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Abstract: A single specimen of a new species of oribatid

mite belonging to the genus Jureremus Krivolutsky, in Krivo-

lutsky and Krassilov 1977, previously described from the

Upper Jurassic of the Russian Far East, is described as J. phi-

ppsi sp. nov. The mite is preserved by iron pyrite replace-

ment, and was recovered by sieving from the Oxford Clay

Formation (Jurassic: Upper Callovian) of South Cave, York-

shire. It is the first record of a pre-Pleistocene mite, and the

second species record of the family Cymbaeremaeidae, from

the British Isles; also, it is only the third record of Acari

from the Jurassic Period. The presence of a terrestrial mite in

a sedimentary sequence of open marine origin is noteworthy,

and suggestions for its mode of transport to the site of depo-

sition are discussed.

Key words: Cymbaeremaeidae, marine, Mesozoic.

Ubiquitous and abundant in nearly all terrestrial

environments today, mites are, however, uncommon in

the fossil record. Today’s diversity of mites is second only

to that of insects. With some 50,000 extant species

described, of which nearly one-quarter (11,500) are ori-

batids, their past diversity is not well reflected in the fos-

sil record because of their rarity as fossils, especially in

older strata. Not only are mites commonly overlooked

because of their minute size (the majority are much less

than 2 mm) but also most micropalaeontologists sample

marine sediments where mites normally do not occur.

Fossil mites are most abundant in Pleistocene and Holo-

cene sites (Elias 1994; Krivolutsky and Druk 1986) and

are being used increasingly in Quaternary biostratigraphic

and palaeoclimatic studies (e.g. Erickson 1988; Coetzee

and Brink 2003; Erickson et al. 2003; Krivolutsky and Si-

dorchuk 2003). A few are known from other Cenozoic

strata, especially ambers: Baltic (Sellnick 1931; Krivolut-

sky et al. 1990), Dominican Republic (Norton and Poinar

1993), Mexico (Woolley, 1971), and Russia (Krivolutsky

and Ryabinin 1976; Zacharda and Krivolutsky 1985). Pre-

Cenozoic mites are far fewer in number, with only a

handful of specimens known from Cretaceous ambers of

the Taimyr Peninsula, Russia (Bulanova-Zachvatkina

1974; Zacharda and Krivolutsky 1985), New Jersey

(Klompen and Grimaldi 2001), Canada (Ewing 1937; Mc-

Alpine and Martin 1969; Vercammen-Grandjean 1973)

and Myanmar (Grimaldi et al. 2002; PAS and ASB, pers.

obs.), and the Cretaceous Crato Formation of Brazil

(Dunlop 2007). Oribatids are known from the Upper

Jurassic of the Far East of Russia (Krivolutsky and Krassi-

lov 1977), and a single oribatid has been described from

the Lower Jurassic of Sweden (Sivhed and Wallwork

1978). In Palaeozoic rocks, some undescribed mites have

been recovered in acid residues from Devonian and Car-

boniferous rocks of Germany (Braun 1997) and Carbonif-

erous shale from Lone Star Lake, Kansas (PAS and ASB,

pers. obs.). The oldest known undisputed mite fossils

come from the Devonian localities of Rhynie, Scotland

(Hirst 1923) and Gilboa, New York (Norton et al. 1988;

Kethley et al. 1989). Two of those from Gilboa, Devonac-

arus sellnicki Norton, in Norton et al. 1988 and Proto-

chthonius gilboa Norton, in Norton et al. 1988, are

oribatids. A record of an oribatid mite from early Ordo-

vician rocks of Öland, Sweden (Bagnoli et al. 2000; Ber-

nini et al. 2002) remains enigmatic because it is possible

that the supposed fossil mite is a Recent contaminant

(see Jeram et al. 1990 for discussion of the criteria

required to determine this). If proven, however, this

would be an exciting find because it would be the oldest

known body fossil of a terrestrial animal, preceding the

current record (mid-Silurian millipedes: Wilson and

Anderson 2004) by more than 50 Ma. In addition, trace

fossils attributed to mite activity are increasingly being

documented (Labandeira et al. 1997; Ash 2000; Kellogg

and Taylor 2004).
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With their hard exoskeleton in the adult, oribatids fossil-

ize rather better than other mites and have a relatively

good fossil record: see the reviews by Krivolutsky and Druk

(1986) and Bernini (1986, 1991), and the compilation in

Labandeira et al. (1997, appendix 1). The oribatid mite

described here can be assigned to the known Jurassic genus

Jureremus Krivolutsky, in Krivolutsky and Krassilov 1977.

It is the first record of a pre-Pleistocene fossil mite and the

second species record of Cymbaeremaeidae from the

British Isles, the third occurrence of Jurassic Acari, and is

unusual in coming from the marine sedimentary record.

LOCALITY

South Cave Station Quarry (National Grid reference SE

920329) is located on the western edge of the Yorkshire

Wolds escarpment, approximately 2 km (1.25 miles)

north-north-west of South Cave village (Text-fig. 1). It

lies on the south side of Drewton Dale, a small valley

that runs north-east–south-west across the outcrop of

Jurassic and Cretaceous strata at the edge of the scarp

slope. The construction of the Hull and Barnsley Railway

in 1881 produced a cutting at Drewton in which a sec-

tion through the Kellaways Beds and Oxford Clay was

revealed (Keeping and Middlemiss 1883). A pit to the

north of the railway line was opened in order to extract

the Kellaways Sands (now the Kellaways Sand Member

of the Kellaways Formation; Page 1989) and the demand

from the metal-casting industry for this fine moulding

sand resulted in the expansion of the site. Further sand

extraction since the closure of the railway line in 1959

caused the western portion of Drewton Cutting to

become part of the main quarry. Therefore, the location
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TEXT -F IG . 1 . Map showing the

location of South Cave Station Quarry

(after Phipps 2007). A, regional setting.

B, South Cave and the surrounding area.

Map B is reproduced by kind

permission of Ordnance Survey ª
Crown Copyright NC ⁄ 04 ⁄ 27104.
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from which the specimen came is referred to as South

Cave Station Quarry in this paper. The limited outcrop

of Oxford Clay at this site occurs on the southern side

of the former cutting, at the top of quarry faces that

have been created during the extraction of the Kellaways

Sand Member.

South Cave Station Quarry has provided material for a

number of papers on Jurassic palaeontology, all of which

have been concerned with the Kellaways Formation.

Ammonites from the Kellaways Rock (Cave Rock Mem-

ber sensu Page 1989) were used by Arkell (1945) in his

examination of the zones of the Upper Jurassic, and the

quarry was designated the type locality for the Sigaloceras

planicerclus [now Sigaloceras (Catasigaloceras) enodatum]

Subzone by Callomon (1955, 1964). Perisphinctid ammo-

nites from this location were featured in Cox’s (1988)

monograph on English Callovian species. The bivalve

fauna was considered by Walker (1972) and the deposi-

tional environments of the Kellaways Beds were discussed

by Brasier and Brasier (1978). The quarry, which is a Site

of Special Scientific Interest (SSSI) owing to its geological

features and significant living amphibian populations,

appears with the nearby Kettlethorpe Quarry as the

‘Drewton Lane Pits’ in the recent Geological Conservation

Review Series publication on Middle Jurassic stratigraphy

(Page and Cox 2002). English Nature (now part of Natu-

ral England), the organization with responsibility for

SSSIs, has stressed that there should be no indiscriminate

hammering of, or collecting from, the exposures at South

Cave Station Quarry.

STRATIGRAPHY AND
PALAEOECOLOGY

The main outcrop of the Oxford Clay in England

stretches from the Dorset coast to north-east Yorkshire. It

ranges in age from latest Early Callovian to Early Oxfor-

dian and a tripartite division has been in use for many

years (Lower, Middle and Upper Oxford Clay). Cox et al.

(1992) recognized the Oxford Clay as a Formation and

the traditional lithostratigraphic subdivisions became the

Peterborough, Stewartby and Weymouth members respec-

tively. Strata belonging to this formation are poorly

exposed in the South Cave area of Yorkshire and the

exact age of the deposits at Station Quarry is uncertain

(Neale 1958). The specimen described in this paper was

collected from a temporary pit excavated by KJP as part

of a detailed examination of the palaeontology and stra-

tigraphy of the Oxford Clay at this site (Phipps 2007).

Text-figure 2 shows a composite section through the

lower part of the succession based on observations made

in three pits. The standard zones and lithostratigraphic

terms used in Text-figure 2 have been recognized on the

basis of macro- and microfossil evidence collected and

interpreted by KJP.

The grey mudstones of the Phaeinum Subzone are sim-

ilar to the deposits described from a number of sites in

the East Midlands by Callomon (1968). Although these

mudstones are rich in organic matter, a deep anoxic

depositional environment seems unlikely. Depth estimates

range between 10 and 50 m (Martill et al. 1994) and the

sea-bed was oxygenated (MacQuaker 1994). However, it

is certain that the mite is a terrestrial form and thus allo-

chthonous.

MATERIAL AND METHODS

The specimen (KJP collection number SCSQOxCl mf 28)

was collected from the sieve residue of a 1000 g sample of

Peterborough Member mudstone (Athleta Zone, Phaei-

num Subzone) from Pit One at South Cave Station

Quarry. The sediment sample was broken into small frag-

ments and then covered with 6 l of boiling water to

which 150 ml of washing-machine powder had been

added. Once disaggregation was complete (2–3 days), wet

sieving through 500, 250 and 125 lm mesh sieves isolated

the macrofossil fragments and microfossils. These were

dried at room temperature and examined using a binocu-

lar microscope (magnification · 40). In Manchester, the

specimen was photographed (Text-fig. 3) and drawn first

under light microscopy because of the danger of loss dur-

ing evacuation in scanning electron microscopy (SEM). It

was then prepared for SEM by securing on a double-sided

sticky carbon pad; this enabled the specimen to be moved

between SEM sessions so that it could be viewed from

different angles. Being composed of electrically conductive

iron pyrite, there was no need for the specimen to be

coated for SEM.

The specimen consists of an internal mould of iron

pyrite and a cast of the body cuticle, also in pyrite.

High magnification SEM shows the cubic nature of the

casting pyrite (e.g. Text-figs 4A, 5A, C). Pyrite preserva-

tion is common in parts of the Oxford Clay Formation

of Yorkshire; details of the factors influencing pyrite for-

mation have been provided by Hudson and Palframan

(1969), Hudson (1982), and Fisher and Hudson (1987).

That the mite specimen is preserved in iron pyrite typi-

cal of the Oxford Clay Formation makes it extremely

unlikely that it is a modern contaminant. The specimen

is incomplete: the genital plates, most of the prodorsum,

gnathosoma and leg articles are missing. In addition, the

specimen shows breakage of part of the ventral cuticle.

It is possible that this damage occurred during matrix

disaggregation and sieving. The dorsal part of the noto-

gaster was lost during scanning electron microscopy

(compare the light microscope photograph, Text-fig. 3A,
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with the SEM photograph, Text-fig. 4A). Measurements

were calculated from the SEM photographs. The speci-

men is deposited in the Oxford University Museum of

Natural History.

Abbreviations. I–IV, leg numbers; a pl, anal plate; ac, acetabu-

lum; ad2, adanal seta; ?an, suspected alveolus of anal seta; b, bo-

thridium; c, anterior collar of notogaster; ep, epimere; fe, femur;

g a, genital aperture; n, notogaster; p, prodorsum; ?p r, putative

prodorsal ridge; p scl, preanal sclerite; pd, pedotectum; tr, tro-

chanter; v pl, ventral plate.

SYSTEMATIC PALAEONTOLOGY

Subclass ACARI Leach, 1817

Order ORIBATIDA van der Hammen, 1968

Family CYMBAEREMAEIDAE Sellnick, 1928

Remarks. Krivolutsky (in Krivolutsky and Krassilov 1977)

assigned his new genus Jureremus to Cymbaeremaeidae

on the basis of the absence of pteromorphs and lamellae,

presence of large, separated anal and genital orifices,

notogastral lateral margins that extend to the ventral

surface, and capitate sensilli. He commented that some

(unspecified) features of Jureremus are similar to those of

Micreremus Berlese, 1908, now classified in the family

Micreremidae Grandjean, 1954. However, no known

Micreremus, or other micreremid, species has such closely

positioned genital and anal apertures as occurs in J. fove-

olatus and the new fossil species. The gap in micreremids

is equivalent to at least the length of the genital aperture

(deduced from Balogh and Balogh 1998) as opposed to at

most about one-third of its length in Jureremus. The

familial placement was maintained by Krivolutsky in sub-

sequent papers (Krivolutsky and Druk 1986; Krivolutsky

et al. 1990).

The condition of the Jureremus fossil specimens pre-

vents the examination of the majority of structures men-

tioned in the most recent diagnosis proposed for

Cymbaeremaeidae (Behan-Pelletier 1988). Of those that

can be observed, the presence of pedotecta I and II and

absence of pteromorphs in adults are diagnostic states

listed by Behan-Pelletier (1988). The apparently plicate

integument of J. foveolatus nymphs also fits Behan-Pelle-

tier’s diagnosis, while the lack of adult prodorsal lamellae

and humeral projections on the notogaster does not

prohibit inclusion. Krivolutsky’s familial assignment is,

therefore, followed here.

SUBSTAGE STANDARD ZONATION LITHOSTRATIGRAPHY COMPOSITE SECTION COMMENTS

Mite found in sample
from this unit.

Level of consolidation
increases towards base.
Contains pyritic burrows,
several specimens of
Cylindroteuthis puzosiana
and an indeterminate
perisphinctid ammonite.

Gryphaea sp., Genicularia
vertebralis and 
Procerithium 
damonis present.

Orange-brown clay with
iron mineralization along
joints and bedding surfaces.

Contains Gryphaea sp.  
fragments, guards of 
C. puzosiana, small iron
nodules and fossil wood.

Vertical burrows with
sandy infillings at base.

Contains decalcified
Cylindroteuthis sp. guards, 
traces of bivalves and
kosmoceratid ammonite
fragments.

Upper surface contains
fossil wood and decalcified
cylindroteuthid belemnite
guards.
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FORMATION

Peterborough
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NON-SEQUENCE:
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KELLAWAYS
FORMATION

Cave Rock
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[Kellaways Rock]

Coronatum Zone, 
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Calloviense Zone, 
Enodatum Subzone

Athleta Zone, 
Phaeinum Subzone

MIDDLE
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UPPER
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CALLOVIAN

m

≥
0.40

0.45

0.15

≥
0.25

TEXT -F IG . 2 . Composite section

through the lower part of the Oxford

Clay Formation at South Cave Station

Quarry. Standard zonation based on

Callomon (1968), Duff (1978) and

Martill and Hudson (1991). The

lithostratigraphic terms are those

introduced by Page (1989) and Cox

et al. (1992). Traditional names are

shown in brackets.
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Genus JUREREMUS Krivolutsky, in Krivolutsky and Krassilov

1977

Type species. Jureremus foveolatus Krivolutsky, in Krivolutsky

and Krassilov 1977, from the basin of the Bureya River, Russia;

holotype (slide no. 3290 ⁄ 4), paratypes (slide nos 3290 ⁄ 5–15),

held in the Paleontological Institute, Moscow.

Emended diagnosis. The following unique combination of

character states is proposed: notogaster without a distinct

central and marginal area, with an acuminate posterior

margin; ventral plate posterior to anus tapering to a nar-

row point; idiosomal ornamentation foveate; gap between

genital and anal apertures equivalent to, at most, one-

third of median length of genital aperture.

Remarks. The damage to the holotype of J. phippsi sp.

nov. means that many of the character states used in

modern generic diagnoses cannot be recorded. The new

species is placed in Jureremus because of its similarity to

J. foveolatus, the only other member of this genus and

also described from material found in Jurassic deposits.

Krivolutsky (in Krivolutsky and Krassilov 1977) differenti-

ated Jureremus on the basis of the presence of a trans-

verse, heavily sclerotized ridge between the bothridia, two

pairs of longitudinal prodorsal ridges, relatively long dor-

sal setae, foveate integumental ornamentation and a small

posterior idiosomal projection. Jureremus phippsi also has

a foveate integument and an acuminate posterior margin,

while examination of the types of J. foveolatus identified a

number of other character states in common. The notog-

aster has an anterior collar of irregularly ribbed integu-

ment (particularly evident in paratype 3290 ⁄ 7) and a

band of smooth cuticle at the lateral margins, while the

leg cuticle is very weakly foveate. Because there is no evi-

dence that J. phippsi possesses one of the differential fea-

tures Krivolutsky lists for the genus, i.e. the pattern of

transverse and longitudinal prodorsal ridges, the generic

diagnosis is emended herein.

Amongst cymbaeremaeid genera [Ametroproctus Hig-

gins and Woolley, 1968, Bullaeremaeus Hammer, 1966,

Cymbaeremaeus Berlese, 1896, Glanderemaeus Balogh and

Csiszár, 1963, Scapheremaeus Berlese, 1910, Scapulerema-

eus Behan-Pelletier, 1989, Seteremaeus Hammer, 1971,

and Tectocymba Sellnick, 1919 (fossil)], the body form of

Jureremus shows most similarity to Ametroproctus and

Cymbaeremaeus. In all three genera, the notogaster has an

acuminate posterior margin and the ventral plate narrows

to a point behind the anus. Jureremus differs from both

in that the genital and anal orifices are farther apart (at

least one-quarter of the length of the genital aperture ver-

sus almost contiguous), from Ametroproctus by lacking

large lamellae and from Cymbaeremaeus by lacking a dis-

tinct central and marginal area of the notogaster.

Jureremus phippsi sp. nov.

Text-figures 3–5

Derivation of name. In memory of Arthur Joseph Phipps, father

of KJP.

Holotype and only known specimen. OUMNH J.71472 in the

Oxford University Museum, from grey mudstone in the Peter-

borough Member of the Oxford Clay Formation (Jurassic: Upper

Callovian: Athleta Zone: Phaeinum Subzone), of South Cave Sta-

tion Quarry, South Cave, Yorkshire (Text-figs 1–2).

Diagnosis. Can be differentiated from the only other

member of the genus (J. foveolatus) by the lack of a trans-

verse ridge between the bothridia and by its smaller size

(notogastral length 501 lm versus c. 600–630 lm).

Description. Integument well-sclerotized, dark brown, mostly

foveate (Text-fig. 3). Prodorsum (Text-fig. 5A–B): lamellae not

apparent, although four strips of smooth cuticle just mediolater-

al to bothridia (b, Text-fig. 5A–B) may indicate presence of pro-

dorsal ridges (?p r, Text-fig. 5A–B); internal architecture of the

bothridium (on left of Text-fig. 5B) is evident; sensilli are miss-

ing. Notogaster (Text-figs 3A, 4A–B): length 501 lm, greatest

width (measured about mid-length) 390 lm; irregularly ribbed,

weakly foveate collar runs along the anterior margin (c,

Text-fig. 4A–B, 5A–D); lateral margins extend ventrally (n, Text-

fig. 4C–D), posterior margin pointed (Text-fig. 4A–D); ptero-

morphs absent. Ventral surface of idiosoma (Text-figs 4C–D,

5E–F): pedotecta I and II present (pd, Text-figs 4C–D, 5C–D),

the former being the larger; epimera I–III not separated medially

(epI–III, Text-fig. 4C–D); IV (epIV) separated, mostly by ante-

rior of genital aperture. Genital aperture (g a, Text-fig. 4C–D)

median length 118 lm, greatest width 97 lm (measured at ante-

rolateral angles). Anal aperture large, median length 165 lm,

greatest width c. 127 lm (measured just anterior to posterolat-

eral angles). Both anal plates (a pl, Text-figs 4C–D, 5E–F)

A B 

TEXT -F IG . 3 . Jureremus phippsi sp. nov, holotype OUMNH

J.71472, South Cave, Yorkshire; Oxford Clay Formation. Light

microscope photographs before SEM study, showing more

complete integument, especially on dorsal side. A, dorsal and B,

ventral views. Scale bar represents 100 lm.
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indented anteromedially to accommodate small preanal sclerite

(p scl). Possible alveoli of anal setae present on one plate (?an,

Text-figs 4C–D, 5E–F). Genital and anal apertures separated by

a distance of 30 lm, equivalent to about one-quarter of median

length of genital aperture. Ventral plate (v pl, Text-fig. 4C–D)

with narrowly pointed posterior margin, bearing serrated seta (c.

24 lm long) near posterolateral margin of left anal plate: seta

identified as adanal seta ad2. Acetabula of legs III and IV are evi-

dent (ac, Text-fig. 4C–D). Legs (Text-figs 4A–B, 5A–D): tro-

chanter I (trI, Text-fig. 5C–D) and at least part of femora I–III

(fe, Text-fig. 5A–D) present. Integument very weakly foveate

when observed at high magnification (feI, Text-fig. 5A–B).

DISCUSSION

The typically soil-dwelling Oribatida is well represented in

modern supralittoral and intertidal zones (Schuster 1979),

but cymbaeremaeids have not yet been recorded from

such habitats. They have mostly been collected from for-

est niches such as leaf litter, tree canopies and epiphytic

plants, although, in addition to Jureremus foveolatus, at

least two extant species have been found near freshwater

aquatic systems. Scapheremaeus arcuatus Hammer, 1971

was found in wet moss just above the water level of a

stream in Fiji (Hammer 1971) and S. petrophagus (Banks,

1906) in cavities in wet rock and lichens adjacent to a

waterfall in New York State (Banks 1906; Jacot 1934) and

on water-splashed rocks in California (Krantz 1978).

Until now, Cymbaeremaeus cymba (Nicolet, 1855) is the

only member of the family to have been found in the

British Isles (Luxton 1996). Michael recorded it from Ep-

ping Forest, Essex, and near Tamworth, Warwickshire

(Michael 1879), and from the branches of oak trees in the

New Forest, Hampshire (Michael 1888). Hull (1916)

p 
c 

n 

feI

feII

feIII

pdI 

pdII 

acIV g a 

v pl 

epl 

epII 
epIII 

epIV 

?an

ad2

n 

acIII 

100 µm 

100 µm

p scl 

A

C

B

D

TEXT -F IG . 4 . A–D, Jureremus phippsi

sp. nov., holotype OUMNH J.71472,

South Cave, Yorkshire; Oxford Clay

Formation. A–B, SEM photograph of

dorsal view of idiosoma and explanatory

drawing (n marks where notogaster has

been lost during preparation for SEM).

C–D, ventral view of idiosoma and

explanatory drawing. See text for

abbreviations; scale bars represent

100 lm.
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found it as a result of beating furze (gorse) near Oxford

and from an unspecified habitat in Ovingham (Northum-

berland). It also appears on faunal lists for Cambridge-

shire (Warburton 1904; Warburton and Pearce 1904).

Jureremus phippsi is not the first fossil oribatid to be

found uncharacteristically in fully marine sediments. The

presence of an Early Jurassic specimen of the exclusively

freshwater-inhabiting Hydrozetes in Swedish marine sedi-

ments was thought to be accidental, the mite possibly

having been washed out to sea from a freshwater source

(Sivhed and Wallwork 1978). It is possible that the holo-

type of J. phippsi was similarly carried from a Jurassic

river environment before settling on the muddy sediments

of the Oxford Clay sea-floor. It could also have been

helped on its way by another Jurassic organism. The pres-

ence of a fragment of the fern Klukia sp. (KJP collection

specimen number SCSQOxCl mf 29) in the same sedi-

ment sample provides evidence of transportation of

organic material from terrestrial sources to the marine

environment. It is tempting to suggest that the mite may

even have been carried out to sea on this fern pinnule.

Fossil woods (e.g. Pearce et al. 2005) and dinosaur

remains (Martill et al. 2006) are not uncommon in Juras-

sic marine clays, so transport into the marine realm on a

carcass or driftwood is a possibility.

Atypical occurrences of oribatids can be difficult to

explain. The life cycle does not facilitate independent

dispersal over long distances; there are no parasitic

members and, to date, none is known to have an obliga-

tory phoretic relationship with another organism. Aerial

transport evidently does not play an important role over

long distances (Pugh 2003), although some aerial dis-
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TEXT -F IG . 5 . A–F, Jureremus phippsi

sp. nov., holotype OUMNH J.71472,

South Cave, Yorkshire; Oxford Clay

Formation. A–B, SEM photograph of

prodorsum and anterior of notogaster,

and explanatory drawing. C–D,

anterolateral view of prodorsum and

anterior of notogaster, and explanatory

drawing. E–F, anal region and

explanatory drawing; enlarged details of

adanal seta to left (arrowed) and

suspected alveolus of anal seta to right

(arrowed). See text for abbreviations;

scale bars represent 100 lm.
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persal of oribatids has been recorded in forest canopies

(Behan-Pelletier and Winchester 1998; Behan-Pelletier

and Walter 2000; Karasawa et al. 2005). Coulson et al.

(2002) have shown by experiment that mites are able to

survive total immersion in sea-water for several weeks,

and thus could be transported long distances in ocean

currents. There are records of oribatids occurring on

birds (Ballard and Ring 1979; Krivolutsky and Lebedeva

2004a, b) and small mammals (Miko and Stanko 1991),

while Norton (1980) concluded that high densities of

certain taxa on insects, although infrequent occurrences,

were evidence of a phoretic relationship. Equivalent

Jurassic associations, whether accidental or deliberate,

could have contributed to the spread of fossil oribatids

to atypical habitats.

Landmasses from which J. phippsi could have origi-

nated were located to the north (Mid North Sea High)

and the west (Pennine High) of the South Cave region

(Bradshaw and Cripps 1992). Although the presence of

the Market Weighton Structure may have produced shal-

low water conditions to the north of South Cave Station

Quarry, there is no evidence to indicate the presence of a

landmass in that area (Neale 1958).
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