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Abstract

The first monkey hopper (Orthoptera: Eumastacoidea) from Eocene
Baltic amber (ca. 49-44 Ma) is described based on a well-preserved male
specimen. Baltoparalethus alessioboninoi gen. et sp. nov. is tentatively as-
signed to the family Episactidae: subfamily Episactinae. The new taxon
extends the age of Episactidae back by about 25 Ma, providing important
new insights into their geographic distribution in deep time as well as the
evolutionary chronology of Eumastacoidea.
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Introduction

The Eumastacoidea Burr, 1899, or monkey hoppers, represent
a superfamily in the suborder Caelifera Ander, 1936 within the
Orthoptera Olivier, 1789. Today, they include more than 1,000
species and occur on every continent except for Europe and
Antarctica (Cigliano et al. 2026). Despite their great diversity in
extant ecosystems, the fossil record of Eumastacoidea remains
sparse, although recent findings shed much-needed light on the
early evolution of the lineage (Husemann et al. 2025, Schall et
al. 2026a, b).

The oldest known fossil occurrence of a monkey hopper is Ar-
chaeomastax jurassicus Sharov, 1968 from the Karabastau Forma-
tion of Kazakhstan, which is about 161.5-149.0 Ma old (Paleo-
biology Database 2026) and known only from its fore- and hind-
wing (Sharov, 1971). There are four species of Cretaceous Eumas-
tacoidea known—Taphacris turgis Lin, 1980 from the Hengshan
Formation of China and the recently described Cratomastax mariel-
laae Schall et al., 2026b from the Crato Formation of Brazil, as well
as Burmeumastax lexiae Husemann et al., 2025 and Monolophomas-
tax disantoi Schall et al., 2026a from Myanmar amber.

In the Paleogene, the fossil record of Eumastacoidea becomes
somewhat more diverse: a total of 11 species are described from
the Paleocene and Eocene (Scudder 1890, Handlirsch 1910, Cock-
erell 1926, Lin 1977, Kevan and Wighton 1981, Gorochov and
Labandeira 2012, Zessin 2017, Schubnel et al. 2020). However,
many of these species are known exclusively from wing remains
and sometimes from body fragments, limiting our understanding
of their overall morphology (Husemann et al. 2025).

Amber is an invaluable fossil resource in paleo-entomology
because it preserves insects and other arthropods in astonishing
detail, allowing researchers to compare the fossils with extant bio-
diversity almost as if the extinct taxa were still alive today. Among
amber deposits, Baltic amber is one of the world’s most famous
owing to its incredible biodiversity (Perkovsky et al. 2007). Until
now, 21 species of Orthoptera have been discovered in Baltic am-
ber: three Tetrigidae Rambur, 1838 (Piton 1938, Skejo et al. 2023,
Thomas et al. 2019), seven Grylloidea Laicharting, 1781 (Germar
and Berendt 1856, Chopard 1936, Gorochov 2010), four Rhaphi-
dophoroidea Walker, 1869 (Chopard 1936, Gorochov 1989), two
Stenopelmatoidea Burmeister, 1838 (Gorochov 2010), and five
Tettigoniidae Krauss, 1902 (Zeuner 1936, Weidner 1956, Goro-
chov 2010), but not a single member of the Acridomorpha Ma-
cLeay, 1821 (Table 1).

In this study, we describe the first genus and species of Eumas-
tacoidea from Baltic amber. The almost perfectly preserved speci-
men provides important new insights into the morphology and
evolution of monkey hoppers during the Eocene.

Geological setting

Baltic amber is generally dated to the Eocene (55.8-33.9
Ma), although proposed age ranges extend from ~55 to 23 Ma
due to repeated redeposition and the long persistence of am-
ber-producing forests (Larsson 1978, Szwedo and Sontag 2009,
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Table 1. Taxonomic overview of all fossil Orthoptera described from Baltic amber so far.

Suborder Infraorder

Superfamily

Family

Subfamily

Genus

Species

Caelifera Ander,
1936

Acrididea Targioni-
Tozzetti, 1882

Eumastacoidea Burr,
1899

?Episactidae Burr,
1899

?Episactinae Burr, 1899

Baltoparalethus gen.
nov., this study

alessioboninoi sp. nov.,
this study

Tetrigoidea Rambur,
1838

Tetrigidae Rambur,
1838

Batrachideinae Bolivar,
1887

Danatettix Thomas,
Skejo & Heads, 2019

hoffeinsorum Thomas,
Skejo & Heads, 2019

Rusmithia Skejo, Kasalo,
Thomas & Heads, 2023

gorochovi Skejo, Kasalo,
Thomas & Heads, 2023

Tetriginae Rambur,

1838

Succinotettix Piton, 1938

chopardi Piton, 1938

Ensifera Chopard,
1921

Gryllidea Vickery,
1977

Grylloidea
Laicharting, 1781

Gryllidae Laicharting,
1781

Gryllinae Laicharting,
1781

Trichogryllus Chopard,
1936

macrocercus (Germar &
Berendt, 1856)

Pentacentrinae
Saussure, 1878

Eopentacentrus
Gorochov, 2010

borealis Gorochov, 2010

Mogoplistidae Costa,
1855

Mogoplistinae Costa,
1855

Archornebius Gorochov,
2010

balticus Gorochov, 2010

Oecanthidae
Blanchard, 1845

Podoscirtinae Saussure,
1878

Madasumma Walker,
1869

europensis Chopard,
1936

Stenogryllodes Chopard,
1936

brevipalpis Chopard,
1936

Phalangopsidae
Blanchard, 1845

Phaloriinae Gorochov,
1985

Electrogryllus Gorochov,
1992

septentrionalis
(Chopard, 1936)

Trigonidiidae Nemobiinae Saussure,  Baltonemobius fossilis Gorochov, 2010
Saussure, 1874 1877 Gorochov, 2010
Tettigoniidea Kevan, Rhaphidophoroidea = Rhaphidophoridae Protoglophilinae Prorhaphidophora antiqua Chopard, 1936
1982 Walker, 1869 Walker, 1869 Gorochov, 1989 Chopard, 1936
Protoglophilus Gorochov,  sukatshevae Gorochov,
1989 1989
tachycinoides (Chopard,
1936)
zeuneri (Chopard,
1936)
Stenopelmatoidea Gryllacrididae Gryllacridinae Plesiolarnaca Gorochov,  prior Gorochov, 2010

Burmeister, 1838

Blanchard, 1845

Blanchard, 1845

2010

Stenopelmatidae
Burmeister, 1838

Stenopelmatinae
Burmeister, 1838

Electrosia Gorochov,
2010

baltica Gorochov, 2010

Tettigonioidea Krauss,
1902

Tettigoniidae Krauss,
1902

Lipotactinae Ingrisch,
1995

Eomortoniellus Zeuner,
1936

bispinatus (Weidner,
1956)

handlirschi Zeuner,
1936

martynovi (Zeuner,
1936)

Meconematinae
Burmeister, 1838

Archixizicus Gorochov,
2010

occidentalis Gorochov,
2010

Eogrigoriora Gorochov,
2010

gracilis Gorochov, 2010

Wolfe et al. 2016). Radiometric dating of glauconitic sediments
suggests a middle Eocene age for the main Sambian deposits (Ritz-
kowski 1997), although younger ages have also been proposed
(Kaplan et al. 1977). While Early Oligocene ages have been sug-
gested based on insect ecology (Vitali and Daamgard 2016), most
recent syntheses favor a middle Eocene age for both Baltic and
Bitterfeld ambers (Wolfe et al. 2016).

The main mass of Baltic amber is hosted in the Eocene Prus-
sian (Samland) Formation, where it is concentrated within the
glauconite-rich “Blue Earth” (Blaue Erde) horizon of the Sam-
bian Peninsula. With an estimated total mass of approximately
10° tonnes, it represents the largest known accumulation of am-
ber in the world (Szwedo and Sontag 2009). Eocene Baltic am-
ber represents one of the most important Konservat-Lagerstdtten,
providing an unparalleled record of exceptionally preserved fossil
organisms. Its rich inclusions, particularly insects, have made Bal-
tic amber a cornerstone for studies in taxonomy, phylogenetics,

paleoecology, paleoclimate, and paleobiogeography. This record
is especially valuable for reconstructing biotic responses to major
climatic changes during the Eocene, a period critical for the estab-
lishment of modern ecosystems (Zachos et al. 2001).

The term “Baltic amber” encompasses a wide range of second-
ary deposits distributed across northern and eastern Europe and
beyond, from the Baltic Sea region to Arctic localities (Bogri et
al. 2018, Szwedo and Sontag 2009). In a stricter sense, it refers to
amber from Gdansk Bay (Gdansk, Poland) and the Sambian Pen-
insula (Russia), which together represent the classic Baltic amber
sensu stricto (Alekseev and Alekseev 2016).

Baltic amber formed from plant resins originally deposited in
forest soils and subsequently altered by diagenetic processes. De-
spite extensive study, the source of Baltic amber remains debated.
Current evidence suggests that Baltic amber sensu stricto represents
a mixture of resins derived from multiple source areas; erosion
and fluvial transport, via the hypothetical Eridanos River system
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(Szwedo and Sontag 2009), later redistributed these resins into
coastal and deltaic environments, resulting in predominantly
allochthonous deposits. Alternative models propose southern
source regions, including areas bordering the Eocene Paratethys
Sea, with later redeposition of some amber types such as Bitterfeld
amber (Szwedo and Sontag 2009, Wolfe et al. 2016). Geochemical
data support a complex history involving multiple resin sources
and transport pathways (Wolfe et al. 2016). Consequently, Baltic
amber is no longer found at its original site of production (Weits-
chat and Wichard 2010).

During the Eocene, much of the Northern Hemisphere ex-
perienced warm, humid climates with vegetation comparable to
modern subtropical forests (Szwedo and Sontag 2009). The Baltic
amber forest is reconstructed as a thermophilous, humid mixed
forest, broadly similar in structure and ecological parameters to
the present-day forests of eastern and southeastern Asia (Alekseev
and Alekseev 2016, Bogri et al. 2018).

Materials and methods

The amber piece presented in this study was acquired in 2025
by the Back to the Past Museum (Canctn, Mexico) (collection
number BPM1134) from Yu-He Gao, an engineer in plant protec-
tion. The amber was collected on the Baltic Sea coast, Yantarny
settlement (formerly Palmnicken), Sambia (Samland) Peninsula,
Kaliningrad Region, Russia. The Back to the Past Museum is a pri-
vately operated institution engaged in paleontological research,
with a focus on trilobites and other Paleozoic arthropods and,
more recently, on insects preserved in amber. Within the next two
years, the museum’s entire collection is scheduled to be transferred
to a newly established museum in Miami, USA, dedicated to the
preservation and study of paleontological material.

The honey-yellow amber piece measures 27 x 25 x 9 mm and
is sub-elliptical in shape. Its surface has been carefully polished,
providing clear visibility of the inclusions. Additional syninclu-
sions are present, including stellate hairs (trichomes), Coleop-
tera, and Diptera (Brachycera). The left side of the specimen
is partially covered by verlumung, a white coating composed
of microscopic air bubbles that formed during decomposition
and fossilization processes within the amber. The specimen
was mounted in a borosilicate Petri dish using white plasticine
(UHU Patafix) and immersed in 99.5% vegetable glycerol. The
refractive index of the solution closely matches that of amber,
minimizing optical distortions caused by the curved surface and
masking superficial scratches.

Photographic documentation followed the protocol described
by Bonino (available at https://enrico-bonino.eu/, last accessed
01.12.2025). The optical system consisted of a Sony a7R II mirror-
less camera equipped with 114 mm and 208 mm tube lenses, de-
pending on the optics used. To image the complete specimen, a re-
versed Schneider Componon 50 mm f/2.8 lens was employed; de-
tailed views were obtained using a Mitutoyo QV 2.5x microscope
objective. The complete system (camera, tube lens, and optics) was
mounted on a vertical MJKZZ Ultra Rail MINI V2, enabling precise
movement along the vertical axis. [llumination was provided by a
cylindrical OGGLAB LED system (DB 120EB). In most instances,
incident and transmitted light were used simultaneously.

Images were acquired in 16-bit RAW format (Sony ARW) us-
ing a step size of 90 pm (with the reversed lens) and 15 pm (with
the microscope objective) between successive frames. For each
view (dorsal and ventral), 70-80 frames were captured. Raw im-
ages were subsequently organized into sub-stacks of five images

for initial preprocessing. Final image reconstruction was conduct-
ed using Helicon Focus v.8.3.9 (https://www.heliconsoft.com/,
Professional), employing stacking and retouching procedures to
minimize artifacts including air bubbles, plant or particulate de-
bris positioned anterior to the specimen, and out-of-focus regions
of the amber matrix. Due to the specimen’s dimensions, a mosaic
composed of two separate image stacks was assembled to cover the
entire specimen. Final post-processing was performed using Ado-
be Camera RAW, Adobe Photoshop CC, and Topaz Photo v.1.1.1.
Processed images were saved in both 8-bit JPG and PSD formats.
The scale bar was calibrated using an image of a micrometer reticle
printed on a precision glass slide with 0.01 mm divisions. Draw-
ings of the images were created in GIMP v. 3.0.2-1 (https://www.
gimp.org/, last accessed 01.01.2026). Figures were assembled (in-
cluding labeling and the addition of scale bars) in Inkscape v. 1.3
(https://inkscape.org/, last accessed 01.01.2026).
The taxonomy in this study follows Cigliano et al. (2026).

Systematic paleontology

Order Orthoptera Olivier, 1789

Suborder Caelifera Ander, 1936

Infraorder Acrididea Targioni-Tozzetti, 1882
Nanorder Acridomorpha MacLeay, 1821

Superfamily Eumastacoidea Burr, 1899

Justification for the generic assignment to this superfamily.—Due to the
diversity in the habitus of Eumastacoidea, it is difficult to propose
a diagnosis applicable to the entire taxon, an issue already recog-
nized in the first description by Burr (1899). According to that de-
scription, Eumastacoidea are small- to medium-sized orthopter-
ans; they have an arolium between their tarsal claws; the antennae
are very short (except for the genus Gomphomastax Brunner von
Wattenwyl, 1898 [and the fossil genus Monolophomastax Schall,
Bonino & Husemann, 2026al); the head is short; the prosternum
smooth (Burr used the Latin word muticum); the body is “nor-
male”, neither bloated nor elongated; no tympanal organ at first
abdominal segment. This diagnosis, as comprehensive as it may
be, is consistent with the characters seen in the new specimen.
However, it should be noted that Eumastacoidea are probably dif-
ferentiated best by molecular methods rather than morphological
ones within Acridomorpha (pers. opinion by OKO Schall).

Family ?Episactidae Burr, 1899

Justification for the tentative assignment to this family.—With respect
to the difficulties of assigning fossil Eumastacoidea to lower-level
taxa in the absence of the most important morphological diag-
nostic character (i.e., the structure of the male phallic complex
[Descamps, 1973]), all fossils of monkey hoppers, for now, should
be placed within the extant subfamilies only tentatively and until
more knowledge of their systematics is acquired. With that said,
we suggest that Baltoparalethus may belong to the Episactidae fam-
ily of Eumastacoidea based on the 1) absence of wings (apterous);
2) male subgenital plate not membranous; 3) median ocellus
well-developed; 4) carinae of frontal ridge continue below medi-
an ocellus, diverging basally to form a supraclypeal trapezium; 5)
supra-anal plate triangular; 6) terminal segment of antennae long
and tapering to a rounded point, bearing the antennal organ; 7)
presence of short medial carina just below the fastigium (charac-
ters after Rowell and Perez-Gelabert 2006).
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Subfamily ?Episactinae Burr, 1899

Justification for the tentative assignment to this subfamily.—Based on
characters 1-5 from above, we believe that the new specimen may be-
long to the subfamily Episactinae (Rowell and Perez-Gelabert 2006).

Genus Baltoparalethus gen. nov.
https://zoobank.org/CD0A9053-0799-481C-AE12-5A15BA05E931

Type species.—Baltoparalethus alessioboninoi sp. nov.

Etymology.—Named after its origin from Baltic amber in combina-
tion with the extant Episactinae genus Paralethus Rowell & Perez-
Gelabert, 2006, to which it bears some resemblance, namely char-
acters 6 and 7 from the list above.

Diagnosis and description.—Because the most important morpho-
logical character of diagnostic value for the taxonomy of Eumasta-
coidea (i.e., the structure of the male internal genitalia [Descamps
1973, Rowell and Perez-Gelabert 2006]) is generally unavailable
in fossils, isolating characters relevant to the diagnosis of fossil
monkey hoppers remains problematic. Hence, until more knowl-
edge about the group is acquired from new fossil discoveries or
research on extant Eumastacoidea, the diagnosis of the new ge-
nus described herein matches its description. Due to the current
monotypy of the genus, the diagnosis and description also account
for the species until more species of Baltoparalethus are described.

Head: Antennae with 11 flagellomeres; tip of the distal-most
flagellomere bearing the antennal organ. Lateral and median ocel-
li present. Maxillary palpi five-segmented. Fastigium and frons
with two prominent lateral carinae, which fuse at the transition
from fastigium to frons; frontal carinae forming a supraclypeal tra-
pezium at the base of the frons. Short base of a medial carina just
below the fastigium.

Thorax: Pronotum longer than high in lateral view; rectangular
in dorsal view, posterior margin not emarginated. Pronotum cov-
ers ca. half of the thoracic height. Meso- and metanotum conspic-
uous, clearly distinct from abdominal tergites. Shorter and not as
deep as pronotum; mesonotum about half the length of metano-
tum (in dorsal view). Apterous.

Legs: Pro- and mesotibiae with several edges of small spines.
Metafemur slender. Metatibia dorsally with 19 larger spines of var-
iable size; apically with two inner and two outer spurs; the 4" spur
(which is the innermost) is the largest. All tarsi three-segmented
with the second tarsomere significantly shorter than the others
and third tarsomere longer than the first two combined. First tar-
somere with five small dorsal spines on the inner margin. First and
second tarsomere with tarsal pads. Third tarsomere with two claws
and a large round arolium between them.

Abdomen: External genitalia with supra-anal plate narrow-
triangular; cerci heavily setulose with long setae, covered in tiny
denticles and one larger inner tooth toward the apex; epiproct not
clearly visible, but with small spines at the apex; paraproct broad-
triangular; last abdominal sternite deeply emarginate; subgenital
plate with deep ventral suture; directed upwards; apex with up-
ward fold and three spines on the outside; epiproct, paraprocts,
and upwards fold of subgenital plate create image of a “perfectly
closed entrance”; all parts of the external genitalia with conspicu-
ous strong setae (of the paraproct and epiproct only the outer mar-
gins are setulose; of the subgenital plate only the outer margins
and the inside margins of the deep suture are setulose).

Remarks.—Among fossil Eumastacoidea, Baltoparalethus differs
from most genera described so far by the absence of wings.
The only two genera that share this condition are Paleomastac-
ris Perez-Gelabert et al., 1997 from Miocene Dominican am-
ber and Burmeumastax Husemann, Schall, Uchida & Kotthoff,
2025 from mid-Cretaceous Myanmar amber. Baltoparalethus
differs from Paleomastacris (also a member of Episactidae, but
assigned to the subfamily Espagnolinae Rehn & Rehn, 1939)
by having more antennal flagellomeres (11 vs. 8) as well as the
subgenital plate not being divided into two equal triangular
parts (Perez-Gelabert et al. 1997). Since Paleomastacris lived ca.
25-30 Ma after Baltoparalethus, the reduction in antennal flag-
ellomere number as well as the deep suture found in the sub-
genital plate of Baltoparalethus compared to the fully divided
subgenital plate of Paleomastacris may indicate the transitionary
state of Baltoparalethus in Episactidae evolution.

Baltoparalethus differs from Burmeumastax in several aspects of
the external genitalia morphology. Although this structure is not
entirely clear in Burmeumastax, the Myanmar genus misses the api-
cal upward fold of the subgenital plate; additionally, the structure
identified by Husemann et al. (2025) as the last abdominal tergite
of Burmeumastax exhibits a seemingly multi-plated structure not
seen in Baltoparalethus.

Baltoparalethus alessioboninoi sp. nov.
https://zoobank.org/64D39EC3-ED10-42E0-8548-81D23A130EGF
Figs 1, 2

Etymology.—The species is named after Alessio Bonino, the son of
the senior author of this study.

Locality and horizon.—Baltic Sea coast, Yantarny settlement (for-
merly Palmnicken), Sambia (Samland) Peninsula, Kaliningrad
Region, Russia.

Material. —Holotype, male. Currently in the collection of the
Back to the Past Museum, Canciin, Mexico, coll. no. BPM1134.
To be transferred to a paleontological museum facility in Mi-
ami, USA within the next two years. It is possible that the holo-
type represents a nymph, but given the currently limited knowl-
edge of the genital morphology of fossil Eumastacoidea at dif-
ferent developmental stages, this is uncertain. There are also
no wing pads visible, which would help determine the stage
of the specimen.

Diagnosis.—As for genus (monotypical).

Description.—As for genus (monotypical). See comment made
above for the “diagnosis/description” of the genus.

Measurements [mm].—Body length (front of head to tip of cer-
cus) 8.0. Head height 2.7. Height of compound eye 1.1, width
0.68. Antenna length (including scape and pedicel) ca. 1.9.
Length of maxillary palpus ca. 0.41. Pronotum length (along
dorsal line in lateral view) 1.3; height (maximum height in lat-
eral view) 0.64. Thoracic height below pronotum 1.45. Mesoti-
bia 1.56 long. Mesotarsus 1.23 long (0.4/0.12/0.71 for 1/2/3
segment; length of third segment including pulvillus). Metafe-
mur 4.6 long, 0.65 wide (maximum width). Metatibia 2.85
long. Metatarsus 1.85 long (1.0/0.28/0.57). Cercus 0.68 long.
Supra-anal plate 0.45 long.
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Fig. 1. Baltoparalethus alessioboninoi gen. et sp. nov. holotype, male, coll. no. BPM1134. A. Lateral view of the specimen. B. Dorso-lateral
view of the specimen. C. Detail of the mesotarsus (left leg). D. Detail of the metatarsus (left leg). Scale bars: 5 mm (A, B), 0.5 mm (C),
1 mm (D).

Discussion

Herein, we describe the first Eumastacoidea and member of
Acridomorpha from Baltic amber. Baltoparalethus alessioboninoi
gen. et sp. nov. is tentatively assigned to the subfamily Episac-
tinae Burr, 1899. Members of this group are found in Central
America and parts of China. Meanwhile, when the entire family
Episactidae is considered, two subfamilies (Miraculinae Bolivar,
1903 and Espagnolinae Rehn & Rehn, 1939) are only found on
the islands of Madagascar and Hispaniola, and members of the
Teicophryinae Rehn & Rehn, 1939 occur in southern Mexico and
extend as far north as the Baja California Peninsula (Cigliano et
al. 2026) (Fig. 3). Because all Episactidae are apterous (Rowell and
Perez-Gelabert 2006), reducing their capability for long-distance
dispersal, this patchy distribution suggests that they once had a
wider geographical spread, a claim supported by the occurrence
of Baltoparalethus alessioboninoi in eastern Europe, an area where

Eumastacoidea are entirely absent in present times and far away
from any extant Episactidae. Thus, Episactidae may have been a
far more common component of Orthoptera communities during
the Paleogene compared to today.

What we know—and do not know—about Eumastacoidea
evolution

Baltoparalethus alessioboninoi gen. et sp. nov. also has interesting
implications for the evolution of monkey hoppers. Eumastacoidea is
divided into seven mostly extant families (Chorotypidae Stal, 1873,
Episactidae Burr, 1899, Eumastacidae Burr, 1899, Euschmidtiidae
Rehn, 1948, Mastacideidae Rehn, 1948, Morabidae Rehn, 1948 and
Thericleidae Burr, 1899) (Cigliano etal. 2026). Additionally, there is
one extinct family Promastacidae Kevan & Wighton, 1981, contain-
ing only two genera and species from the Paleocene to the Eocene of
Canada (Handlirsch 1910, Kevan and Wighton 1981).
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Fig. 2. Baltoparalethus alessioboninoi gen. et sp. nov. holotype, male, coll. no. BPM1134. A, B. Detail of the head. Abbreviations: an =
antenna; ao = antennal organ; cl = clypeus; f/fc = fused carinae of fastigium and frons; la = labrum; lap = labial palpus; mc = medial
carina; mxp = maxillary palpus; oc = ocellus; sct = supraclypeal trapezium. C, D. Detail of the abdominal apex (dorso-lateral view).
Abbreviations: ce = cercus; ct = cercus inside tooth; ep = epiproct; Ist = last abdominal sternite; pp = paraproct; sap = supra-anal plate;
sgp = subgenital plate. E. and FE. Detail of the abdominal apex (ventro-lateral view). Abbreviations: Is = lateral sclerites; others same as

D. Scale bars: 1 mm.

Any systematic assignment of fossil monkey hoppers to one
of the families of Eumastacoidea should be understood as pre-
liminary until more knowledge of the group’s morphological apo-
morphies is acquired. However, if we assume that the hypotheses
on the placement of fossil discoveries of Eumastacoidea made
so far are correct, we find that four of the seven extant families
were already present before the end-Cretaceous extinction event
(Table 2). These include the Chorotypidae (Sharov 1971), Eumas-
tacidae (Lin 1980; Husemann et al. 2025), Thericleidae (Schall
et al. submitted), and possibly the Mastacideidae (Schall et al.
2026a; Monolophomastax disantoi Schall et al., 2026a was specu-
lated to belong either to this family or the Eumastacidae).

With the discovery of Baltoparalethus alessioboninoi, we present
what is possibly the oldest occurrence of the family Episactidae,
pre-dating the previous oldest finding by ca. 25 Ma (Perez-Gela-
bert et al. 1997). Currently, there are no described fossils in the
families Morabidae and Euschmidtiidae. Especially for the latter,
this is surprising because Euschmidtiidae comprise 239 extant
species, representing about 22% of overall monkey hopper diver-
sity. While it is likely that the first Euschmidtiidae fossil will be
unearthed sooner or later, it is also possible that this family radi-
ated only later in Eumastacoidea evolution.

Unfortunately, among the many mysteries that still surround
monkey hoppers, one of them is their evolutionary history. Matt et

Table 2. Earliest suggested occurrences of Eumastacoidea Burr, 1899 families.

Family Earliest suggested occurrence Reference
Chorotypidae Stal, 1873 Jurassic Sharov 1971'
Episactidae Burr, 1899 Eocene This study
Eumastacidae Burr, 1899 Cretaceous Lin 19807/ Husemann et al. 2025
Euschmidtiidae Rehn, 1948 Extant No fossil findings so far

Mastacideidae Rehn, 1948

Schall et al. 2026b

Possibly Cretaceous

Morabidae Rehn, 1948 Extant No fossil findings so far
Thericleidae Burr, 1899 Cretaceous Schall, pers. obs. (study in progress)
Promastacidae Kevan & Wighton, 1981 Paleocene Kevan and Wighton 1981

ISharov (1971) mentioned that Archaeomastax Sharov, 1968 is similar to the genus Erucius Stal, 1875 (family Chorotypidae), despite placing the genus in “Eumastacidae”.
Although we could not confirm this, we think it is likely that Eumastacidae sensu Sharov (1971) is equivalent to Eumastacoidea sensu Cigliano et al. (2026). Therefore, Ar-
chaeomastax jurassicus Sharov, 1968 should probably be moved from Eumastacidae to Chorotypidae. *The species Taphacris stenosis Lin, 1977 and T. turgis Lin, 1980 are poorly
represented in the available literature and require revision.
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Fig. 3. Extant members of Episactidae Burr, 1899. A, B. Paralethus cerezoi Cadena-Castaneda & Monzon-Sierra, 2014, paratype, female.
Subfamily Episactinae Burr, 1899. Copyright © Coleccién de Invertebrados y otros Artropodos, Universidad Distrital Francisco José de
Caldas (CAUD), photo Oscar J. Cadena-Castaneda. C. Seyrigella notabilis Chopard, 1951, live specimen from Ifanadiana, Madagascar.
Subfamily Miraculinae Bolivar, 1903. Photographed by Davorka Kitoni¢ and Josip Skejo, 07.01.2019, uploaded to iNaturalist (https://
www.inaturalist.org/observations/43484961). D. Episactus tristani Rehn & Rehn, 1934, live specimen from San José, Goicoechea, Costa
Rica. Subfamily Episactinae. Photographed by “emenaphoto”, 09.05.2021, uploaded to iNaturalist (https://www.inaturalist.org/obser-

vations/81295928).

al. (2008) were unable to apply a molecular clock in their analyses
that focused specifically on the phylogeny of Eumastacoidea. In
that study, depending on the type of input data (i.e., 18s, 28s, 12s
+ 16s or all genes concatenated), different analyses identified dif-
ferent families of monkey hoppers as the earliest diverging lineage
within the clade. Chorotypidae were frequently recovered as the
most basal member of Eumastacoidea (this result was found by

the 12s + 16s [fig. 2] and the concatenated tree [fig. 5] by Matt et
al. 2008), which is corroborated by the suggested early occurrence
of this family in the fossil record. However, for the other families,
the evidence is less clear.

Further confusion arises when considering the comprehensive
phylogeny of Orthoptera performed by Song et al. (2015, 2020).
Based on data from complete mitochondrial genomes and four
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nuclear loci, the earlier study found Eumastacoidea consisting of
two clades with Episactidae and Chorotypidae as the early diverg-
ing lineage of each clade, respectively. However, this study sam-
pled only one species of Episactidae. In contrast, based on tran-
scriptomic and mitochondrial genome data, Song et al. (2020)
found the Episactidae is most closely related to Proscopiidae Ser-
ville, 1838, the two taxa representing a lineage nested deeply with-
in Eumastacoidea as one of their more recently diverging clades.

The findings of this study show how hypotheses based on fos-
sil findings can complement molecular results and provide new
information on the systematic position of a nowadays species-rich
taxon (here, Eumastacoidea). However, they also highlight how
little is known about monkey hoppers, both in terms of their mor-
phological diversity as well as how the families are phylogeneti-
cally related and when their lineages first evolved.
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