Exceptionally preserved Oligocene emperor butterfly
from France provides a new calibration point for

Apaturinae evolution
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A new genus and species of emperor butterfly (Nymphalidae, Apaturinae) is described based on an exceptionally
well-preserved specimen from the “Calcaire de Campagne Calavon” limestone of southern France (early Oligocene age,
approximately 34-28 Mya). Most parts of the right wings and upper parts of the left wings are visible, with complete
venation and even wing patterns. The head and thorax are clearly visible from both sides, and most of the abdomen is
preserved. Apaturoides monikae gen. et sp. nov., is compared to all genera of the subfamily and based on the form of the
wings and venation is considered most similar to species of Apatura, today occurring widely in Palearctic, excluding
North Africa and Middle East. This discovery provides an important calibration point based on direct fossil evidence for
estimating relationships and divergence estimates among emperor butterflies.
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Introduction

Butterflies (Lepidoptera: Papilionoidea) are among the most
iconic and beloved insects, capturing the human imagi-
nation for millennia (Grimaldi and Engel 2005). They are
also among the most intensely studied groups of insects,
serving as models for everything from community ecology
to the molecular basis of pattern development. Yet, in terms
of their evolution, butterflies are a comparatively young
clade, with hypothesized stem groups arising in the Late
Cretaceous but almost entirely diversifying in the Cenozoic
(Grimaldi and Engel 2005; Wahlberg et al. 2013; Espeland
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et al. 2018; Kawahara et al. 2019, 2023). This is in stark con-
trast to the putative Paleozoic age of Lepidoptera (Kawahara
et al. 2019). Direct fossil evidence, however, is limited and
much remains speculative. Due to taphonomical processes,
fossil occurrences of Lepidoptera are infrequent and most
of them have been discovered in amber, thus limiting their
records to deposits of the Early Cretaceous or younger age
(Martinez-Delclos and Martinell 1993; Sarto i Monteys et
al. 2022). This natural bias leads to considerable discrep-
ancies in divergence-time estimates in molecular analyses
(Labandeira and Sepkoski 1993; Kristensen and Skalski
1998; Kozlov et al. 2002; Sohn et al. 2015). Until recently,
Archaeolepis mane Whalley, 1985, represented the oldest
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fossil occurrence for the Lepidoptera, dating back to the
Sinemurian (Early Jurassic, ca. 190 Mya, from Dorset,
England) (Whalley 1985). However, subsequent discov-
ery of fossilized wing scales from sediments of the latest
Triassic and earliest Jurassic age in northern Germany con-
firmed the presence of not only Lepidoptera, but also the
clade Coelolepida (including Glossata), pushing age esti-
mates for the lineage back to at least 200 Mya (Van Eldijk
et al. 2018). Recently, Fiorelli et al. (2025) reported hexapod
scales dating to 236 Mya, which they interpreted as belong-
ing to the clade Glossata. Other lepidopteran fossils have
been summarized by Sohn et al. (2012, 2015).

As for the butterflies (Superfamily Papilionoidea), Sohn
et al. (2012, 2015) reported 142 fossil occurrences (Sohn
et al. 2012, 2015), which potentially represents the richest
fossil record for any superfamily across the Apoditrysia (in-
cluding Obtectomera and Macrolepidoptera) and the second
richest fossil record for a superfamily in the Ditrysia, after
Tineoidea (Sohn et al. 2015). However, a revision of the but-
terfly fossil record by Jong (2017) suggests that only 48 of
these are butterflies, and the remaining fossils either cannot
be confidently assigned to Papilionoidea, or were wrongly
identified in the original description. Of the 48 validated
fossil butterflies, almost half (23) are assigned to the fam-
ily Nymphalidae (Jong 2017). Two of the fossil species are
particularly striking with preserved wing patterns, namely
Prodryas persephone Scudder, 1878, of the Nymphalinae
Rafinesque, 1815, from the Eocene/Oligocene boundary of
Florissant, Colorado, USA, and Dynamine alexae Pefialver
& Grimaldi, 2006, of the subfamily Biblidinae Boisduval,
1833, from the Early Miocene Dominican amber (ca. 15-17
Mya) (Grimaldi and Engel 2005; Penalver and Grimaldi
2006). Recently, Fischer and Hausmann (2025) reported
the first reliable fossil record of a butterfly (Papilionoidea)
in Baltic amber, based on the discovery of a characteristic
hexagonally sculptured egg that can be attributed to the ad-
miral subfamily Limenitidinae (Nymphalidae). This finding
establishes a minimum Eocene age (33.9-37.8 Mya) for this
group and provides a rare direct calibration point in the evo-
lutionary history of butterflies.

With over 80 described species in 22 genera, the subfam-
ily Apaturinae Boisduval, 1840, is mainly distributed in the
Palearctic, Indo-Australian, Afrotropical (4paturopsis) and
New World (Doxocopa and Asterocampa) regions (Masui
et al. 2011). Until now, no fossils have been found that can
be definitively ascribed to the Apaturinae (Sohn et al. 2012;
Jong 2017). Here we report the first fossil for the subfamily
Apaturinae. The fossil provides a new biogeographic and
temporal calibration point for understanding the evolution-
ary history and diversification of butterflies.

Institutional abbreviations.—NHMMZ, Landessammlung
fiir Naturkunde Rheinland-Pfalz at the Naturhistorisches
Museum Mainz, Germany.

Other abbreviations.—A, anal vein; CuA, cubital-anterioris
vein; M, medial vein; R, radial vein; Sc, subcostal vein.
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Nomenclatural acts.— This published work and the nomen-
clatural acts it contains have been registered in ZooBank:
urn:lsid:zoobank.org:pub:2CFB7834-82E(0-4B78-A3C7-
2818C32D72CC

Material and methods

The specimen reported here is from the lower Oligocene
lacustrine laminate exposed along the northern flank of the
Montagne de Lubéron, Alpes-de-Haute-Provence, south of
the village of Céreste. Today, these sites that contain fossils
are protected by the Lubéron National Geological Nature
Reserve (Coster and Legal 2021). The fossils were found in
clay-limestone laminates (also called Papierschiefer), which
belong to the lacustrine Campagne-Calavon Formation.
This formation is dated as Rupelian (biozone MP23-24,
33.9-27.82 Mya) based on biostratigraphic data from gas-
tropods (Cavelier et al. 1984), charophytes (Feist 1977),
ostracods (Apostolescu and Guernet 1992), and mammals
(Helmer and Vianey-Liaud 1970; Ducreux et al. 1985). The
geologic history of the Campagne-Calavon Formation is
marked by the transformation of an environment that was
once characterized by calm and shallow lakes, with fluctu-
ating salt levels over time (Ducreux 1982; Lutz 1984), and
bears numerous fossil insects, mammals, birds, fish, and
plant remains (e.g., Lutz 1984, 1985a, b; Mayr 2000; Nel et
al. 2024; Pfretzschner 1998; Nidergas et al. 2018; Heie and
Lutz 2002; Wappler 2004; Claisse et al. 2019).

The type specimen (NHMMZ PE 2019/1-LS) is depos-
ited in NHMMZ.

The fossil is preserved between two asymmetrical thom-
bus-shaped limestone layers (longest diameter 15.2x 8.8 cm.
No crack is visible on the limestone layer with the print of
the upperside (= part), but the layer with underside’s print
(= counterpart) has three cracks on the upper corner and
one crack on its lower part. The butterfly (Fig. 1) has right
wings nearly completely preserved, as well as most of the left
forewing. The head (except antennae), thorax, and abdomen
are well preserved. The fossil was collected by Herbert Lutz
(Seeheim-Jugenheim, Germany) during his excavations in
1979, and who kindly offered us the opportunity to examine
and conduct further research.

The fossil was examined using a Leica stereomicroscope
(model: M205C). Photographs were taken using a Keyence
digital microscope (model: VHX-5000) and processed us-
ing Adobe Photoshop CS5. Digital line drawings were made
in Adobe Illustrator (version: CS5) based on the photos and
the original fossil. The systematics of Nymphalidae fol-
lows Espeland et al. (2018) and Wahlberg et al. (2009), and
the higher classification follows Nieukerken (2011). For no-
menclature of morphological characters and wing venations
we follow Ackery et al. (1999).
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Systematic paleontology

Superfamily Papilionoidea Latreille, 1802

Family Nymphalidae Rafinesque, 1815

Subfamily Apaturinae Boisduval, 1840

Genus Apaturoides nov.

Zoobank LSID: urn:lsid:zoobank.org:pub:2CFB7834-82E0-4B78-

A3C7-2818C32D72CC

Etymology: A combination of Apatura and Ancient Greek eidés (s107g),
resembling, connected to, or of the nature of; and is meant to emphasize
the close relationship between the genera. The gender is feminine.

Type species: Apaturoides monikae sp. nov.; monotypic, see below.

Diagnosis.—As for the type species by monotypy.

Apaturoides monikae gen. et sp. nov.
Figs. 1, 2.

Zoobank  LSID: urn:lsid:zoobank.org:pub:2CFB7834-82E0-4B78-
A3C7-2818C32D72CC

Etymology: In honor of Monika Lutz-Scholz on her 70th birthday (born
28 October 1956). Monika is the wife of Herbert Lutz, who discovered
the fossil in 1979.

Holotype: NHMMZ PE 2019/1-LS, a well-preserved body with most
parts of right wings and small part of the left wings.

Type locality: “Calcaire de Campagne Calavon” limestone of Céreste-
en-Luberon (also known as Céreste), a locality situated within the
commune of Alpes-de-Haute-Provence, in the Alpes-Maritimes region
of south-eastern France (43.9°N, 5.6°E).

Type horizon: Rupelian (dated as 33.9-28.4 Mya), lower Oligocene.

Diagnosis—The presence of open wing cells is a key char-
acter that assigns this new species to Nymphalidae. While
this character is not universally found in Nymphalidae, it
is exceedingly rare in other papilionoid families (e.g., some
Hesperiidae species). However, the new species can be ex-
cluded from Hesperiidae based on the shape of head, thorax,
wing, and other venational details.

In terms of wing pattern (Figs. 1, 2), the new fossil bears
a strong resemblance to species of Junonia (Nymphalinae),
particularly to Junonia orithya (Linnaeus, 1758), which has
quite similar eye spots. However, in species of Junonia the
origin of R1 in the forewing is generally closer to the wing
base than in the fossil, and the origin of CuA2 is definitely
closer to CuAl.

Comparing the wing shape and venation with represen-
tatives from all twelve subfamilies of Nymphalidae allows
for a more accurate identification. The wing shape of the
new species shows some deviation from many nymphalids;
for example, the forewing is relatively elongate, and the
angle between its inner and outer margins is about 73°,
which is uncommon for this family. Such a wing shape
can be found in some subfamilies, such as Limenitidinae
(Neurosigma); Biblidinae (Batesia), Danainae (Danaus),
and Satyrinae (Zethera and Penthema). However, in all of
these examples, the cell is closed and the origin of CuA2
in the forewing is closer to the wing base rather than to the
origin of CuAl, whereas in the new species, the cell is open

and CuA2 originates roughly at the middle of the wing base
and CuAl. These characters confidentially assign the new
species to the subfamily Apaturinae.

We thus compared the new species with representa-
tives of all known genera within the subfamily Apaturinae.
Currently, 22 genera are recognized in Apaturinae. Among
them, one genus (Apaturopsis) is confined to Africa, an-
other (4sterocampa) is found only in North America, one
(Doxocopa) occurs in both North and South America, and
the remaining genera are distributed in the Palearctic-
Oriental regions. The new species differs from all species
of first three genera, as in all of them the origin of CuA2
is distinctly closer to the origin of CuAl than to the wing
base. In the other genera, with some variation, the origin
of CuA2 is closer to CuAl. Among all other genera, only
Apatura has a somewhat similar pattern to the new species,
where CuA2 originates close to the middle of the wing base.
Despite these similarities, the studied specimen does not
belong to this genus, as Apatura has a different wing shape,
with a much broader angle (almost 90°) between the inner
and outer margins of the forewing, as well as a different
shape of the hindwing.

Description—Head: Eyes only partially visible; right an-
tenna with only four basal preserved antennomeres, left
antenna missing. Haustellum well-developed, ca. 0.9 mm in
length, uncoiled (Figs. 1A,, 2D).

Thorax: Scaled. Legs as far as visible well-developed;
forelegs not notably reduced; only right metatarsus visible.

Wings: Wingspan ca. 90 mm, forewing length ca.
41 mm, with rounded apex. Forewing margins smooth; two
eyespots, upper one located between M1 and M2, formed
of a dark spot with white dot in center and a lighter outer
ring, max. diameter of dark spot 3. mm; lower eyespot
located between veins CuAl and CuA2, formed of a dark
spot with a white dot in its center, max. diameter of dark
spot 4.3 mm, two light outer rings separated by a darker
ring; shadow of postmedial and subterminal lines scarcely
visible in forewing; a streak smear present in basal area,
a grey band in the middle area as well a shorter thin band
in subcostal area of forewing seem to be the preserved wing
patterns. Hindwing termen waved on M; three eyespots
visible: upper one located between Rs and M2 and formed
of a dark spot with a white dot centrally and a lighter outer
ring, maximum diameter of dark spot 3.7 mm; smallest
eyespot located on CuAl and formed of a dark spot with
a white dot centrally, max. diameter of dark spot 1.1 mm,
and has a light outer ring; lower eyespot located between
CuAl and CuA2, formed of a dark spot with a white dot
centrally, max. diameter of dark spot 3.9 mm, two light
outer rings separated by a darker ring; shadow of postmedial
and subterminal lines scarcely visible on hindwing, same as
the forewings preserved wing patterns are visible as a grey
band on the middle of costal area of hindwing and continu-
ing to CuAl. Venation of both wings well visible. Forewing
(Figs. 1A, 2A—C) with an open cell; radial veins not swollen;
R1 and R2 originating from cell; R3-5 stalked together;
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Fig. 1. A nymphalid butterfly Apaturoides monikae gen. et sp. nov. from lower Oligocene lacustrine laminate, Alpes-de-Haute Provence, south of the
village of Céreste, France. NHMMZ PE 2019/1-LS, part in dorsal view (A;), counterpart in ventral view (A,).
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CuA2

Fig. 2. Wing pattern, venation and details of the ventral side of the body of nymphalid butterfly Apaturoides monikae gen et sp. nov. A. Digital drawing of
the wing pattern. B. Reconstruction of the wing pattern, including missing portions. C. Wing venation. D. Line drawing of the head, thorax, and abdomen,
as far as visible on the fossil. Abbreviations: A, anal vein; CuA, cubital-anterioris vein; M, medial vein; R, radial vein; Sc, subcostal vein.

M1 originates from end of cell; M2 ends at halfway be-
tween M1 and M3; M3 and CuAl stalked together; CuA2
originates at halfway between wing base and CuAl; A1+2
originate from wing base. Hindwing (Figs. 1A, 2A—C) has
an open cell; Sc+R1 originates from wing base; Rs, M1, and
M2 originate from cell; M2 ends halfway between M1 and
M3; M3 and CuAl stalked together; A1+2 originates from
wing base (hindwings close to abdomen such that A3 is
covered by the abdomen).

Abdomen: Relatively short, thick; its dorsal end partially
absent.

Remarks—Ildentifying fossil Lepidoptera at lower taxonomic
levels is often challenging because the necessary apomorphic
characters for correct identification are rarely well-preserved,
such as the three longitudinal ridges on the ventromesal sur-
face of the antennae, an apomorphy of the Nymphalidae.
Even assignment of such fossils to higher taxonomic levels
may be problematic. However, relying on combinations of
visible characters on the current fossil can be helpful in family
and tribal assignment of this species. We consider structural
characters such as wing venation better indicators for phylo-
genetic relationships rather than wing pattern, as elements
such as eye spots have apparently evolved independently in
different subfamilies (Hanotte et al. in press.).

Stratigraphic and geographic range.—Rupelian (33.9-28.4
MYR BP), middle Oligocene; Céreste, between the Vaucluse
and the Alpes-de-Haute-Provence, France.

Concluding remarks

Given the likely relationship with Apatura, the fossil could
be ascribed to an Old-World group within the Apatura-

clade (Wahlberg et al. 2009; Freitas and Brown 2004;
Ohshima et al. 2010). Based on molecular estimates, the
subfamily diverged from Biblidinae, approximately 47-52
Mya (Chazot et al. 2019; Kawahara et al. 2023). However,
it only began to diversify into the modern genera around
33 Mya (Chazot et al. 2019; Kawahara et al. 2023), which
is roughly near to the age of the current fossil. Around
this time, the two major clades within Apaturinae, the
Apatura-clade and the Chitoria-clade, diverged from each
other. The events that transpired during the intervening
period remain largely unknown, possibly due to large-
scale extinctions, of which this fossil seems to be an ex-
ample. Initially, the subfamily diversified in SE Asia,
subsequently dispersing to Africa once around 21 Mya
(Apaturopsis) and to North America at least twice, approx-
imately 17 Mya (Doxocopa) and 16 Mya (Asterocampa),
respectively (Chazot et al. 2021). The subfamily continued
to proliferate in Asia, leading to the majority of the modern
diversity in this region.

The Apatura-clade itself, comprising the genera Apatura,
Hestina, Mimathyma, Euripus, Sephisa, Hestinalis, and
Doxocopa, began diversifying around 18 Mya, based on
current molecular estimates (Chazot et al. 2019; Kawahara
et al. 2023), suggesting that the fossil would represent an ex-
tinct stem lineage of the Apatura-clade. The same molecular
estimates place the divergence of Apatura from its sister
lineage to about 16 Mya, suggesting that either molecular
estimates are too young and the Apatura lineage dates to at
least 34-28 Mya, or extant Apatura retain ancestral mor-
phological features. Extant Apatura comprises four species
that are distributed throughout the temperate Palaearctic re-
gion, and are closely related to each other having diversified
in the past 8 million years or so (Chazot et al. 2021).
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Relationships of the genera, including Apatura, within
the Apatura-clade are somewhat unstable. The subfamily
has been the focus of only one phylogenetic study (Ohshima
et al. 2010), but a similar number of taxa have been included
in the recent broader butterfly studies (Chazot et al. 2019,
2021; Kawahara et al. 2023). None of these studies show the
same relationships of the genera within the Apatura-clade,
meaning that further phylogenetic work is needed to resolve
the relationships of the extant taxa. In the meantime, the
fossil provides a minimum age for the Apatura-clade.
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