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A spiny harvestman (Arachnida: Opiliones) from the
Upper Carboniferous of Missouri, USA
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ABSTRACT. A new fossil harvestman (Arachnida: Opiliones) is described from the Upper
Carboniferous Coal Measures of western Missouri, USA. Echinopustulus samuelnelsoni gen. et
sp.n. is tentatively assigned to the suborder Dyspnoi and shares features with both trogulid and, less
convincingly, ceratolasmatid opilionids. This fairly long-legged fossil is only known from the
dorsal surface which exhibits a pustulate ornament and a remarkable, autapomorphic, morphology
of two pairs of large opisthosomal spines: an anterior, paramedian pair emerging from a single,
central tubercle and a posterior pair positioned more laterally. Like the French fossil Fotrogulus
fayoli Thevenin, 1901, this new material may provide further evidence that the Dyspnoi clade
extends back to at least the late Carboniferous (c. 300 Ma).

PE3IOME. Onucan HOBBIN HckomaeMeblid ceHokocel (Arachnida: Opiliones) u3 BepxHekapOOHO-
BbIX yriei 3amagHoro Muccypu, CUIA. Echinopustulus samuelnelsoni gen. et sp.n., KOTOPbIi
MPEABAPUTEIHLHO OTHECEH K IOA0TPsAy Dyspnoi, HeceT mpu3HaKky Kak TPOTYJIHl, TaK U B MEHbIIEN
CTEICHHU LEPATOSICMHA. DTO OTUCTIMBO IITHMHHOHOI0C HCKOMIAEMOE U3BECTHO TOJIBKO C J0P3alib-
HOU MOBEPXHOCTH, HA KOTOPOW MMEETCS MyIbIPYaThiii OPHAMEHT M 3aMETHAs, ayTalopMopQHasi,
CTPYKTYpa, COCTOSIIAs U3 JBYX Hap KPYIHBIX OMKUCTOMAIbHBIX LIMIIOB: EPEIHEN, TapaMeInallb-
HOU napbl, BHIXOSIIEN U3 €MHCTBEHHOIO [IEHTPAIBHOTO OyropKa, U 3a/iHel Hapbl, paciioyiOkKeH-
HoU Oosiee natepanbHo. Kak n uckonaemoe Eotrogulus fayoli Thevenin, 1901 u3 ®panuuu, HOBbIH
Marepuall OTOJIBHIACT HAXOJAKH Kiagpl Dyspnoi Hazal, Kak MHHHMYM [0 [O3/HEro kapOoHa
(mpumepnO 300 MIH.).

KEY WORDS: fossil, Carboniferous, taxonomy, harvestman, Dyspnoi, new species, USA.
KJIFOUEBBLIE CJIOBA: uckomnaemoe, kapOoH, TAKCOHOMHS, ceHOKocell, Dyspnoi, Hobii Buj, CILIA.

Introduction

Fossil harvestmen (Arachnida: Opiliones)
are rare. The oldest examples date back to the
Early Devonian [Dunlop ef al., 2003] and a
small number of Carboniferous harvestmen have
also been described. These come from the Coal
Measures of Commentry in France [Thevenin,
1901] and Mazon Creek in the USA [Petrun-

kevitch, 1913], and from the slightly older east
Kirkton site in Scotland [Wood et al., 1985].
Restudy of the extinct arachnid order Kusta-
rachnida from Mazon Creek has indicated that
these fossils are misidentified harvestmen [Beall,
1986; Dunlop, 2004]. By contrast, the entire
Mesozoic has yielded only two incompletely
described specimens, while the Tertiary has a
much more diverse and better known fauna
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including specimens in shales [Cokendolpher
& Cokendolpher, 1982] and inclusions in am-
ber [e.g., Cokendolpher & Poinar, 1998; Stare-
ga, 2002; Dunlop & Giribet, 2003]. All four
suborders sensu Giribet et al. [2002] are repre-
sented in Tertiary amber and most of these
fossils can be assigned to Recent genera.

The Upper Carboniferous harvestman fau-
na currently consists of the rare Commentry and
Mazon Creek forms which can now be divided
among three genera: Eotrogulus Thevenin,
1901, Nemastomoides Thevenin, 1901 and Kust-
arachne Scudder, 1890. The position of these
fossils within Opiliones remains problematic.
Both Eotrogulus and Nemastomoides have been
included in the superfamily Troguloidea of the
suborder Dyspnoi. These two fossil genera were
raised to new families by Petrunkevitch [1955];
albeit on questionable characters relating to the
coxo-sternal region which should not be part of
the harvestman ground pattern. Restudy is re-
quired to confirm their familial status and Dun-
lop [in press] compared both Kustarachne and
Nemastomoides to living Eupnoi; the group
which includes the most common ‘daddy-long-
legs’ type of harvestmen.

Dyspnoi are fairly abundant and widespread
today across the northern hemisphere, although
they do tend to be predominantly soil animals
and are thus more cryptic than the more familiar
Eupnoi. Modern-looking Dyspnoi assignable to
the living genus Nemastoma have long been
known from Tertiary amber [see e.g., Petrun-
kevitch, 1955], but the only reliable Palacozoic
dyspnoid harvestman is the French fossil
Eotrogulus from the Coal Measures of Com-
mentry. From its description in the literature
Eotrogulus looks superficially like a member of
the trogulid clade, with a somewhat elongate,
lozenge-shaped body in which the opisthosoma
is broadly joined to a subtriangular carapace.
The legs are quite long and slender, but nowhere
near as extreme as in some phalangiid harvest-
men. Fotrogulus was raised to a new, monotyp-
ic family and potentially represents the oldest
record of both Troguloidea and Dyspnoi. Un-
fortunately the status of the holotype is uncer-
tain. The only other fossil trogulid described in
the literature is Trogulus longipes Haupt, 1956
from the Eocene ‘Braunkohl’ of Geiseltal in

Germany. This incomplete and not very well
illustrated fossil is somewhat consistent with a
living trogulid in overall shape, but this assign-
ment is difficult to confirm from the description
and again the status of the holotype is uncertain.

In this paper a new fossil arachnid is de-
scribed from the Coal Measures of western
Missouri, USA. In overall appearance this spiny
specimen is quite different from previously de-
scribed Carboniferous arachnids and clearly
merits a new taxon. It is interpreted as the
second example of an Upper Carboniferous
dyspnoid harvestman; albeit of uncertain affin-
ities within the Dyspnoi clade.

Material and methods

The fossil was acquired from a private deal-
er (Charles Isbon) by Dr Elliot Nelson (St Lou-
is, USA), who recognized its significance and
made it available for study to the author. The
fossil was reportedly collected from private
land in western Missouri, USA, but the exact
locality could not be traced. It may come from
near the town of Windsor. However, a number
of sites in western Missouri yield Coal Measure
fossils similar to the famous Braidwood section
of the Mazon Creek locality [B. Stinchcomb,
pers. comm.] and in general these Missouri coal
deposits are not as extensive or as well re-
searched as those of Illinois, which include
Mazon Creek. The Missouri fossils are pre-
served in a similar way to Mazon Creek materi-
al as impressions in clay-ironstone concretions.
The sediments yielding the Missouri concre-
tions belong to the Pleasanton Group, which is
dated to upper Middle Pennsylvanian; equiva-
lent to the Upper Carboniferous in European
stratigraphy. A summary of the geological set-
ting of this region can be found in Howe [1982].

The fossils were studied under a stereomicro-
scope with a camera lucida attachment used to
prepare the drawings. A fine needle was used to
prepare the anterior part of the carapace and also to
excavate the soft sediment infill from the spines on
the back of the opisthosoma. Other Upper Carbonif-
erous harvestmen from Mazon Creek were obtained
from the United States National Museum (USNM)
and the Peabody Museum, Yale (YPM). Of the non-
amber dyspnoid harvestmen, Eotrogulus fayoli Thev-
enin, 1901 was reported from the Museum National
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Figs 1-2. Echinopustulus samuelnelsoni gen. et sp.n., a new spiny harvestman from the Upper Carboniferous Coal
Measures of western Missouri, USA. | — part; 2 — counterpart. Scale: 2 mm.

Puc. 1-2. Echinopustulus samuelnelsoni gen. et sp.n., HOBBIH IIHIIACTBIH CEHOKOCEI] U3 BEPXHEKapOOHOBBIX yTJIeH
3anagnoro Muccypu, CIIHA. 1 — ocHoBHas yacTh; 2 — o0OpaTHbIN oTredaTok. Macmrab: 2 MM.
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d’Histoire Naturelle (MNHN) in Paris, but could
not be traced in the collections during a recent
search [A. Rage, pers. comm.]. Similarly, the type of
Trogulus longipes should be in the Gieseltal Muse-
um in Halle, Germany, but could not be traced [M.
Hellmund, pers. comm.]. The fossil material was
also compared to extant harvestmen in the zoological
collections of the Museum fiir Naturkunde, Berlin.

Results and discussion

Morphological interpretation

The fossil (Figs 1-4) is preserved in a nod-
ule as a part and counterpart. Both show the
dorsal surface of the animal, respectively, in
positive and negative relief. The latter pre-
serves more details of the morphology and or-
namentation. Descriptions are of the appear-
ance of the animal ‘in life’. In overview, this is
a small to medium sized arachnid,c. 9 mm long,
in which the prosoma and opisthosoma are some-
what compact and broadly joined together via a
procurved sulcus, with little tagmosis between
them. The limb series is incomplete, but is
suggestive of long, fairly slender legs. Togeth-
er, these features strongly imply that this fossil
is a harvestman, although (as with existing Car-
boniferous harvestmen) unequivocal autapomor-
phies of the order relating to the genitalia and
repugnatorial glands cannot be resolved.

Ornament

The general dorsal body surface of both the
carapace and opisthosoma is covered with a
distinct ornament of fairly dense, tiny pustules.
In places their preservation is patchy and they
are more apparent on the counterpart (Fig. 4),
especially under low angle lighting. They seem
to fade out towards the margins of the carapace
and they tend to form ring-like patterns around
the median tubercle for the anterior spines (see
below). This pustulate ornament is absent from
a slightly raised, but weakly defined median
band, about 0.5 mm wide, which extends from
the middle of the carapace down along the
length of the opisthosoma where it is interrupt-
ed only by the anterior spine tubercle. The legs
are not well enough preserved to resolve wheth-
er the pustulate ornament continues here too.

Prosoma

The carapace is subtriangular, but the ante-
rior tip is, unfortunately, not preserved. Exca-
vation of the anterior end failed to reveal struc-
tures such as eyes (which remain equivocal) or,
for example, the characteristic bilobed ‘hood’
seen in modern trogulid harvestmen. The cara-
pace expresses a weak division or sulcus to-
wards its posterior end. Although not a separate
sclerite, this corresponds to the metapeltidium
or last thoracic tergitesensu Giribetet al. [1999:
character 21]. The median band and ornament
here have been noted above. The mouthparts
and pedipalps are not preserved. The leg series
is incomplete and only the proximal podomeres
are preserved. They give the impression of
slender, rather gracile legs in which the femora
widen distally; see the leg 1 femur in particular.
The trochanters are quite well preserved as
short, somewhat globular podomeres which
widen distally.

Opisthosoma

The opisthosoma is the best preserved re-
gion. It is oval, about one and a half times as
long as wide. It seems to have become splayed
out on one side with an irregular margin. This
may be a taphonomic effect of compression.
Generally, the fossil retains much of the origi-
nal three-dimensionality. The dorsal side of the
opisthosoma is dome-shaped and highly vault-
ed (Figs 1, 3); considerably more so than the
carapace. An important feature of note is the
apparent lack of clear tergal divisions along the
entire length of the opisthosoma. In the scheme
of Giribet et al. [2002: character 115] this de-
gree of tergite fusion approaches an apomor-
phic character state which has been termed the
‘scutum magnum’. It should be noted that vary-
ing degrees of opisthosomal tergite fusion have
been acquired, probably independently, in a
number of modern harvestman lineages.

The new fossil preserves another interesting
apomorphic feature. The part expresses three
raised tubercles on the back of the opisthosoma
(Figs 1, 3). The median tubercle occupies a
central position on the opisthosoma where it
bisects the median band along the back of the
animal. This tubercle bears the outline impres-
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Figs 3—4. Camera lucida drawings of the specimens shown in Figs 1-2. Abbreviations: at = anterior spine-bearing
tubercle; cp = carapace; fe = femur; mb = median band; op = opisthosoma; pt = posterior spine-bearing tubercle; su =
sulcus; th = thoracic tergite (or metapeltidium); tr = trochanter. Legs numbered from 1-4. Scale: 2 mm.

Puc. 3-4. [lepepucoBka 3K3eMIUIsIpa, TOKa3aHHOTO Ha Puc. 1-2, ¢ momomkio pucoBansHoro anmnapara. Cokparie-
HUSL: at = IepeIHui OyropoK, HeCYIIHii KT, Cp = Kaparnakc; fe = 6eapo; mb = MeananpHast 1oj10ca; Op = OMUCTOCOMA;
pt = 3aaHuit OYyropok; HeCyIHil LINIT; SU = CYJIbKYyC; th = TOpakaabHBIH TEPrUT (KN METAICIBTHANYM); tr = TPOXAHTEP.
Horu nponymeposans ot 1 10 4. Macmra6: 2 M.
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Fig. 5. Sketch reconstruction of the appearance in life of Echinopustulus samuelnelsoni. The anterior end of the

carapace is unknown and not reconstructed here.

Puc. 5. CxemaTuyeckas peKOHCTPYKIMs BHEWIHETr0 BUga Echinopustulus samuelnelsoni. IlepeHss 4acTb Kapanakca

HE M3BECTHA U TI03TOMY HE PEKOHCTPYHpPOBaHA.

sions of the bases of two conical, paramedian
projections. The other two tubercles are poste-
rolateral on the opisthosoma and again each is
clearly the base of a larger, projecting structure.
The counterpart (Figs 2, 4) confirms that each
of these four bases bore a large spine or thorn.
Excavation of the matrix infilling the spines
revealed that these tapering structures extend
quite deeply into the counterpart and would
have been prominent projections on the back of
the animal in life. The median pair originating
from a single tubercle essentially point upwards
while the posterolateral pair project upwards
and backwards. They are clearly defensive ad-
aptations increasing the handling time of the
animal to potential predators. Spines of various
lengths and orientations are seen in a number of
harvestman lineages; and are particularly com-
mon among the tropical Laniatores. The ventral
surface of the fossil is unknown. A reconstruc-
tion of the suggested appearance of the animal
in life is presented in Fig. 5.

Affinities

This fossil does not unequivocally resemble
any particular living harvestman group, but in-
stead preserves a mosaic of characters, some of

which are suggestive of particular living taxa
(see below). The absence of eyes, pedipalps,
and the entire leg series are a hindrance to
resolving its affinities, while characters like
pustulate cuticle occur in representatives of all
major harvestman clades [Roewer, 1923; Mar-
tens, 1978]. It is conceivable that there were
stem group Palacozoic harvestmen which dif-
fered substantially from living forms and which
are not assignable to existing clades. Neverthe-
less, the modern crown groups of some subor-
ders can be excluded.

The apparent absence of opisthosomal terg-
ites is similar to the situation in the basal cytho-
phthalmid harvestmen. However, unlike the
Missouri fossil, cyphophthalmids do not show
any thoracic division of the carapace and they
still express segmental divisions of the opistho-
soma as transverse furrows. Cyphophthalmids
are also typically much smaller (1-3 mm) and
the new fossil lacks the characteristic raised
openings of the repugnatorial glands (ozophores)
on the carapace which are autapomorphic for
Cyphophthalmi.

The large thorns on the opisthosoma are
reminiscent of spination in many genera of the
morphologically diverse laniatores [see figures
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in Roewer, 1923]. However, most laniatores
(with a few exceptions) express some degree of
opisthosomal segmentation. Furthermore, this
suborder can be more explicitly excluded since,
like cypthopthalmids, laniatores do not express
adivided carapace. Protective spines have clear-
ly arisen multiple times among different har-
vestman clades. Unfortunately the pedipalps in
the fossil are equivocal. Large, raptorial pedi-
palps are a laniatore autapomorphy.

The divided carapace thus supports referral
of this fossil to either the suborders Eupnoi or
Dyspnoi; see e.g., Giribet ef al. [1999, 2002]
for a discussion of whether these two groups
form a monophyletic clade. Intuitively, Eupnoi
looks unlikely since the overwhelming majority
of eupnoid taxa have a prominent, raised eye
tubercle in the middle of the carapace, with a
further sulcus dividing the carapace immediate-
ly behind the eyes. However, like this fossil, a
number of living eupnoids lack external opistho-
somal segmentation [e.g., Roewer, 1923]. Sig-
nificantly, the Missouri fossil shares gross mor-
phological characters with two groups among
the Dyspnoi (the Trogulidae and the Ceratolas-
matidae) but lacks unequivocal diagnostic char-
acters of either. For this reason it is tentatively
assigned to an unresolved, possibly basal, posi-
tion within Dyspnoi and the two alternative place-
ments are discussed in further detail below.

Trogulidae

Trogulid characters expressed by this fossil
include: (a) the overall body shape, which is
somewhat elongate with a long, subtriangular
carapace, (b) the absence of opisthosomal seg-
mentation (Giribetet al. [2002] scored a scutum
magnum as present in 7rogulus), (c) the finely
pustulate cuticle ornament, and (d) a median
band running along the length of the body [cf.
Roewer, 1923: fig. 800]. The lack of an eye
tubercle in the middle of the carapace is also
consistent with this group, but as noted above
excavations of the anterior end of the carapace
failed to reveal either eyes or the one unequiv-
ocal trogulid autapomorphy: a bilobed projec-
tion or hood. That said, the full extent of the
carapace could not be revealed within the nod-
ule and from published figures a hood is also
equivocal in the putative fossil trogulid Eotrogu-

lus. No living trogulid has such prominent
opisthosomal spines.

Ceratolasmatidae

The family Ceratolasmatidae was established
by Shear [1986]. Ceratolasmatid characters ex-
pressed by the Missouri fossil refer primarily to
opisthosomal spination. Like the fossil, mem-
bers of this family have the pustulate ornament
and at least one species, Acuclavella merickeli
Shear, 1986 has a superficially very similar
pattern of spination: two anterior spines arising
from a single base followed by two more widely
separated posterior spines [Shear, 1986: fig.
18]. However, when considered in detail this
spination differs from that in the fossil in that
the anterior spines inA. merickeli arise from the
metapeltidium (i.e., the thoracic tergite of the
carapace) while those in the fossil are clearly
opisthosomal. Similarities to Ceratolasmatidae
are further weakened by the fact that these
extant harvestmen have a compact body retain-
ing evidence of opisthsomal segmentation pos-
teriorly, a prominent eye tubercle with a large
spine and that other species have different pat-
terns of spination [e.g., Shear, 1986: figs 23—
29]. Given the likelihood that spination is ho-
moplastic within Opiliones, trogulid affinities
for the Missouri fossil look, on balance, more
convincing; although explicit autapomorphies
of this family are not unequivocally preserved.

Species description

Order Opiliones Sundevall, 1833

Suborder ?Dyspnoi Hansen et Serensen,
1904

Echinopustulus gen.n.

ETYMOLOGY. Combination of Echino and
pustulus for the spiny and pustulate nature of the
body. The gender is masculine.

DIAGNOSIS. Carboniferous harvestmen with a
pustulate cuticle bearing two pairs of dorsal spines
on an unsegmented opisthosoma. Anterior pair of
spines originate close to centre of opisthosoma from
a single tubercle; more posterior spines more widely
separated.

REMARKS. The new genus reflects the rather
unique spiny morphology which is not seen in any
other putative Carboniferous harvestman; or indeed
any other described Palaeozoic arachnid.
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Echinopustulus samuelnelsoni sp.n.
Figs 1-5.

MATERIAL. Holotype and only known specimen.
Peabody Museum (repository number: YPM 204165),
Yale, USA.

ETYMOLOGY. Named at Elliot Nelson’s re-
quest for his late father, who encouraged his interest
in natural history.

DIAGNOSIS. As for the genus.

DISTRIBUTION. Upper Carboniferous Pleas-
anton Group of western Missouri, USA; possibly
near the town of Windsor.

DESCRIPTION. Total preserved body length
8.7 mm. Maximum preserved carapace length 2.8
mm. Carapace subtriangular, basal width 3.4 mm,
divided towards posterior end by straight, trans-
verse sulcus. Eyes and pedipalps equivocal. Leg
series incomplete, but trochanters bulbous, length c.
0.8 mm. Legs long and slender. Leg 1 femur 4.3 mm
long. Femur of leg 3 at least 4.1 mm long. Leg 4
indistinct, but slender. Opisthosoma oval, broadly
joined to prosoma via a procurved sulcus. Opistho-
soma dome-like and highly vaulted; standing about
2 mm proud of the nodule surface in the part. Cuticle
splayed out laterally on one opisthosomal margin.
Total opisthosoma length 5.9 mm; maximum width
4.3 mm. Dorsal surface of both carapace and opistho-
soma ornamented with dense pattern of minute pus-
tules; absent from carapace margins and a weakly
defined median band. Median band, width ¢. 0.5
mm, extends some 7 mm along the body from the
middle of the carapace down onto the opisthosoma.
Opisthosoma bears two pairs of spines preserved as
spine bases (diameter c. 0.4 mm) on part and as deep
holes in counterpart. Anterior pair paramedian,
emerging dorsally from a single, centrally posi-
tioned, heart-shaped tubercle; diameter ¢. 1.1 mm.
Posterior pair emerge postero-laterally at a separa-
tion of ¢. 2.0 mm from each other.
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