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The first fossil representatives of the harvestman subfamily Ortholasmatinae (Opiliones, Dyspnoi, Nemastomatidae) are
described as Balticolasma wunderlichi gen. et sp. nov. One male is preserved in Eocene Baltic amber and a presumably
conspecific female in Eocene Rovno amber (northwest Ukraine). Ortholasmatines are typically highly ornate arachnids,
and for the first time with an amber harvestman we applied computed tomography using synchrotron radiation to investi-
gate its three-dimensional morphology and surface structure in considerable detail. Some of'its morphological characters,
appear to be closer to extant Asian genera. In a wider biogeographic context, our amber record is a significant find for
the Paleogene of Europe given that (i) it is another species apparently found in both Baltic and Rovno amber and (ii) all

modern ortholasmatines are restricted to East Asia and North and Central America.
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Introduction

Of the four living suborders of harvestmen (Arachnida:
Opiliones), the Dyspnoi group represents the second smallest
with just over 426 described species. Despite this relatively
restricted number, as compared to the remaining about 6800
living harvestmen species, the group is morphologically di-
verse (Kury et al. 2024). While several dyspnoids are small,
dark and rather inconspicuous, others have developed struc-
tures such as a highly modified eye tubercle, or hood such as
is seen in the families Ceratolasmatidae, Dicranolasmatidae,
Trogulidae and the subfamily Ortholasmatinae of the
Nemastomatidae (Gruber 2007; see also below). All dys-
pnoids are characterized by a reduced or absent pedipalp
claw and diaphanous teeth on the cheliceral fingers. Their
modern biogeographic distribution is clearly focussed on
the northern hemisphere (e.g., Schonhofer 2013).

The comparably low modern diversity of Dyspnoi is re-
flected in their fossil record. Thirteen fossils have been for-
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mally described, with four of the late Carboniferous age, be-
longing either to extinct families or unplaced at family level
(e.g., Garwood et al. 2011; Kury et al. 2020). Another ex-
tinct family, Halithersidae, is known from mid-Cretaceous
Burmese amber (Dunlop et al. 2016). There is a questionable
shale-preserved Eocene record of the living genus Trogulus
Latreille, 1802, from Geiselthal in Germany (Haupt 1956),
while the remaining seven fossil dyspnoids all come from
Eocene European ambers, i.e., Baltic, Bitterfeld, and Rovno.
These include an extinct genus placed in the superfamily
Ischyropsalidoidea (Dunlop et al. 2012), a member of the
family Sabaconidae, and five species from the subfamily
Nemastomatinae (e.g., Dunlop and Mitov 2009; Elsaka et al.
2019; Mitov et al. 2021 and references therein).

The subfamily Ortholasmatinae includes some of the
most striking-looking modern harvestmen, as they of-
ten bear a very complex and branched ocular tubercle in
combination with a unique dorsal micro-sculpture consist-
ing of so-called keel cells (e.g., Shear and Gruber 1983;
Shear 2010; Martens 2019). Seven extant genera with
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27 described species are currently recognised with a dis-
junct distribution. 4siolasma Martens, 2019 (with 6 species)
and Cladolasma Suzuki, 1963 (with 1 species) come from
mainland Southeast Asia and Japan. Cryptolasma Cruz-
Lopez et al., 2018 (with 2 species), Dendrolasma Banks,
1894 (with 2 species), Martensolasma Shear, 2006 (with
2 species), Ortholasma Banks, 1894 (with 5 species) and
Trilasma Goodnight & Goodnight, 1942 (with 9 species)
all come from North America to Honduras. There are no
modern representatives of this subfamily either in Europe
or Central Asia. A Burmese amber dyspnoid fossil was ini-
tially placed in Ortholasmatinae, but (as noted above) this
placement was questioned (Shear 2010) and it was subse-
quently transferred to a new family by Dunlop et al. (2016).

Here, we describe the first two unequivocal fossils of or-
tholasmatine harvestmen, which come from Eocene Baltic
and Rovno amber dated to a still controversial Priabonian
age of ca. 33.90-37.71 Ma (lakovleva 2017; Dunlop et al.
2019; Mitov et al. 2021; and references therein). Given
the often well-developed ocular process and dorsal orna-
mentation alluded to above, we applied for the first time
high-resolution synchrotron-based computer tomography
to a harvestman in amber, with the aim of facilitating better
comparisons with the living genera and answering the ques-
tion whether this European fossil has Asian or American
affinities.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains have been registered in ZooBank:
urn:lsid:zoobank.org:pub:BCECC013-3ED0-40CD-A810-
650492B0F2E3

Institutional abbreviations—MB.A., Museum Berlin,
Arthropoda, Germany; MfN, Museum fiir Naturkunde,
Berlin, Germany.

Other abbreviations—ao, anal operculum; ch, chelicerae;
cp, carapace process; cX, coxa; ey, eye lens; fe, femur; go,
genital operculum; L, length; mt, metatarsus; oc, ocular
tubercle; pa, patella; pp, pedipalp; ta, tarsus; ti, tibia; tr,
trochanter; W, width.

Material and methods

The specimens studied here originate from the private col-
lection of Jorg Wunderlich, Hirschberg—Leutershausen,
Germany (the Baltic specimen) and Jonas Damzen, Vilnius,
Lithuania (the Rovno specimen). Both fossils are now de-
posited in the Museum fiir Naturkunde Berlin (MB.A. 4454
and 4455). The Baltic specimen was photographed using
a Zeiss Stereomicroscope Stemi 508 and a Zeiss Discovery
V8. These takes a stack of images (20—50) at different focal
planes which were combined into a single picture using
Helicon Focus 7. Afterwards the picture was corrected for
brightness and contrast using Photoshop CS5. The Rovno
specimen was photographed by Jonas Damzen and we use
these images with his permission. Interpretative drawings
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were made using a Leica M205C stereomicroscope with
a camera lucida attachment. These were digitally redrawn
following the methods of Coleman (2003) with Adobe
Illustrator CS2 using a Wacom Intuos graphic tablet.

The synchrotron radiation based computer microtomog-
raphy (SRuCT) scan of the male (Baltic specimen MB.A.
4454) was performed at the Imaging Beamline P05 (IBL)
(Greving et al. 2014; Haibel et al. 2010; Wilde et al. 2016)
operated by the Helmholtz-Zentrum Hereon at the storage
ring PETRA III (Deutsches Elektronen Synchrotron DESY,
Hamburg, Germany) using a photon energy of 18 keV and
a sample to detector distance of 80 mm. Projections were re-
corded using a custom developed 20 MP CMOS camera sys-
tem (Lytaev et al. 2014) with an effective pixel size of 1.27
um. For each tomographic scan 2401 projections at equal
intervals between 0 and « have been recorded. Tomographic
reconstruction has been done by applying a transport of
intensity phase retrieval and using the filtered back projec-
tion algorithm (FBP) implemented in a custom reconstruc-
tion pipeline (Moosmann et al. 2014) using Matlab (Math-
Works) and the Astra Toolbox (Palenstijn et al. 2011; Van
Aarle et al. 2015, 2016). Raw projections were binned two
times for further processing, resulting in an effective pixel
size of the reconstructed volume of 2.55 pm. VGSTUDIO
MAX 3.4.3 was used to render and segment datasets at the
Museum fiir Naturkunde, Berlin. Most of the important
characters could be reconstructed using this method, except
the male genitalia which are apparently not visible in the
scan or not preserved. The Rovno specimen (MB.A. 4455)
was not scanned due to its almost perfect preservation en-
abling detailed study by light microscopy.

The new fossils were compared with published descrip-
tions of extant Ortholasmatinae harvestmen from the liter-
ature (Goodnight and Goodnight 1942; Suzuki 1963, 1974;
Silhavy 1973; Shear and Gruber 1983; Schwendinger and
Gruber 1992; Shear 2006, 2010; Zhang and Zhang 2013;
Cruz-Lopez 2017; Cruz-Lopez et al. 2018; Zhang et al. 2018;
Martens 2019) (see also Introduction for further references).

All measurements are in mm and can represent slight
approximations due to the three-dimensional position of
the amber specimens in the amber matrix. Average values
are marked with an asterisk (*). When the entire segment
cannot be seen clearly and the measurement is incomplete,
a plus (4) is added to the value.

Systematic palaeontology

Order Opiliones Sundevall, 1833

Suborder Dyspnoi Hansen & Serensen, 1904
Family Nemastomatidae Simon, 1872

Subfamily Ortholasmatinae Shear & Gruber, 1983
Genus Balticolasma nov.
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Fig. 1. Ortholasmatine harvestman Balticolasma wunderlichi gen. et sp. nov., holotype (male) MB.A.4454 from Baltic amber, 33.90-37.71 Ma, Priabonian.
A\, dorsolateral overview; A,, close-up of the body (carapace processes and eye lens arrowed); As, close-up of the anterior body and ocular process;
A,, details of the chelicerae (apophyses arrowed). Abbreviations: ap, apophysis; ch, chelicerae; cp, carapace process; cx, coxa; ey, eye lens; oc, ocular
tubercle; pp, pedipalp; legs numbered I-IV. Scale bars 1 mm (A;), 0.5 mm (A,) and 0.25 mm (A3, Ay).

Type species: Balticolasma wunderlichi gen. et sp. nov.; by monotypy,
see below.

Zoobank  LSID:
8E43-E72465171531
Etymology: From the Baltic region where the amber hosting one of
the specimens originates from and the suffix lasma applied to a few
possibly closely related modern ortholasmatine genera.

urn:lsid:zoobank.org:act:271C52E3-9023-4B95-

Diagnosis.—As for the monotypic type species.

Remarks—MB.A. 4454 is interpreted as a male, due to the
presence of cheliceral apophyses. The missing pedipalp
claw and a large ocularium extending anteriorly in the form
of a hood strongly supports affinities to the Dyspnoi fami-
lies Ceratolasmatidae, Dicranolasmatidae, Trogulidae, and
Nemastomatidae (Ortholasmatinae). Of these, Trogulidae
can be ruled out as the fossil bears cheliceral and pedipalpal
apophyses (Figs. 1A, 2A,, 3A,) and more than two tar-
someres on leg II. Dicranolasmatidae can also be excluded
as their eyes are usually located on a bifurcating hood. The
dorsal tuberculation (Figs. 1A;—As, 2A,, Az, 3A;, Aj) of
the fossil shows superficial similarities to certain genera

of Ceratolasmatidae, particularly Ceratolasma Goodnight
& Goodnight, 1942, redescribed and figured by Gruber
(1978). However, the overall form and structure of the pedi-
palp and presence of pedipalp apophyses (Figs. 1A4, 3A,)
argues against placement in this family. Furthermore, the
hood in Ceratolasma is usually simple, nearly horizontal
and extending in the form of a blunt club. The most simi-
lar condition to the fossil’s ocular process can probably be
found in the living ortholasmatine genus Cryptolasma from
Mexico. However, the ocular process of the latter is much
thinner, less curved and branched, i.e., ornate dorso-later-
ally with many, markedly elevated, anvil-shaped tubercles.
A branched ocular process seems to be absent in the amber
fossil as neither the CT scan nor light microscopy reveal
such a feature (Figs. 1A|1—A3, 2A,, Az, 3A4, Aj).

Most of the characters observed in the fossil are thus more
consistent with members of the subfamily Ortholasmatinae
such as the presence of cheliceral and pedipalpal apoph-
yses, large lateral carapace processes, a flattened body
and the hood; even though the appearance of the latter is
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Fig. 2. Camera lucida drawings of ortholasmatine harvestman Balticolasma
wunderlichi gen. et sp. nov., holotype (male) MB.A 4454 from Baltic amber,
33.90-37.71 Ma, Priabonian. A, body and legs in dorsolateral view; A,, first
segment of the left chelicera with apophyses in dorsal view; A3, body in dor-
solateral view. Arrows indicate the sculptural elements of leg femurs and tro-
chanters. Legs numbered I-IV. Scale bars 1 mm (A, A3) and 0.1 mm (A,).

quite unique. Another important character for most mod-
ern Ortholasmatinae is the presence of dorsal keel-cells.
Martens (2019) described a new Asian species Asiolasma
billsheari Martens, 2019, with a very indistinct network of
keel-cells, but these are not developed in the fossil. Martens
(2019) further stated that Asian Ortholasmatinae are likely
to represent a relict group indicated by plesiomorphic char-
acter states such as a poorly developed keel-cell network.
We suggest that this new fossil may belong to the ancestral
lineage for modern ortholasmatines and based on its unique
character combinations the new fossil is placed in a new
genus and species.

Stratigraphic and geographic range.—Baltic and Rovno
ambers, Lutetian/Priabonian, Eocene, Paleogene.

Balticolasma wunderlichi gen. et sp. nov.
Figs. 1-7.
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Zoobank LSID: urn:lsid:zoobank.org:act:7C1A6EBB-5850-4AE7-
81F7-E681852D71D8

Etymology: In honour of Jorg Wunderlich (Hirschberg—Leutershau-
sen, Germany) for his extensive work on amber spiders and who has
continued to provide the authors with many interesting harvestman
specimens. Name masculine and in genitive case.

Type material: Holotype, MB.A. 4454, relatively well preserved adult
male with most important characters visible except ventral body. Para-
type, MB.A. 4455, almost perfectly preserved female from Rovno
amber (Ukraine, Rovno region; Paleogene, upper Eocene, Lutetian/
Priabonian).

Type locality: Unknown locality in the Baltic Region.

Type horizon: Baltic amber, Lutetian/Priabonian, Eocene, Paleogene.

Material —Type material only.

Diagnosis.— Relatively small (body length less than 3 mm,
excluding the hood) ortholasmatine harvestman with a flat-
tened body, dorsally with seven rows of prominent, dis-
tally increasing tubercles. Dorsal ornamentation in form of
a complex, irregular fine weave composed of filamentous
elements. Ocular process tuberculated in form of a large,
arched, downwards-bending and unbranched hood extend-
ing anteriorly. Each side of the hood bears two differently
sized digitiform processes projecting from the anterior mar-
gin of the prosoma. A third very small process is located
below the largest process near coxa I. Chelicerae with three
apophyses in males. First cheliceral segment with one dor-
sal conical apophysis proximally and an additional machete
shaped apophysis distally. Second cheliceral segment with
a long, downward curved sickle-shaped apophysis prox-
imally. Pedipalps relatively short and slender. Pedipalp
patella in males with rather small medio-distal spine-like
apophysis. Legs long and somewhat granulated. Ventral
body completely covered with rounded tubercles.

Description.—Holotype: MB.A. 4454, male, body small
(L 2.16 mm, excluding the hood) and oval, flattened dor-
so-ventrally and dorsally with seven rows of tubercles in-
creasing in size distally, prosoma W 0.92 mm, opistho-
soma W 1.10 mm (Figs. 1A;—A3, 2A[, A3z, 3A,, Ay). Tergites
fused in a scutum magnum. Ocular process tuberculated
and robust, extending anteriorly and forming a large, down-
wards-bending simple hood (L 0.89 mm; W 0.32 mm), bear-
ing lateral eye lenses somewhat removed from the base; eye
lens diameter 0.08 mm; the apical/distal part of the hood
with visible holes/pores (Figs. 1Az, 2A3). Carapace with
two lateral digitiform processes projecting anteriorly on
each side, the outer one larger and longer (0.50 mm) than
the inner one (0.18 mm) (Figs. 2A,, Az, 3A;, Ajz). A third
very small digitiform process (visible frontally) is located
below the largest process, near cx .

Laminae chelicerales equivocal. Chelicerae relatively
small and mostly smooth. The basal segment with a conical
apophysis proximally and a machete-like apophysis distally
(L 0.12 mm). Distal segment with a sickle-shaped and down-
wards bent apophysis proximally, L 0.17 mm; sparsely cov-
ered with small setae (Figs. 1A4, 2A,, 3A,). Chelicerae basal
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Fig. 3. 3D model of ortholasmatine harvestman Balticolasma wunderlichi gen. et sp. nov., holotype (male) MB.A.4454 from Baltic amber, 33.90-37.71 Ma,
Priabonian. A, dorsolateral overview; A,, details of the chelicerae, apophyses, frontal view; As, specimen without legs, eye lens and carapace process, lateral
view; A4, details of the left pedipalp, patella apophysis, dorso-mesal view. Legs numbered I-IV. Scale bars 0.5 mm (A;, A3); 0.2 mm (A,) and 0.3 mm (Ay).

segment L c. 0.27 mm (+), distal segment L ¢. 0.57 mm,
movable digit L 0.22 mm; fingers with black tips.

Pedipalps short, slender and covered with clavate setae on
tibia and tarsus. Pedipalp tarsus especially setose. Pedipalp
femur widens in its distal half, patella and tibia nearly cylin-
drical, patella with a small thorn-like apophysis medio-dis-
tally (Figs. 3A4, 4A,). Pedipalp claw absent. Pedipalp length:
coxa and trochanter equivocal, fe 0.62* mm, pa 0.37* mm,
ti 0.45*% mm, ta 0.25 mm, total (fe—ta) 1.69 mm. Ratio ta/ti:
0.25/0.45 = 0.55.

Legs long and sometimes granulated. Leg II longest.
Margins of leg coxae with anvil-shaped tubercles. Leg
tarsi subdivided, ending in a single claw (L 0.10 mm).
Metatarsus II with 8+ pseudoarticulations. Tarsal formula:
4-5; 6; 5; 5—6 (Fig. 4A;); Femur, patella I and III some-
what thickened. Femur I and III W 0.21. Ratio femur length/
width (in dorsal view): I 1.37/0.21=6.52; 11 2.70/0.175=15.43;
IIT 1.34/0.21=6.38; TV 2.30/0.175=13.14. Leg length: Leg I
cx 0.51 mm, tr 0.27* mm, fe 1.36* mm, pa 0.45 mm,
t1.95% mm, mt 0.83 mm, ta 0.66 mm, total (cx—ta) 5.03 mm;
Leg I cx 0.70 mm, tr 0.25* mm, fe 2.40* mm, pa 0.59* mm,
ti 2.28% mm, mt 2.18% mm, ta 1.40* mm, total (cx—ta)
9.80 mm; Leg III c¢x 0.68 mm, tr 0.28* mm, fe 1.32* mm, pa

0.40* mm, ti 0.88* mm, mt 0.66* mm, ta 0.64* mm, total (cx—
ta) 4.86 mm; Leg IV ¢x 0.63 mm, tr 0.28* mm, fe 2.07* mm,
pa 0.47* mm, ti 1.81* mm, mt 1.32 mm, ta 0.79* mm, total
(cx—ta) 7.37 mm.

Ventral characters equivocal.

Paratype: MB.A. 4455, female, body somewhat pear-
shaped, flattened and again dorsally with seven rows of tu-
bercles increasing in size distally, L 2.40 mm (excluding the
hood), prosoma W 1.26 mm, opisthosoma W 1.69 mm (Fig.
5A;). Tergites fused in a scutum magnum. Last row of tuber-
cles somewhat protruding the body posteriorly. Tuberculated
ocular process robust, extending anteriorly and forming a large
hoodbending downwards (L 0.71 mm (+); W 0.47 mm), bearing
lateral eye lenses near the middle, eye lens diameter 0.11 mm
(Fig. 5A,). Carapace with additional lateral processes in form
of digitiform spines, one larger (L 0.48 mm) and one smaller
(at least 0.14 mm) closer to the hood on each side (Fig. 5A,,
A»), third processus not visible. Laminae chelicerales equiv-
ocal. Chelicerae relatively small and sparsely covered with
small setae on the distal segment (Fig. 6A,, A,). Cheliceral
apophyses absent. Chelicerae basal segment equivocal
L (?); distal segment L 0.45 mm, movable digit L 0.22 mm.
Pedipalps short, slender and setose (clavate setae on tibia
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Fig. 4. Camera lucida drawings of ortholasmatine harvestman Balticolasma
wunderlichi gen. et sp. nov., holotype (male) MB.A.4454 from Baltic am-
ber, 33.90-37.71 Ma, Priabonian. A, leg tarsomeres; A,, pedipalp without
setae. Legs numbered I-I1V. Scale bars 1 mm (A;) and 0.25 mm (A,).

and tarsus), especially on the tarsus (Fig. 6A;, A,). Pedipalp
patella apophysis and tarsal claw absent. Pedipalp length:
tr 0.10 mm, fe 0.44 mm, pa (?), ti 0.20 mm(+), ta 0.19 mm, total
(tr—ta, without pa) 0.93 mm. Legs long and granulated. Leg II
longest. Leg coxae and trochanter almost completely tubercu-
lated. Femur, patella I and III somewhat thickened. Leg tarsi
subdivided, ending in a single claw. Metatarsus Il with 8+
pseudoarticulations. Tarsal formula: 4-5; 8; 6; 6. Leg length:
Leg I c¢x 0.59 mm, tr 0.19 mm, fe 0.12 mm, pa 0.48 mm,
ti 0.84 mm, mt 0.64 mm, ta 0.60 mm, total (cx—ta) 4.46 mm,;
Leg I cx 0.63 mm, tr 0.23 mm, fe 2.80 mm, pa 0.56 mm,
ti 2.48 mm, mt 2.20 mm, ta 1.16 mm, total (cx—ta) 10.06 mm;
Leg I cx 0.61 mm, tr 0.21 mm, fe 1.20 mm, pa 0.37 mm,
ti 0.60 mm, mt 0.88 mm, ta 0.84 mm, total (cx—ta) 4.71 mm,;
Leg IV cx 0.73 mm, tr 0.22 mm, fe 1.88 mm, pa 0.40 mm,
ti 1.16 mm, mt 1.28 mm, ta 0.88 mm, total (cx—ta) 6.55 mm.

Ventral body completely covered with wart-like tu-
bercles (Fig. 4A;, A,). Genital operculum sub-trapezoidal
and rounded anteriorly, L 0.86 mm, anterior W 0.40 mm,
maximum posterior W 1.70 mm, with a subtle suture near
the anterior margin. Anal operculum rounded L 0.43 mm,
W 0.70 mm.

Remarks—MB.A. 4455 (Figs. 5, 6) is interpreted as an
adult female, as it lacks the apophysis on the cheliceral seg-
ments and on the pedipalp patella, and due to its relatively
large size. Based on the similar habitus and ornament, it is
fairly certain that this remarkably well-preserved specimen
represents the same species as the Baltic amber male fos-
sil described above. The massive, unbranched and down-
ward-bending ocular process and the dorsal ornamentation
are almost identical in the two specimens (Figs. 3 A|—A;,
5A1, A,). Sexually dimorphic characters such as the already
mentioned absence of cheliceral and pedipalpal apophyses
and the larger size of the female can also often be observed
in living nemastomatids and especially ortholasmatines
(e.g., Shear and Gruber 1983; Shear 2010). In terms of leg
length, the male fossil has proportionately slightly longer
legs than the female. Some of the Recent species of the
genera Asiolasma, Cladolasma, Dendrolasma, Ortholasma,
and Trilasma also show a similar feature, or the length of
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the legs in both sexes is almost identical; while in other
species of Asiolasma, Ortholasma, and Trilasma the females
have much longer legs (see the data in Shear and Gruber
1983; Suzuki 1974; Shear 2010; Zhang et al. 2018; Martens
2019). The number of tarsomeres on the leg tarsi also differs
somewhat in both fossils. Shear and Gruber (1983) already
mentioned differences in the tarsal segment count, which is
usually higher in males of Recent species on leg I and II. In
our case, the female bears somewhat more tarsomeres. The
number of tarsomeres on leg I and IV could be identical,
however the exact number of tarsomeres remains difficult
to resolve.

The almost perfect preservation of the Rovno fos-
sil (MB.A. 4455) facilitates a closer look at the unusual
dorsal ornamentation and it reveals further ventral details
which could not be reconstructed in the Baltic specimen. As
mentioned previously, living ortholasmatines are typically
characterized by the presence of a distinct interconnected
network of so-called keel cells dorsally, which consist of
numerous anvil- and star-shaped tubercles. By contrast, the
Rovno fossil shows a complex and irregular filamentous
ornament with additional rows of tubercles, perhaps sug-
gesting affinities with an early branch of the ortholasma-
tine lineage (Fig. 5A;). Some of the tubercles seem to be
covered with a kind of secretion on their tips. Nevertheless,
it remains uncertain whether these originate from the spec-
imen or from the preservation. A tuberculated ventral body
can also often be observed in modern ortholasmatines (e.g.,
Zhang and Zhang 2013).

Stratigraphic and geographic range.—In recent years
the amber-bearing layer (Blue Earth) has been dated to a
Priabonian age based on plant remains and dinoflagellate
cysts (see e.g., lakovleva 2017; Sadowski et al. 2017) instead
of the previously proposed Lutetian. Baltic amber is distrib-
uted around the Baltic Sea region with the largest primary
deposits in Kaliningrad and adjacent regions. Secondary,
reworked occurrences are widespread in glacial and fluvial
sediments throughout northern and central Europe. Rovno
amber appears to be contemporaneous to Baltic amber based
on stable isotope analyses performed in recent studies (e.g.,
Maind et al. 2018). Therefore, it is also of Priabonian age
and today primarily restricted to the northwestern Ukraine
(Rovno region).

Discussion

Palaeobiogeography.—The new fossils (Fig. 7) indicate
for the first time that harvestmen belonging to the subfam-
ily Ortholasmatinae were also present in northern Europe
during the late Eocene, but became extinct here at a later
stage. It fits a broader geographical pattern in which Baltic
and Rovno ambers sometimes preserve lineages which are
now restricted to Asia and/or North America. Examples spe-
cifically relating to the harvestmen here would include the
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Fig. 5. Ortholasmatine harvestman Balticolasma wunderlichi gen. et sp.
nov., paratype (female) MB.A.4455 from Rovno amber, 33.90-37.71 Ma,
Priabonian. A, dorsal view of the body A,, close-up of the ocular process
in dorsal view, eye lenses arrowed. Abbreviations: cp, carapace process;
ey, eye lens; oc, ocular process; legs numbered I-IV. Scale bars 1 mm (A;)
and 0.5 mm (A,).

genera Caddo Banks, 1892, found today in Japan and North
America and Protolophus Banks, 1893, and Eumesosoma
Cokendolpher, 1980, both found in North America from the
suborder Eupnoi (see Elsaka et al. 2019; Mitov et al. 2021).
Also worth mentioning are Sabacon Simon, 1879, from the
suborder Dyspnoi, found today in SW Europe, Asia, and
North America (Elsaka et al. 2019; Mitov et al. 2021), and
the amber species of Siro Latreille, 1797, from the suborder
Cyphophthalmi (see discussions in Dunlop and Mitov 2011;
and Karaman 2022 for Neosiro Newell, 1943).

Comparative remarks on extant Ortholasmatinae.—The
new specimens express a specific combination of characters
which cannot be exactly matched to any of the living ortho-
lasmatines, and thus support the formation of a new genus.
Unique to B. wunderlichi (albeit probably plesiomorphic)
are: the dorsal sculpture, the type of hood, armament of the
chelicerae and the number and shape of the apophyses. In
the absence of data on the genitalia in fossils, we focus on

taxonomically informative similarities from the body and
appendages as compared to Recent ortholasmatine species.

Body: In both fossils the body is clean, i.e., it is not
covered with dirt. From this we can assume that they prob-
ably led a more open and active lifestyle, perhaps living in
an meso-xerophilic paleoenvironment (see below and also
“Palacoenvironment” in Mitov et al. 2021). At the same
time, they do not appear to have developed glandular papil-
lae, or else they are poorly developed or few in number,
and any cutaneous secretion is weak. Absence of glandular
papillae was interpreted by Shear and Gruber (1983: table 1)
as a plesiomorphic ortholasmatine character.

Sculpture type: As noted above, a unique character of
the new fossils, compared to other ortholasmatines, is the
absence of keel-cells, branched tubercles, star-shaped tuber-
cles and anvil-shaped tubercles; the latter only being present
on the leg coxae of the fossil. In extant species these orna-
mentation types presumably have the function of combining
mechanical strength and retention of both soil and moisture,
similar to the condition observed in a number of Recent
nemastomatines such as Paranemastoma spp., Mitostoma
spp., Carinostoma spp., Histricostoma spp., Mediostoma
spp., as well as the ortholasmatines, etc. These adaptations
are thought to be necessary for living in moist to wet en-
vironments, with the need for a hydrophobic type of body
surface and the easier removal of clay particles (see also
Mitov 2011).

The dorsal body sculpture observed in the new fossils is
unique. It is a combination of filamentous structures form-
ing an irregular (mycelium-like) mesh, or structures resem-
bling the wood pyre of logs, plus some tubercles (knobs-/
buds-/lump-like), probably with a cleaning function (Figs.
1A,, 5A;). The dorsal body sculpture in these fossils may
have conferred enough mechanical strength, but also light-
ness, under their specific living conditions. The fossils are
also covered dorsally with seven rows of tubercles bear-
ing rounded tips (blunt projections), which increase in size
distally. In terms of these macrosculptural elements, the
fossils bear similarities to some Asian and North American
species. For example, in Asiolasma angka Schwendinger &
Gruber, 1992 (Schwendinger and Gruber 1992: figs. 1, 3) the
tubercles on the scutum show a similar shape and structure
to those in the fossils. In Asiolasma billsheari Martens,
2019, areas -1V of the opisthosoma each bear one pair of
low pegs (Martens 2019: figs. 104—105). In Cladolasma par-
vula Suzuki, 1963 (Suzuki 1963: fig. 2; Suzuki 1974: fig. 1)
the scutum is also armed with tubercles. In Dendrolasma
mirabile Banks, 1894, the dorsum is armed with knobs
(Shear and Gruber 1983: fig. 153). In Ortholasma pictipes
Banks, 1911, and O. levipes Shear & Gruber, 1983, the dor-
sum is again armed with paired tubercles (spines/knobs)
(Shear and Gruber 1983: figs. 4, 93, 94).

Ventrally, the fossils are covered with wart-like tuber-
cles, which also cover the leg coxae. Wart-like tubercles
further cover the hood, as well as the apophysis on both
sides of the hood projecting from the anterior margin of the
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ocular
process

genital
operculum

operculum

Fig. 6. Ortholasmatine harvestman Balticolasma wunderlichi gen. et sp. nov., paratype (female) MB.A.4455 from Rovno amber, 33.90-37.71 Ma,
Priabonian. A, close-up of the ventral body; A,, camera lucida drawing. Abbreviations: ao, anal operculum; ch, chelicerae; go, genital operculum; oc,

ocular process; pp, pedipalp; legs numbered I-IV. Scale bars | mm.

prosoma. Similar to the fossils, tubercles and warts on the
coxae and ventral side of the body are also present in some
extant species, such as Dendrolasma mirabile (Shear and
Gruber 1983: fig. 165), Asiolasma ailaoshan Zhang et al.,
2018 (see in Zhang et al. 2018: figs. 1, 20). In 4. billsheari
the apophyses projecting from the anterior margin of the
prosoma are also covered by small warts (Martens 2019:
fig. 104).

Hood and prosomal processes: An open and active cur-
sorial lifestyle in the fossils (see above) might also explain
the shape and structure of the hood. This is not complex, as
in some living species, but curves down and forms a more
solid/compact structure. This may have protected the che-
licerae and pedipalps during active locomotion, as well as
retaining moisture and/or prey. We might speculate that this
is either the plesiomorphic condition of the ortholasmatine
hood, or that it could represent an adaptation to the envi-
ronment and (micro)climate of the Baltic and Rovno amber
forests during the late Eocene. However, determining the
polarity of this character is contingent upon resolving re-
lationships among the modern genera; compare alternative

phylogenies in Shear and Gruber (1983), Cruz-Lopez et al.
(2018), and Martens (2019).

Generally, a more highly arched hood in modern species
is characteristic of juveniles (Shear and Gruber 1983: 8), fe-
males and cave species. See, for example, Shear and Gruber
(1983: figs. 124, 126) for Ortholasma setulipes Shear &
Gruber, 1983, or Silhavy (1973: fig. 146) for Trilasma shor-
donii Silhavy, 1973. Generally, when a more complex dorsal
sculptural mesh is present on the body, the hood is more
open and lattice-like, lighter, and probably also structurally
stronger (compare Shear and Gruber 1983; Shear 2010).

In extant ortholasmatines it is noticeable that the more
the hood is inclined and raised upwards (i.e., highly arched),
and is narrower and/or longer, the more lateral processes/
apophyses project from the anterior margin of the prosoma
on each side. This arrangement may offer additional dor-
sal and fronto-lateral protection of the chelicerae and pedi-
palps when the animal is moving in tight spaces. For ex-
ample, in species of Ortholasma (and some of Trilasma)
the lateral processes on each side are two in number; in
most Trilasma there are up to three, and in Cryptolasma
there are four to five. By contrast, where the hood is flat
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Fig. 7. Artistic reconstruction of the Eocene ortholasmatine harvestman Balticolasma wunderlichi gen. et sp. nov. (male) by Joshua Kniippe (Ibbenbiiren,
Germany).

and more horizontal (i.e., flat and more depressed), wide
and spread out or fan-shaped (respectively relatively short),
there is only one projection (in some species of 4Asiolasma,
Cladolasma, Dendrolasma) or two lateral processes/apoph-
yses (A4siolasma angka, A. billsheari, A. juergengruberi
Martens, 2019). In such examples these are usually thick,
with a blunt or slightly pointed tip (compare with Suzuki
1974; Shear and Gruber 1983; Shear 2010; Cruz-Lépez et al.
2018; Martens 2019). In the complete absence of a developed
hood (Martensolasma), there is only one short lateral pro-
cess (compare Shear 2006; Cruz-Lopez 2017).

The arrangement of the lateral processes (one short and
one long) on both sides of the hood in the fossils is thus most
similar to the condition in Asiolasma (Schwendinger and
Gruber 1992: figs. 1-3; Martens 2019: figs. 18, 25, 64—66,
104), at least in terms of shape, position and number (Figs.
1A,, 2A3). The third, and smallest processus in the fossils
is located lower down, below the long processus, similar
to the condition in Ortholasma (Shear and Gruber 1983:
figs. 21-29). Whether this small processus is in the process
of development or in the process of reduction is difficult

to say, but either way it demonstrates a primary condition of
the character and the number of processes.

Chelicerae: The chelicerae of the male fossil have
a total of three apophyses. Representatives of Asiolasma
(4. juergengruberi, Martens 2019: fig. 72), Dendrolasma,
Martensolasma, Ortholasma rugosum Banks, 1894,
Trilasma bolivari Goodnight & Goodnight, 1942, T. ran-
chonuevo Shear, 2010, T. tropicum Shear, 2010, have a total
of two. These consist of one tooth- or thorn-like apophysis
on both the first (basal) article and on the second article
of the chelicerae, where it can be horn- or sickle-like. In
Dendrolasma dentipalpe Shear & Gruber, 1983, the first
cheliceral segment has a large horn-like apophysis, which
closely resembles the condition in Balticolasma wunder-
lichi gen. et sp. nov. Also, the second cheliceral segment
additionally bears a massive apophysis, a large somewhat
curved conical apophysis (Shear and Gruber 1983: figs.
192—193). In males of the remaining extant ortholasmatine
species, only the second segment of the chelicerae bears
a horn-like apophysis or curved tooth (Cryptolasma aber-
rante Cruz-Lopez et al., 2018 and C. citlaltepet] Cruz-Lopez
et al., 2018). In the fossil the second cheliceral article bears
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a strong horn- or sickle-like apophysis, but it appears to be
closely related to the other species with a massively elevated
apophysis on the second cheliceral article, namely the Asian
species A. ailaoshan, A. juergengruberi, and A. billsheari.
The proximal apophysis of the first cheliceral segment in B.
wunderlichi could represent a gland opening, as it appears
crater-like in the 3D model (Fig. 3A,).

Pedipalps: Like the pedipalps in the male fossil, the
pedipalps of Asiolasma (A. juergengruberi and A. bill-
sheari) and Dendrolasma dentipalpe also have a medio-dis-
tal hook- or thorn-like patellar apophysis (Shear and Gruber
1983; Martens 2019). It is interesting to note that the male
pedipalps in Balticolasma wunderlichi gen. et sp. nov. are
more slender, compared to those of modern species; a ten-
dency also observed in other fossil nemastomatids (Dunlop
and Mitov 2009: 355; Mitov et al. 2021: 61). In their shape
the male pedipalps of the fossil resemble those of modern
female ortholasmatines. It is untypical for males of extant
species, where the female pedipalps are usually more slen-
der. Males, by contrast, can have a highly developed (swol-
len, expanded) patella and tibia, probably as a result of the
formation of more massive muscles for more leverage, or the
formation of epigamic structures such as glandular fields
and glandular organs.

Considering the multifunctionality of pedipalps and
their morphotypes (see Wolff et al. 2016), the condition
observed in modern ortholasmatines is probably the re-
sult of a specific selective pressure permitting limited op-
portunities to elongate their pedipalps hidden under the
hood. This may relate to the changing climatic and eco-
logical conditions (from the end of Eocene) under which
the American and Asian populations of ortholasmatines
evolved, and correspondingly to accompanying changes
in terms of their trophic relationships such as the diversity
of the food spectrum, the type, size, quality and agility of
prey, and the prey capture mechanism used to secure the
prey between the pedipalps (Wolff et al. 2016). Most likely,
this modern morphotype is also a consequence of changes
in behaviour and chemical communication related to repro-
duction: such as searching for the opposite sex under deteri-
orating, unfavourable conditions or narrow spaces, through
chemical communication (reproductive tactics/epigamic
sexual selection), and grasping and retention of the female
during copulation (see Wolff et al. 2016), with the appli-
cation of greater force than males in larger and heavier
females, for example, in females of the genus Ortholasma.
Usually glandular (or clavate) setae are numerous on the
pedipalps of harvestmen living in environments with high
humidity and feeding on small, agile prey, for example, in
nemastomatids (see also Wolff et al. 2016). It is interesting
to note that there are no clavate setac on the femora in
the new fossil, and they are few and far between on the
other segments of the pedipalps. This might imply that it
inhabited drier habitats with a specific prey type, but still
had the opportunity to catch and retain small Acari and
Collembola when changing the (micro)habitat, while at the
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same time reducing the cost for the production of adhesive
fluid. Like the fossil, the Recent Dendrolasma dentipalpe,
Asiolasma angka, A. billsheari, and A. juergengruberi lack
clavate setae on the palpal femora (Shear and Gruber 1983:
fig. 194; Martens 2019: figs. 29-30, 67—-68, 71, 115), as this
part of the limb is probably not involved in the retention of
prey items.

Leg ornamentation: In the new fossil, only the leg coxae
bear anvil-shaped tubercles, similar in type to those of
modern species (Shear and Gruber 1983; Schwendinger
and Gruber 1992; Shear 2010; Zhang and Zhang 2013;
Cruz-Loépez et al. 2018; Zhang et al. 2018; Martens 2019).
Additionally, the leg trochanters of the fossils are more
spherical in shape and densely covered with a nodular
or knobbly sculpture composed of wart-like tubercles
(Fig. 2A5: arrows). There are similar macrosculptural el-
ements on the trochanters of the legs in, e.g., Asiolasma
ailaoshan (Zhang et al. 2018: fig. 5) and Dendrolasma mi-
rabile (Shear and Gruber 1983: fig. 164), but they are not so
densely arranged.

The femoral microsculpture of the fossils (Fig. 2Axs:
arrows) consists of uniform and evenly scattered blunt,
conical denticles with rounded tips, which are only slightly
compressed. They are similar in type to those on the leg
femora of some species of Ortholasma; for example, O.
pictipes, O. rugosum, O. levipes (see Shear and Gruber
1983: figs. 18, 47, 104), and O. colossus Shear, 2010 (Shear
2010: fig. 7).

Leg Il metatarsus pseudoarticulations: A potentially
primitive character are the pseudoarticulations on Mt II.
They are already present in earlier instars (Shear and
Gruber, 1983) and can be found in most species of ortholas-
matines (Suzuki 1974; Shear and Gruber 1983; Shear 2010;
Cruz-Lépez 2017; Cruz-Lopez et al. 2018), including the
new fossils. In extant species they usually vary from 2 to 12.
Balticolasma wunderlichi gen. et sp. nov. bears at least 8
pseudoarticulations on Mt II. The extant species Ortholasma
rugosum (with 7), O. pictipes (with 9), Trilasma sbordonii
(with 7), and T. petersprousei Shear, 2010 (with 12) have
a comparable number of pseudoarticulations as the fossils.

Affinities and zoogeographical comments.—A key ques-
tion is whether the affinities of the new fossils lie with the
modern East Asian or American faunas? This also relates
to the wider, and still not satisfactorily resolved, question of
where Ortholasmatinae originated. Shear (2010) entertained
origins in the New World, but Martens (2019) suggested sev-
eral lines of evidence for an Asian origin, with the American
species being more derived. Alternatively, the phylogenetic
analysis of Cruz-Lopez et al. (2018: figs. 1, 2) recovered
their new Mexican genus Cryptolasma as the sister-group
of the remaining ortholasmatines, which could be consistent
with a scenario in which the subfamily originated in Central
America and subsequently spread into North America and
Asia. The genital characters and ecological arguments, i.e.,
American species have more complex male genitalia and
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occupy a more diverse range of habitats, cannot be tested in
the fossils, due to the lack of sufficient information.

From the comparisons above, it is clear that the amber
fossils show features seen in both extant Asian (4siolasma,
Cladolasma) and American (Dendrolasma, Martensolasma,
Ortholasma, and Trilasma) genera, but Balticolasma wun-
derlichi gen. et sp. nov. appears, on balance, to be closer
to the Asian species albeit with most of its characters in
an even more simplified condition. The ocular process of
the fossil is more robust, but only covered with smaller
tubercles, and the dorsal body ornamentation lacks any par-
ticular pattern of keel cells, branched tubercles, or star- and
anvil-shaped tubercles (except on the leg coxae). Martens
(2019) noted that Asian taxa tend to have a more irregular
dorsal ornamentation, less clearly organised into discrete
cells. Furthermore, the hood in Asian species has lateral
tubercles which are free along their length while the hood of
many American species is more complex with interlinking
elements between the lateral tubercles to produce a net- or
lattice-like morphology, arguably conferring more stability.

These observations could lend weight to Martens (2019)
proposal that ortholasmatines first evolved in the Old
World. We might even speculate that the group originated
in the western Palaearctic, where it was represented by less
morphologically derived lineages, even though it eventually
became extinct here. The greater morphological similarity
between the amber fossils and the modern Asian ortholas-
matines could favour an older, closer, relationship between
the Old World ortholasmatines. This still needs to be rec-
onciled with the molecular data underlying the phylogeny
proposed by Cruz-Lopez et al. (2018) where the Neotropical
taxa emerged as the basal group.

We should, however, also note that Martens (2019: 108)
stated that Asian ortholasmatines preferably “...live in hu-
mid litter or under pieces of dead wood in primeval for-
ests, montane broadleaf forests, coniferous forests and (sub)
tropical evergreen forests, with a closed canopy”. Habitats
like this were not so clearly present in the probably humid
but warm-temperate climate of the Baltic amber forests,
according to Sadowski et al. (2017) and the Rovno amber
forests (Mitov et al. 2021 and literature therein). However,
extant floras (based on conifers) which come closest in rep-
resenting the Baltic amber forests can be found today in East
Asia (especially south-eastern China) and North America
including Mexico (Sadowski et al. 2017: table 12). Both
areas are today still inhabited by a few of the Asian and
most of the American ortholasmatines respectively. A west-
ern Palaearctic origin for ortholasmatines would also be
consistent with the concentrated high diversity of the sec-
ond nemastomatid subfamily (and putative sister-group),
Nemastomatinae, in this region.

The first European ortholasmatine is nevertheless partic-
ularly significant in biogeographical terms, as it finally fills
the disjunct gap between East Asian and North American
populations seen today. These disjunct distribution patterns
usually imply an ancient, and relictual, nature for a given or-

ganism group. An alternative example would be horseshoe
crabs (Lamsdell 2020: fig. 2), which are nearshore marine
rather than terrestrial but are also only found today in East
Asia and along the eastern coast of North America.

This prompts us to consider a third scenario for ortho-
lasmatine origins which may be able to unify the histori-
cal biogeography hypothese proposed by Shear and Gruber
(1983) and Martens (2019). We suggest that ortholasmatines
could be an old and relictual group, which were probably
much more widespread in the past with populations occu-
pying more extensive ranges in Eurasia, or indeed the en-
tire Holarctic. Connections between these populations were
old, most likely Laurasian, and might even date back to the
Triassic (ca. 200 Myr) before the opening of the present
Atlantic Ocean (see also Shear and Gruber 1983; discussion
in Dunlop and Mitov 2011). The disjunction between the
American and Asian ortholasmatines is most likely the result
of paleogeographic and climatic changes that began long
before the Pleistocene. These changes may be related to long
term global cooling and increasing continentality of the cli-
mate, as well as subsequent dramatic events during glacial
times. These changes may have led to fragmentation and
isolation of ortholasmatine populations. In our model, a large
part of the hygrophilous and thermophilous forms (including
the amber fossils described herein) died out, probably as
a result of aridification and/or the loss of Eurasian Forest
communities and steppefication of the landscape.

In this scenario, a consequence of this was that the
European Ortholasmatinae taxa disappeared, while the
more ecologically plastic American and Asian species were
able to migrate southwards, along with the rest of the terres-
trial invertebrate biota. Later, through the spread of forest
formations during interglacial and postglacial expansion,
they were able to migrate back northward in the opposite
direction. Perhaps they were able to survive adverse periods
in Holarctic refugia, varying in number, type and variety.
Under certain conditions, American and Asian ortholasma-
tines may also have had the opportunity for intercontinen-
tal exchange, probably across a humid Bering land bridge
during the early Cenozoic (see also Shear and Gruber 1983).
As a result of the gradual adaptation to the specific local
ecological conditions in a cold and cool climate (since the
end of the Eocene—Oligocene), a number of psychrophilous
and frigostable species associated with both humid environ-
ments and drier habitats have appeared. Their descendants
now inhabit the territory of the American and Asian con-
tinents, mainly within relict plant communities and under
relict climatic conditions (see Shear and Gruber 1983: 13;
Martens 2019: 108—109).

Conclusions

The first ortholasmatine fossils come from Eocene Baltic
and Rovno amber and improve our understanding of the
evolutionary history of this unique group of harvestmen.
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Baltic amber inclusions are already known for their great
diversity and continue to reveal species which are not pres-
ent in Europe today. The additional specimen from Rovno
amber shows again that both amber sources share a common
harvestmen fauna and are thus probably of contemporary
Eocene age. With the new material, the number of known
Baltic and Rovno amber harvestmen species become 19
and seven, respectively, and the number of species com-
mon to both faunas is now six (see also Mitov et al. 2021:
table 1). Our new fossils also represent the first unequivocal
calibration point for Ortholasmatinae, which can be used
in future studies to date the harvestman tree of life more
precisely. However, many questions remain, and additional
fossil finds from other sources would be necessary to fully
reconstruct the history of Ortholasmatinae.
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