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A BSTRACT — Hypotheses are reviewed concerning which segments of the primitively �ve-segmented palpus are co-
alesced to form the simple, linear, four-segmented form characteristic of labidostommatid mites. Among alternatives,
those of either a femurogenu or a tibiotarsus are not based on convincing evidence. Instead, based on ontogeny of the
peculiar palpal structure and chaetome of labidostommatids, a case is made that the proximal segment, which bears a sin-
gle, ventral, postlarval seta, is a basifemur, with the trochanter autapomorphically either coalesced with it or subsumed
into the base. Consequently, the second segment is a telofemur, articulating with the third article, which is an unusual,
coalescent genuotibia. The phylogenetic signi�cance of various interpretations of segmental coalescence are considered.
Ontogenetic studies of palpal musculature and gene expression are needed to provide more substantive evidence.
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INTRODUCTION

The Labidostommatidae is a small but highly
distinctive family of free-living, predatory mites
that occur from tropical to cool-temperate regions,
worldwide. About �fty species have been de-
scribed and assigned variably to four to nine gen-
era, depending upon whether some genus-groups
are treated as subgenera or genera (Kethley 1982,
Bertrand 1990). Their morphological attributes are
so peculiar, including a unique mixture of derived
and primitive traits, that they are placed in their
own supercohort (or infraorder), basal in the acar-
iform suborder Prostigmata (Walter et al. 2009,
Bertrand et al. 2012).

A seemingly unremarkable attribute of labidos-

tommatids is their rather ordinarily-shaped, lin-
ear palpi, reduced from �ve to four articles.
Among acariform mites, reduction of the number of
palpomeres is arguably a progressive trend, reach-
ing its extreme in parasitic and phytophagous lin-
eages of Trombidiformes and in oribatid Astigmata
as a whole (Lindquist 1984, Evans 1992, Walteret
al. 2009, OConnor 2009). Even among free-living
acariform mites, four- and even three-segmented
palpi are not uncommon: in Trombidiformes such
palpi can be found in all major groups (Walter et
al. 2009), and in Sarcoptiformes - among the Astig-
mata, Enarthronota, Mixonomata and Brachypylina
(OConnor 2009, Norton and Behan-Pelletier 2009).
Usually, reduction in the number of palpomeres
to four occurs through the fusion of the femur
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and genu, as in Eupodoidea, Tydeoidea, oribatid
Mixonomata (Grandjean 1940, 1967, Walter et al.
2009), and the trochanter joins this coalescence in
the three-segmented state (Grandjean 1965, 1967).
Rarely, the palpal trochanter and femur may be
fused without affecting articulation of the palpal
genu, tibia, and tarsus, as in Elliptochthonius profun-
dusNorton (1975).

In all these reductions, phaneres apparently re-
main with their respective segments. From the
plesiomorphic setal complement of 0, 2, 1, 3, 9
setae (+ tarsal solenidion) on the trochanter, fe-
mur, genu, tibia and tarsus, respectively (Evans
1992), a reduced four-segmented appendage may
present three setae on the second article (see the
references above), still leaving the palptrochanter,
as the proximal segment, without setae, 'toujour
glabre' (Grandjean 1933, Lindquist 1996, Alberti
and Coons 1999), whenever it is free. Even among
trombidiform mites presenting a strong 'pilosity'
(hypertrichy), such as in the Anystidae, the palpal
trochanter remains nude (Grandjean 1943).

The labidostommatid palp, however, does have
a ventral, postlarval seta on its proximal segment
(Grandjean 1942a, b). If this segment is a trochanter,
such a state is highly unusual, perhaps unique
in the Acariformes (the Halacaroidea may be an-
other exception). Moreover, the hypotheses, re-
garding which of the �ve palpomeres became fused
in labidostommatid mites, are controversial even
among multiple contributions by the same authors
(see below). This paper aims to reconsider these as-
pects based on exomorphological evidence, and to
draw the attention of acarologists to this tiny but
provocative mystery.

N OMENCLATURE .

The genus-group name,LabidostommaKramer, 1879,
was originally published with double-m. There is
no evidence of a lapsus calamiin the original publica-
tion, where "Labidostomma" is the only spelling used
(Kramer 1879: p. 13 (twice) and p. 18). The genus
name, however, was emended by Oudemans (1904),
because "στoµα" (mouth) should be transliterated
to Latin with a single "m". According to the Inter-

national Code of Zoological Nomenclature (ICZN),
the correction of a latinization error is an unjusti�ed
emendation (ICZN, art. 32.5.2.), and is an available
name with its own author and publication date. The
only case when an unjusti�ed emendation can re-
place an original spelling is a prevailing usage of
the emendation (ICZN, art. 33.2.3.1.). This is not
the case with Labidostomma: the original spelling
has also been in use since at least 1942 (Grand-
jean 1942a, b), albeit inconsistently so (see the Ref-
erences). Thus,LabidostomaOudemans, 1904 is a
junior objective synonym of LabidostommaKramer,
1879, and we are bound to use the original spelling.

The family-group containing Labidostommahas
two names: Nicoletiellidae Canestrini, 1891, de-
rived from NicoletiellaCanestrini et Fanzago, 1882,
which is a junior objective synonym of Labido-
stomma Kramer, 1879 on the genus level (see
Oudemans 1904), and Labidostomidae Oudemans,
1904, which has appeared as Labidostomidae,
Labidostommidae, Labidostomatidae, and Labido-
stommatidae. The name Nicoletiellidae must be
abandoned (ICZN, art. 40.2), since it was replaced
with the name Labidostomidae before 1961, and
since the latter name (with variable spellings) is
used prevailingly (see References). The family-
group name proposed by Oudemans is thus to be
used, but not in the original spelling: (1) as this
name was derived from the unjusti�ed emenda-
tion (see above), it is to be corrected to derive from
the type genus name in its original spelling (ICZN
art. 35.4.1.); (2) as the stem of this name was orig-
inally found not in accordance with the ICZN art.
29.3. (genitive singular of "στoµα" is "στoµατoς",
the stem is "στoµατ-"), and as it was changed to
comply with that article before 1999 (Krantz 1978,
p. 233), the version with the correctly found stem is
to be used.

Thus, in accordance with ICZN rules, the genus
name LabidostommaKramer 1879, the family group
category names Labidostommatinae, Labidostom-
matidae, Labidostommatoidea, and the higher cat-
egory (supercohort or infraorder) names Labidos-
tommatides or Labidostommatina shall be utilized
in this treatment.
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M ATERIALS AND METHODS

The literature on description and illustration of the
palpus of various labidostommatid mites was thor-
oughly reviewed. Originally studied material in-
cluded slide preparations of the three nymphal in-
stars and adults of a variety of Labidostommati-
dae in the Canadian National Collection of Insects
and Arachnids. The following data are for a few
CNC specimens of special interest to this paper:
Labidostommasp. aff. nepalenseFeider & Vasiliu:
Nepal, Kathmandu: one female, Pulchauki, 8000'
[ca. 2440 m a.s.l.], 13-VIII-1967, ex forest litter; two
females, Godavari, 6000' [ca. 1830 m a.s.l.], 5-VIII-
1967, ex dead leaves; two females, Godavari, 5000'
[ca. 1525 m a.s.l.], 13-VIII-1967, ex leaf litter.Labido-
stommasp.: USA, Virginia, Grayson County, Hwy
603 at Fox Creek, 6 km. W. Troutdale, 5-August-
1986, coll. E.E. Lindquist, ex mixed deciduous lit-
ter, primarily oak and rhododendron. Some reared,
slide-mounted material, including four larvae and
three protonymphs, without data other than code
numbers 92-14 and 92-15, was located and made
available from the Field Museum of Natural His-
tory, Chicago.

Observations and draft line illustrations of the
material were made with compound microscopes
equipped with Nomarsky differential interference
contrast (DIC) optical systems and drawing tubes.
Drawings of slide-prepared mite specimens were
�nished with the aid of InkScape (v. 0.48 r9654).
Stacks of images of those specimens were obtained
with a digital camera (Leica DFC420) mounted on
a Leica DM5500 microscope under DIC, and com-
bined using Helicon Focus Pro 5.0 (Helicon Soft
Ltd.). Drawings of the fossils were made by outlin-
ing the video feed from an AmScope (Irvine, Cal-
ifornia, USA) MU900 digital camera in InkScape
(Sidorchuk & Vorontsov 2014).

Notation for palpal setae follows that of Grand-
jean (1940). In this presentation, we limit usage of
'segment' for a presumed primary or fundamen-
tal subdivision of an appendage, equivalent to a
podite or podomere or palpomere, and 'article' for
a secondary subset, whether fused or subdivided,
in general accord with Snodgrass (1952) and (Evans
1992); however, we follow the common usage of

'-segmented' as used in the same references, among
others.

H ISTORICAL OVERVIEW AND

BACKGROUND

Among trombidiform mites, articulation between
the infracapitulum wall and the trochanter of the
palpus is plesiomorphically a rocking joint, with
one dorsal condyle and apposing cotyle; movement
takes place along the longitudinal axis of the limb,
with the 'rock' occurring alternately, in opposite
dorsal-ventral directions, activated by two sets of
antagonistic (depressor and levator) muscles orig-
inating in the infracapitulum and inserting, respec-
tively, on the ventral and dorsal surfaces of the base
of the trochanter (Alberti and Coons 1999). Articu-
lations between the femur and genu, the genu and
tibia, and the tibia and tarsus are not condylar, but
rather are 'hinge joints', �exible bands in the dor-
sal cuticle, and pliable arthrodial cuticle on the ven-
tral side, such that the distal palpomere may be
moved in the vertical plane by �exor (depressor)
muscles and extended by hydrostatic pressure (le-
vators are absent) (Alberti and Coons 1999, and ref-
erences therein). In contrast, there is no articulation
between the palpal trochanter and femur; even if
formed as separate segments, they have no inde-
pendent movement, with no condyle or hinge joint
or pliable cuticle between them (Evans 1992, Alberti
and Coons 1999).

As indicated above, a four-segmented palpus of
many prostigmatic mites is interpreted to present
a femorogenu, as noted by Grandjean (1938b) for
the Tydeidae, with the compound segment bearing
two, well-separated, dorsal setae. The proximal seta
is from a femoral verticil, the distal one from a gen-
ual verticil, with the rationale that a single, basic
verticil of �ve setae only includes one, unpaired,
dorsal seta (Grandjean 1940). Subsequently, Grand-
jean (1946) again referred to this femorogenual co-
alescence, indicating members of the Labidostom-
matidae, Eupodidae, Ereynetidae and Tydeidae as
examples, and noting the absence of a second (ei-
ther ventral or lateral) femoral seta on the larva.
Grandjean (1946) also noted that, ontogenetically,
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the "poil inferieure", or ventral seta, of the palpal
femur primitively is postlarval; the larval article is
either nude or has one dorsal seta. As mentioned
above, Grandjean (1933, 1943) noted that the palp-
trochanter is always glabrous. However, in seeming
contradiction to this pattern, among his studies of
the Labidostommatidae, Grandjean (1942a, 1942b)
had earlier noted that the basal article of the four-
segmented palpus lacked a seta on the larva, but
that a ventral one is added on the protonymph, re-
ferring to that article as the trochanter (see his Figs
1B, 2C in those papers, respectively).

Subsequent to Grandjean's studies, the identity
or construction of the palpal articles (other than the
tarsus) in Labidostommatidae was not considered
by many authors (e.g., Atyeo and Crossley 1961,
Robaux 1977, Bloszyk 1980, and some of the pa-
pers by Bertrand and collaborators). Evans (1992)
described labidostommatids as having linear palps
with four articles, leaving them unnamed. Fei-
der and Vasiliu (1968b) referred to the articles as
fémuro-trochanter, genu, tibia, tarsus in their de-
scription of Labidostomma nepalense, but as femur,
genu, tibia, tarsus in that of Nicoletiella asiatica(Fei-
der and Vasiliu 1972). In describing nymphs of
Nicoletiella denticulata(Schrank) and Eunicolina tu-
berculataBerlese, Vistorin (1980b) referred to the
palptrochanter, palpfemur, and palptarsus, without
naming the penultimate article. Bertrand (1982b)
referred to femorogenu, tibia, and tarsus (without
naming the proximal article), but later, in his un-
published thesis (Bertrand 1988), he brie�y con-
sidered the genuotibia as an alternate hypothe-
sis to the femorogenu in segmental coalescence
of the labidostommatid palpus, but left this un-
settled, with lack of evidence from the reduced
chaetome. The �rst time this interpretation was
published seems to have been by Bertrand and
Corpuz Raros (1997), who named the penultimate
article of the palpus "genuo-tibia", without fur-
ther comment. Thereafter, labidostommatids were
noted by Walter et al. (2009) as having a four-
segmented palpus "with an unusual fusion of the
genu and tibia". However, in descriptions of fos-
sil labidostommatid mites, Dunlop and Bertrand
(2011) continued to refer to the penultimate palpal

article as the tibia, while Sidorchuk and Bertrand
(2013) referred to the "genu-tibial article" of the pal-
pus, and even distinguished tibial from genual se-
tae on that article in Labidostomma (Pseudocornutella)
electri Sidorchuk and Bertrand. Whether or not
correct, the notion of a coalesced genuotibia has
brought attention to this and other palpal character-
istics of the Labidostommatidae that until now have
not been adequately considered.

OBSERVATIONS

Segmental shapes and articulations

In material available for our study, the form of the
palpal articles and their phaneres are closely sim-
ilar to Grandjean's above-noted illustrations of a
larva and adult. Larval labidostommatids are elat-
tostatic (Grandjean 1942b), and have little or no cu-
ticular ornamentation on the surfaces of their bod-
ies and appendages. The basal/proximal palpal ar-
ticle is nude but relatively well developed, cylindri-
cal, nearly as long as wide, without any subsurface
indication of subdivision, and about 0.8 as long as
the next (second) article. However, there is slight
evidence of a weak 'sheath' or sleeve enveloping
the base of the cylindrical proximal article of the
larvae at hand (Figs 1A, 2A, arrows). The second,
third, and apical articles are similar in lengths, none
of them showing any break along the length of the
segmental wall. The palpi of nymphal instars of
any one of our studied labidostommatid species are
closely similar to one another, usually with identical
form, relative lengths and setation, other than slight
gradation in general length, apart from incremen-
tal growth of each instar. In contrast to the larva,
the cuticular surfaces of nymphal palpi are usually
conspicuously striated transversely, and the second
and third articles are relatively longer than the basal
and apical ones; although the palpal phaneres are
more strongly developed, they usually are the same
in number, except for the constant addition of a ven-
tral seta on the proximal article in the protonymph
(Figs 1A, B; 2A, B). However, the basal article of
postlarval instars differs considerably in form from
the larval condition: it is inserted in, and slightly en-
veloped by, a basal annulus devoid of surface pat-
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