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The oldest laniatorean harvestman, Petrobunoides sharmai gen. et sp. nov. (Opiliones: Laniatores) is
described, from the Upper Cretaceous (lowermost Cenomanian) amber of Myanmar. This is the first fossil
Laniatores recovered from Southeast Asia, which is placed in the extant family Epedanidae. It is also the
first fossil known within the superfamily Epedanoidea; a relatively derived clade of Laniatores restricted
to Southeast Asia today. At ca. 99 Ma, this new amber inclusion is substantially older than the previous

oldest record of a member of Laniatores from Baltic amber (ca. 44—49 Ma); however, given the Palae-

Keywords:
Burmese amber
Cenomanian
Epedanoidea
Grassatores

ozoic age of Laniatores implied by molecular data, the new record from Burmese amber is probably still
too young for constraining or calibrating the date of cladogenesis for total group Laniatores. Nevertheless,
it provides a much better constraint for Epedanoidea, adding the first useful laniatorean fossil to provide
an internal calibration point for a clade of Grassatores.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Harvestmen (Arachnida: Opiliones) are currently divided into
five suborders: Cyphophthalmi, Tetrophthalmi (extinct), Eupnoi,
Dyspnoi, and Laniatores. Of these, laniatoreans are the most diverse
encompassing almost two-thirds of the recorded species (4212
from 6616; Kury, 2015). Laniatores express a range of morphologies
(Sharma and Giribet, 2011). Some are rather squat, short-legged
and dull in colour. Others can be brightly patterned, and may
show distinct enlargement of the chelicerae, pedipalps and/or
fourth pair of legs. The hind legs and body may be ornamented with
arrays of defensive spines or tubercles. This gives some species a
truly bizarre appearance and leads to the common name of arm-
oured harvestmen.
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Despite their modern diversity, fossil Laniatores are very rare
(five known species; see Cokendolpher and Poinar, 1998) and
restricted to Eocene and Miocene deposits. Dominican amber
(Miocene, ca. 16 Ma) has yielded three described species: Philacarus
hispaniolensis Cokendolpher & Poinar, 1992 is currently unplaced at
the family level; Pellobunus proavus Cokendolpher, 1987 and
Hummelinckiolus silhavyi Cokendolpher & Poinar, 1998 belong to
Samoidae, a family found today across the Neotropical, Afrotropical
and Australasian regions. There is also a record of an undescribed
possible Kimula (Kimulidae) from the same amber in Cokendolpher
& Poinar (1992), but the species has not been formally described.
Somewhat older is Proholoscotolemon nemastomoides (Koch &
Berendt, 1854) from Baltic amber (Eocene, ca. 45—49 Ma). Origi-
nally described in the Neotropical genus Gonyleptes Kirby, 1819, this
placement seemed intuitively unlikely. Starega (1976) transferred it
to Scotolemon Lucas, 1860 (Phalangodidae) and it was eventually
referred to a new (extinct) genus Proholoscotolemon Ubick &
Dunlop, 2005 (Cladonychiidae). These authors concluded that the
Baltic amber laniatorean was probably closely related to the
southern European genus Holoscotolemon Roewer, 1915.

In recent years, intensive efforts have been made to resolve
laniatorean phylogeny (reviewed by Giribet and Sharma, 2015), and
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to date the likely origins of the group. For example, Giribet et al.'s
(2010) molecular tree suggested that laniatoreans should have
appeared by the Carboniferous. Other studies have yielded similar
or younger dates (see Discussion), although the Eocene age of the
Baltic amber laniatorean restricts its usefulness as a calibration
point in work of this nature. Sharma and Giribet (2011, p. 125) noted
that harvestmen are an ancient and morphologically quite con-
servative group, thus Proholoscotolemon nemastomoides is probably
too young realistically to constrain the oldest age of its respective
family and/or superfamily. Older records would be advantageous
and, here, we describe a new genus and species of armoured
harvestman from the Burmese amber of Myanmar (Late Cretaceous,
ca. 99 Ma) which we refer to the Asian family Epedanidae. This is
the oldest Laniatores to date and doubles the stratigraphic range of
the group. It is also of considerable biogeographical interest as the
first laniatorean fossil representative to be sampled from Southeast
Asia and from Epedanoidea.

2. Materials and methods

The holotype and only known specimen of the new species
comes from Burmese amber, which originates from the mine on
Noije Bum hill, near Tanai Village (26°21'33.41”N, 96°43’11.88"E) in
the Hukawng Valley of northern Myanmar. The type specimen,
currently housed in the Key Lab of Insect Evolution and Environ-
mental Changes at the College of Life Sciences, Capital Normal
University, Beijing (CNU), will be eventually deposited in the Three
Gorges Entomological Museum, Chongqing (specimen available for
study by contacting DR or WZ). A summary of the geological setting
of the Burmese amber can be found in Ross et al. (2010, and ref-
erences therein), and Shi et al.'s (2012) U—Pb zircon dating con-
strained this amber to a maximum age of 98.79 + 0.62 Ma, which is
Upper Cretaceous (lowermost Cenomanian). Two harvestmen have
already been described from Burmese amber and more await
formal description. Halitherses grimaldii Giribet & Dunlop, 2005
belongs to the suborder Dyspnoi and was recently raised to its
own family (Dunlop et al., 2016). Palaeosiro burmanicum Poinar,
2008 belongs to Cyphophthalmi and was originally placed in the
European/North American family Sironidae before being trans-
ferred to the Southeast Asian family Stylocellidae by Giribet et al.
(2012).

The specimen is preserved in a cabochon of amber, subcircular
in outline and about 13 mm in diameter, along with many small
bubbles and a various fragments of organic detritus, some of which
obscure the morphology, especially on the ventral side (Figs. 1C,
2G). Tiny bubbles trapped among setae on the tarsi somewhat
obscure the tarsomeres (Fig. 3C, D); nevertheless, studying from
different angles assures that their counts are accurate. Bubbles also
obscure the mouthparts and are present between some coxae and
ventral segments (Fig. 2G). Because of the obscuring bubbles and
debris, in order to get a complete view of the animal, it was
observed, drawn, and photographed (as necessary) from different
angles and with different lighting. The body and most of the ap-
pendages are preserved in three dimensions, but the leg trochan-
ters are, oddly, compressed and diaphanous.

The specimen was studied and photographed using Leica M165C
and M205C stereomicroscopes with Canon EOS 5D MKII and MKIII
cameras attached. Photographs were captured using DSLR Assistant
software (www.kaasoft.com) on an Apple MacBook Pro computer.
Photographs were taken under incident and/or transmitted illu-
mination, as appropriate. Sharper focus was achieved by merging a
stack of images using Photoshop CC (see Selden, 2014 for details).
Final drawings were made from the photographs and pencil
drawings made with a camera lucida attachment to the M205C
microscope with Autodesk Graphic (www.graphic.com). Note that,

due to the three-dimensional nature of amber-preserved speci-
mens, appendage measurements are difficult to obtain because
podomeres may lie at an angle to the viewer. Hence, contrary to the
usual practice for compression fossils in which measurements of
left and right appendages are averaged, the larger of these two
measurements is recorded. Even so, measurements of appendages
must be considered as approximate. All measurements are in mm.

Abbreviations: I, II, I, IV leg numbers; a op, anal operculum; cx,
coxa; fe, femur; L, length; 1 + ¢, labium and coxapophyses; mt,
metatarsus; oc, ocularium; pa, patella; Pd, pedipalp; ta, tarsus; ti,
tibia; tr, trochanter; W, width.

3. Systematic paleontology

Order Opiliones Sundevall, 1833
Suborder Laniatores Thorell, 1876
Infraorder Grassatores Kury, 2002
Superfamily Epedanoidea Serensen, 1886
Family Epedanidae Sgrensen, 1886

Remarks. With some exceptions (e.g. the Southeast Asian Sando-
kanidae), Laniatores typically express the scutum magnum condi-
tion, in which the carapace and first five opisthosomal tergites are
fused into a single dorsal plate. They also have the apomorphy of
strongly raptorial pedipalps used for prey capture. Both characters
are clearly present in the new fossil (Fig. 1) and confirm its status as
the oldest member of Laniatores. The suborder is conventionally
divided into eight superfamilies and about thirty families (sum-
marized in Kury, 2015). Many authors recognize a split into two
infraorders: Insidiatores and the more diverse Grassatores.
Although recent phylogenetic analyses based on a few molecular
markers have tended to recover Insidiatores as paraphyletic
(Giribet and Sharma, 2015), recent phylogenomic work clearly
shows reciprocal monophyly of both clades (R. Fernandez, P.
Sharma & G. Giribet, unpublished results). Grassatores can be
defined on the apomorphy of two tarsal claws on legs IIl and IV
(Sharma and Giribet, 2011). Legs IIl and IV of the new fossil reveal
such paired claws and thus support its referral to Grassatores.

Given the demonstrated low vagility and landmass fidelity of
Opiliones (e.g., Giribet and Kury, 2007), we would expect the af-
finities of this amber inclusion to lie with one of the families
currently found in Southeast Asia. However, taxa from other re-
gions should not automatically be excluded and, as a precedent, we
note that Burmese amber hosts Ricinulei (Wunderlich, 2012),
which are today restricted to West Africa and the Americas (e.g.,
Fernandez and Giribet, 2015). The habitus of the new fossil is
similar to some members of Assamiidae, a family distributed today
in Africa, Australia, Papua New Guinea and Southeast Asia. Char-
acters consistent with Assamiidae (as defined by Kury, 2007),
include a dorsal scutum which is wider in the opisthosomal region,
a granular scutum (seen in at least some living species), grooves
defining discrete areas on the mesotergum, a weakly armoured
ocular tubercle, ventromesal and ventroectal spines on the patella,
tibia and tarsus of the pedipalp, and the lack of armament on the
rather smooth legs. However, key assamiid characters such as a
ventral row of tubercles on the pedipalp femur, or the typical
chelicerae of adult assamiids, very short, often tucked closely
against the anterior carapace, and the relatively short pedipalps in
turn wrap or cross over them, are not seen in the new fossil and
argues against affinities with this family. The eyes of Assamiidae are
also usually much closer together on a small ocularium.

Sharma and Giribet (2011) recognized a putative Epedanoidea
clade encompassing five Southeast Asian families, two of which
were proposed as new in that paper. Of these, Podoctidae is
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Fig. 1. Petrobunoides sharmai gen. et sp. nov. from Late Cretaceous Myanmar amber. Holotype BU-002036. A, Dorsal view, see Fig. 1B for explanation; B, Explanatory drawing, dorsal
view; C, Ventral view, see Fig. 1D for explanation; D, Explanatory drawing, ventral view, grey areas are cheliceral fingers, circles on left pedipalp mark spines directed upward. Scale

bars represent 1 mm.

characterized by powerful dorsal and ventral spines on the first pair
of legs and a reduced tarsal count. In our fossil this leg is smooth.
The habitus of this fossil is wholly inconsistent with the unusual
family Sandokanidae which has fairly short, stubby legs, enlarged
chelicerae, a scutum completum (i.e. all dorsal tergites are fused)
and a reduced tarsal count. The general habitus and scutum mag-
num of the fossil are similar to the conditions seen in the two
epedanoid families Tithaeidae and Petrobunidae. Furthermore, the

ocularium in the fossil lacks a median spine, also true for all
tithaeids and some petrobunids, and femur IV is arcuate, which is
similar to the condition in some members of these families. How-
ever, the fossil lacks a bulla on the chelicera, which is present in
both extant families. The ocularium in the fossil reaches close to the
front of the anterior margin of the carapace, but is removed from
the anterior margin in Tithaeidae. Finally, the tarsal formula in the
fossil differs from that in the diagnosis of both Tithaeidae and
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Fig. 2. Petrobunoides sharmai gen. et sp. nov. from Late Cretaceous Myanmar amber. Holotype BU-002036. A, Left dorsolateral view, see Fig. 2B for explanation; B, Explanatory
drawing, left dorsolateral view; C, Left frontal view, showing chelicerae, pedipalps, and parts of legs I and II, see Fig. 2B for explanation; D, Dorsal view of anterior, showing
ocularium, chelicerae, and parts of pedipalps and anterior legs, see Fig. 1B for explanation; E, Ventral view of chelicerae and right pedipalp, see Fig. 1D for explanation; F, Dorsal view
of anterior appendages, including chelicerae and right pedipalp and leg I, see Fig. 1B for explanation; G, Ventral view of anterior body, showing coxal region and right leg III tarsus,
see Fig. 1D for explanation. Scale bar represents 1 mm.
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Fig. 3. Petrobunoides sharmai gen. et sp. nov. from Late Cretaceous Myanmar amber. Holotype BU-002036. A, Left leg II distal metatarsus and tarsus, retrolateral view, showing setae
and trapped bubbles, see Fig. 1B for explanation; B, Right leg II distal metatarsus and tarsus, prolateral view, see Fig. 1B for explanation; C, Left leg IV tarsus, retrolateral view,
showing distal setae and trapped bubbles; D, Left leg III tarsus, prolateral view, showing paired terminal claws.

Petrobunidae sensu Sharma and Giribet (2011). Epedanidae typi-
cally express robust chelicerae and a pedipalpal claw at least as long
as the adjacent tarsus. In our fossil the chelicerae are relatively
small and the pedipalp claw is shorter than the tarsus, but several
other characters argue for its placement in Epedanidae, including
the relatively long chelicera with the proximal segment unadorned
on the dorsal surface; the elongate, raptorial pedipalps; the elon-
gate, gracile legs with a tarsal formula consistent with Epedanidae;
and the epedanid habitus with a wide ocularium and a sub-
quadrilateral body. We thus place this new fossil in Epedanidae.
Our fossil also resembles in some features another clade of
Laniatores that made it into Southeast Asia in the Late Cretaceous,
the genus Zalmoxis (see Sharma and Giribet, 2012) but, again, the
tarsomere count is highly divergent from the typical zalmoxid
formula, despite now knowing that tarsal count in Zalmoxis is more
variable than originally thought (e.g., Pérez-Gonzdlez et al., 2016).

Genus Petrobunoides gen. nov.
LSID urn:lsid:zoobank.org:act:A2AB6D91-F4E4-451E-A229-11F7D
5D232F0

Derivation of name. From its superficial similarities to the extant SE
Asian genus Petrobunus Sharma & Giribet, 2011 (Petrobunidae).

Diagnosis. Epedanid with a tuberculated cuticle. Body sub-
trapezoidal, prosomal and anterior opisthosomal segments fused
into scutum magnum, followed by three short opisthosomal ter-
gites. Scutum magnum with wide marginal border bearing a con-
spicuous row of lateroposterior tubercles and additional
granulation. Dorsal prosomal region with subcircular, tuberculate
ocularium (unlike Dibuninae), with median eyes on lateral surfaces
of ocularium. Pedipalpal trochanter and femur robust, tuberculate,
without spines; patella with single pair of spines; tibia with two
pairs; tarsus with three pairs. Pedipalp claw long, almost as long as
tarsus, slender and curved. Legs moderately long; leg Il longest; leg
IV not enlarged but with strongly curved femur bending upwards,
perpendicular to the midline in life. Patellae of all legs slightly
inflated. Tarsal formula: 6:16/14:7:8; Tarsi IlI-IV of leg with bare
double claws, without scopulae (unlike Acrobuninae). Ventral

prosomal region dominated by leg coxae; leg IV coxae massive,
diverging posteriorly from region of genital operculum to lateral
edges of body at level of segment 5.

Type and only species. Petrobunoides sharmai gen. et sp. nov., by
original designation

Petrobunoides sharmai sp. nov.

Figs.1-3

LSID  urn:lsid:zoobank.org:act:3FA501F2-137E-4B1E-AAEA-C6C
9092C7DAG.

Derivation of name. In honour of Prashant Sharma (University of
Wisconsin-Madison) for his important contributions to the phy-
logeny of Laniatores, and for his work on harvestmen biology in
general.

Diagnosis. As for the genus.

Holotype. (and only known specimen). BU-002036, from Burmese
amber, Hukawng Valley, Myanmar; Upper Cretaceous (lowermost
Cenomanian). The type specimen, currently housed in the Key Lab
of Insect Evolution and Environmental Changes at the College of
Life Sciences, Capital Normal University, Beijing (CNU), will be
eventually deposited in the Three Gorges Entomological Museum,
Chongqing (specimen available for study by contacting DR or WZ).
Description. Cuticle surface tuberculate, especially pronounced on
dorsal and ventral body surfaces, coxae, and proximal appendage
segments (fe, pa); mostly scaly on distal parts of legs; tarsi bear
numerous setae, especially distally. Body subtrapezoidal, L 2.54, W
at anterior margin 1.03, maximum W (at posterior) 1.99, waisted to
1.02 about % body length from anterior (Fig. 1). Prosomal and
anterior opisthosomal segments fused into scutum magnum, fol-
lowed by three short opisthosomal tergites. Scutum magnum with
wide marginal border bearing conspicuous row of lateroposterior
tubercles and additional granulation (Figs. 1, 2A, B). Mesotergum
with faint transverse sulci posteriorly, hinting at original segmen-
tation. Short segments behind mesotergum also tuberculate. Dorsal
prosomal region bears subcircular, tuberculate ocularium (L 0.38,
W 0.45), with lateral eyes (Fig. 2D).
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Chelicera proximal segment (basichelicerite) L 0.87, projects
forward, parallel-sided, lacking bulla; cheliceral hand L 0.59,
with fixed and movable fingers (L 0.30) (Fig. 2C—F). Pedipalps
raptorial, with several long, slender, needle-like inferior spines
(Fig. 2A—F). Pedipalpal trochanter and femur robust, tuberculate,
without spines; patella with single pair of spines; tibia with
two pairs; tarsus with three pairs (two long and one short); i.e. pa
mesal I, ectal I; ti mesal II, ectal II; ta mesal Ili, ectal Ili. Pedipalp
claw long, almost as long as tarsus, slender and curved; opposing
distal spines of tarsus (Fig. 2C, E, F). Legs moderately long; leg II
longest; leg IV not enlarged but with strongly curved femur
bending upwards, perpendicular to the midline in life. Patellae of all
legs slightly inflated. Metatarsi with distal calcaneus. Tarsi sub-
divided into tarsomeres; subterminal with basal construction, ter-
minal rather longer and bearing a pair of claws on legs IIl and 1V,
without scopulae (Fig. 3A—D). Podomere lengths: Pd fe 0.67, pa
0.48, ti 0.58, ta 0.59 (exc. claw, L 0.38), total (fe—ta) 3.20; Leg I fe
0.86, pa 0.41, ti 0.58, mt 1.28, ta 1.01, total (fe—ta) 4.14; Leg II fe 1.45,
pa 0.42, ti 1.22, mt, 1.72, ta 1.79, total (fe—ta) 6.58; Leg III fe 0.91, pa
0.38, ti 0.82, mt 145, ta 0.92, total (fe—ta) 4.48; Leg IV fe 1.37, pa
0.34, ti 0.93, mt 1.76, ta 1.08, total (fe—ta) 5.48. Tarsal formula: 6:16/
14:7:8.

Ventral prosomal region dominated by leg coxae; these strongly
tuberculate, increasing in length from I to IV (L I 0.50, II 0.66, III
0.66, IV 1.32); leg IV coxae massive, diverging posteriorly from re-
gion of genital operculum to lateral edges of body at level of
segment 5 (Fig. 1C, D). Subtriangular area between coxae I
occupied by labium and coxapophyses (Fig. 2G). Ventral opistho-
somal region with genital operculum between anteromedial cor-
ners of coxae IV, subpyriform in outline, L 0.26, W 0.25, tuberculate
along anterior border. Fused segments 2/3 subtrapezoidal in outline
broadening from genital operculum to distal ends of coxae IV.
Segments 4 to 9 each with recurved anterior and posterior borders
and row of large tubercles; widths: 4, 1.32; 5, 1.50; 6, 1.41; 7/8, 1.30;
9, 0.94. Anal operculum strongly tuberculate, transversely sub-
elliptical in outline, L 0.36, W 0.58. Lateral rim beyond evident
segmentation.

4. Discussion

The molecular phylogeny of Giribet et al. (2010) estimated a Late
Carboniferous (ca. 305 Ma) diversification date for Laniatores. A
slightly older, Early Carboniferous, date (ca. 348 Ma) was obtained
by Sharma and Giribet (2011), with further dates for ingroup
taxa such as a putative Late Permian (ca. 249 Ma) Southeast Asian
clade. A similar date of 355.5 Ma was obtained for total group
Laniatores by Garwood et al. (2014). By contrast, Hedin et al. (2012)
recovered a younger, Permian—Triassic date for Laniatores of
220—280 Ma. Dating problems with the latter study were discussed
in detail by Sharma and Giribet (2014), who noted that total evi-
dence dates consistently yield older estimates compared to node-
based dates, which include the explicit phylogenetic placement of
Palaeozoic fossils. Thus, Sharma and Giribet (2014) recovered dates
for the non-synthetonychiid Laniatores of 410.3 Ma (Early Devo-
nian) using total evidence dating, 329.7 Ma (Early Carboniferous)
using node dating of a phylogenetic supermatrix, and 282.4 Ma
(Early Permian) using node dating combining morphology and
molecules. All of these estimates also had wide confidence
intervals.

Part of the explanation for the diversity and uncertainty of
these published dates may be the fact that the oldest harvestman
from the Early Devonian Rhynie chert of Scotland was
originally interpreted as a Eupnoi and was thus used to constrain
the origins of this clade (e.g., Giribet et al., 2010; Hedin et al., 2012)
at ca. 410 Ma. It was later reinterpreted as a member of the extinct

suborder Tetrophthalmi (Garwood et al., 2014), which shifts the
oldest Eupnoi forward to the Carboniferous. While the suborders
Eupnoi and Dyspnoi both have unequivocal Late Carboniferous
records, explicitly supported by including the fossils as nodes in a
cladistic analysis (Garwood et al., 2011), Cyphophthalmi and
Laniatores lack records in deep time to provide equivalent cali-
bration points. The previous constraint on Laniatores was Eocene
(maximally ca. 49 Ma), which is clearly much too young, which
would result in a push towards the present effect (see Giribet,
2015). Our new fossil in Burmese amber at least draws this cali-
bration point back to the Cretaceous (ca. 99 Ma) which is also
the age, and locality, of the oldest Cyphophthalmi (Poinar, 2008).
Nevertheless, all the published data point towards a Palaeozoic
origin of Laniatores, but as yet no fossils have been found
which confirm this. Selden et al. (2016) redescribed some
putative Coal Measures spiders as unusual long-bodied harvestmen
which have superficial similarities with certain modern laniatorean
harvestmen. However, these fossils lack demonstrable apomor-
phies of Laniatores such as raptorial pedipalps; thus a definitive
Palaeozoic record, which would help constrain their date of clad-
ogenesis, remains elusive. Therefore, our new fossil provides the
best estimate for the much-needed internal calibration points in
Laniatores.

Although too young to contribute towards dating of the total
group Laniatores, the placement of Petrobunoides sharmai gen. et
sp. nov. in the Southeast Asian family Epedanidae provides added
value for future efforts to date some clades of the Laniatores tree of
life. Epedanidae was estimated to originate in the Cretaceous by
Sharma and Giribet (2011), and thus our new fossil provides a new
internal calibration point to constrain the divergence between
Epedanidae and its sister group (Petrobunidae and Podoctidae;
based on an unpublished phylogenomic analysis by G. Giribet and
colleagues) not far from the possible origin of the group. The new
fossil thus represents a key taxon to improve a total evidence dating
framework of the Laniatores tree (see Sharma and Giribet, 2014;
Giribet, 2015).

5. Concluding remarks

Here we describe the oldest fossil Laniatores from the Upper
Cretaceous (lowermost Cenomanian) amber of Myanmar, a species
that can be placed in the extant southeast Asian family Epedanidae
and that more than doubles the age of the oldest Laniatores. This
fossil represents the fifth described Laniatores fossil species, but by
its Cretaceous age (as opposed to the available Eocene to Miocene
species) and by being placed in a relatively derived Laniatores
clade, Epedanoidea, the new fossil represents a key taxon to pro-
vide an internal calibration point for dating the Laniatores tree of
life.
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