimens of Rhizo-
ghyphus, Sancassania, and Schwiebea were separated into morphospecies by the shape
and amount of fusion of the apodemes and the shape of the coxal fields on the venter.
These characteristics were chosen because these features are unlikely to be artifacts of
the slide-mounting process. The differences between the species can be subtle. Distin-
guishing characteristics of the morphospecies within the genera Rhizoglyphus, Sancas-
sania, and Schwiebea are detailed in Table 4, and Figures 1-3. Figures show conoidal
setae as filled-in circles and simple setae as open circles. The size of the filled-in circles
in the diagram is indicative of the relative size of the conoidal setae. Broken lines in-
dicate edges of apodemes with a greater degree of fusion. These edges appear not as
distinct or “heavy” as non-fused apodemes. Apodemes and coxal fields are denoted
with Roman numerals corresponding with the leg pair they are associates with (e.g.,
coxal fields II correspond with legs II).

Mesostigmata

Mites in the families Laelapidae and Uropodidae were determined to genus. Two genera of
laelapids were identified as Cosmolaelaps and Holostaspis, the uropodid as Phaulodinychus.

Julidae - mite associations

Nearly all mite specimens collected from julid millipedes were astigmatid deutonymphs.
Morphospecies of Schwiebea were the most commonly collected from these millipedes
(Table 3). Rhizoglyphus A was collected from the highest number of julid species in this
study (n = 9). This was followed by Histiostoma sp. (n = 6). Thyreophagus specimens
were found on Ommatroiulus sabulosus and Cylindroiulus britannicus only. Schwiebea D,
E, and G and Phaulodinychus sp. were also collected from one julid host species only.
Phaulodinychus sp. was collected only once on a julid millipede, C. latestriatus. There
were no laelapid mites collected from julid millipedes.

Cylindroiulus caeruleocinctus had five species of mite associates which was the high-
est diversity among julids. Zachypodoiulus niger and O. sabulosus had the fewest associ-
ate species (one species each).

Prevalences were found to range from 0.27%-50.0% (minimum estimates).
Notable are the associations of Schwiebea H on T. niger (N=2), and Rhizoglyphus
A and Histiostoma sp. on Cylindroiulus londinensis (N= 2), each with the highest
prevalence of 50.0%. The lowest prevalence was calculated for Rhizoglyphus A on O.
pilosus (0.27%) (but see comments in Material and Methods). Intensity also tends
to be low. The average intensities for the six most common julid species ranged from
1.66-3.32 mites per host with an average of 2.43. This is probably close to the aver-
age intensity for all Julidae.
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Non-julid millipede collections

Schwiebea C was collected from the highest number of non-julid hosts (n = 5). Polydes-
mus angustus was associated with 4 morphospecies of Schwiebea, all collected from one
host individual. Histiostoma sp. and three species of Schwiebea have been collected from
the combined specimens in the family Blaniulidae. The two taxa collected from Uro-
blaniulus carolinenesis and Paraspirobolus lucifugus were Histiostoma sp. and Schwiebea
C. Abacion lactarium was the only species, julid or non-julid, to have Rhizoglyphus B
as an associate. The euryurid Euryurus leachii was the only millipede host to have mite
associates in the family Laelapidae. Representatives of two genera, Cosmolaelaps and
Holostaspis, were collected. Consistent with the general association pattern of Laelapi-
dae, these mites were collected as adults, not deutonymphs. Additionally, a consider-
able number of deutonymphs of the uropodine Phaulodinychus sp. were collected from
this millipede. Euryurus leachii was the millipede with the highest intensity (11.27) and
the largest number of mite species among the non-julids with five mite morphospecies.

The prevalence of mites found on non-julid millipedes was generally high. This
may be associated with the fact that the numbers of non-julids collected were rela-
tively low, with the exception of blaniulids. For example, 50.0% of the Glomeris mar-
ginata (N = 4) carried Schwiebea E. Blaniulids were collected most commonly, and
showed prevalences between 0.94-3.77% for their mite associates Schwiebea D, E,
and F, and Histiostoma sp.

Mite taxa and telation to locality

Only four mite species were collected from localities in both the U.S.A. and in the U.K,,
Rhizoglyphus A, Schwiebea C, Schwiebea F, and Histiostoma sp. (Table 5). Mite taxa that
were found exclusively in the U.S.A. are Rhizoghphus B, Sancassania A, Sancassania B,

Table 5. Prevalence (percentage) of mites on millipedes (all species combined) by collecting locality.
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Chicago, IL 452 1
Lakewood, OH 61 2
Cleveland, OH 119 | 2 1
Delaware, OH 23 19| 4 4
Columbus, OH 1054
Southern Ohio 7 14129 |33
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Eden Project, UK 56 2| 4 21215
Slough, UK 27 | 7 19 714|414 4

Schwiebea D, Cosmaoglyphus sp., Holostapis sp. and Phaulodinychus sp. Taxa found only
in the U.K. Schwiebea A, Schwiebea E, Schwiebea G, Schwiebea H, and Thyreophagus sp.
The highest diversity of mite taxa by locality was found in Cornwall, U.K. Only one
mite taxon each was collected in Chicago, IL, Columbus, OH, and Lakewood, OH.

Of the seven millipede species collected in both the U.S.A. and the U.K. only Cy-
lindroiulus caeruleocinctus had the same mite associates in both countries, Rhizoglyphus
A and Histiostoma sp. (Table 5). Mite associates of the other six species of millipedes
did not appear in both countries on the same julid host species.

Discussion

The current study does not suggest strong host specificity of mite species for julid
hosts. The only species that were collected from only one host, Rhizoglyphus B,
Cosmolaelaps sp. and Holostaspis sp. are rare, and (so far) exclusively associated with
non-julid hosts. This result supports the view of OConnor (1998) who noted that
acarids are (1) often associates of a wide variety of hosts and (2) are often cosmo-
politan. There is precedent for this in terms of millipede-associated Mesostigmata.
While most Heterozerconidae are associated with large millipedes, one genus, Am-
heterozercon (Fain 1989), is associated with snakes and amphisbaenids (Flechtmann
and Johnston 1990). Similarly, most Paramegistidae are associates of carabid beetles
or millipedes, except for the genus Ophiomegistus (Banks 1914) which is associated
with skinks and snakes (Klompen and Austin 2005). These records suggest that
these mites may favor a host with a specific type of locomotion, general distance
from the ground, or habitat preference, at best a modified host specificity.

Neither is there strong overlap of the mite fauna of specific julid millipedes collect-
ed both in the U.S.A. and the U.K., another prediction of the host specificity hypoth-
esis. Only one millipede species (C. caeruleocinctus) carried the same mite species in
both the U.S.A. and the U.K. In a comparison of mite associates found on millipedes
and the locality in which they were found (Table 5), 12 of the 16 taxa were collected in
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either the U.S.A. or the U.K. Only four were collected from both countries. This is an
indication that the mites are most likely not associated with specific hosts but, instead,
are favoring hosts associated with specific habitats.

An unusual finding regarding mite associates was the collection of a species in the ge-
nus 7hyreaphagus collected in the U. K. Past reports of 7hyreophagus sp. are mostly from
the U.S.A. Thyreophagus is a mite thought to be associated only with subcortical insects
(OConnor 1982) with often high host specificity (OConnor 1984). This is very different
from the lifestyles of the other acarids collected in this study that seem to be very general
in their host choice. O. sabulosus and C. britannicus were the hosts of this mite. They were
collected from an outdoor garden and a greenhouse/conservatory in Cornwall, U.K.,
sites which were a good distance from each other. A further survey of ground arthropods
in Cornwall could help clarify the degree of specificity of this genus in the area.
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Appendix |

Voucher numbers for millipede hosts.

Millipede species Author, year Accession number
Abacion lactarium (Say, 1821) N/A
Blaniulus guttulatus (Fabricius, 1789) OSAL0100704 &

Brachyiulus lusitanus

Verhoeft, 1898

OSAL0100959 &

*OSAL006951 &

Brachyiulus pusillus

(Leach, 1815)

OSAL0100593 &

Choneiulus palmatus

(Nemec, 1895)

OSAL0100811 &

Cleidogona caroliniana

Causey, 1957

OSAL0100283 &

Gylindroiulus britannicus

(Verhoeft, 1891)

OSAL0100455 @

OSAL0100394 &

*OSAL006949 ?

*OSAL006950 &

Gylindroiulus caeruleocinctus

(Wood, 1864)

OSAL0100759 &

*OSAL006948 &

Gylindroiulus latestriatus

(Curtis, 1845)

OSAL0100650 &

*OSAL006947 &

Cylindroiulus londinensis

(Leach, 1815)

OSAL0100375 &

*OSAL006955 &

Oylindroiulus puncratus

(Leach, 1815)

OSAL0100417 &

Gylindroiulus truncorum

(Silvestri, 1896)

OSAL0100935 @

OSAL0100536 &

*OSAL006952 &

Euryurus leachii

(Gray, 1832)

OSAL0100840 ¢

Glomeris marginata

(Villers, 1789)

OSAL0100376 &

Julus scandinavicus

Latzel, 1884

OSAL0100358 &

Nopoiulus kochii

(Gervais, 1836)

OSAL0100282 &

Ommatoiulus sabulosus

(Linné, 1815)

OSAL0100403 &

Ophyiulus pilosus

(Newport, 1843)

OSAL0100423

OSAL0100613 &

*OSAL006954 @

*OSAL006953 &

Paraspirobolus lucifugus

(Gervais, 1836)

OSAL0100386 &

Polydesmus angustus

(Latzel 1884)

OSAL0100439 &

Tachypodoiulus niger

(Leach, 1815)

OSAL0100384 ¢

Uroblaniulus carolinensis

Causey, 1953

OSAL0100882 &

* denotes slide of genitalia
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Appendix 2

Voucher numbers for associated mite morphospecies.
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Mite morphospecies

Accession number

Holostapis sp. OSAL0006958
Phaulodinychus sp. OSAL0006790
Rhizoglyphus A OSAL0083451
Rhizoglyphus B OSAL0006896
Sancassania A OSAL0006911
Sancassania B OSAL0083471
Schwiebea A OSAL0000697
Schwiebea C OSAL0006942
Schwiebea D OSAL0083456
Schwiebea E OSAL0083474
Schwiebea F OSAL0006853
Schwiebea G OSAL0083448
Schwiebea H OSAL0006939
Thyreophagus sp. OSAL0006843






