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Original research

ABSTRACT

We present the first fossil evidence of pediculochelid mites, describing two new species:
Paralycus ekaterinae sp. nov. (Eocene amber) and P. primus sp. nov. (Cretaceous
amber). The exceptional preservation of the fossils, coupled with our newly developed
methodological approach for examining minute arthropods in amber, has facilitated a
detailed comparative morphological assessment at a resolution comparable to that of
contemporary species, providing significant insights into their anatomical features. The
observed morphological continuity between fossil and modern pediculochelid mites
indicates the evolutionary stability of this lineage spanning at least 99 million years. These
findings not only advance our knowledge of the evolutionary history of Pediculochelidae
but also offer a broader perspective on the persistence of morphological traits over
extensive geological timescales. We also address the phenomenon of phoresy within
Paralycus and explore its potential implications for dispersal mechanisms. Furthermore,
we evaluate the relationship between the dimensions of the amber imprints and the original
size of the mites, contributing to our understanding of the mechanisms of microarthropod
preservation in amber.

Keywords oribatid mites; systematics; taxonomy; fossil mites; phoresy; amber imprint
Zoobank http://zoobank.org/C5F75D45-DF99-4064-8A0F-89DE900208BA

Introduction

The close resemblance of some Eocene oribatid soil mites from Baltic amber to extant species
was first observed over 90 years ago (Sellnick 1931). Since then, extensive research has
revealed a diverse array of modern mite genera preserved in both Eocene and Cretaceous
amber deposits (Sidorchuk 2018; Dunlop et al. 2019). These findings highlight the extensive
evolutionary history of mites and provide a window into the past biodiversity and ecological
dynamics of these ancient ecosystems. Modern studies, employing advanced high-resolution
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microscopy and imaging techniques, have provided more detailed morphological assessments
of fossil mites. These techniques have further confirmed that many fossil mites from these
periods display remarkable morphological similarities to their extant counterparts (Klimov et al.
2020; Khaustov et al. 2021a, b, 2024; Lindquist and Vorontsov 2023; Kolesnikov et al. 2023b,
2024). This high degree of morphological conservatism suggests that, despite the extensive
environmental changes that have occurred over millions of years, the basic body plans and
ecological niches of many mite lineages have remained relatively unchanged.

The family Pediculochelidae Lavoipierre, 1946, currently comprises a single genus,
Paralycus Womersley, 1944, which includes 14 extant species (Kolesnikov et al. 2023a;
Oshima ef al. 2024; Oshima and Shimano 2024). This genus likely has a global distribution,
spanning temperate to tropical latitudes (Kolesnikov et al. 2023a). Pediculochelid mites inhabit
a wide range of environments, usually in microhabitats with low moisture levels. They have
been reported from upper and deep soil layers, under pine bark, in fungal colonies on the pages
of historical books, as well as in bird and bee nests; they also occur in various stored products,
including Auricularia fungi, dried kelp, lily fruits, garlic heads, chili, walnuts, star anise, bean
sticks, and even tangerine cakes (Kolesnikov ez al. 2023a). Although records are limited,
pediculochelid mites appear to use phoresy for non-host-specific dispersal, allowing them to
be transported across various environments on diverse hosts. They have been documented on
bees (Lavoipierre 1946; Price 1973), a ladybird beetle (Zhang and Li 2001), a rat, and even a
chicken (Baker and Wharton 1952). This suggests that these mites are capable of exploiting
a wide range of potential carriers for dispersal, which may facilitate their colonization of new
habitats. The apparent scarcity of pediculochelid mites in collections is likely due to their
minute size and inconspicuous coloration, which makes them easy to overlook, rather than
an actual rarity in nature. Their ability to occupy microhabitats that are difficult to access or
survey further contributes to their under-representation in scientific records. Males have not
been observed in any extant species, suggesting that these mites reproduce asexually (Norton
et al. 1983; Kolesnikov et al. 2023a).

Historically, Pediculochelidae has been one of the most enigmatic mite families regarding
its phylogenetic placement, having been associated with nearly all major groups within the order
Acariformes. When Lavoipierre (1946) first described the family, he noted its resemblance to
certain members of Tarsonemidae, a highly derived family within Prostigmata. Later, Baker et
al. (1952) reclassified Pediculochelidae under Astigmata (Acaridiae), proposing it as a primitive
group potentially intermediate between Astigmata and the suborder Oribatida. Without
providing further justification, but likely influenced by this hypothesis, Krantz (1970) placed
pediculochelid mites in the basal acariform group Endeostigmata (Pachygnathoidea). More
recently, Norton ef al. (1983) used cladistic analysis to place Pediculochelidae within Oribatida,
suggesting it as the sister group to Haplochthoniidae in the basal superfamily Protoplophoroidea
(Cosmochthonioidea). This phylogenetic position has since been corroborated by molecular
evidence (Pepato and Klimov 2015).

Taxonomic relationships within the monogeneric family Pediculochelidae have not been
thoroughly examined, likely due to a scarcity of detailed morphological information. De-
scriptions of adults often lack sufficient diagnostic detail, as exemplified by the type species,
Paralycus pyrigerus (Berlese, 1905). Ontogenetic development has been fully described for
only one species, P. daeria Kolesnikov, OConnor, Ermilov, and Klimov, 2023, and partially
for three others: P. laviopierrei (Price, 1973), P. chonggingensis Fan, Li, and Xuan, 1996, and
P. aokii Oshima and Shimano, 2024 (Fan ef al. 1996; Kolesnikov et al. 2023; Oshima et al.
2024). Xu et al. (2020) provided a key for identifying most species of the genus, excluding the
poorly known P. pyrigerus. Subsequently, Kolesnikov et al. (2023a) revised this key to include
P. pyrigerus (after examining the type specimen) along with three newly described species.
This updated key expanded the range of diagnostic traits and introduced a key to identify the
ontogenetic instars of the genus. More recently, the key was further supplemented with the
inclusion of three additional species from Japan (Oshima and Shimano 2024). Traditionally,
diagnostic characters have been largely limited to setation patterns, such as the chaetome
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of the ventral idiosoma and legs, and the length of the dorsal and epimeral setae. However,
Kolesnikov et al. (2023a) expanded the diagnostic criteria to include the shape of the solenidia
on tarsus I and tibia III, providing a more comprehensive framework for species identification
within this enigmatic genus and family.

To date, no fossil record of the Pediculochelidae has been documented. Here, we report
two fossil species of Paralycus discovered in Middle Cretaceous and Late Eocene amber. Re-
markably, these species exhibit only minor morphological differences from extant counterparts.
Owing to their exceptional preservation and the application of a novel methodological approach
for studying minute arthropods encased in amber, these fossils provide unique insights into the
morphological stasis of pediculochelids over tens of millions of years.

Our objectives are to describe and formally name these two new fossil species, which could
serve as valuable calibration points for constructing a time-calibrated phylogeny of the family.

Material and methods
Preparation of amber and imaging

For microscopic observation the pieces of amber were cut and polished following protocols
of Sidorchuk and Vorontsov (2018). The pieces of amber were soaked in water for at least
two weeks before the final imaging was done. For the holotype of P. ekaterinae sp. nov. this
procedure allowed the inclusion to fill with water, making it significantly more transparent,
and provided better resolution of small characters (Vorontsov and Voronezhskaya 2022, their
Fig.1). Both Cretaceous specimens were initially transparent, impregnated with fossil resin.

Imaging was done with compound microscopes using brightfield and differential inter-
ference contrast (DIC) illumination: these included a Nikon E-800 with water (60x) and oil
(100x) immersion optics and a Zeiss Axiolmager A2 with oil immersion optics (100x). For
the paratype of P. primus sp. nov. the working distance of the 100x objective was not enough
to reach the whole mite when using a glass coverslip to separate amber from oil, so instead of
immersion oil we used a saturated fructose solution and removed the coverslip, as described
in Khaustov et al. (2021). Stacks of images, comprising multiple focal planes (up to 200 in a
single stack), were obtained with an Olympus OM-D E-M10-II digital camera.

To obtain better resolution of minute genital structures we used a Zeiss LSM-880 confocal
laser scanning microscope (CLSM) equipped with an Airyscan detector that allows significantly
increased resolution (Huff 2015). Its application to the study of amber fossils is described in
detail by Vorontsov and Voronezhskaya (2022) and Vorontsov ef al. (2023). For a scan, the
amber piece was immersed in saturated fructose and gently pressed onto a coverslip, which
separated it from an oil immersion objective (40% or 63x%).

Images were processed with Adobe Lightroom for improvement of brightness, contrast,
digital noise and sharpness, and assembled from multiple focal planes using Helicon Focus
7.5. To reconstruct the outer surfaces of the inclusions, it was necessary to manually enhance
the automatic focus stacking by adding significant details from individual focal planes, all
performed within the same software. To manipulate the confocal image stacks the FIJI software
package (Schindelin et al. 2012) was used. Drawings were prepared using Adobe Photoshop,
with image stacks serving as a background, as described by Coleman (2006). The original image
stacks are available through Figshare (https://doi.org/10.6084/m9.figshare.27086758).

Terminology and measurements

Measurements are given in micrometers (um) and were taken from edge to edge of a structure
in its widest part. Where possible, setac were measured when oriented perpendicularly to the
optical axis of the microscope. Since in most cases the orientation of structures was sub-optimal,
all measurements are to be treated as minimal estimates and are rounded to the closest 5 if
over 50. Leg setation formulas (including famulus) are provided in brackets, following the
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sequence: trochanter-femur-genu-tibia-tarsus. Leg solenidia formulas are presented in square
brackets, following the sequence: genu-tibia-tarsus. Morphological terminology used in this
paper follows that of F. Grandjean (see Norton et al. 1983 for review and application).

The following abbreviations are used. Prodorsum: ro, le, in, exa, exp, bs = rostral, lamellar,
interlamellar, anterior exobothridial, posterior exobothridial and bothridial seta, respectively.
Notogaster: C, DE, F, H, PS — notogastral segments; c, d, e, f, h, p = notogastral setae; ff =
transverse furrows; ia, im, ip, ih, ips = notogastral cupules. Gnathosoma: a, m, h = subcapitular
setae; or = adoral seta; sup, inf, d, acm, ul, sul, vt, It = palp setae; @ = palp solenidion; e =
supracoxal setae; cha, chb = cheliceral setae. Epimeral and lateral podosomal regions: la, 1b,
lc, 2a, 2b, 3a, 3b, 3c, 4a, 4b, 4c = epimeral setac. Anogenital region: g, eg, an, ad = genital,
eugenital anal and adanal setae, respectively. Legs: Tr, Fe, Ge, Ti, Ta = leg trochanter, femur,
genu, tibia, and tarsus, respectively; ®, ¢, o = leg solenidia; € = leg famulus; d, , v, bv, ev, ft, p,
u, a, s, m, it, tc, pv = leg setae.

Systematic paleontology

Class Arachnida Cuvier, 1812

Order Sarcoptiformes Reuter, 1909

Suborder Oribatida Duges, 1834

Family Pediculochelidae Lavoipierre, 1946

Genus Paralycus Womersley, 1944

Type species — Alycus pyrigerus Berlese, 1905, by original designation.

Paralycus ekaterinae sp. nov.

Zoobank: 1EB90655-45C2-4EC7-9908-7E1604BAF111
(Figs. 1-6)

Material and type repository

The piece of Eocene amber (original weight 1.92 g) containing the holotype of Paralycus
ekaterinae sp. nov. was mined in the Pugach quarry (Klesov, Ukraine) and obtained from the
“Ukramber» factory. The amber is dated to the Priabonian Age (33.9-37.8 Mya) of the Late
Eocene (Perkovsky et al. 2010; Sokoloff ef al. 2018, Radchenko et al. 2021).

Holotype: A piece of amber, approximately parallelepiped in shape, measuring 2.4 x 0.5
x 0.2 mm. It is housed in the amber collection of the Schmalhausen Institute of Zoology,
NAS of Ukraine, in Kiev, with the collection number SIZK K-7664-11. Embedded in epoxy
resin between two round glass coverslips. Syninclusions: K-7663 Carabidae; K-7663a legs of
Nematocera; K-7663b spider silk; K-7664 Chironomidae, Orthocladiinae female.

Diagnosis

Body size: 166 x 61. Rostral setae short, shorter than half length of chelicera. Notogastral setae
short, d,, e, /| not reaching base of next setal row; 4, reaching base of p,. Seta p, longer than
other notogastral setae. Setal formula of epimeres: 3—2-3-2 (4a absent). Seta 2a not reaching
base of /a. Five pairs of genital setae. Genua with 4-2—0-0 setae, trochanters with 0—0—1-0
setae. Cheliceral setae cha and chb short.

Description

Presumably adult female. Minute, elongate, weakly sclerotized. Length of idiosoma 142,
width 61, body length including gnathosoma 166, prodorsum length 24, prodorsum width 40.
Prodorsal shield and legs smooth. Notogaster and ventral side of body striated.
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Figure 1. Paralycus ekaterinae sp. nov., SIZK K-7664-11, holotype, focus-stacked DIC micrographs,
total view. A — dorsal aspect; B — ventral aspect; C — lateral aspect. The specimen was imaged after
soaking the polished piece of amber in water for several days. However, in the ventral aspect, an air
bubble is still visible inside the inclusion as a darker shadow.

Gnathosoma (Figures 1, 2A, 3, 4) — Subcapitulum 19 x 29, length underestimated.
Structures of subcapitulum and rutellum poorly visible, following setaec observed: a (4), & (5)
and left m (5), or, (4) and right or, (3) (contralateral or; probably hidden below or,). Palp (29)
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Figure 2 . Paralycus ekaterinae sp. nov., SIZK K-7664-I1, holotype, ventral aspect. A — manu-
ally focus-stacked DIC micrograph showing the surface of the amber imprint. The amber piece was
soaked in water to enhance transparency. Despite several attempts, genital setae g3 could not be reli-
ably visualized; B — a single frame from the confocal image stack of the same specimen, using a 488
nm excitation laser, Airyscan mode. The alveoli of setae g/—g3 are clearly visible; C — maximum
intensity projection obtained from the same image stack, aligned with the photo on the left (A). Note
that some of the alveoli visible in (B) are obscured by other cuticular remnants that exhibit brighter
autofluorescence. In most cases, setae could be distinguished from other objects in the confocal stack
by tracing them through multiple layers (see the source image stacks provided as a supplement to this

paper).

with four free segments (femur and genu immovably fused, although partial suture delineates
them); setal formula, including o: 0-2—-0-1-7. Supracoxal seta e above base of palp poorly
visible. Chelicera large (24), with two setiform smooth setae cha (7) and chb (poorly visible).
Fixed digit of chelicera with three teeth, one tooth distinctly larger than others; movable digit
with three teeth of approximately equal size, deep furrow between lateral teeth present.
Prodorsum (Figures 1A, 3) — Prodorsum covered with shield-shaped plate in mid-dorsal
region, bearing two pairs of setae, ro (7) and le (14). With two other pairs of setae—exa
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Figure 3 . Paralycus ekaterinae sp. nov., drawing, dorsal aspect. The green outline in the anterior
part of the mite indicates the borders of cuticular structures visible within the larger amber imprint.

(13) and in (24)—and one pair of clavate bothridial setae (bs, 15 x 7) in dorsolateral area of
prodorsum; exp not clearly visible, but probably present hidden below bothridial setae.

Gastronotum (Figures 1A, 3) — Gastronotum divided into four regions by three transverse
furrows (#f'_;). Segment C bears four pairs of setae: ¢, (only alveoli observed), ¢, (12), ¢; (15,
left seta well visible ventrally, but only alveolus visible on right side) and ¢, (18). Compound
segment DE bears four pairs of setae: d, (only alveoli observed), d, (10, only alveolus visible
on left side), e; (12) and e, (15). Segment F bears two pairs of setae: f (18-20) and f, (21).
Segments H and PS merged and bear six pairs of setae: /; (19), 4, (21), 25 (15, right visible
only ventrally), p, (22), p, (30) and p; (10, visible only ventrally). Seta p, longer than other
notogastral setae. Seta d, does not reach base of e, e; does not reach base of /|, f; does not
reach base of 4, h, reaches base of p; Cuticle of segments C, DE, F, H and PS damaged
medially.

Epimeral region (Figures 2A, 4) — Setal formula of epimeres: 3—2-3-2. Setae /a (4), b
(8), 2a (5), 2b (15), 3b (6), 3¢ (4) and 4c (5) setiform, smooth. Setae /¢ and 3a observed as
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Figure 4 . Paralycus ekaterinae sp. nov., drawing, ventral aspect. The green outline in the anterior
part of the mite highlights the cuticular structures within the larger amber imprint.

alveoli. Seta 3a situated close to each other, seta 4a absent.

Anogenital region (Figures 2, 4) — With five pairs of genital setae (or their alveoli); and
two genital papillae clearly visible; setae eg poorly visible. Three pairs of adanal setae: ad,
(10), ad, (23) and ad, (7); two pairs of anal setae: an, (6) and an, (9, bent ventrally).

Legs (Figures 1, 2A, 5, 6, Tables 1, 2) — Legs short. Tarsus I elongated. Amber imprints of
legs I and II probably swollen during fossilization (see Discussion section). Cuticular remnants
of legs observed inside the imprint. All leg segments present. Claws absent on all tarsi, each
tarsus with minute empodial remnant and caruncle-like membrane. Formulas of leg setation
and solenidia (homologies of setaec and solenidia indicated in Table 2): I (0-2—4-2-9) [0—1-1],
I (0-2-2-3-6) [0-0-1], IIT (1-2—0-2-5) [0-1-0], IV (0-2—0-2-5) [0—0—0]. All setae filiform,
smooth. Unguinal setae u and proral setae p on tarsi I-IV simple; p’ and p” poorly visible
on some legs. Seta /' on left tibia II not observed, seta d on femur IV observed as alveolus.
Solenidion ® on tarsi I-II short, baculiform; solenidion ¢ on tibia I elongate, attenuate; ¢ on
tibia III short, expanded at end. All genua, tibia II and IV, tarsus IV lacking solenidia. Famulus
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Figure 5 . Paralycus ekaterinae sp. nov., drawings. A —right leg I, dorsal aspect; B — left leg I, dorsal
aspect; C — left chelicerae and part of left leg I, paraxial view; D — part of right palp, ventral aspect;
E — left palp, antiaxial view. The green outline shows the cuticular structures inside the larger amber
imprint. Structures that are poorly visible in the fossil but are expected to be present are indicated in
red.

€ baculiform, thin. Length of setae on femur I: d 17, bv" 7. Length of setae on genu I: d 14, 1" 6,
v 7. Length of setae and solenidion on tibia I: /' 10, v' 10, ¢ 28. Length of setae and solenidion
on tarsus I: f#' 9, fi" 10, s 7, a" 8, u 5, p 3, € 4, ® 3. Length of setac on femur II: d 19, bv" 8.

Length of setae of genua II: /' 9, /" 7. Length of setae on tibia II: d 20, /' 11, v’ 10. Length of

setae and solenidion on tarsus II: f# 7, u 6, p 3, ® 3. Length of seta v’ on trochanter III 5. Length
of setae on femur III: d 12, ev’ 7. Length of setae and solenidion on tibia III: d 22, v’ 10, ¢ 2.

Length of setae on tarsus III: ft” 10, u 7, p 5. Length of seta ev’ on femur IV 7. Length of setae
on tibia IV: d 15, v' 8. Length of setae on tarsus [V: ft" 7, u 6, p 5.

Etymology

Paralycus ekaterinae is named after the late Ekaterina Sidorchuk who pioneered the high-
resolution study of fossil Acari.
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Figure 6 . Paralycus ekaterinae sp. nov., drawings. A — right leg II, ventral aspect; B — left leg II,
ventral aspect; C — left leg II, antiaxial view; D — right leg III, dorsal aspect; E — left leg 111, ventral
aspect; F — left leg 111, antiaxial view; G —right leg IV, dorsal aspect; H — left leg IV, ventral aspect; I
— left leg IV, antiaxial view. The green outline shows the cuticular structures inside the larger amber
irrg)rint. Structures that are poorly visible in the fossil but are expected to be present are indicated in
red.

Remarks

Among the known Paralycus species, P. ekaterinae sp. nov. is morphologically similar to P,
nortoni (Xu et al. 2020) by the absence of setac 4a between epimeral plates IV and by the
presence of five pairs of genital setac. Paralycus ekaterinae sp. nov. differs from P. nortoni
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Table 1 . Leg lengths of Paralycus ekaterinae sp. nov.

Leg Trochanter Femur Genu Tibia Tarsus All Leg to body length ratio
| 6 10 6 9 15 46 ~0.28
I 5 8 6 7 12 38 ~0.22
1 9 9 6 7 8 39 ~0.23
v 7 7 8 9 10 41 ~0.25

Note: Measurements are given in micrometers (um) and are to be treated as minimal estimates.

Table 2 . Leg setation of Paralycus ekaterinae sp. nov.

Leg Trochanter Femur Genu Tibia Tarsus

| - b, d M,v,d v, (ft), a”,s, (u), (p), o, ¢
I - bv", d (D] I'v',d (ft), (u), (p), ©

m v ev',d - vi,de S U) ()

v - ev',d - v, d ft", (u), (p)

Note: Roman letters refer to normal setae, Greek letters refer to solenidia (except € = famulus); d @ —
coupled seta and solenidion. Single prime (') and double prime (") indicate setae on the anterior and
posterior side of a segment, respectively. Parentheses indicate paired setae (' and ").

by the following: there are two setae / on genu II (two / and one d in P. nortoni), rostral seta

ro is shorter than half the length of the chelicera (longer in P. nortoni), seta f'| is not reaching

the base of /; (reaching in P. nortoni). Seta 4a is also absent between epimeral plates IV in P,
parvulus (Price, 1973), but that species has three pairs of genital setae (vs. five in P. ekaterinae
sp. nov.), while its notogastral setae and seta ro are distinctly longer (setae d,, e;, f; reach base
of next setal row, ro reach half the length of the chelicera) than in P. ekaterinae sp. nov. (d,,

e, f not reaching base of next setal row and o not reaching half the length of the chelicera).
P. longior Fan, Li and Xuan, 1996 also has five pairs of genital setae, but it has setae 4a, and

seta ro is longer than half the length of the chelicera.

Price (1973) designated two paratypes of P. raulti (Lavoipierre, 1946) that differed by the
number of genital setae (four in specimen #1 and five in specimen #2) and by the length of setae
ro and cha (longer in specimen #2). Kolesnikov et al. (2023a) demonstrated that specimen #1
is a separate species, and described it as P. pricei Kolesnikov, OConnor, Ermilov and Klimov,
2023, and specimen #2 was retained as P. raulti. Paralycus ekaterinae sp. nov. differs from P.
raulti by the following: seta 4a are absent (present in P. raulti), setae cha and ro are distinctly
shorter (not reaching half the length of the chelicera) than in P. raulti (reach half the length of
the chelicera).

Paralycus primus sp. nov.

Zoobank: 913F1204-10A0-4975-96C6-9A72AAEODC92
(Figs. 7-13)

Material and type repository

The piece of Cretaceous amber containing the holotype and single paratype of Paralycus primus
sp. nov. was mined in the Hukawng Valley of northern Myanmar (Kachin State). The Kachin
amber locality was radiometrically dated to 98.79 + 0.62 Ma based on U-Pb zircon dating of
the volcanoclastic matrix and shown to be earliest Cenomanian in age (Shi ef al. 2012; Smith
and Ross 2018; Zhang ef al. 2018; Yu et al. 2019).
Holotype (piece of amber, approximate parallelepiped 2.0 x 1.7 x 0.3 mm, collection

number PIN 5620-90 E) and one paratype (piece of amber of uneven shape 5.0 x 3.3 x 2.8
mm, collection number PIN 5620-90 D). Specimens are housed in the Ohm-Kiihnle collection
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Figure 7 . Paralycus primus sp. nov., micrographs of PIN 5620-90 D, paratype. A — the mite is situ-
ated very close to a leg of a wasp, which limited the possible observation aspects; B — ventral aspect,
focus-stacked total view, DIC image; C, D — maximum intensity projections of confocal image stacks
(Airyscan mode), highlighting the higher resolution of the genital and anal regions, respectively.
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50 um

Figure 8 . Paralycus primus sp. nov., paratype, drawing, dorsal aspect.

maintained permanently at the A.A. Borissiak Paleontological Institute, Russian Academy
of Sciences, Moscow. The holotype is embedded in epoxy resin between two round glass
coverslips. The paratype is not separated from the syninclusion (Chrysidoidea wasp, PIN
5620-90 A) and is located approximately 150-200 pm from its foreleg (Fig.7A). The amber
piece is trimmed and polished to provide access to the mite from its ventral and lateral sides.

Almost all inclusions in the piece of amber, including Paralycus mites, are completely
impregnated with fossil resin, which is typical for Kachin amber, and there are no air-filled
imprints (unlike P. ekaterinae sp. nov. and many other amber fossils).

Syninclusions: PIN 5620-90 A (Hymenoptera: Chrysidoidea fam. indet. cf. Nadezhd-
abythus Zhang et al. 2020), PIN 5620-90 B (Homoptera: Coccoidea male); many fragments of
presumably arthropod origin.
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P,

Figure 9 . Paralycus primus sp. nov., paratype, drawing, ventral aspect.

Diagnosis

Body 190-210 x 65-80. Rostral seta shorter than half length of chelicera. Notogastral setae
long, d,, d,, e}, f, h, reaching bases of respective seta in next posterior row. Seta p, longer
than other notogastral setae. Setal formula of epimeres: 3—2-3-3 (4a present); seta 2a not
reaching /a. Four pairs of genital setac. Genua with 4-2—0-0 setae, trochanters with 0—0—1-0
setae. Cheliceral seta cha and chb short. One pair of subcapitular setae m.

Description

Presumably adult females. Minute, elongate, weakly sclerotized. Length of idiosomal60-196,
width 65-80, body length including gnathosoma 190-210, prodorsum length 37-38, prodorsum
width 32-37. Prodorsal shield of and legs smooth. Notogaster and ventral body finely striated.
Gnathosoma (Figures 11A, 12, 13) — Subcapitulum well-visible only in holotype, base
wide base (distorted), rutellum observed, setae % (9), a, m, or| (5) and or, (8) observed, m,
absent; in paratype, only area of seta m (5) observed. Palp (33) four-segmented (femur and
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Figure 10 . Paralycus primus sp. nov., paratype, drawings. A —right leg I, antiaxial view; B — right
leg 11, antiaxial view; C — left leg, dorsoventral view; D — left leg II, dorsoventral view; E — left leg
111, antiaxial view; F — left leg IV, antiaxial view; G — right palp, ventroantiaxial view. Structures that
are poorly visible in the fossil but are expected to be present are indicated in red.

genu immovably fused, although partial suture delineates them); setal formula (in holotype
only femoral setae visible), including m: 0-2—0—-1-7 (setae u/ poorly visible). Chelicera large
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Figure 11 . Paralycus primus sp. nov., micrographs of PIN 5620-90 E, holotype. A — ventral as-
pect, maximum intensity projection of confocal image stack, 488nm excitation laser; B — genital area
scanned with a higher resolution (Airyscan mode), focus-stacked confocal images.

(45-47), with two setae: cha (5-10) and chb (8, visible only unilaterally in holotype).

Prodorsum (Figures 8, 12) — Prodorsum covered with shield-shaped plate in mid-dorsal
region, bearing two pairs of setae, ro (7) and /e (24). With three other pairs of setae exa (20), in
(40-56), exp (4, not visible in holotype) and one pair of clavate bothridial setae (s, 15 x 8-9)
in dorsolateral area of prodorsum.

Gastronotum (Figures 7B, 8, 12) — Gastronotum divided into four regions by three
transverse dorsal sutures. Segment C bears four pairs of setae: ¢, (10), ¢, (20-25), ¢; (20, on
ventral side) and ¢, (36-38). Compound segment DE bears four pairs of setae: d; (25), d, (16),
e, (33) and e, (17-29); in holotype, right setae d, and e, not observed. Segment F bears two
pairs of setae: /| (35) and f, (30—40). Segments H and PS fused and bear six pairs of setae: 4,
(35-39), h, (30-40), hy (30-35), p; (31-35), p, (40-80) and p; (20-22). Seta p, slightly longer
than other notogastral setae. Seta d, reaches base of e, d, reaches base of e,, e, reaches base
of f, f reaches base of &, | reaches base of p,.

Epimeral region (Figures 9, 11A, 13) — Setal formula of epimeres: 3—2-3-3. Setae /b (8),
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Figure 12 . Paralycus primus sp. nov., holotype, drawing, dorsal aspect.

2a (8), 2b (11), 3b (12) and 4a (9), 4b (7), 4c (7) filiform, smooth; other setae observed only as
alveoli. Distance between setae 3a shorter than that of setae 4a.

Anogenital region (Figures 7C, D, 9, 11, 13) — Four pairs of genital setae, situated at
approximately equal distances from each other. Two pairs of genital papillae visible, setae eg
not observed. Three pairs of adanal setae: ad; (12-24), ad, (46) and ad; (14-19); two pairs of
anal setae: an; (8) and an, (12-16).

Legs (Figures 10, 13, Tables 3, 4) — Holotype lacks legs I, other legs poorly visible. In
paratype, right legs [-II and left legs III-IV clearly visible. Legs short, tarsus I elongated. Claws
absent on all tarsi; each tarsus with minute empodial remnant and caruncle-like membrane.
Formulas of leg setation and Solenidia (homologies of setac and solenidia indicated in Table
4): 1(0-2-4-2-9) [0-1-1], 1T (0—2—-2-3-6) [0-0-1], IIT (1-2—0-2-5) [0-1-0], IV (0—2-0-2-5)
[0-0-0]. All setae filiform, smooth. Unguinal seta u and proral seta p on tarsus [-IV simple
(setae p” on tarsus III-1V, and " on tarsus IV not visible). Setae d, bv" on right femur I, /' on
right genu and tibia II, v’ on left trochanter and tibia III, d on femur IV and f#" on tarsus IV
visible only as alveoli. Solenidion @ on tarsus I-II short, baculiform; solenidion ¢ on tibia I
elongate, attenuate; ¢ on tibia III short, expanded on end. All genua, tibiae II and IV, tarsus IV
without solenidia. Famulus € baculiform, thin. Seta d of femur I 15. Length of setae on genu I:
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Figure 13 . Paralycus primus sp. nov., holotype, drawing, ventral aspect.

d11,1'8,1" 12, v 7. Length of setae and solenidion on tibia I: I’ 7, v’ 10, ¢ 32. Length of setae
and solenidion on tarsus I: f#' 10, ft" 8,5 7,a" 10, u 5, p 3, ¢ 4, ® 5. Length of setae on femur
IT: d 19, bv" 8. Length of seta /" on genu II 8. Length of setae on tibia II: 4 20-29, I" 14, v'
9-15. Length of setae and solenidion on tarsus II: ff 9-12, u 6-8, p 2, ® 2-3. Length of setae on
femur I1I: d 14, ev’ 6. Length of setae and solenidion on tibia III: d 15, ¢ 2. Length of setae on
tarsus III: f#" 5, u 6, p 3. Length of seta ev’ on femur IV 9. Length of setae on tibia IV: d 15, v'
6. Length of setae on tarsus IV: u 4, ft" 10, p 2.

Table 3 . Leg lengths of Paralycus primus sp. nov., holotype.

Leg  Trochanter Femur Genu Tibia Tarsus All Leg to body length ratio
| 10 28 14 16 25 93 ~0.5
1l 7 20 10 11 20 68 ~0.36
11 11 12 10 11 22 66 ~0.35
v 9 17 10 9 25 70 ~0.37

Note: Measurements are given in micrometers (im) and are to be treated as minimal estimates.
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Table 4 . Leg setation of Paralycus primus sp. nov., paratype.

Leg Trochanter Femur Genu Tibia Tarsus

| - bv",d M,v,d 1 v, 0 (ft),a”,s,(u), (p), ®, ¢
] - bv",d ) v, d (ft), (u), (p), ®

m v ev',d - v, de Si", (u), (p)

v - ev',d - v, d S, (), (p)

Note: Roman letters refer to normal setae, Greek letters refer to solenidia (except € = famulus); d @ —
coupled seta and solenidion. Single prime (') and double prime (") indicate setae on the anterior and
posterior side of a segment, respectively. Parentheses indicate paired setae (' and ”).

Etymology

The species epithet, primus (Latin adj., first), refers to P. primus as the oldest known species of
Paralycus.

Remarks

In a single piece of amber, which contained a number of arthropod syninclusions, we found
two complete specimens of Paralycus, and also a part of a possibly third specimen that was
lost during preparation. The two complete specimens look very similar: setae in rows f, &
and p long, extending beyond the bases of respective setae in the next row; presence of seta
4a; elongated tarsus 1. Considering these similarities and the finding of both specimens in a
single piece of amber, we assume they are conspecific and combine their observable character
states for our description. The differences in the lengths of some setae (', /,, p;) may be
attributed to their positioning at an angle to the image plane, making accurate measurement
challenging. By the presence of four pairs of genital setae, Paralycus primus sp. nov. is similar
to P. parasiti Zhang and Li, 2001, P. pricei, P. aokii, P. shibai Oshima and Shimano, 2024 and
P, subiasi Oshima and Shimano, 2024. Paralycus primus sp. nov. differs from these species
by notogastral setae d; and e, that reach the bases of the respective seta in the next posterior
row (not reaching in the four other species) and rostral setae not reaching half the length of the
chelicera (reaching half the length of the chelicera in the four other species, except P. subiasi).
Additionally, P. primus sp. nov. differs from P. pricei by the presence of four setae on genu I
(three setae in P, pricei), from P. shibai and P. subiasi by the presence of setae 4a (absent in P,
shibai and P. subiasi) and from P. subiasi by the presence of setae v' on trochanter III (absent
in P. subiasi).

Discussion

The high quality of preservation has enabled us to describe the two fossil Paralycus species
in sufficient detail for comparison with modern members of the genus. Despite their absolute
and relative age differences—Middle Cretaceous (approximately 99 Mya) and Late Eocene
(approximately 34 Mya)—the fossils exhibit all the characteristics of living Paralycus (see
generic diagnosis of Paralycus in Kolesnikov et al. 2023), while also displaying enough
differences to warrant their recognition as undescribed species. We conclude that Paralycus
likely originated sometime before the Middle Cretaceous, since they share many similarities
with contemporary species of the genus.

Possible phoresy

Both specimens of the Cretaceous P. primus sp. nov. were found as syninclusions with an
unidentified wasp (Chrysidoidea). One mite was preserved in close proximity to the wasp’s
foreleg, potentially indicating phoresy (Fig. 14). Phoretic behaviour has also been observed
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Fi%ure 14 . Photographs of type specimens. A — SIZK K-7664-11, Paralycus ekaterinae sp. nov.,
holotype, piece of amber embedded in epoxy resin between two round glass coverslips; B — PIN
5620-90 E, Paralycus primus sp. nov., holotype, similar preparation as in A; C — piece of amber
covered by epoxy resin containing PIN 5620-90 A (Hymenoptera Chrysidoidea) and PIN 5620-90 D,
Paralycus primus sp. nov., paratype; D — same as in C, enlarged, arrow points to the mite.

in some extant species of Paralycus, which have been reported as phoretic on vertebrates
and insects. For instance, P. raulti and P. pricei have been found on the bees Amegilla fallax
and Apis mellifera (Lavoipierre 1946), while P. parasiti has been recorded on the ladybird
beetle Coccinella septempunctata (Zhang and Li 2001). Active phoresy among oribatid mites
is relatively uncommon, primarily occurring in species associated with decaying wood and
subcortical habitats (Norton 1980; Knee 2017, Klimov ef al. 2021). In contrast, most soil-
dwelling oribatid mites are more frequently found on avian feathers and mammalian hairs,
where they likely engage in passive dispersal (Krivolutsky and Lebedeva 2002). Members of
Paralycus do not exhibit distinct morphological adaptations for phoresy, such as specialized
host attachment structures, like hook-like claws on the legs. The few documented instances of
Paralycus phoresy lack details on the attachment mechanisms. It is plausible that these mites
rely on simpler strategies, such as grasping host hairs or setae with their robust chelicerae or
adhering to smooth surfaces of the host using their empodial pads. Given the broad range of
substrates inhabited by Pediculochelidae and the variety of potential phoretic hosts, it is likely
that their dispersal is opportunistic rather than host-specific. While the co-occurrence of P,
primus sp. nov. with the wasp suggests phoresy as a potential pathway for the mites to become
entrapped in amber, this relationship could also be incidental. If these mites lived on the bark of
a resin-producing tree, as may be the case for P. nortoni, P. aokii, and P. shibai (Xu et al. 2020;

Kolesnikov V. B. et al. (2025), Acarologia 65(1): 67-90. https://doi.org/10.24349/uxz4-s4sq 86


https://www1.montpellier.inrae.fr/CBGP/acarologia/
https://doi.org/10.24349/uxz4-s4sq

Acaroloadia

Oshima et al. 2024), the chances of being trapped in resin would have been high regardless of
their association with other organisms.

Do amber imprints reflect the original shape and size of fossil animals?

The fossils described here raise the question of the size discrepancy between the imprint in
amber and the smaller, apparently desiccated fossil inside it. This phenomenon has been
documented in other amber fossils (Sidorchuk and Norton 2011; Moreau et al. 2017; Khaustov
et al. 2021; Khaustov et al. 2024), where well-preserved cuticular parts sometimes display all
the characters, including setal alveoli, in duplicate when viewed under transmitted light.

It is tempting to interpret the imprint as the true representation of the original mite’s shape
and size, attributing the discrepancy to the shrinkage of the dried cuticle (Schopf 1975; Gee et
al. 2021), as discussed in relation to fossil oribatid mites (Sidorchuk and Norton 2011). This
interpretation is occasionally supported by evidence of both shrinkage and breakage of the fossil
cuticle, while the imprint retains minute details such as cuticular ornamentation. Sidorchuk
and Norton (2011) concluded that the imprint generally preserves most setae, cerotegument,
and accurate information on dimensions and proportions, except where distortion due to the
death struggle is apparent. Given that the size of the imprint is often larger, it suggests that the
remains of the animal have shrunk. Thus, the imprint is typically preferred for measurements
rather than the cuticular remnants.

However, the imprint of P. ekaterinae sp. nov. presents a challenge to this generalization, as
it displays disproportionately swollen legs I, including the setae, and possibly some gnathosomal
structures (Fig. 1; see also Vorontsov and Voronezhskaya, 2022, and their Fig. 1). Inside the
imprint, the cuticular remnants are visible, retaining more or less the normal proportions of leg
I characteristic of Paralycus, and similar to other legs of the mite (albeit slightly shrunken).
Two possible explanations arise: first, P. ekaterinae sp. nov. may have had disproportionately
thicker legs I, which is atypical for the genus; second, the amber imprint may have expanded
relative to the original shape of the mite. We consider the latter more likely. Notably, not only
the leg segments appear thickened in the imprint, but also the setae originating from them.
Since solid cuticular setae are unlikely to shrink and generally maintain a standard shape and
thickness, at least within a single animal, the swollen contour of the imprint probably does not
correspond to the original shape of the mite. Therefore, it must be acknowledged that neither
the imprint nor the cuticular remnants can always be relied upon to reflect the original size of
an organism accurately.

This conclusion adds uncertainty to the issue of precise measurements of amber fossils.
However, we still endorse the recommendation of Sidorchuk and Norton (2011) that to capture
all preserved details of an amber fossil, both the imprint and the cuticle remnants should be
examined. Fortunately, various observational techniques are now available, including those
used in this study, such as water immersion of amber specimens and confocal laser scanning
microscopy (CLSM) of the fossil cuticle.

While we can only speculate on the reasons for the expansion of the amber imprint without
a specific study, two possible explanations come to mind: (1) parts of the imprint may expand
while the resin is not fully solidified, due to increased internal gas pressure from bacterial
decomposition of the animal’s tissues (McCoy et al. 2018); or (2) uneven evaporation of
volatile components from the resin could lead to a decrease in volume, slightly expanding the
dimensions of the internal hollow imprints.

Observation and imaging of minute fossils in amber

Both specimens of P. primus sp. nov. described here do not possess an imprint (air cavity),
suggesting that their cuticles became fully impregnated with fossil resin. Consequently, they
appear almost transparent, making these fossils challenging to detect when searching for
inclusions under a dissecting microscope with reflected light. However, this transparency,
which is a disadvantage for standard observation, becomes a significant advantage when
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imaging the autofluorescence of cuticular structures using confocal laser scanning microscopy
(CLSM). Fully impregnated amber fossils lack borders of optical density that would scatter
light, enabling CLSM to produce high-resolution contrast images. Moreover, super-resolution
adaptations of confocal microscopy, such as Airyscan (Huff 2015), offer enhanced resolution
beyond the diffraction limit of light.

In this study, we applied CLSM, including Airyscan mode, to all our specimens and obtained
high-resolution images that complemented observations made with transmitted light. For both
specimens of P. primus sp. nov., CLSM images were often more informative, especially for
the paratype (PIN 5620-90 D), which was suboptimal for examination in transmitted light as it
had not been separated from a larger piece of amber (Figure 7).

For the holotype of P. ekaterinae sp. nov., Differential Interference Contrast (DIC) imaging
failed to resolve the number of genital setae, despite several attempts on different microscopes.
This issue arose because it was difficult to visually distinguish the image of the imprint from
the remnants of the fossil tissue within it, which had higher optical contrast and obscured the
view. Imaging the same specimen with Airyscan CLSM completely eliminated this uncertainty
(Figure 2).

We strongly encourage researchers working with small fossils, particularly microarthropods,
to use modern preparation techniques and imaging equipment like those described in Vorontsov
et al. (2023). In many cases, it is the limitations of our instruments, rather than the quality of
preservation, that constrain the level of morphological detail that can be resolved from amber
fossils.
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