Palaeobiodiversity and Palaeoenvironments (2024) 104:963-975
https://doi.org/10.1007/512549-024-00607-4

SENCKENBERG

ORIGINAL PAPER

=

Check for
updates

Iridescent harvestmen (Arachnida: Opiliones: Sclerosomatidae)
from the Eocene of Messel, Germany

Christian Bartel'© - Jason A. Dunlop?® - Sonja Wedmann?

Received: 13 December 2023 / Revised: 1 March 2024 / Accepted: 21 March 2024 / Published online: 27 May 2024
© The Author(s) 2024

Abstract

The first fossil harvestmen (Arachnida: Opiliones) from the Messel Pit in Hesse, Germany, are described as ?Leiobunum mes-
selense sp. nov. and ?Leiobunum schaali sp. nov. This is the first formal description of fossil harvestmen from the Eocene (ca.
47 Ma) of Messel, and one of the few non-amber records of harvestmen in the Cenozoic. Remarkably, these new specimens
show iridescent, metallic colouration. This was previously unknown in the arachnid fossil record, but is seen often in insect fos-
sils from Messel. The new harvestmen exhibit the typical ‘daddy long legs’ morphotype, with small, rounded bodies and long,
slender legs. In detail, most of the dorsal opisthosomal tergites appear to be fused together into a single large scute, or scutum
parvum, which strongly suggests the modern family Sclerosomatidae, especially in combination with a pectinate pedipalp claw.
The iridescent colouration further implies that these fossils can be referred to either the subfamilies Gagrellinae or Leiobuninae,
some of which also have a characteristic metallic lustre. Iridescence of the body is more typical for tropical sclerosomatids and
is not known from extant European sclerosomatids, with the exception of a single, probably invasive, Leiobunum species. The
warmer temperatures during the Eocene might have allowed exchange of early iridescent sclerosomatids between Eurasia and
North America, which led to their wide present day distribution and diversity. A few not very well preserved harvestman fossils
from Messel are recorded and/or figured for completeness as Leiobuninae / Gagrellinae indet. and Opiliones indet.
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Introduction et al. 2021). These deposits probably have all an Eocene age
(Priabonian: ca. 34-37 Ma), although debate about the age of
the Bitterfeld amber remains. There are also a few species of

laniatorean harvestmen known from the Miocene Dominican

Harvestmen (Arachnida: Opiliones) are one of the more
diverse lineages of arachnids, with more than 6,700 living

species (Kury et al. 2023). From the fossil record, about
sixty species are known, the oldest of which goes back more
than 410 million years to the Early Devonian (Dunlop et al.
2003). Most of the known fossils come from the Cenozoic,
especially the Baltic, Bitterfeld and Rovno ambers of Europe
(e.g. Dunlop and Mitov 2009; Elsaka et al. 2019; Mitov
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Republic amber (e.g. Cokendolpher and Poinar 1998). By
contrast, non-amber records of Cenozoic harvestmen are rare
and not always convincing. Based on published figures, the
putative harvestmen from the Eocene of Geiseltal in Germany
(Haupt 1956), the Oligocene of Piatra Neamt in Romania
(Ciobanu 1977) and the Oligocene of Aix-en-Provence in
France (Gourret 1887) are probably misidentifications. The
only unequivocal Cenozoic harvestmen preserved in shales
are therefore those from the Eocene (Priabonian: ca. 34 Ma)
Florissant Formation in Colorado, USA, which were revised
by Cokendolpher and Cokendolpher (1982), and a species
from the Miocene (Burdigalian: ca. 15-20 Ma) Rubielos
de Mora in north-eastern Spain (Palencia et al. 2019). Non-
amber records from the Mesozoic are similarly sparse, but
two specimens belonging to the family Sclerosomatidae
have been described from the Jurassic of China (Huang et al.
2009; Giribet et al. 2012). Mesobunus dunlopi Giribet et al.,
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2012 is the oldest unequivocal member of the Gagrellinae /
Leiobuninae group based on the preserved sacular winglets of
the male genitalia, a character still found in extant specimens.
The second species from the same deposit and genus,
Mesobunus martensi Huang et al., 2009, also showed potential
Gagrellinae-like affinities in form of pseudoarticulation on
the leg femora.

The Messel Pit near Darmstadt in Hesse, Germany is a
Fossillagerstitte recognised as an UNESCO world heritage
site. It is best known for yielding a range of, often spectac-
ular, vertebrate fossils from upper lower to middle Eocene
(ca. 48—47 Ma) subtropical to tropical forest environment.
For an overview see, e.g. Smith et al. (2018). Perhaps less
well known, but ecologically probably even more impor-
tant, is the invertebrate fauna of Messel. Insects have been
documented in some detail (e.g. Wedmann 2018; Wedmann
et al. 2021a, b; Abels and Wedmann 2022) and many differ-
ent orders are present. Arachnids are also known from Mes-
sel, but only in very few numbers compared to the insects.
Spiders have been reported by Wunderlich (1986) and by
Selden and Wappler (2019, and references therein). Selden
and Wappler (2019) formally described a putative member
of the family Cybaeidae, but noted that many of the spider
fossils are not particularly well-preserved which may make
assigning them to families challenging.

Here, we augment the arachnid fauna by describing the
first fossil harvestmen from the Messel Pit. Harvestmen
were for the first time reported from Messel by Wedmann
(2018), but were not described formally. The small-bodied,
long-legged fossils are modern in appearance and can be
assigned with some confidence to the living family Sclero-
somatidae based on the presence of fused opisthosomal ter-
gites and pectinate pedipalpal claws. These Messel fossils
represent the oldest harvestmen from Germany. Of particu-
lar interest is the fact that several of them show evidence
of metallic iridescence in the cuticle: the first occurrence
of this phenomenon in a fossil arachnid. The rather robust
opisthosomal sclerotisation and the often shiny, metallic
appearance are strongly reminiscent of some modern scle-
rosomatids in the largely tropical subfamily Gagrellinae
and the primarily Holarctic subfamily Leiobuninae (Fig. 1).

Material and Methods

Nine specimens of harvestmen were available for study, all
originating from the Messel Pit, near Darmstadt in Hesse,
Germany. They are deposited in the collection of Messel
fossils of the Senckenberg Forschungsinstitut und Naturmu-
seum Frankfurt, Germany (SF), division Messel Research
and Mammalogy. The collection of the invertebrate fos-
sils from Messel is specifically located at the Senckenberg
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Forschungsstation Grube Messel. The examined specimens
have the following repository numbers, and also further
stratigraphic information is given:

SF-Mel 00878, found in the year 1982 at digging site 3
(grid square D11); SF-Mel 03415, found in 1990 in grid
square E11, in layers 4.5m to 5.16m below local marker
horizon alpha; SF-Mel 04143, found in 1992 in grid square
D10, in layers 5.31m to 5.7m below local marker horizon
alpha; SF-Mel 10391, found in 1997 in grid square G8, in
layers 0.3m to 0.7m above local marker horizon alpha; SF-
Mel 10994 AB, found in 2002 in grid square G8/9, in lay-
ers 0.3m to 0.9m above local marker horizon alpha; SF-Mel
10995, found in 2002 in grid square G8/9, in layers 0.3m
to 0.9m above local marker horizon alpha; SF-Mel 18990
AB, found in 2019 in grid square F9-Q13, in layers 1.97m
to 2.33m above local marker horizon alpha; SF-Mel 19539,
found in 2020 in grid square F9-Q8, in layers 1.97m to 2.32m
above local marker horizon alpha; SF-Mel 20021, found in
2021 in grid square F9-Q10, in layers 1.85m to 2.27m above
local marker horizon alpha (Schaal and Rabenstein 2012).

All specimens except SF-Mel19539, which is poorly pre-
served, were photographed using a Leica MZ12.5 stereomicro-
scope and an Nikon D300 digital camera and compared to the
literature (e.g. Roewer 1923 in the first instance). Pencil draw-
ings were made with a Leica M165 C stereomicroscope with a
camera lucida attachment and then digitally redrawn following
the methods of Coleman (2003) using Adobe Illustrator 2022
and a Wacom Intuos graphic tablet. All measurements in mm.
Average values are marked with an asterisk.

Geological and climatic setting of the Messel Pit

The fossils are embedded in organic-rich laminated claystone
sediments (commonly called oil shale) which were deposited
in a meromictic lake (Goth 1990). Former Lake Messel was
a maar lake which was created by phreatomagmatic eruptions
(Schulz et al. 2002; Felder and Harms 2004). These eruptions
are currently estimated to have occurred 48.06 million years
ago (Kaboth-Bahr et al. 2024). Local marker horizon alpha,
around which all harvestmen specimens have been found, was
deposited about 47.357 million years ago, following the cal-
culations of Kaboth-Bahr et al. (2024).

Detailed reconstructions of the Messel palaeoclimate
were inferred by Grein et al. (2011) based on 55 plant fami-
lies from Messel. The analysed flora suggests a humid sub-
tropical—tropical climate with a mean annual temperature of
approximately 22 °C (up to 24 °C) and mean annual precipi-
tation rates up to 2540 mm. Comparable climate conditions
can be found today in Mexico, Brazil, Paraguay, Madagas-
car, Laos and Vietnam a. o. (Grein et al. 2011).
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Fig. 1 Examples of extant iridescent sclerosomatid harvestmen. a Pseudogagrella sp. (Photo courtesy of Nicky Bay; nickybay.com) b Leiobu-
num viridorsum (Photo courtesy of Marco Zozaya; inaturalist.org). ¢ Leiobunum sp. with prey (Photo courtesy of Hay Wijnhoven). d Pseudoga-

grella amamiana (Photo courtesy of Ryosuke Kuwahara; inaturalist.org)

Systematic palaeontology

Order Opiliones Sundevall, 1833

Suborder Eupnoi Hansen and Sgrensen, 1904

Family Sclerosomatidae Simon, 1879

Subfamily Gagrellinae Thorell, 1889 or Leiobuninae Banks,
1893

Remarks: Four suborders of harvestmen are convention-
ally recognised. Based on the habitus of the fossils we can
exclude Cyphophthalmi which have short legs, Laniatores
which have large, raptorial pedipalps and two claws on legs
III/TV, and Dyspnoi in which the pedipalp lacks a claw. This
leaves the suborder Eupnoi which comprises five families.
Groups like Caddidae, which are tiny and have proportion-
ally massive eyes, are easily excluded, just like Neopilio-
nidae, which are known for their enormous chelicerae, at
least in some males. Key features of the new fossils are most

of the tergites covering the dorsal side of the opisthosoma
being fused into a single well-defined plate (the scutum par-
vum) and the pedipalp claw (where preserved) being pecti-
nate. These characters strongly support referral of the Messel
fossils to the family Sclerosomatidae (cf. Tourinho 2007).
Other eupnoid families, such as Phalangiidae, tend to have
a softer and more leathery dorsal opisthosoma.

Following Kury (2000), four subfamilies of modern scle-
rosomatids can be recognised, Leiobuninae, Sclerosomati-
nae, Gyinae and Gagrellinae, although Hedin et al. (2012)
subsequently transferred Gyinae to the family Phalangii-
dae. Explicit diagnostic characters for these sclerosomatid
subgroups are hard to find; see e.g. comments in Tourinho
(2007) and Taylor (2009). We can probably exclude the Mes-
sel fossils from Sclerosomatinae based on the absence of
strongly armed bodies (often with spines) and short legs.
Nevertheless, at times these subfamilies seem to grade into
one another. This is particularly true for the two remaining
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subfamilies, Leiobuninae and Gagrellinae, both of which
could potentially encompass the Messel fossils. For exam-
ple, Martens (1973, p. 211) mentioned Asian gagrellines
with genitalia reminiscent of leiobunines. The problematic
relationships between these subfamilies was also discussed
by Giribet et al. (2012) and Hedin et al. (2012). In particular,
the phylogenetic study of Hedin et al. (2012) recovered most
subfamilies of sclerosomatids as poly- or paraphyletic. Geni-
tal characters are, unfortunately, not available in the Messel
fossils and so we are forced to rely on somatic characters for
any further systematic referrals. As noted by Taylor (2009),
early studies by Roewer (1910, 1923) proposed that Gagrel-
linae could be diagnosed on the presence of pseudoarticu-
lations called nodules on the femora of the legs, and by an
opisthosoma with a strongly sclerotised scutum parvum.
This scute is clearly present in the new fossils. These char-
acters were also accepted by Crawford (1992), although their
reliability as unique autapomorphies of Gagrellinae remains
questionable. Femoral nodules are also known from some
species currently placed in Leiobuninae (Tourinho 2007).

The shiny bodies of some of the Messel fossils are remi-
niscent of several modern harvestman species belonging
to Gagrellinae (e.g. Fig. 1a, d). This subfamily is currently
represented by more than 1000 living species in 127 gen-
era (Taylor 2009). The modern fauna is distributed across
the Indo-Malayan region, down into Papua New Guinea and
northern Australia, as well as into the Neotropics. They are
apparently absent today from Africa and Europe. We should
note that many modern gagrellines have a prominent spine
(or spines) on the dorsal opisthosomal scute, but we see no
evidence for spines in the Messel fossils. Roewer (1954) sug-
gested that at least the Asian gagrellines could be divided into
two subgroups: Gagrelleae (with spines) and Zalepteae (with-
out spines) but, as noted by Taylor (2009), this distinction may
be unreliable. For example, Martens (1987) described a genus
which could be well established based on genital characters,
but in which species both with and without spines exist.

Iridescence of the body is, however, not unique to Gagrel-
linae and has also been observed in some living members of
Leiobuninae (Goodnight and Goodnight 1942; Nakatsuji 1942);
see also Discussion. This character seems to be more typical for
species from warmer regions of the world, but it is also known
from Central Europe for a probably invasive Leiobunum spe-
cies. This unidentified species was documented in detail by
Wijnhoven et al. (2007), it is characterised by a ,,metallic green
shimmer” which is reminiscent of the Messel fossils.

In summary, the combination of a sclerotised scutum par-
vum, the presence of iridescent colouration and the absence
of spination, pedipalp apophyses (where preserved) and
pseudoarticles on the legs in the Messel fossils tend to favour
placement in the subfamily Leiobuninae. However, affini-
ties to Gagrellinae cannot be completely excluded, due to
the character combinations which overlap between these two
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subfamilies. If our tentative assignment to Leiobuninae is cor-
rect, we can further consider whether the fossils match any
of the extant genera. From the European genera Amilenoides
Martens and Wijnhoven, 2022, Leiobunum C. L. Koch, 1839,
Nelima Roewer, 1910, Leiolima Prieto and Wijnhoven, 2020,
Micronelima Schenkel, 1938 and Cosmobunus Simon, 1879
we can exclude Amilenoides, Micronelima and Nelima, due
to their smooth leg coxae, whereas at least SF-Mel 00878,
SF-Mel 04143 and SF-Mel 10995 bear tuberculated leg
coxae. Cosmobunus can also be excluded, as these usually
have a smooth pedipalp claw and transverse rows of granules
on the opisthosomal sternites, not present in any of the here
described Messel fossils. Leiolima specimens have somewhat
shorter legs, where femur I is less than two times longer than
the prosomal width (measured between coxae II and III). All
described Messel fossils surpass this ratio.

Additional genera within Leiobuninae from North America
and Asia like Dilophiocara Redikortzev, 1931, Eumesosoma
Cokendolpher, 1980, Hadrobunus Banks, 1900, Microliobu-
num Roewer, 1912, Leuronychus Banks, 1900, Eusclera
Roewer, 1910, Paranelima Caporiacco, 1938, Togwoteeus
Roewer, 1952 and Schenkeliobunum Starega, 1964 can be
ruled out based on the absence of a raised area in front of
the ocularium (Dilophiocara, Eumesosoma and Togwoteeus),
short legs (Hadrobunus and Microliobunum), a smooth pedi-
palp claw (Leuronychus), a smooth ocularium (Eusclera), a
smooth leg coxa (Paranelima) and rows of four cone-shaped
tubercles on the dorsal tergites (Schenkeliobunum) respec-
tively. We can also exclude affinities to the extinct Eocene
genus Amauropilio Mello-Leitdo, 1937, as both known fossils
are much larger with relatively short legs and a smooth pedi-
palp claw (Cokendolpher and Cokendolpher 1982).

Based on the preserved characters, at least two of the Mes-
sel fossils best match the extant genus Leiobunum. In particu-
lar the long legs, rows of tubercles on the coxae, the pectinate
pedipalp claw and the iridescence of the dorsal body. Never-
theless, it should be noted that most extant European Leiobu-
num specimens are less sclerotized with a smooth ocularium
according to Martens (1978), although more sclerotized speci-
mens can also be found within the genus such as the invasive
Leiobunum sp. (Wijnhoven et al. 2007). Most of the fossils
characters seem to be more consistent with the genus Leiobu-
num and thus two of the fossils are provisionally placed as
?Leiobunum Koch, 1839, due to the incomplete preservation
and missing genitalia. Further remarks and comparisons to
fossil and extant specimens are given below.

Genus ?Leiobunum C. L. Koch, 1839

Type species: Leiobunum rotundum Latreille, 1798

Diagnosis: See Martens (1978) for a diagnosis of the genus.
Remarks: The Messel fossils are best compared with
Leiobunum longipes Menge, 1854 described from late Eocene
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Fig.2 ?Leiobunum messelense sp. nov., holotype: SF-Mel 00878. a Photographic overview of the complete specimen, body marked with arrow.
b Photographic close-up of the body in lateral view, iridescent parts marked with arrows. ¢ Camera lucida drawing of the body and basal parts of
the legs. d Photo of specimen in lateral view, inset shows claw of the left pedipalp. Abbreviations: ap apophysis; c/ claw; oc ocularium; pp pedi-
palp; ta tarsus; legs numbered from /-/V. Scale bars equal 10 mm (a), 1 mm (b, ¢, d) and 0.1 mm (d inset)

Baltic (Dunlop 2006) and Eocene—Oligocene Bitterfeld
amber (Dunlop and Mitov 2009). However, the amber species
has been described as having a ,,slightly granular ornament”
on the opisthosoma and a smooth ocularium (Roewer 1939;
Dunlop and Mitov 2009), which clearly distinguishes it from
the Messel fossils. Additionally, the amber species does
not show any signs of iridescence, but this character may
be unreliable when used in comparison to amber fossils as
fossilised resin seems to not preserve the original colouration.

From the living Leiobunum species the invasive Leiobu-
num sp. looks quite similar to the Messel fossils, in par-
ticular due to its greenish-golden iridescence of the dorsal
body, but the ornament seems to be stronger developed in
the fossils (Wijnhoven et al. 2007). Since SF-Mel 00878 and
SF-Mel 03415 can easily be distinguished from the known
sclerosomatid fossils, two new fossil species are described.

Species ?Leiobunum messelense sp. nov.
urn:lsid:zoobank.org:act:60D28B29-BD95-4509-A38E-
64BA1A64BDOA

(Fig. 2a—d)

Holotype: SF-Mel 00878, unknown gender. Lateral aspect
of body with mostly complete legs.
Type locality: Messel Pit (latitude 49°55°N, longitude
8°45’E) near Darmstadt, Hesse, Germany. The holotype
specimen was found in grid square D11 as given in the map
of the Messel Pit fossil site by Schaal and Rabenstein (2012).
Precise sediment layer not known.
Derivation of name: Named after the Messel Pit.
Diagnosis: Body oval and dorsally ornamented with numer-
ous small tubercles. At least opisthosoma with golden irides-
cence. Ocularium armed with few small tubercles. Pedipalp
claw pectinate with reduced number of teeth. Leg femur I
longer than body. Coxae with marginal rows of tubercles.
Can be distinguished from Leiobunum longipes Menge,
1854 from Baltic and Bitterfeld amber based on the stronger
developed ornament on the body and ocularium.
Description: SF-Mel 00878. Body oval in lateral view.
Dorsal segments fused into scutum parvum. Second prosomal
tergite present between anterior carapace and opisthosoma.
Total body length 3.04, maximum preserved height 0.95.
Dorsal surface generally (both pro- and opisthosoma)
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ornamented with numerous small tubercles and opisthosomal
scute with golden iridescence (Fig. 2b). Ocularium (L 0.32,
H 0.26) somewhat removed from the anterior border (by ca.
the length of the ocularium), of moderate size and with a
few small tubercles (Fig. 2b, c). Eye lens, L 0.14, H 0.14.
Chelicerae equivocal. Pedipalps presumably very long but
incomplete. Pedipalp tarsus elongated and with a few sensory
setae on its tip. Patella possibly with inner club-shaped
apophysis, structure could alternatively represent the outline
of the proximal cheliceral segment. Pedipalp claw pectinate
with row of four very small teeth (Fig. 2d inset). Pedipalp
length: fe ?, pa 0.30, ti 0.34, ta 0.82. Legs extremely long
(leg II longest). Femur I longer than body. Femur IT and III
somewhat granulated. Leg coxae and trochanter covered with
smaller tubercles (Fig. 2b, c). Tuberculate condition on coxa
I equivocal. Coxa II and IV with a short posterior row of
tubercles. Coxa III with an anterior and posterior? row of
tubercles. Leg length: Leg I cx 0.48, tr 0.30, fe 4.60, pa 0.89,
ti 3.89, mt+ta 13.00, total (cx—ta) 23.16; Leg I cx 0.58, tr
0.28, fe 9.78, pa 0.89, ti+mt+ta 43.11, total (cx—ta) 54.64;
Leg Il cx 0.72, tr 0.24, fe 5.33, pa 0.78, ti 3.78, mt+ta 11.34,
total (cx—ta) 22.19; Leg IV ¢x 0.92, tr 0.18, fe 6.56, pa 1.33,
ti 5.67, mt+ta 17.33, total (cx—ta) 31.99.

Genital operculum mostly obscured. Sternites IX—XII pre-
sent and with rather straight borders. Anal plate equivocal.

Species ?Leiobunum schaali sp. nov.
urn:lsid:zoobank.org:act:0BES§D435-0FE8-40F4-A166-
DB1CD788308B

(Fig. 3a—d)

Holotype: SF-Mel 03415, unknown gender. Dorsolateral aspect
of body visible, legs and pedipalps incompletely preserved.
Type locality: Messel Pit (latitude 49°55°N, longitude 8°45°E)
near Darmstadt, Hesse, Germany. The holotype specimen was
found in grid square E11 as given in the map of the Messel
Pit fossil site by Schaal and Rabenstein (2012), in a sediment
horizon 4.5m to 5.16m below local marker horizon alpha.
Derivation of name: Named after Stephan Schaal, former
head of the department Messelforschung and Mammalogie
of the Senckenberg Forschungsinstitut und Naturmuseum
Frankfurt.

Diagnosis: Large ocularium and eye lenses, larger than in
other fossil and most living leiobunine species of similar size
(Fig. 3c, d). Dorsal ornament with a greenish iridescence
and interconnected tubercles that appear to form irregular
ripples (Fig. 3b).

Description: SF-Mel 03415. Body oval in dorsolateral view.
Total body length 3.66, maximum width 2.14. Dorsal surface
completely ornamented with small tubercles and interconnected
tubercles forming irregular ripples (Fig. 3b). Dorsal body with
green iridescence. Ocularium large, L 0.54, W 0.60, and covered
with small tubercles and granules (Fig. 3b—d). Eye lens also
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large, L. 0.37, H 0.23. Chelicerae and pedipalps equivocal. Legs
very long but fragmentary (Fig. 3a). Leg length: Leg I cx ?, tr
0.51, fe ,7.00 pa 1.00, ti 5.44, mt+ta 15.33, total (tr—ta) 29.28;
Leg IT cx ?, tr 0.34, fe 10.56, pa 0.89, ti+mt 14.22, ta ?, total
(tr—mt) 26.01; Leg Il cx ?, tr 0.37, fe 6.11, pa 1.11, ti 5.56,
mt+ta 14.78, total (tr—ta) 27.93; Leg IV cx ?2, tr 0.23, fe 8.56, pa
1.33,ti 4.67, mt+ta 11.78, total (tr—ta) 26.57.
Ventral details not preserved.

Remarks: SF-Mel 03415 represents a unique specimen,
despite its incomplete preservation with missing pedipalps,
chelicerae and leg coxae. First of all its ocularium and
eye lens are much larger compared to SF-Mel 00878 and
SF-Mel 04143 and also to most living leiobunines of similar
size (Fig. 3c, d). Additionally, its dorsal ornament differs
significantly from SF-Mel 00878 and SF-Mel 04143
in which it not only has a more greenish iridescence but
also interconnected tubercles that appear to form irregular
ripples (Fig. 3b). We can exclude sexual dimorphism here
as in extant leiobunines differences are mostly restricted to
colouration and body size (Tourinho 2007). Thus, SF-Mel
03415 is placed in a separate new species.

Leiobuninae Banks, 1893 or Gagrellinae Thorell, 1889 indet.
(Figs. 4-5)

Material: SF-Mel 04143 (Fig. 4), unknown gender. Lateral
aspect of body. Legs almost complete. Pedipalps preserved
from tarsus to patella; SF-Mel 10995 (Fig. 5), unknown
gender. Ventral aspect of body. Legs mostly complete,
except tarsus tips. Pedipalps and chelicerae incomplete.
Remarks: SF-Mel 04143 appears to be somewhat
similar to SF-Mel 00878, due to the comparable golden
iridescence and dorsal ornament. Nevertheless, the dorsal
tubercles are more densely packed in this fossil, than
in SF-Mel 00878 and the general habitus also differs in
being more circular (Fig. 4b, d). This could be related to a
different state of development or sexual dimorphism. For
that reason we prefer to place this fossil as Leiobuninae
or Gagrellinae indet. for the time being. The same applies
to SF-Mel 10995 where only the ventral side is preserved
as we cannot unequivocally assign this fossil to one of the
other specimens.

Description: SF-Mel 04143. Body circular in lateral view
(Fig. 4). Dorsal segments fused into scutum parvum, with three
free tergites. Total body length 2.98, maximum width 1.62.
Dorsal body almost completely covered with small, densely
packed tubercles (Fig. 4b). At least first and second free tergite
also ornamented with numerous small tubercles. Surface
between free tergites with a golden iridescence (Fig. 4b, d).
Ocularium relatively small and removed from the anterior
border, L 0.33, W 0.26 (Fig. 4c). Dorsal surface of ocularium
with a few small tubercles arranged in rows. Eye lens present,
L 0.089, W 0.045. Chelicerae equivocal. Pedipalps rather
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Fig.3 ?Leiobunum schaali sp. nov., holotype: SF-Mel 03415. a Photographic overview of the complete specimen. b Photographic close-up on
iridescent parts behind the ocularium. ¢ Camera lucida drawing of d. d Photo of specimen in dorsolateral view. Abbreviations: oc ocularium; pp
pedipalp; legs numbered from /-/V. Scale bars equal 10 mm (a), 0.5 mm (b) and 1 mm (c, d)

long but fragmentary. Pedipalp length: fe ?, pa 0.35, ti 0.62,
ta 0.93?. Legs very long (leg II longest) but incomplete with
missing tarsi. Femur I shorter than body. Coxa I and II with
numerous small tubercles. Coxa III and IV with a posterior row
of tubercles (near the marginal borders). Coxa IV deformed.
Leg length: Leg I cx 0.80, tr 0.33, fe 2.89, pa 0.77, ti 2.56, mt
5.00, ta ?, total (cx—mt) 12.35; Leg Il cx 0.77, tr 0.35, fe 5.89, pa
0.88, ti 7.78, mt+ta 11.33, total (cx—ta) 27.00; Leg III cx 0.86,
tr 2, fe 3.00, pa 0.61, ti 2.67, mt+ta 6.78, total (cx—ta, without
tr) 13.92; Leg IV cx 1.11, tr 0.40, fe 3.89, pa 0.77, ti 3.00, mt
2.22,ta ?, total (cx—mt) 11.39.

Sternites IX—XIV somewhat granulated and with mostly
straight borders.

Description: SF-Mel 10995. Body oval, preserved in ventral
view (Fig. 5). Body length 2.68, width 1.87. Chelicerae
of moderate size. Cheliceral proximal segment L ?, distal
segment L 0.36, movable finger L 0.14, fixed finger L 0.18.
Pedipalps very long (fe-ta 1.67), without armature and
apophyses (Fig 5b). Pedipalp tarsus elongated and longer
than tibia. Tarsus claw not preserved. Pedipalp length: fe
0.45, pa 0.34, ti 0.29, ta 0.59. Legs extremely long (leg II
longest), approximately up to 10 times the body length.

Femora sometimes with small granules. Femur I longer
than body. Coxa I and II with anterior and posterior rows of
larger tubercles (up to 0.04) and additional cover of irregular
tubercles (Fig. 5a, b). Coxa III with a short posterior row of
somewhat smaller tubercles. Coxa IV largest, covered mostly
with irregular tubercles and with intimated anterior and
posterior rows. Leg length: Leg I cx 0.57, tr 0.30, fe 4.22,
pa 0.66, ti 3.00, mt+ta 10.22, total (cx—ta) 18.97; Leg Il cx
0.66, tr 0.30, fe 8.89, pa 0.66, ti+mt+ta 31.67, total (cx—ta)
42.18; Leg I cx 0.71, tr 0.30, fe 4.00, pa 0.88, ti 4.44,
mt+ta 8.89, total (cx—ta) 19.22; Leg IV cx 0.84, tr 0.29, fe
5.67,pa 0.55,ti 5.11, mt 4.56, ta 9.33, total (cx—ta) 26.35.

Genital operculum subrectangular, L 0.84, W 0.48. Sternites
IX-XIV with mostly straight borders, except Sternite IX,
which is somewhat curved. Anal plate rounded L 0.16, W 0.33.

Opiliones Sundevall, 1833 indet.
(Fig. 6a—d)

Material: SF-Mel 10391 (Fig. 6¢); SF-Mel 10994 (Fig. 6a);

SF-Mel 18990 (Fig. 6d); SF-Mel 19539 (not figured); SF-
Mel 20021(Fig. 6b).
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Fig.4 Leiobuninae or Gagrellinae indet., SF-Mel 04143. a Photographic overview of the complete specimen. b Photographic close-up on the
upper body and ocularium, iridescent part arrowed. ¢ Camera lucida drawing of d. d Photo of specimen in dorsolateral view. Abbreviations: ch
chelicerae; oc ocularium; pp pedipalp; legs numbered from /-/V. Scale bars equal 10 mm (a), 0.5 mm (b) and 1 mm (c, d)

Remarks: Further fossils, which likely represent Opiliones,
are known from the Messel Pit. Unfortunately, these cannot
be reliably identified due to their preservation. The better
preserved specimens are illustrated here for completeness.

Discussion

Perhaps the most interesting aspect of the new Messel har-
vestmen is their iridescent metallic colouration (Fig. 2b, 3b,
4b). To the best of our knowledge this has not been observed
in any other fossil harvestmen (or other arachnid), but has
an obvious parallel with the preservation of structural col-
ours in the fossils of insects from Messel. Structural colours
are preserved in fossil insects from Messel quite regularly,
as has been already noted by Lutz (1990). Structural colours
are often documented in diverse groups of Messel beetles,
but they have also been found in true bugs, hymenopterans,
flies, grasshoppers and dragonflies, i.e. in insect groups where
today structural colours also occur (Wedmann 2018). Proof for
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the originality of the structural colours are records of similar
coloured conspecific jewel beetles (Buprestidae) from both
Messel and from the fossil site Geiseltal which have very dif-
ferent fossilisation conditions (Hornschemeyer and Wedmann
1994). Parker and McKensie (2003) found that the structural
colours of beetles from Messel are based on multilayer sys-
tems, and both beetles and moths were further investigated in
detail by McNamara et al. (2011a, b). Especially in the moths,
very complex cuticular nanostructures scatter light to produce
the characteristic lustre, and here the multilayer reflector is
modified to reduce iridescence, and to make the colour visible
over a broad range of angles. The yellow-greenish colouration
of the moths would have provided an excellent match for a
diffuse leafy background, suggesting a primarily defensive,
cryptic function while at rest. For the zygaenid moths, a pos-
sible additional warning function was suggested during feed-
ing on flowers, which is consistent with the biochemistry of
modern zygaenids, which are highly toxic (McNamara et al.
2011a). Similar mechanisms and defensive functions pre-
sumably underlie the metallic colouration observed in some
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Fig.5 Leiobuninae or Gagrellinae indet., SF-Mel 10995. a Overview of the body in ventral view. b Camera lucida drawing of a. Abbreviations:
ap anal plate; ch chelicerae; go genital opening; pp pedipalp; legs numbered from /-/V. Scale bars equal 1 mm

harvestmen (including now these Messel fossils), but these
phenomena have not been rigorously investigated in modern
species, and also not yet in the Messel fossils.

As noted above, metallic colouration has been described
in several living sclerosomatids, particularly in Gagrellinae
from south-east Asia (e.g. Roewer 1929; Nakatsuji 1942;
Suzuki 1967, 1979) and Leiobuninae from Mexico and
Europe (Goodnight and Goodnight 1942; Wijnhoven et al.
2007). Numerous internet images of quite striking iridescent
harvestmen from these geographical regions are also avail-
able online (see e.g. inaturalist.org), albeit sometimes without
species-level identification. Of particular interest here is the
invasive Leiobunum sp. which has rapidly conquered large
parts of Western and Central Europe over the past 20 years
and which shows comparable iridescence to the Messel fos-
sils (Wijnhoven et al. 2007; Nedvéd et al. 2011; Wijnhoven
2011b). The origin of this iridescent species probably lies in
North Africa or the Middle East and its European expansion
apparently started in the Netherlands, where it may have been
first introduced via shipping in the early 2000s (Wjinhoven
2011a). Leiobunum sp. mostly occurs in large aggregations of
hundreds or even thousands of individuals, rendering them a
threat to the local arthropod fauna, especially in combination

with their omnivorous diet, short reproduction cycle and their
ability of parthenogenesis (Nedvéd et al. 2011; Wjinhoven
2011b). It is interesting to speculate whether the Messel har-
vestmen also aggregated, and in this context it is worth noting
that SF-Mel 10994 and SF-Mel 10995 were discovered close
together during excavation, which is very unusual for such a
rare group of animals in the Messel Pit.

Biogeography

The discovery of harvestmen at Messel offers a valuable
opportunity to draw comparisons with the European amber
harvestmen. The forests yielding the amber fauna were prob-
ably slightly younger. Baltic amber was traditionally dated to
ca. 44-49 Ma, but recent publications have begun to favour
a slightly younger date of 34-37 Ma (see e.g. lakovleva
2017; Sadowski et al. 2017, 2022). The Baltic amber forest
has been interpreted as having a warm-temperate and humid
palaeoclimate, including a mosaic of habitats, and was thus
perhaps less overtly subtropical to tropical than the forests
which harboured the Messel fauna (Grein et al. 2011; Sad-
owski et al. 2017). Baltic and Bitterfeld amber have yielded
the sclerosomatid harvestman Leiobunum longipes Menge in
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Fig.6 Photos of unidentified harvestmen fossils from the Messel Pit. a Opiliones indet., SF-Mel 10994. b Opiliones indet., SF-Mel 20021. ¢
Opiliones indet., SF-Mel 10391. d Opiliones indet. (body marked with arrow), SF-Mel 18990. Scale bars equal 5 mm (a), 1 mm (b, ¢), 10 mm

@

Koch and Berendt, 1854. Leiobunum is a Holarctic genus with
more than 100 species found today across Europe and North
America. The only other amber sclerosomatid is Eumesosoma
abdelmawlai Elsaka et al., 2019. This genus occurs in North
America today, and it is one of several interesting examples of
North American harvestmen being found in European ambers
which implies a formerly Holarctic distribution.

The Messel sclerosomatid(s) could also belong to a different
subfamily, Gagrellinae, not least by virtue of their robust and
iridescent cuticle (see below). Living Gagrellinae are repre-
sented by more than a thousand species found in the Indoma-
layan, Neotropical and Nearctic regions. In this context it is
interesting to compare several possible modern equivalents for
the Messel environment indicated by Grein et al. (2011, fig. 9)
to the distribution of extant harvestmen. Gagrelline harvest-
men would not be found in the East African and Madagascan
habitats, but the comparative tropical forests in Florida, Central
America, Brazil, south-east Asia and north-east Australia would
be broadly consistent with the distribution of gagrelline harvest-
men today. If the systematic referral to Leiobuninae or Gagrelli-
nae is correct, we may have evidence that an essentially tropical
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group of harvestmen was present in Central Europe during the
Eocene (47 Ma), not long after the Paleocene—Eocene thermal
maximum (ca. 55.5 Ma). This would also be expected taking
the Boreotropic concept into account, which allowed exchange
of early gagrellines and leiobunines like ?Leiobunum mes-
selense and ?Leiobunum schaali between Eurasia and North
Anmerica through Beringian and North Atlantic terrestrial cor-
ridors (Hedin et al. 2012 and references therein). According to
Hedin et al. (2012) the warmer early Tertiary temperatures led
to multiple radiation events, particularly in the newly devel-
oping temperate forests, where leiobunines represent the sub-
tropical / temperate descendants of the tropical gagrellines. This
hypothesis would also explain the close relationship of both
groups. However, gagrellines do not appear to have survived
into the amber-producing forests of north—central Europe a few
million years later which have, so far, only yielded Leiobuninae.
Declining temperatures possibly led to their subsequent extinc-
tion, or forced them to shift further south, perhaps as early as
the mid Eocene. Nevertheless, we are aware of multiple unde-
scribed sclerosomatids in Baltic amber, which might reveal
additional extinct species in future studies.
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