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Abstract. Parasitengona, an ingroup of Trombidiformes, is characterised by a complex life cycle, in which the
larval stage is parasitic on animals. Larvae of erythracoideans or long-legged velvet mites, one ingroup of Parasiten-
gona, parasitise euarthropodan hosts and have extremely long legs that confer them the ability to walk fast. Repre-
sentatives of Parasitengona in general, and Erythracoidea in particular, are relatively abundant in the fossil record.
Nonetheless, their studies have remained scarce, since, like in most mites, the characters needed for taxonomical
identification are hidden within the amber piece. Here, we report 41 new erythracoidean larvae from the Cretaceous
Kachin amber and three specimens from Eocene Baltic amber. We also compare the shape of their habitus between
extant and fossil specimens by applying elliptical Fourier analysis (EFA) to their redrawn outlines. According to the
shape analysis, there is a certain level of ovetlap in the morphospace between extant and fossil specimens, but the
difference in morphology was statistically significant, pointing to a separation between the two. This is supported by
the fact that some morphological characteristics of fossil specimens are not present in extant representatives. Fossil
erythracoideans occupy the area of the morphospace with more elongated legs, which could be related to variations
in the availability of their hosts or changes in microhabitat occupied by the mites, although bias in the fossil record
cannot be ignored. Although preliminary, our findings demonstrate that quantitative morphological analysis can be ap-
plied to specimens of mites not preserved in the best of conditions that may not be of interest for taxonomic studies.
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INTRODUCTION

Mites are common elements of almost every
continental ecosystem and represent a not to be un-
derestimated biomass. Mites are, and seem to have
always been, fairly small (Sidorchuk 2018), a charac-
teristic that despite their broad morphological diver-
sity, unites the group. This small size has facilitated
their entrapment in tree resin, leading to them being
abundant in amber pieces when compared to other
euarthropodans. Sedimentary fossils reveal that the
Acariformes lineage of mites was already present in
the Lower Devonian (ca. 410 mya), and as amber
inclusions show, mites were already rich and diver-
sified during the Mesozoic (ca. 230 mya) (Krantz
2009; Schmidt et al. 2012).

One particularly abundant group of mites in
amber inclusions is Parasitengona, an ingroup of
Trombidiformes. This group of mites is character-
ised by a complex life cycle (Walter et al. 2009) dur-
ing which inactive (calyptostatic) instars are alternat-
ed by active stages. As soon as a parasitengonan mite
hatches from its egg, it stays inactive (calyptostatic)
as a prelarva. This is followed by the six-legged het-
eromorphic larva (for a discussion on the term, see
Haug 2020), which is generally an ectoparasite of
numerous eurarthoropodan and vertebrate hosts
(e.g. Martin & Gerecke 2009; Makol et al. 2012; Mo-
niuszko & Makol 2014; Felska et al. 2018; Haard-
er & Makol 2022), with very few exceptions (Smith
1998). The nymphal stages that follow consist of an
inactive protonymph, an active deutonymph that is
predatory on other euarthropodans, and, again, an
inactive tritonymph. Lastly, the adult shares feeding
habits with the deutonymph.

The ingroup of Parasitengona most frequent-
ly found in amber inclusions is Erythracoidea, the
group of long-legged velvet mites; more precisely:
most common are erythraeoidean larvae (Bartel et
al. 2015). The possible reason behind this common
occurrence is that, at least in modern representa-
tives, they are mostly associated with debris and tree
surfaces, closer to the resin produced by trees, unlike
other terrestrial parasitengonan mites that are edaph-
ic (soil associated) (Wohltmann 2001). Erythraeoid-
ean larvae parasitise a long list of euarthropodan
hosts, from insects to arachnidans and even other
mites and ticks (Welbourn 1983; Wohltmann 2000;
Stroifiski et al. 2013; Bernard et al. 2019; Haarder &
Makol 2022), and with varying degrees of specificity
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(Southcott 1992; Wohltmann 2000). In the fossil re-
cord, they are often found still attached to their host,
since they have a strong grip to their host’s cuticle
through a salivary secretion (Abro 1988). There is
one exception to the parasitic lifestyle: representa-
tives of Balaustiinae or sidewalk mites have larvae
that are predatory and pollen-feeders (Yoder et al.
2012). Larvae of Erythracoidea are characterised
by their extremely long legs (walking appendages),
which often are twice the length of the idiosoma
(trunk region in mites) (Wohltmann 2001), and con-
fers them the name of “long-legged velvet mites”.

Despite their abundance in the fossil record,
given their small size, the difficulties in accessing tax-
onomically relevant characters have hampered stud-
ying these fossil mites in detail. Therefore, fossilised
specimens of mites have often been overlooked in
amber pieces (Dunlop et al. 2008). In general, with
some exceptions (e.g. Grinemaier 2017; Konikiew-
icz & Makol 2018), only very well-preserved spec-
imens have been reported for taxonomical studies
(e.g. Kuznetsov et al. 2010; Sidorchuk & Bertrand
2013; Bartel et al. 2015; Sidorchuk et al. 2019), to
which time-consuming techniques like amber grind-
ing and polishing have been applied (e.g. Konikiew-
icz & Makol 2018; Sidorchuk et al. 2019). Quantita-
tive morphological analysis has not yet been applied
to fossilised mite specimens. This type of analysis
has proven to be useful for investigating the biolog-
ical diversity of other euarthropodan ingroups in
deep time (Haug et al. 2024, e.g. Baranov et al. 2020;
Haug et al. 2021a; Haug et al. 2023) even in cases
when details of morphological structures that are
taxonomically relevant are not accessible. In particu-
lar, the abundance of erythracoidean mites enables
working with such quantitative methods applied to
specimens embedded in amber. In this study we re-
port several new specimens of larvae of long-legged
velvet mites from Cretaceous Kachin amber from
Myanmar and Eocene Baltic amber. We compare
the shape of their habitus between extant and fos-
sil specimens to discuss its implications concerning
their diversity and palacoecology.

MATERIAL AND METHODS
Material

A total of 66 extant specimens were consid-
ered from the literature (Southcott 1961; 1988; 1992;
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1999; Zhang & Lafuente 1996; Fain & Cobanoglu
1998; Haitlinger 1999; 2004; 2011; Zhang 2000; Sa-
boorti et al. 2007; 2009; Wohltmann et al. 2007; Sab-
oori & Begheri 2011; Salarzehi et al. 2012; Kamran
& Alatawi 2014; 2015; 2016; Xu et al. 2019; 2020;
Dos Santos Costa et al. 2021; 2022; Bassini-Silva et
al. 2022). Additionally, three extant specimens were
documented from material deposited at the Zoolo-
gische Staatssammlung Miinchen, Arthropoda varia.

We documented a total of 44 new fossil spec-
imens embedded in amber (Supplementary materi-
als, File 1). An additional specimen has already been
reported and described (Arce et al. 2024). Three
additional fossil specimens were considered from
the literature (Chiangwu 1996; Kobbert 2013). In
total the study considered 69 extant specimens and
48 fossil ones, 117 specimens all together. For the
shape analysis (see below), five of the documented
fossil specimens were not considered due to incom-
pleteness of their habitus or their position in the
amber piece.

Seven of the documented specimens in am-
ber came from the collection of one of the au-
thors (PM; BUB). One specimen is part of the
Senckenberg Forschungsinstitut und Naturmuse-
um in Frankfurt/Main, Palacozoology I — Amber
research (SMF Be 2108a). Thirty-seven specimens
are deposited in the Palaco-Evo-Devo Research
Group Collection of Arthropods, Ludwig-Maximil-
ians-Universitdit Miinchen (LMU Munich; PED).
They were legally purchased directly from the sell-
er burmite-miner at the trading platform ebay.com;
one specimen was purchased from Artur Michalski
via the trading platform etsy.com; one specimen
was purchased from Jonas Damzen (amberinclu-
sions.eu). Most fossil specimens come from Creta-
ceous Kachin amber from Myanmar (ca. 100 mya),
except for three specimens from Eocene Baltic
amber (ca. 35-40 mya), one of these deposited at
Senckenberg Forschungsinstitut und Naturmuseum
and two at Palaco-Evo-Devo Research Group Col-
lection of Arthropods, Ludwig-Maximilians-Uni-
versitit Minchen. Two of the specimens are from
Miocene Dominican amber (15-20 mya) and were
documented from the literature (Supplementary
materials, File 1).

Documentation methods
To document specimens, a Keyence VHX
6000 microscope was used. When accessible,

we documented the specimens from both sides,
and used different illumination methods (coaxial
cross-polarised light, ring light, transmitted light)
and background (black, white, glass) to achieve the
best result possible, i.e. the best contrast and sharp-
ness. The function HDR (high dynamic range) was
applied when necessary. Adjacent frames were ob-
tained and stacked with the built-in software. Final
figure plates were made using Photoshop CS2.

Drawing of outlines

For the shape analysis, we used simplified
outlines of 112 specimens, 43 fossil and 69 extant
(see outline dataset in Supplementary materials, File
2). To get symmetrical outlines, half the body shape
was drawn, then mirrored and stitched together. Se-
tae, chelicerae, and claws were not included in the
outline, since it is not always possible to see such
details in the specimens (in particular the fossils).
Pedipalps were included when possible and an ad-
ditional shape analysis was performed to compare
the influence of the pedipalps on the resulting mor-
phospace. This showed that the signal including
the specimens without pedipalps is the same as not
including them, therefore the final shape analysis
was performed with the whole dataset. Legs were
artificially straightened (see Haug et al. 2021b for
a similar procedure) and oriented. The first leg was
displayed at a 45° angle, the second leg at a 0°, and
the third leg at -45°, to correct for artefacts of var-
ying leg position The shape of the legs was simpli-
fied to a straight line using the average width of the
leg, and only the trochanter and tarsus were drawn
following the specimen’s shape.

Statistical and morphometrical analysis

We used elliptical Fourier analysis (EFA) to
interpret the morphological variation of mite body
outlines, using the free and open Momocs package
(ver. 1.3.2; Bonhomme et al. 2014) in the R-statistics
environment (ver. 4.1.0; R Core Team 2021). The
code used is provided in Supplementary materials,
File 3. For this purpose, 112 of the specimens were
used (see Supplementary materials, File 1).

Using the principle of the Fourier transfor-
mation, a complex two-dimensional shape is de-
composed into a harmonic sum of trigonometric
functions, weighted with harmonic coefficients
describing the shape (Kuhl & Giardina 1982; Bon-
homme et al. 2014; Braig et al. 2024). This process
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allows for analysis of the shapes using multivariate
tools (Bonhomme et al. 2014; Braig et al. 2023).
The body outlines are registered with 3850 +/- 293
coordinates, centred and scaled, controlling for the
influence of scale difference in the source material.
We then used a function of the Momocs package
(calibrate_harmonics) to identify the number of
harmonics that would best represent the variation
in our data set, in this case 16 harmonics (Braig et al.
2023, 2024). We aligned the body shapes according
to a homologous starting point, the median posteri-
or point of the idiosoma. The harmonic coefficients
are then analysed with a principal component analy-
sis (PCA; Bonhomme et al. 2014; Braig et al. 2023).
Of the resulting principal components (PCs), we
chose to retain the first 13 PCs, as they accumulated
to more than 99% of the variation in the data set, as
input data for the following statistical analysis. The
cut-off was chosen due to the scree-test being sub-
jective and the computational approach not being
feasible (Joliffe 2002; Braig et al. 2023).

Specimens were classified according to their
age in only two groups (fossil and modern repre-
sentatives) since most of them belong to the Creta-
ceous, and to their lifestyle (parasitic, non-parasitic,
and unknown lifestyle). Specimens from literature
whose hosts are unknown (e.g. Curteria southeotts,
Hauptmannia viticola), but where there are no records
of the ingroup being non-parasitic, were consid-
ered parasitic. For a quantitative comparison of
fossil and modern representatives we used differ-
ent metrics for measuring morphological diversity
(also called “disparity”’; Guillerme et al. 2020). First,
differences in sample size between fossil and mod-
ern representatives were corrected by rarefaction
and bootstrapping (10000 times). We calculated the
sum of variances for all principal components for
the groups, retrieved from the PCA on the whole
data set, as a measure for morphological diversity.
The average distance of each group member to its
group centroid in relation to the distance of the
group centroid to the morphospace centre was used
as a measure of position within the morphospace,
informing about the difference in morphology
(Guillerme et al. 2020; Braig et al. 2023).

Measurements

Linear measurements of the length of the id-
iosoma and legs were made with Image]. For the
leg measurements, the length of the right leg is re-
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ported, or of the better accessible one. In order to
counter any bias, all the measurements have been
repeated three times and the mean values was cal-
culated.

REesuLTs

Brief description of specimens

General description: The body of all the
specimens is organised into gnathosoma and idio-
soma; the idiosoma bears three pairs of legs, hence
representing a larva. Unless stated otherwise (see
below), basipods (coxae) are separated from each
other and leg femur is divided into two elements
on all three pair of legs. All specimens are from the
Cretaceous, except for PED 3462; PED 3425 and
SMF Be 2108a, which are from the Eocene. Meas-
urements of idiosoma and legs are reported on
Supplementary materials, File 1.

Specimen SME Be 2108a (Fig. 1A): Specimen
accessible in dorsal view. Gnathosoma shape elon-
gated, with at least two stout setae, one on femur
and one on tarsus. Scutum (dorsal shield) possibly
accessible, with triangular shape and very rounded
distal angle. Numerous long setae on posterior area
of the idiosoma. Legs with at least some barbed
setae; first and third leg approximately twice the
length of the idiosoma; with third leg slightly lon-
ger than first; second leg slightly less than twice the
length of the idiosoma.

Specimen BUB 3150 (Fig. 1B): Specimen (ap-
parently) accessible in dorsal view. Gnathosoma
slightly tilted laterally, not very well accessible. Long
seta on the tarsus of each leg; legs more than th-
ree times the length of the idiosoma; third pair of
legs longer than the rest, more than four times the
length of the idiosoma; second leg the shortest.

Specimen BUB 3159 (Fig. 1C) Specimen acces-
sible in dorsal view. Legs more than three times the
length of the idiosoma; third pair of legs slightly
longer than the rest, more than four times the length
of the idiosoma; second leg the shortest.

Specimen PED 3492 _1 (Fig. 1D): Specimen ac-
cessible in dorsal view, with gnathosoma tilted late-
rally. Two long setae on distal part (tibia or tarsus)
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Fig. 1 - Fossil larvae of Erythracoidea in amber. A) Specimen SMF Be 2108a. B) Specimen BUB 3150. C) Specimen BUB 3159. D) Specimen
PED 3492_1. E) Specimen BUB 4778. F) Specimen BUB 4179. G) Specimen BUB 3378_2. H) BUB 3736. I) BUB 3196.

of pedipalps. Legs at least five times the length of
the idiosoma, with very long femur and, especially,
tibia; third leg much longer than the rest, nine times
the length of the idiosoma.

Specimen BUB 3378 2 (Fig. 1G): Specimen
accessible in (possibly) ventral view. Pedipalp claws
(apparently) bifurcate. First leg the shortest, slightly
more than twice the length of the idiosoma; second
leg slightly longer; third leg almost five times the
length of the idiosoma; femur and tibia longer than

the rest of the elements; long femur and tibia, espe-
cially on third pair of legs; legs bearing long setae.

Specimen BUB 4778 (Fig. 1E): Specimen acces-
sible in (possibly) ventral view; not well preserved,
with amber artifacts on top of the mite body. Pe-
dipalps not accessible. Small process resembling a
spine on the trochanter of the third leg; first and
second leg subequal in length, three times the length
of the idiosoma; third leg slightly longer, four times
the length of the idiosoma.
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Specimen BUB 4179 (Fig. 1F): Specimen acces-
sible in (possibly) ventral view; not well preserved.
Pedipalps with a long seta on tibia (or tarsus?) and
prominent terminal claw on pedipalp tibia. First and
third pair of legs subequal in length; second pair of
legs shorter, almost twice the length of the idiosoma.

Specimen BUB 3736 (Fig. 1H): Specimen acces-
sible in ventral view. Posterior region of gnathosoma
narrow; with a prominent terminal claw on pedipalp
tibia; pedipalp femur bearing a long seta (no other
setae visible on pedipalps). Apparent hypertrichy on
idiosoma and legs (higher number of setae); poste-
rior region of idiosoma bearing numerous long se-
tae. Legs with numerous long setae; one particularly
long seta on the trochanter of the first pair of legs;
legs more than three times the length of the idioso-
ma,; first and second pair of legs subequal in length;
third pair of legs slightly longer than the rest, more
than four times the length of the idiosoma.

Specimen BUB 3196 (Fig, 11): Specimen acces-
sible in (possibly) dorsal view. Wide gnathosoma,
with a long and thin seta on femur. A long seta on
trochanter of the three pairs of legs; legs at least
four times the length of the idiosoma; first and se-
cond pair of legs subequal in length; third pair of
legs longer than the rest, more than five times the
length of the idiosoma.

General description of amber piece PED
0776 (Fig. 2A): Eleven mite specimens close to a
dermapteran (Fig. 2F).

Specimen PED 0776_9 (Fig. 2B, D): Specimen
accessible (apparently) in ventral view. Idiosoma
round (Fig. 2D). Gnathosoma with at least one long
setac on femur and one long seta on tibia; apparent
bifurcate tibial claw; at least two setae on tarsus (Fig.
2B). Atleast the femur on the third pair of legs divi-
ded into two elements. Legs five times the length of
the idiosoma; first and third legs subequal in length;
second leg slightly shorter; femur divided into two
sub-elements; first and second legs bearing one long
seta on (apparently) the trochanter.

Specimen PED 0776_4 (Fig. 2C): Specimen ac-
cessible (possibly) in dorsal view, not very well pre-
served. Gnathosoma with visible thumb-like pro-
cess. Division of femur absent or not visible. Legs
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more than three times the length of the idiosoma;
first and third legs subequal in length; second leg
slightly shorter than the rest.

Specimen PED 0776_11 (Fig. 2E): Specimen
accessible (apparently) in ventral view. Specimen
not very well preserved, idiosoma slightly tilted la-
terally and broken legs, hence not included in the
analysis. Legs around three times the length of the
idiosoma; third pair of legs slightly longer.

Specimen PED 0776_12 (Fig. 2F): Shape of
idiosoma altered by an artifact in the amber piece,
hence not included in the analysis. Gnathosoma not
accessible. Division of femur absent or not visible;
legs around three times the length of the idiosoma;
third pair of legs slightly longer than the rest, more
than four times the length of the idiosoma.

Specimen PED 0776_10 (Fig. 2G): Specimen
accessible in dorsal view. Division of femur absent
or not visible; legs at least three times the length of
the idiosoma.

Specimen PED 1236_3 (Fig, 3A): Specimen ac-
cessible in dorsal view. Very long femur and tibia;
legs at least four times the length of the idiosoma;
length of first and third pair subequal to the second
pair of legs, more than five times the length of the
idiosoma.

Specimen PED 1236_2 (Fig. 3B): Specimen ac-
cessible in dorsal view. Long and stout seta on (pos-
sibly) femur of pedipalp, and possibly a second one
on patella (genu). At least the femur on the third
and second pair of legs divided into two elements;
legs at least five times the length of the idiosoma;
first pair of legs longer than the rest, almost six ti-
mes the length of the idiosoma.

Specimen PED 1236_1 (Fig. 3C): Specimen
accessible in dorsal view, not so well preserved.
Longer femur and tibia than the rest of the leg ele-
ments; first pair of legs broken, therefore it was not
included in the analysis; second pair of legs three
times the length of the idiosoma; third pair longer,
five times the length of the idiosoma.

Specimen PED 1236_5 (Fig. 3D): Specimen ac-
cessible in dorsal view. Long seta on (possibly) fe-
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Fig. 2 - Fossil larvae of Erythracoidea in amber piece PED 0776. A) Overview of amber piece, each points to a mite. B) Closeup to gnatho-
soma of specimen PED 0776_9. C) Specimen PED 0776_4. D) Specimen PED 0776_9. E) Specimen PED 0776_11. F) Closeup to
dermapteran and mite PED 0776_12. G) Specimen PED 0776_10.

mur of pedipalp. Length of first and third pair of
legs almost seven times the length of the idiosoma;
second pair of legs shorter than the rest, five times
the length of the idiosoma.

Specimen PED 1236_4 (Fig. 3E): Specimen
accessible in ventral view. Long seta on gnathoso-
ma, similar to length and disposition on specimen
in PED 2615_1. Pedipalps only partially visible.
Length of first and third legs more than seven times

the length of the idiosoma; second leg slightly shor-
ter, six times the length of the idiosoma; long setae
on femur and tibia, similar to length and disposition
on specimen in PED 2615_1.

Specimen PED 1268_2 (Fig. 3F): Specimen
accessible in dorsal view. Apparent dorsal scutum
(shield) visible, of triangular shape, and a pair of
(possible) bothridia anteriorly. Legs twice the size
of the idiosoma, third leg longer than the other two.
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Fig 3 - Fossil larvae of Erythracoidea in amber. A) Specimen PED 1236_3. B) Specimen PED 1236_2. C) Specimen PED 1236_1. D) Speci-
men PED 1236_5. E) Specimen PED 1236_4. F) Overview of specimens in amber piece PED 1268: PED 1268_2 (1); PED 1268_3
(2); PED 1268_5 (3); PED 1268_4 (4). G) Specimen PED 1268_1. H) Specimen 2615_1.

Specimen PED 1268_3 (Fig. 3F): Specimen
accessible in dorsal view. Similar to specimen PED
1268_2. Legs twice the length of the idiosoma, third
leg slightly longer than the other two.

Specimen PED 1268_4 (Fig. 3F): Specimen ac-
cessible in dorsal view. Femur al least on first and
third pair of legs divided into two elements. Legs
twice the length of the idiosoma, third leg slightly
longer than the rest.

Specimen PED 1268_5 (Fig. 3F): Specimen
preserved in dorsal view. Shape of idiosoma indi-
cates possible physogastry (engorgement). Femur
at least on first and third pair of legs divided into
two elements. First and second leg 1.5x the length
of the idiosoma, third leg longer than the other
two, twice the size of the idiosoma; long setae on
femur, patella (genu) and tibia of the three pairs of
legs, similar to the ones present in specimen PED

1236_4.
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Specimen PED 1268_1 (Fig. 3G): Specimen ac-
cessible in dorsal view. Shape of idiosoma indicates
possible physogastry (engorgement). Femur at least
on first and third pair of legs divided into two ele-
ments. Legs twice the size of the idiosoma, third leg
longer than the other two.

Specimen PED 2615_1 (Fig. 3H): Specimen
preserved in dorsal view. Pedipalps bearing a long
and stout seta (shape not accessible), possibly loca-
ted on patella (genu); terminal elements of the pe-
dipalps not accessible. Length of legs subequal, five
times the length of the idiosoma; long setae on tro-
chanter, femur, genu and tibia of the three pair of
legs, with numerous setae on tarsus.

Specimen PED 3419_2 (Fig. 4A): Habitus simi-
lar to specimen PED 3419_1. Specimen accessible
in ventral view. Gnathosoma slightly larger than in
other specimens. Division of femur absent or not
visible. Legs more than three times the length of the
idiosoma; third leg longer than the rest, more than
four times the length of the idiosoma.

Specimen PED 3419_1 (Fig. 4B): Habitus simi-
lar to specimen PED 3419_2. Specimen accessible in
ventral view. Gnathosoma larger than in other spe-
cimens. Shape of idiosoma indicates slight possible
physogastry (engorgement). Femur al least on first
pair of legs divided into two elements. Legs more
than three times the length of the idiosoma; third leg
slightly longer than the rest.

Specimen PED 3214 (Fig, 4C): Specimen acces-
sible in ventral view. First and second leg 1.5x lon-
ger than the idiosoma, third leg more than twice the
length of the idiosoma.

Specimen PED 3163 (Fig. 4D): Specimen acces-
sible possibly in dorsal view, attached to a host. Shape
of idiosoma indicates possible physogastry (engot-
gement). Gnathosoma not accessible due to its at-
tachment to the host. Division of femur absent or
not visible; legs shorter than in other specimens here
described, slightly shorter than the idiosoma.

Specimen PED 3403_2 (Fig, 4E): Specimen ac-
cessible in ventral view. At least two setae on pedi-
palps, one on femur, one on genu or tibia. Femur al
least on first pair of legs divided into two elements;

numerous long setae on legs; one long and stout seta
on the trochanter; first leg four times the length of
the idiosoma; second leg shorter, almost three times
the length of the idiosoma; third leg not accessible,
hence not included in the analysis.

Specimen PED 3403_1 (Fig, 4F): Habitus simi-
lar to specimen in PED 3411. Specimen accessible
in (apparent) ventral view. Gnathosoma with visible
thumb like process. Idiosoma rounded shape. No ap-
parent division on femur; legs thicker than in other
specimens; all legs more than double the length of
the idiosoma,; third leg longer than the rest.

Specimen PED 3122 (Fig. 4G): Specimen pre-
served in ventral view. Attached to a host through
the gnathosoma. Shape of idiosoma indicates possi-
ble physogastry (engorgement). Femur on three pair
of legs divided into two elements; legs at least double
the length of the idiosoma,; third leg longer than the
rest, more than three times the length of the idioso-
ma.

Specimen PED 3462 (Fig. 4H): Specimen acces-
sible in dorsal view. Pedipalps not completely acces-
sible. Separation of basipods (coxae) not accessible
due to position of legs. Long setae on pedipalps,
idiosoma and legs; leg tarsus with numerous setae
in three pairs of legs; legs more than four times the
length of the idiosoma,; third leg slightly longer than
the rest; tarsus of all legs with two claws and a claw-
like empodia (attachment structures).

Specimen PED 3411 (Fig. 41): Habitus similar
to specimen in PED 3403_1. Specimen accessible
in (apparent) ventral view. Legs thicker than in other
specimens, similar to legs in PED 3403_1; division
of femur absent or not visible; long seta on femur of
at least the first pair of legs; abundant setae on tarsus;
all legs more than twice the length of the idiosoma;
third leg longer than the rest.

Specimen PED 3490 (Fig. 4]): Specimen acces-
sible (possibly) in ventral view. Division of femur
absent or not visible; legs at least three times the
length of the idiosoma; first leg slightly longer than
the rest.

Specimen PED 3492 2 (Fig. 4K): Specimen
accessible in lateral view, hence not included in the
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0.4 mm

0.4 mm o

Fig 4 - Fossil larvae of Erythraeoidea in amber. A) Specimen PED 3419_2. B) Specimen PED 3419_1. C) Specimen PED 3214. D) Specimen
PED 3163. E) Specimen PED 3403_2. F) Specimen PED 3403_1. G) Specimen PED 3122. H) Specimen PED 3462. I) Specimen

PED 3411. J) Specimen PED 3490. K) Specimen PED 3492_2.

analysis. Gnathosoma large compared to other spe-
cimens. Femur al least on first pair of legs divi-
ded into two elements; legs at least three times the
length of the idiosoma, with very long femur and,
especially, tibia; third leg extremely longer than the
rest, more than five times the length of the idioso-
ma.

Specimen PED 3425 (Fig. 5A): Specimen ac-
cessible in ventral view. Pedipalps with at least three

bushy setae with strong setules, one on the pedi-
palp femur, one on the patella (genu) and one either
on patella (genu) or tarsus (undistinguishable). Two
stout setae on first and third leg trochanter; legs
around twice the length of the idiosoma; third leg
slightly longer than the rest.

Specimen PED 3549 (Fig. 5B): Specimen acces-
sible in ventral view. Pedipalps with two setae, the
most proximal one (possibly on the patella (genu)
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Fig 5 - Fossil larvae of Erythracoidea in amber (A-G) and extant specimens (H—]). A) Specimen PED 3425. B) Specimen PED 3549. C)
Specimen PED 3506. D) Specimen PED 3511. E) Specimen PED 3209_1. F) Specimen PED 3503. G) Specimen PED 3585. H, 1, J)
Extant specimens of Erythraeus phalangioides deposited at Zoologische Staatssammlung Miinchen, Arthropoda varia.

longer than the most distal one (on the tarsus?). Fe-
mur at least on first pair of legs divided into two
clements; first and second legs twice the length of
the idiosoma; first leg slightly longer than the rest;
third leg slightly shorter than the rest.

Specimen PED 35006 (Fig, 5C): Specimen acces-
sible in ventral view, attached to a host. Gnathoso-
ma not accessible due to its attachment to the host.
Femur at least on second and third pair of legs divi-
ded into two elements; legs at least twice the length

of the idiosoma; third pair of legs longer than the
rest, almost three times the length of the idiosoma.

Specimen PED 3511 (Fig, 5D): Specimen ac-
cessible in dorsal view, attached to a host. Shape of
idiosoma indicates possible physogastry (engorge-
ment). Division of femur absent or not visible; legs
shorter than in other specimens here described, at
least 1.2x the length of the idiosoma, third pair of
legs longer than the rest, almost three four times the
length of the idiosoma.
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Fig 6 - Fossil larva of Erythracoidea in amber. A) Habitus of specimen PED 2615_2. B) Habitus of specimen PED 2615_2 colouted marked.
C) Gnathosoma of specimen PED 2615_2. D) Gnathosoma of specimen PED 2615_2 colour marked. E) Habitus of specimen PED
3134. ) Habitus of specimen PED 3134 coloured marked. G) Gnathosoma of specimen PED 3134. H) Gnathosoma of specimen
PED 3134 colour marked. ba= buccal aperture; th= functional head; pd= pedipalps; pb= pedipalp basipods; tr= trunk; el, e4, c6=
leg element number.

Specimen PED 3209_1 (Fig. 5E): Specimen
accessible in dorsal view. Division of femur absent
or not visible; legs more than three times the
length of the idiosoma; third pair of legs slightly
longer than the rest, almost four times the length
of the idiosoma.

Specimen PED 3503 (Fig. 5F): Specimen ac-
cessible in ventral view. Chelicerae protruding

from the buccal aperture. At least two modera-
tely long setae on pedipalps. Long setae on legs
and idiosoma, with one very long seta on tarsus
of legs, longer on the third leg. Basipods (co-
xae) separated from each other, although less se-
paration between first and second basipod than
in other specimens here described; legs more
than twice the length of the idiosoma; third leg
slightly longer.
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Specimen PED 3585 (Fig, 5G): Specimen ac-
cessible (possibly) in dorsal view, not very well pre-
served. Division of femur absent or not visible; legs
length at least 2.5x the length of the idiosoma; third
leg longer than the rest, more than three times the
length of the idiosoma.

Specimen PED 2615_2 (Fig. 6A, B): Specimen
accessible in ventral view. Gnathosoma small and
short pedipalps compared to other specimens (Fig.
6C, D). Rounded idiosoma; with six long setac on
the distal area of the idiosoma. Long and stout se-
tac on legs, particularly one long setae on femur of
three pair of legs; first and second pair of legs three
times the length of the idiosoma, with second pair
of legs slightly longer than the first; third pair of
legs the longest, more than four times the length of
the idiosoma.

Specimen PED 3134 (Fig, 6E, I): Specimen ac-
cessible in ventral view. Gnathosoma extremely lar-
ge compared to other specimens (Fig. 6G, H); one
long and stout seta on pedipalp femur; possibly a
seta on pedipalp patella (genu); numerous setae on
pedipalp tibia; pedipalp claw absent or not visible.
Numerous setaec on the distal area of the idioso-
ma. Femur and tibia extremely long, tarsus also long
compared to other specimens; apparent processes
resembling spines on trochanter of three pairs of
legs; first pair of legs six times the length of the
idiosoma, second pair of legs the shortest, almost
five times the length of the idiosoma, third pair of
legs eight times the length of the idiosoma.

Shape analysis

The PCA resulted in 13 principal compo-
nents explaining over 99% of the shape variation
(see Supplementary materials, File 4 for a PCA
analysis showing the different age of each speci-
men, see Supplementary materials, File 5 for results
of the PCA analysis and Supplementary materials,
File 6 for the graphical component loadings). PC1
explains 39.9% of the shape variation and is domi-
nated by the length of the legs and the size of the
idiosoma. Negative values indicate long legs, with
the three pairs of legs being subequal in length,
and a small idiosoma; positive values indicate shot-
ter legs, with the first pair of legs shorter than the
rest, and a larger and longer idiosoma. PC2 explains
30.9% of the shape variation, and is dominated by

the length of the legs and the gnathosoma. Negati-
ve values indicate shorter legs, with the first pair of
legs longer than the rest, a larger and broader idio-
soma, and a more prominent gnathosoma, positive
values indicate longer legs with the first pair being
longer than the third. PC3 explains 10.4% of the
shape variation and is dominated by the size of the
body and the leg length. Negative values indicate
shorter legs, with the first pair of legs longer than
the rest, and a large idiosoma; positive values indi-
cate longer legs, with the third pair of legs slightly
longer than the rest, and a more prominent gnatho-
soma at higher values. PC4 explains 5.8% of the
shape variation and is dominated by the width and
length of the idiosoma. Negative values indicate a
longer idiosoma and prominent gnathosoma; posi-
tive values indicate a shorter but wider idiosoma,
longer legs, and the third pair of legs longer than
the rest.

Plotting PC1 versus PC2 showed some level
of overlap between extant and fossil specimens,
although most fossil specimens occupied the area
of higher PC2 values and relatively low PC1 va-
lues (Fig. 7). The resulting plot of PC3 versus PC4
shows great overlap between fossil and extant spe-
cimens, with most extant specimens occupying the
lower right area of the plot (high PC3 values and
low PC4 values; Fig. 8). Two fossil specimens from
the Cretaceous plotted outside the area of where
most specimens grouped together, one at low PC4
values, and one opposite to it, at high PC4 values.
One extant specimen plotted at extremely low PC3
values.

When considering all dimensions of the
morphospace, we found significant differences in
the size of the occupied morphospace between the
fossil and extant representatives (Welch’s two sam-
ple t-test; p-value < 0.001). Additionally, we found
that extant and fossil representatives were signifi-
cantly different in their position within the morpho-
space (Welch’s two sample t-test; p-value < 0.001).

DiscussioN

Identity of the specimens

The oldest known erythraeoidean is an adult
from a non-amber deposit, the Crato Formation
(Brazil), a Lower Cretaceous deposit (113.0-125.0
mya; Dunlop 2007). From Cretaceous amber in-
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clusions, there were 19 fossil erythracoidean mi-
tes described to date, one from Canadian amber
(72.1-83.6 mya, Vercammen-Grandjean 1973), and
18 from Kachin amber (Kobbert 2013; Konikiewicz
& Makol 2018; Arce et al. 2024a, Fig. 4G; Arce et al.
2024b). From Kachin amber, nine correspond to the
larval stage (Vercammen-Grandjean 1973; Kobbert
2013; Konikiewicz & Makol 2018; Arce et al. 2024a;
Arce et al. 2024b). There are eight more reports of
larvae attached to their hosts that have not been fur-
ther described in detail, five from Lebanese amber
(ca. 130 mya, Poinar et al. 1994; Poinar & Milki 2001;
Azar 2007; Azar et al. 2010; Boucot & Poinar 2010),
one from Raritan New Jersey amber (89-94 mya,
Grimaldi 2000), and two from Canadian amber (ca.
70-80 mya, Poinar et al. 1993; Poinar et al. 1997).
Here we report 41 new erythracoidean larvae from
the Cretaceous Kachin amber, expanding the reports
from Cretaceous amber to more than doubling the
record. We also report three erythracoidean larvae
from Eocene Baltic amber. The record of erythrae-
oidean mites in Eocene amber is better known than
the Cretaceous one. To date, 30 erythracoidean fos-
sil mites (Koch & Berendt 1854, Vitzthum 1943;
Eichmann 2002; Bartel et al. 2015; Sidorchuk et al.
2019) have been described from Baltic amber, from
which 5 are larvae attached to hosts (Eichmann
2002). Additionally, eight more adult erythraeoide-
an specimens have been reported from the Eocene
Bitterfeld (Saxonian) amber (38—47.8 mya) (Bartel et
al. 2015). According to Bartel et al. (2015), there are
many inclusions of erythracoidean mites still to be
described from Baltic and Bitterfeld amber.

All specimens reported here can be iden-
tified as larvae of mites since their body is divid-
ed into gnathosoma and idiosoma, and they have
three pairs of legs instead of four (as in post-lar-
val mites). The length of the legs more than twice
the length of the idiosoma in most specimens, the
separation between the first pair of basipods, and
their habitus makes it possible to identify the mites
here described as larvae of erythraeoidean mites. In
well-preserved specimens accessible in ventral view,
the urstigmata (structure between coxae of two an-
terior legs) and anus seem to be absent. These fea-
tures are present in larvae of most other ingroups
of Parasitengona but not found in Erythracoidea
(Southcott 1961). Although there are a few excep-
tions (specimens in PED 1268, PED 3503, PED
3134 and PED 2615_2), most specimens here de-

Aree S.L, Braig F, Linbart S.]., Le Cadre ]., Salvamoser O., Miiller P., Haug C. & Hang J.'T.

scribed have a leg length more than twice the idioso-
ma length. This is a typical character of long-legged
velvet mites (Wohltmann 2001), although excep-
tions exist among some ingroups, such as -Abrolo-
phus (Wohltmann et al. 2001), Balaustium (Southcott
1961) or Ramsayella (Zhang 2000). However, in the
specimens in which the length of the legs is less
than twice the length of the idiosoma, their habitus
is compatible with Erythraecoidea. It is remarkable
that the legs in erythracoideans seem to differ in
length between each other, and in most, the long-
est one is generally the third pair, followed by the
first pair, and the shortest is the second pair. Al-
though there were exceptions, this was observed in
both fossils here described and extant specimens
(e.g. Erythraens phalangioides, Fig. SH—]; Leptus hol-
gerr, Haitlinger 1999; Nagoricanella salehi, Kamran &
Alatawi 2015; Trichosmaris dispar, Dos Santos Costa
et al. 2021).

Further identification of the here reported
specimens to ingroups of Erythraeoidea is ham-
pered by the fact that most characters are con-
cealed, as it happens with most mite specimens
in amber. Nevertheless, it is highly probable that
all mites in PED 1268, given their similarities, are
representatives of the same taxonomic group. The
same applies to the specimens in PED 0776, al-
though relative measurements of their legs are not
as uniform. Specimens in PED 1236 also seem to
be representatives of the same taxonomic group.
Additionally, PED 1236_4 seems to be closely re-
lated to the specimen PED 2615_1. Also, PED
3403_1 and PED 3411 share the same characteris-
tic thick legs and seem to be closely related.

The protruding gnathosoma of larva PED
3134 could potentially be correlated with their
feeding behaviour. It resembles that of the lar-
va of Hydrachna magniscutata, a representative of
Hydrachnidia (water mites), although the rest of
their body shape does not look alike. Although
this species is considered parasitic (Davids 1972),
according to Mitchell (1957) it has been discussed
that the large capitulum could be related to them
being also phytophagous, although there are no
detailed observations on this type of feeding be-
haviour. However, representatives of the non-pa-
rasitic ingroup within Erythracoidea, Balaustiinae,
also have a prominent gnathosoma, which has been
suggested to be linked to their phytophagous fee-
ding habits as pollen feeders (Southcott 1961).



Morphological variation of long-legged velvet mite larvae in deep time 345

The relatively large gnathosoma of PED
3419_1, PED 3419_2, PED 3492_1 and PED
3492_2 compared to other specimens, resem-
bles that of Proferythraeus southeotti (Vercammen-
Grandjean 1973), a representative of Erythraeidae
from Cretaceous Canadian amber. Furthermore,
PED 3492_2 is also similar to this species with re-
spect to its habitus and general chaetotaxy (setae di-
sposition), although legs are longer in the mite here
reported.

The separation of basipods (coxae) in some
specimens (PED 3503, PED 3134) is not as pro-
minent as in other specimens. This is visible also in
specimens of Balaustiinae and some representati-
ves of Abrolophus (Southcott 1961; Wohltmann et al.
2001), therefore it is still possible to interpret the-
se specimens as representatives of Erythracoidea.
The legs of these specimens are also not as long as
in the rest, but still twice the length of the idioso-
ma. As already mentioned, legs in Balaustiinae and
Abrolophus are also quite short (even shorter than
the idiosoma). Adult specimens identified as Balau-
stiinae have been found in amber from the Eocene
(Koch & Berendt 1854; Vitzthum 1943), although
there are no described larvae of these ingroups.
Unfortunately, other characters are not accessible in
PED 3503 and PED 3134, such as the dorsal shield
(scutum), and therefore further identification is not
possible.

As a general rule, in fossil specimens here
described, elongation of the legs seems to be cor-
related with both the elongation of the femur and
tibia elements. This can also be seen in modern
representatives that occupy the same area in the
morphospace as the fossil ones, like in Erythraeus
bibadafkiensis (e.g. Haitlinger 2011, fig. 6-11), in Eryth-
raeus whadi (Kamran & Alatawi 2014, fig. 5-13) and
in Trichosmaris dispar (Dos Santos Costa et al. 2021,
fig. 6, 7). On the contrary, modern specimens that
plot outside the overlapping area with fossil ones,
such as Curteria southeotti (Wohltmann et al. 2007),
tend to have subequal length of the leg elements.
Studies on leg usage and biodynamics would en-
lighten how these morphological differences affect
the movement of their walking appendages.

Morphospace analysis

Despite at least a certain level of overlap in
the morphospace between extant and fossil groups,
the difference in morphology was statistically sig-

nificant, pointing to a separation between the two
groups. According to our analysis, fossil larvae of
Erythraeoidea group together at lower PC1 and
higher PC2 values, the area of the morphospace
with body shapes dominated by longer legs and a
smaller idiosoma (Fig. 7). There is an overlap in the
central part of this area of the morphospace, where
also some of the extant representatives are located.
Nevertheless, the extant fauna of erythraecoidean
larvae seems to be more widespread on the mor-
phospace, pointing to a higher diversity of shapes.
This result is even more remarkable when consider-
ing that fossils cover a larger time span than extant
representatives and that differences in sample size
were corrected in the analysis to make the data ro-
bust against outliers. Possibly some of the morpho-
logical diversity that exists today was not yet pres-
ent in the past. However, fossilised representatives
must have lived on or near the bark surface to be
entrapped in the tree resin. In consequence, bias-
es in the fossil record have to be considered when
comparing it to extant representatives. There are no
clear differences between fossils from different ages
(Supplementary materials, File 4). Nevertheless, a
possible bias linked to the imbalance in sample size
cannot be ruled out since most fossils included in
the analysis are from Cretaceous Kachin amber or-
igin (38 specimens from Cretaceous Kachin amber
against three species from Eocene Baltic amber and
two from Miocene Dominican amber).

On the other hand, part of the morphospace
occupied by fossils is not occupied by modern rep-
resentatives, which suggests that some of the diver-
sity of the group was lost over time. This pattern
is further supported by characteristics found in
some specimens here described (see above) that, to
the best of our knowledge, have not been report-
ed from extant erythracoidean mites. These char-
acteristics include the extremely long legs of PED
3492_1 and PED 3134 (up to nine and eight times
the length of the idiosoma, respectively), the spine-
like process in BUB 4778 and PED 3134, the thick
legs of PED 3403_1 and PED 3411, and the large
gnathosoma of PED 3134. Lower values of PC2
are also linked to a more prominent gnathosoma,
an area of the morphospace only occupied by the
extant fauna. Yet, the overlap between extant and
fossil specimens is much more pronounced in the
PC4 versus PC3 (Fig. 8), where groups are mostly
indistinguishable.
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Fig. 7 - Plot of Principal Component Analysis of PC1 versus PC2 as
partial representation of the morphospace. Idx number refers
to the number associated to each specimen in Supplementary
materials, File 1.

Leg length

Leg length seems to be the most prominent
difference between extant and fossil long-legged
velvet mite specimens. Long legs are often linked to
faster locomotion not only in diverse euarthropodan
ingroups (e.g. crustaceans, Kralj-Fiser et al. 2020;
ants, Feener et al. 1988; beetles, Forsythe 1981), but
also in vertebrates (Losos & Sinervo 1989, Trochet
et al. 2019). Longer legs confer longer strides, hence
reducing the cost of locomotion. The long legs of
erythracoidean mites compared to other terrestrial
representatives of Parasitengona indeed seem to be
related to their faster movement when walking on a
surface. Although erythracoidean mites, like the rest
of parasitengonan larvae, depend on their host for
long distance dispersion (Treat 1975; Seeman & Wal-
ter 2023), erythracoidean larvae can walk as fast as
0.67 E-3m/s (Wohltman 2000). This is quite imptes-
sive when compared to the speed of larvae of other
terrestrial lineages of Parasitengona (3.17 E-4-4.17
E-4 m/s for Microtrombidiidae, 2.17 E-3-2.50 E-3
m/s in other representatives of Trombidioidea, 9.17
E-4 m/s for Calyptostomatidae; Wohltman 2000).

But why do fossil mites group in the area of
the morphospace dominated by body shapes with
longer legs? One possibility is that their hosts were
more scattered or less abundant in past times, which

Fig. 8 - Plot of Principal Component Analysis of PC3 versus PC4
as partial representation of the morphospace. Idx number
refers to the number associated to each specimen in Supple-
mentary materials, File 1.

would have prompted them to move faster to achieve
longer distances in less time, and minimise the energy
spent while searching for a host. As a second possibil-
ity, this could be linked to a change of the microhab-
itat used by erythraeoideans. It has been suggested
that erythraeioideans may have gone through a pro-
cess of host switch from more aquatic hosts to more
xerous ones, maybe having been dispersed from one
type of environment to a new one by certain dipteran
hosts during the Cretaceous (Konekowikz & Makol
2018). Although there are some erythracoidean in-
groups that inhabit humid areas and even transient
biotopes (Wohltmann 2006), compared to other
terrestrial parasitengonans, extant erythracoideans
are more resistant to desiccation and their eggs can
hatch in dryer experimental conditions (Wohltman
2006). This could have had an influence in achieving
a higher morphological diversity. The Kachin amber
habitat is deemed as a tropical forest (Grimaldi et
al. 2002). Since the microhabitat surrounding eryth-
racoideans was probably highly humid, in search of
their hosts, mites may have had to wander on tempo-
rary ponds on leaves and tree surfaces. In such cases,
it is possible to hypothesise that their long legs would
have allowed them to have their idiosoma and head
further away from the water surface, as in water strid-
ers (Gerridae). However, this does not completely
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explain the long legs of these mites, since water mites
whose larvae are aerial and are linked to shallow wa-
ter surfaces before encountering their hosts, such as
larvae of Thyasidae or Hydrovolziidae, have com-
paratively shorter legs than long-legged velvet mites
(Mitchell 1957).

Long-legged velvet mites have abundant sen-
sory setae of different types located on their legs
(Southcott 1961). An alternative explanation for
longer legs in fossil specimens could be linked not to
movement and locomotion, but to the fact that legs
can also be considered sensory organs, which in turn
could be explained by variations in habitat use. For
example, cavity living has been proposed as a strong
selection force for long legs in euarthropodans, pos-
sibly due to the need of a higher sensory capacity
where light is not available (Langecker 2000).

Opposing observations

Even though shape analysis is valuable to
measure morphological diversity, it does not come
without its limitations. The shape of the mites can
be influenced by the level of engorgement (physo-
gastry), making the idiosoma appear bigger. Also
in extant fauna, mites are preserved in slides where
they are pressed between the slide and the coverslip.
This storage may distort their appearance by expand-
ing the idiosoma. Likewise, as mentioned above, the
sampling bias of the fossil record in amber cannot be
ignored (Solérzano-Kraemer et al. 2015; 2018). Am-
ber comes from tree resin, and therefore will most
likely preserve specimens that were found on the tree
bark or close to it. Modern specimens here analysed
belong to different habitats. Therefore, the fact that
fossil representatives do not occupy the same mor-
phospace as extant ones does not necessarily mean
that in former times modern body shapes were not
present, but certain body shapes may not have been
preserved depending on their microhabitat (see dis-
cussion in Haug et al. 2021b). However, it does point
to an extinction of fossil morphologies in the group
Erythraeoidea.

In relation to this, the fact that fossil represent-
atives do not match the body shape of non-parasit-
ic representatives (specimens of Balaustiinae) may
be related to the fact that Balaustiinae may simply
be difficult to identify as erythracoidean larvae as
in the fossil record not all characters are accessible.
As mentioned above, representatives of Balaustiinae
and Abrolophus have their first two basipods closer to

each other than in the rest of erythracoidean mites,
and additionally, larvae of Balalustiinae also tend to
have shorter legs. However, their habitus and general
chaetotaxy are similar to other species of Erythrae-
oidea. The specimen from PED 3503 bears a dis-
tance between basipod 1 and 2 similar to the ones
in Balaustiinae, but recognisable as a representative
of Erythracoidea through other characteristics. The
morphospace shows that non-parasitic specimens,
all representatives of Balaustiinae, plot relatively far
from the fossil ones.

Outlook

The analysis demonstrates that erythracoidean
larvae in the Kachin amber forest had more elongat-
ed legs than their modern counterparts. Comparable
observations of more elongated structures than in
modern forms have been made for larvae of snake-
flies (Haug et al. 2020, 2022) and lacewings (Haug et
al. 2019a, b, 2021b). For the two insect groups, the
more extreme morphologies can be understood as
a result of the overall larger diversity of their larval
forms (Haug et al. 2022, 2023). For the erythracoid-
ean larvae it appears more like a directed shift over
time. Still, given the biases discussed above, obser-
vations on erythracoideans remain preliminary. As
demonstrated here the quantitative morphological
analysis can make use of specimens that may not be
of interest for taxonomic studies.

Supplementary Material
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