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a b s t r a c t

Kateretidae is a beetle family with 15 reported fossil species, four of them with specialized antennal
scape. Specialized scape represents a rare form of sexual dimorphism in Kateretidae. Here we report two
new species with a special scape in males of Protokateretes Zhao, Huang and Cai, 2023, and one female
individual of an unnamed species of Protokateretes. The discovery of new species provides a supple-
mentary diagnosis of Protokateretes, and increases the biodiversity of the fossil genus. The high diversity
of species in Protokateretes provides new insights into sexual dimorphism of Kateretidae in mid-
Cretaceous, enriching the knowledge of potential courtship strategy of kateretid beetles in the late
Mesozoic.

© 2024 Elsevier Ltd. All rights reserved.
1. Introduction

Kateretidae is a small family of polyphagan beetles (Coleoptera),
including over 90 extant species and 15 reported fossil species
(Jelínek and Cline, 2010; Zhao et al., 2023c). Most extant kateretid
beetles are widely distributed in temperate and subtropical zones
globally, inhabiting various biotypes from forests to semideserts
(Jelínek and Cline, 2010). Kateretidae are typically anthophagous,
feeding on and developing in flowers of angiosperms (Jelínek and
Cline, 2010). Besides, Kateretidae are classified into the Nitiduli-
dae group in superfamily Nitiduloidea, not in Cucujoidea anymore,
and the closest sister relationship between Kateretidae and Niti-
dulidae has been strongly proved, according to the latest molecular
phylogenetic analysis (Cai et al., 2022).

Most fossil kateretids have been discovered from amber deposit,
except Amartus petrefactus Wickham, 1912 from the Oligocene
Florissant shales (Wickham, 1912). Heterhelus expressus Kirejtshuk
and Nel, 2008 and Eoceniretes yantaricus Kirejtshuk and Nel, 2008
are two ancient species found in the Eocene French amber
(Kirejtshuk and Nel, 2008). Heterhelus buzina Kupryjanowicz, Lyu-
barsky and Perkovsky, 2021 is the only fossil record of Kateretidae
in the late Eocene Rovno amber (Kupryjanwicz et al., 2021;
Perkovsky et al., 2007). Kateretid beetles from the Cretaceous
period are preserved in the Early Cretaceous Lebanese amber, with
Lebanoretes andelmani Kirejtshuk and Azar, 2008, and the mid-
Cretaceous Kachin amber (Myanmar), including 10 species
(Kirejtshuk and Azar, 2008; Zhao et al., 2023c).

Among the 10 kateretid species preserved in the mid-Cretaceous
Kachin amber, the variation in pollen grains associated with Elec-
trumeretes birmanicus Peris and Jelinek, 2019, Cretaretes minimus
Peris and Jelínek, 2020, Protokateretes antiquus (Peris and Jelínek,
2020), and Polliniretes penalveri Peris and Jelinek, 2019, implied
that Kateretidae may be a pollinator family generally involved in
pollinating both gymnosperms and basal angiosperms during early
Late Cretaceous (Peris and Jelinek, 2019, 2020; Peris et al., 2020;
Pe~na-Kairath et al., 2023). Besides, the pollinator lineage to which
Pelretes vivificus Tihelka, Li, Fu, Su, Huang and Cai, 2021 belongs, and
the pollen grain in contact with this fossil directly proved that some
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of ancient Kateretidae are anthophagous (Tihelka et al., 2021; Pe~na-
Kairath et al., 2023). Pelretes bicolor Zhao, Huang and Cai, 2022 is also
known from the same amber deposit (Zhao et al., 2022). Furcalab-
ratum burmanicum Poinar and Brown, 2018 occupied enlarged
mandibles (Poinar and Brown, 2018), a character also shared with Cr.
minimus (Peris and Jelínek, 2020). Four of the fossil species in two
genera, Scaporetes rectus Zhao, Huang and Cai, 2023, and Pr. antiquus,
Protokateretes megacephalus Zhao, Huang and Cai, 2023, and Proto-
kateretes longiscapus Zhao, Huang and Cai, 2023, show differentiated
scape between males and females as sexual dimorphism (Peris and
Jelínek, 2020; Zhao et al., 2023a, b, c).

In extant Kateretidae, sexual dimorphism displayed as modified
antennal scape is rare; it is only observed in some species of
Kateretes Herbst, 1793 (Jelínek and Cline, 2010). Here we report two
new species with different shapes in the male scape. Protokateretes
magnascapulae sp. nov. and Protokateretes rectangulum sp. nov., and
one female individual in an unnamed species in Protokateretes
Zhao, Huang and Cai, 2023 are newly described. The male scapes in
Pr. magnascapulae sp. nov. and Pr. rectangulum sp. nov. are different
from those of previously reported species of Protokateretes (Peris
and Jelínek, 2020; Zhao et al., 2023b, c). The morphological differ-
ences in females among species of Protokateretes are too subtle to
establish a new taxon based on the female individual (Peris and
Jelínek, 2020; Zhao et al., 2023c). Our discovery of new species
provides a supplementary diagnosis of Protokateretes, and increases
the biodiversity of the fossil genus.
2. Material and methods

We have studied four specimens preserved in three different
amber pieces, all of them housed in the Nanjing Institute of Geology
and Palaeontology (NIGP), Chinese Academy of Sciences, Nanjing,
China. The ambers were collected from an amber mine near Noije
Bum Hill summit site, 20 km southwest of Tanai, in the Hukawng
Valley, Kachin State of northern Myanmar (26150N, 96330E)
(Cruickshank and Ko, 2003; Yin et al., 2018). Zircon SIMS U-Pb
dating has constrained the age of the Kachin amber to the Late
Cretaceous, Cenomanian (around 98.79 ± 0.62 Ma), but the palae-
ontological data indicated that the age may be earlier (Shi et al.,
2012; Mao et al., 2018). Therefore, the actual age of Kachin amber
would be from the latest Albian to the earliest Cenomanian, the
Early to Late Cretaceous boundary (Shi et al., 2012;Mao et al., 2018).
The studied specimens of Kachin amber were legally acquired
before June 2017 (See ‘NIGP203317eNIGP203320, Museum Cata-
logue Entry’ in Supplementary Material).

The four specimens belonging to two species are derived from
three Kachin amber pieces, a male of the species Protokateretes
rectangulum sp. nov. with a female individual in one amber piece,
and two males of the species Protokateretes magnascapulae sp. nov.
in two independent amber samples. All amber pieces were ground
with sandpapers of different grit sizes, and polished with diatomite
mud (Sidorchuk and Vorontsov, 2018). The sample holotype
NIGP203319 was included between two coverslips in a Canada
balsam, and the remain part between coverslips is filled with AB
glue to achieve an adhesion and fixation effect (Azar et al., 2003).
Photographs were taken using four devices: a Zeiss Stereo Discov-
ery V16microscope systemwith an incident light and a transmitted
light, a Zeiss Axio Imager 2 light microscope, a Leica DM 1000 light
microscope, and a Zeiss LSM 710 confocal laser scanning micro-
scope (CLSM) with digital cameras attached (Cai and Huang, 2014;
Fu et al., 2021). The images were rendered for a better 3D effect
with the Extend Depth of Field in Helicon Focus 8.0.3, and figure
plates were compiled and arranged in Adobe Photoshop 2021. The
nomenclatural acts established herein are registered under LSID
2

urn:lsid:zoobank.org:pub:EF3A3E8C-1145-4669-AE09-
DA3334A76EA8.

3. Systematic palaeontology

Order: Coleoptera Linnaeus, 1758.
Superfamily: Nitiduloidea Latreille, 1802.
Family: Kateretidae Erichson in Agassiz, 1846.

Genus Protokateretes Zhao, Huang and Cai, 2023.
Type species. Protokateretes antiquus (Peris and Jelínek, 2020)

Modified diagnosis. Head subrectangular or quadrate in males.
Scape in males highly modified, in most species enlarged and
curved, with lateral attachment of pedicel and with an inner
conical extension behind the insertion of pedicel, in less species
scape more or less longer than head; enlarged in females, with
antennomeres 2e3 elongate; antennal club loose. Pronotum
transverse, without explanate sides in most species; head sub-
equal with pronotum in most species. Elytra shortened and
complete; three or four (less species) last abdominal segments
remaining completely uncovered. Tibial spurs paired. Metatibiae
armed by one (less species) or two (more species) rows of spines
dorsally.

Protokateretes magnascapulae Zhao, Huang and Cai, sp. nov.
(LSID urn:lsid:zoobank.org:act:3F48CD2B-8BB0-4F04-B43B-
5C7077ACE3EC)
Figs. 1e2.

Etymology. The specific epithet is derived from two Latin words
‘magna-’ and ‘scapulae’, meaning the large and thin scape in the
species.
Diagnosis. The differences of females between different species in
Protokateretes is relatively subtle, and the most distinguishable
character in Protokateretes is the morphology of scape in males,
when other characters in males are not unique enough to distin-
guish species in Protokateretes completely. The new specie is mainly
different from other Protokateretes species in scape in male elon-
gated and concaved ventrally, with small round bumps dorsoven-
trally. New specie also differs from other species in Protokateretes
by four abdominal segments exposed. And the new specie could be
identified by following characters: antennomere 11 oblong oval;
mandibles bidentate; pronotal angles rounded, and lateral sides
arcuate; scutellar shield stout; elytra separately rounded apically,
as wide as pronotum; metafemora wider than pro- and meso-
femora; pro- and mesotibiae without row of spines; metatibiae
wrapped by two rows of spines on outer sides and long setae on
inner edge; claws dentate.
Type material. Holotype, NIGP203317, Male.
Paratype. NIGP203318, Male. The paratype specimenwas preserved
in an independent amber, with thrips.
Type locality and horizon. Amber obtained in the Hukawng Valley,
Myitkyina District, Kachin State, Myanmar; late Albian to early
Cenomanian (mid-Cretaceous) (Shi et al., 2012; Mao et al., 2018).
Description. Body elongated, flattened; elytra short, leaving four
abdominal segments exposed; body length 2.24 mm (from apex of
frons to end of pygidium), width 0.58 mm (measured from medial
elytra) in Holotype; length 1.93 mm (from apex of frons to end of
pygidium), width 0.69 mm (measured from medial elytra) in Par-
atype (Fig 1Ae1C).
Antennae 11-segmented with loosely 3-segmented club, sparsely
setose, and all antennomeres gradually dilated apically except from
the last one (Fig 1D); scape specialized, antennomeres 2e7 sub-
equal in length and width, slightly larger than antennomeres 8 (Fig
1D); antennomeres 9e10 subequal in length andwidth, shorter and
wider than oblong oval antennomere 11 (Fig 1D); scape elongated,



Fig. 1. Photomicrographs of Protokateretes magnascapulae sp. nov. from mid-Cretaceous Kachin amber; images are from the holotype specimen NIGP203317 except C, H and I that
are from the paratype specimen NIGP203318; AeC under ordinary reflected light; DeI under confocal laser scanning microscopy (CLSM). A, dorsal view. B, ventral view. C, dorsal
view. D, antennae. E, dorsal edge of scape. F, ventral view of scape. G, dorsal view of head. H, dorsal view of mandibles. I, ventral view of head. Abbreviations: a1e11, antennomeres
1e11; ey, eye; he, head; lbp, labial palp; ma, mandible; mt, mentum; mxp, maxilla palp; pr, pronotum; to, tooth. Scale bars: 500 mm in AeC; 100 mm in others.
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as long as head, and concaved ventrally, with small round bumps
dorsoventrally (Fig 1E, 1F). Antennal insertion concealed by pro-
jecting lobe of frons (Fig 1G). Head prognathous, transverse, length
0.4 mm (measured from anterior margin of frons to that of pro-
notum), dorsum rough, with recumbent pubescence (Fig 1G);
anterior margin of head emarginated slightly, occipital ridge
distinct; compound eyes small, situated laterally (Fig 1G). Mandi-
bles bidentate, maxilla palpomeres narrow, with terminal segment
3

subconical (Fig 1H, 1I). Mentum transverse, over half the width of
the head (Fig 1I).
Pronotum transeverse, over 1.4 times as wide as long, lateral sides
arcuate and obtusely angulate at midlength; anterior margin nearly
paralleled with posterior sides; anterior and posterior angles
broadly rounded (Fig 2A). Prosternal process subconical, narrow,
shorter than length of procoxae (Fig 2B). Procoxal cavities trans-
verse and open (Fig 2B).



Fig. 2. Detail photomicrographs of Protokateretes magnascapulae sp. nov. (holotype, NIGP203317) from mid-Cretaceous Kachin amber; under confocal laser scanning microscopy
(CLSM). A, pronotum. B, prosternal process. C, elytra. D, abdomen. E, overall view of leg. F, dorsal view of protibiae. G, dorsal view of mesotibiae. H, dorsal view of metatibiae. I, tarsi.
J, claw. Abbreviations: cl, claw; el, elytra; fe, femora; msb, mesotibiae; mtb, metatarsi; pp, prosternal process; pr, pronotum; ptb, protibiae; si, spine; sm, scutellum; sp, spur; ts 1e5,
tarsomeres 1e5; v1e5, ventrites 1e5. Scale bars: 200 mm in A, CeE, 50 mm in J, 100 mm in others.
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Scutellar shield triangular, and stout, half the width of elytron (Fig
2C). Elytra shortened but complete, separately rounded apically
(Fig 2C); length around 0.9 times combined width, and dorsum
with densely recumbent pubescence (Fig 2C). Abdomen with five
ventrites, gradually elongating and narrowing, with ventrite 1
widest (Fig 2D); ventrite 5 subtriangular, and longest (Fig 2D);
abdomen with densely recumbent pubescence (Fig 2D).
Femora flattened, and meta-femora wider than pro- and meso-
femora; canaliculate for reception of tibiae, and densely setose
(Fig2E). Tibiae widened posteriorly, with tibial spurs (Fig 2E);
lateral edges of pro- and mesotibiae without row of spines (Fig 2F,
2G); metatibiae armed by two rows of spines dorsally and long
setae ventrally (Fig 2H). Tarsi 5-5-5, tarsomeres 1e3 bilobed and
gradually smaller, densely setose; tarsomere 4 smallest, with tar-
somere 5 longest (Fig 2I). Claws dentate (Fig 2J).

Protokateretes rectangulum Zhao, Huang and Cai, sp. nov.
(LSID urn:lsid:zoobank.org:act:12A90AF8-5E5F-46E0-AE82-584F
891B97DF)
Figs. 3e4.

Etymology. The specific epithet is derived from the Latin word
‘rectangulum’, to indicate the thin scape bent at a right angle, in
males of the species.
Diagnosis. In new specie, scape in male is slender and extremely
elongated, curved in the middle, approximately at right angles,
with densely long setae ventrally. This unique scape could distin-
guish the new specie from other species in Protokateretes. Besides,
Protokateretes rectangulum possesses a row of short and coarse
spines on dorsal side of protibiae, which is different from other
Protokateretes species. And the type specimen of this new specie
differs from other species in following characters: mandibles sim-
ple; anterior pronotal angles obtusely angulate and posterior angles
rounded; prosternal process longer than procoxal cavities; elytra
short with three abdominal segments exposed; mesotibiae
abruptly widened nearly base, without spines; metatibiae armed
by two rows of long and thin spines on outer edge, and spines
nearly apex; tarsomeres 1e3 bilobed; claw simple.
Type material. Holotype, NIGP203319, male.
Type locality and horizon. Amber obtained in the Hukawng Valley,
Myitkyina District, Kachin State, Myanmar; late Albian to early
Cenomanian (mid-Cretaceous) (Shi et al., 2012; Mao et al., 2018).
Description. Body elongated, flattened; length 2.4 mm (measured
from apex of anterolateral angle of frons, to end of pygidium), and
body width 1.0 mm (measured from widest pronotum); color
brown black (Fig 3A, 3B).
Head prognathous, length around 0.5 mm (measured from apex of
frons to anterior margin of pronotum), width larger than 0.7 mm,
across eyes (Fig 3C). Occipital ridge transverse, slightly narrower
than anterior margin of pronotum (Fig 3C). Compound eyes small,
situated at the sides (Fig 3C). Straight part of scape longer than head
(Fig 3D); scape slender and extremely elongated, curved in the
middle, approximately at right angles, with densely long setae
ventrally (Fig 3D); antennomere 2 as long as antennomere 3, but
nearly twice wider than antennomere 3, and antennomere 3
dilated apically (Fig 3E); antennomere 4e8 subequal in width; 3-
segmented antennal club loose, antennomere 10 wider than
antennomere 9 (Fig 3E). Mandible simple and small, concealed by
anterior margin of frons (Fig 3F). Mentum nearly square (Fig 3F).
Pronotum transverse, 1.5 times as wide as long; widest near pos-
terior, almost as wide as elytra; lateral sides arcuate, without
explanate margin; anterior angles obtusely angulate, and posterior
angles broadly rounded; dorsumwith recumbent short pubescence
(Fig 3G). Prosternal process short and narrow, longer than length of
procoxal cavities; procoxal cavities open (Fig 4A).
5

Elytra short, with three abdominal segments exposed (Fig 4B);
elytra complete, and separately rounded apically, length about 0.9
times combined width (Fig 4C); disc densely short setose (Fig 4C);
scutellum triangular and large (Fig 4C). Abdomen with five ven-
trites, and metacoxal cavities narrowly separated, no longer than
0.1 mm (Fig 4D); ventrites 1e5 narrow in turn, and pygidium
triangular and longest (Fig 4D).
Femora flattened, meta-femora slightly larger than others, and
canaliculate for reception of tibiae (Fig 4D). Claws simple (Fig 4D).
Tibiae densely long setose, tibial spur concealed by impurities in
amber; protibiae armed by one row of short and coarse spines
dorsally (Fig 4E); mesotibiae abruptly widened nearly base,
without spines (Fig 4F); metatibiae armed by two rows of long and
thin spines on outer edge, and spines nearly apex (Fig 4G). Tarsi 5-
5-5, tarsomeres 1e3 bilobed, densely setose; tarsomere 4 smallest
and triangular, with tarsomere 5 longest (Fig 4Fe4G).

Protokateretes sp.
Material examined. NIGP203320, female.
Figs. S1eS2

Type locality and horizon. Amber obtained in the Hukawng Valley,
Myitkyina District, Kachin State, Myanmar; late Albian to early
Cenomanian (mid-Cretaceous) (Shi et al., 2012; Mao et al., 2018).
Description. body elongated, length 1.4 mm (measured from ante-
rior margin of frons to end of pygidium), width around 0.4 mm
(measured frommedial combined elytra) (Figs. S1A and S1B). Head
nearly trapezoidal, almost as wide as long; compound eyes nearly
half the length of head, and situated at the sides (Fig. S2A). Pro-
notum nearly oblong oval horizontally, anterior and posterior an-
gles broadly rounded (Fig. S2A). Antennae 11-segmented, with 3-
segmented loosely club; scape straight, nearly twice larger than
pedicel, no longer than 0.1 mm; antennomere 2 as long as anten-
nomere 3, but nearly twice wider than antennomere 3, and
antennomere 3 dilated apically (Fig. S2B); antennomere 4e8 sub-
equal in width; antennal club loose, antennomere 10 wider than
antennomere 9 (Fig. S2B). Prosternal process short and narrow
(Fig. S2C). Elytra short, complete, with four abdominal segments
exposed (Figs. S2D and S2E). Abdomen with five ventrites, pygid-
ium triangular and longest, and ventrite 1 as long as pygidium
medially (Fig. S2F). Visible terminal of internal genitalia (Fig. S2F).
Tibiae slender, densely setose, with two tibial spurs (Figs. S2GeS2I);
metatibiae armed by two rows of spines dorsally (Fig. S2I). Tarsi 5-
5-5; tarsomeres 1e3 concaved, and tarsomere 1 largest. Claw
simple (Fig. S2J).
4. Discussion

4.1. Morphological comparisons

We have described two new species in the fossil genus Proto-
kateretes based on three male specimens preserved in three
different amber pieces: Pr. magnascapulae sp. nov. and Pr. rec-
tangulum sp. nov. In addition, an unnamed female of the same
genus is also cited in syninclusion with the holotype of Pr. rec-
tangulum sp. nov.. Protokateretes magnascapulae sp. nov. and Pr.
rectangulum sp. nov. possess special morphology of antennal scape
in males, significantly different with other fossil genera, which
possess a normal scape. The new female described in this work,
although with normal scape, shares with the holotypes of Pr.
magnascapulae sp. nov. and Pr. rectangulum sp. nov. the elytra short
and complete, with at least three abdominal segments exposed
dorsally, the gular suture absent, posterior pronotal angles widely
round, prosternal process narrow, tibiae slender, densely setose,



Fig. 3. Photomicrographs of Protokateretes rectangulum sp. nov. (holotype, NIGP203319) from mid-Cretaceous Kachin amber; A and B under ordinary reflected light, others under
confocal laser scanning microscopy (CLSM). A, dorsal view. B, ventral view. C, dorsal view of head. D, scape. E, antennae except scape. F, ventral view of head. G, pronotum. Ab-
breviations: a2e11, antennomeres 2e11; he, head; ma, mandibles; mt, mentum. Abbreviations: a1e11, antennomeres 1e11; he, head; ma, mandible; mt, mentum. Scale bars:
500 mm in A and B, 200 mm in F and G, 100 mm in others.
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Fig. 4. Detail photomicrographs of Protokateretes rectangulum sp. nov. (holotype, NIGP203319) from mid-Cretaceous Kachin amber; under confocal laser scanning microscopy
(CLSM). A, prosternal process. B, exposed abdominal segments. C, elytra. D, abdomen. E, protibiae. F, mesotibiae. G, metatibiae. Abbreviations: cl, claw; el, elytra; msb, mesotibiae;
mtb, metatibiae; pp, prosternal process; ptb, protibiae; py, pygidium; si, spine; ts 1e5, tarsomeres 1e5; v1e4, ventrites 1e4. Scale bars: 200 mm in AeD, 100 mm in EeG.
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with two tibial spurs, mesotibiae without row of spines dorsally,
metatibiae armed by two rows of spines dorsally, and tarsomeres
1e3 bilobed. Thus, all the new specimens are described in Proto-
kateretes, but the holotype of Pr. rectangulum sp. nov. differs from
the female specimen in syninclusion in the three abdominal seg-
ments exposed, protibiae armed by one row of spines dorsally,
mesotibiae abruptly widened nearly base, without spines, and
metatibiae armed by two rows of spines on outer edge. By contrast,
there are four abdominal segments exposed, and only metatibiae
armed by two rows of spines dorsally in the female specimen.
7

Therefore, we suggest that this female illustrate a new example of
sexual dimorphism in Protokateretes.

Key to described kateretid species in Cretaceous Kachin amber
1a. Elytra disc regularly punctate and hairless, with several

longitudinal striae.................................................................................2
1b. Elytra disc diffusely punctate and setose, without longitudi-

nal striae...................................................................................................3
2a. Mandibles bidentate; prosternal process narrow;

pygidium terminal without tooth; tibiae armed by
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two rows of long stiff setae dorsal-
ly......................................................................................................Furca-
labratum burmanicum Poinar and Brown, 2018

2b. Mandibles simple; prosternal process wide; pygidium with
small teeth apically; tibiae armed by a row of five spines
dorsally...................Polliniretes penalveri Peris and Jelinek, 2019

3a. Only two abdominal segments exposed dorsally......................4
3b. At least three abdominal segments exposed dorsally...............6
4a. Body wrapped by long setae densely; metatibiae armed

by one row of thick spines dorsally; scape
elongated and fourth times larger than ped-
icel..................Scaporetes rectus Zhao, Huang and Cai, 2023

4b. Most part of body glabrous, only abdomen with short pu-
bescence laterally; metatibiae armed by two rows of stiff
setae dorsally; scape twice larger than pedicel..........................5

5a. Elytral disc unfirmly coloured without markings; anterior
pronotal angles broadly rounded......................Pelretes vivificus
Tihelka, Li, Fu, Su, Huang and Cai, 2021

5b. Elytral disc decorated by bilaterally symmetrical trapezoidal
white markings; anterior pronotal angles obtusely angula-
te.................................Pelretes bicolor Zhao, Huang and Cai, 2022

6a. Mandibles prominent, straight and longer than scape
dorsally; protibiae with a pair of unequal thick spurs in inner
sub-apical angle......................Cretaretes minimus Peris and
Jelínek, 2020

6b. Mandibles not prominent, curved and shorter than scape
dorsally; protibiae without thick spur in inner sub-apical
angle..........................................................................................................7

7a. Gular suture distinct; mesotibiae armed by one longitudinal
row of long setae or spines on dorsal side approx-
imately.........Electrumeretes birmanicus Peris and Jelinek, 2019

7b. Gular suture absent; mesotibiae without longitudinal row of
setae or spine dorsally.........................................................................8

8a. Scape in males straight and elongated, with small round
bumps ventrally.....................................................................................9

8b. Scape in males curved and enlarged, without small round
bumps.....................................................................................................10

9a. Mandibles bidentate (Fig. S3A); scape in males moderately
long, nearly equal with the length of head (Figs. S4A and
S4B); pedicel attached at the terminal of scape (Figs. S4A
and S4B)......................Protokateretes magnascapulae sp. nov.

9b. Mandibles simple without tooth (Fig. S3B); scape in males
extremely long, much longer than head (Fig. S4C); pedicel
attached at the lateral sides of center of scape
(Fig. S4C)......................Protokateretes longiscapus Zhao, Huang
and Cai, 2023

10a. Mandibles bidentate (Fig. S3C); curved tooth distinct on in-
ner side of scape in males, with a conical extension
(Fig. S4D)......................Protokateretes megacephalus Zhao,
Huang and Cai, 2023

10b. Mandibles simple without tooth (Figs. S3D and S3E); tooth
absent on inner side of scape in males, with an inner flat
extension......................11

11a. Scape in males dorsal border smooth; the second half of
scape nearly as long as head, and nearly horizontal; long
pubescence densely present on inner sides of second half of
scape (Fig. S4E)......................Protokateretes rectangulum sp.
nov.

11b. Scape in males dorsal border reticulate; the second half of
scape shorter than length of head, and not horizontal; setae
or pubescence absent on inner sides of scape
(Fig. S4F).......Protokateretes antiquus (Peris and Jelínek, 2020)

It is noticed that the differences of females between different
species in Protokateretes is relatively subtle. And the distinguishing
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features between different females are more likely to focus on
various small characters, such as the distribution pattern of setae
on body, pronotal angles, ratio of head/pronotum, etc. For example,
female in Protokateretes sp. is different from Pr. antiquus and Pr.
longiscapus by pronotal and elytral sides without densely long
setae, pronotal angles round, four abdominal segments exposed,
and ratio of head/pronotum around 1 (Peris and Jelínek, 2020; Zhao
et al., 2023c). Therefore, the contents about different species from
Protokateretes in above key table are developed based on the
striking and easy-to-distinguish scape in males.

4.2. Specialized antennal scape in beetles

Long antennal scape in some species of Laemophloeidae
(Cucujoidea), including Laemophloeus Dejean, 1836, Cryptolestes
Ganglbauer, 1899,Microbrontes Reitter, 1874, Dysmerus Casey, 1884,
and Placonotus Macleay, 1871 (Lefkovitch, 1958; Thomas, 1988,
1995) and some species of Histanocerus Motschulsky, 1858 in
Pterogeniidae (Tenebrionoidea) (Lawrence, 2010), have been dis-
cussed as a form of sexual communication or stereotyped display,
as a type of courtship strategy (Peris and Jelínek, 2020). This
manifestation of specialized scape as sexual dimorphism is rare in
extant Kateretidae, only present in some Kateretes (Jelínek and
Cline, 2010). But there are 5 species in the genus Protokateretes
(Peris and Jelínek, 2020; Zhao et al., 2023b, c), and 1 species in
genus Scaporetes (Zhao et al., 2023a), with specialized scape, among
the currently known 10 fossil species of Kateretidae during the
Cretaceous (Kirejtshuk and Azar, 2008; Peris and Jelinek, 2019,
2020; Poinar and Brown, 2018; Tihelka et al., 2021; Zhao et al.,
2022, 2023a, b, c). In addition, the scape in males of the above
cited five species are different, with various morphologies (Fig. S3),
which indicates that Protokateretes is a highly diverse fossil genus.
The diversity of kateretids with specialized scape is decreased since
the Cretaceous, which indicates that sexual communication or
special display activity operated by the singular scape went
through a significant declination since the Cretaceous.

4.3. Associated pollen grains and paleoecology

Fossil Kateretidae preserved with pollen grains include the
species Electrumeretes birmanicus, Cretaretes minimus, Proto-
kateretes antiquus, Polliniretes penalveri, and Pelretes vivificus. The
first three pollinated gymnosperms (including cycads, ginkgoa-
leans, or bennettitaleans), while the remaining two were likely
angiosperm pollinators (Peris et al., 2020; Tihelka et al., 2021). It
has been observed that both male specimens of Protokateretes
magnascapulae sp. nov. from the samples NIGP203317 and
NIGP203318 are also preserved in syninclusion with pollen grains.

In the holotype of Pr. magnascapulae sp. nov. (NIGP203317)
there are two pollen grains observed in syninclusionwith the fossil
beetle. One grain was observed attached to the elytra, and another
one was found close to the antennae dorsally (Fig 5A). The pollen
grain near the antennae is compressed with a circular outline, with
29 mm in diameter and 17 mm in width (Fig 5Be5D). The grain is
heteropolar and monoaperturate, with trichotomocolpate aper-
ture, seeming as trisyncolpate in polar view (Fig 5B, 5D). The pollen
grain is reticulate, with muri about 0.5 mm wide (Fig 5C, 5D). This
pollen grain is similar to Asteropollis trichotomosulcatus Singh,
1983, and their aperture are all trichotomocolpate, but pentacho-
tomocolpate, tetrachotomocolpate and hexachotomocolpate
aperture are common in other species of Asteropollis Hedlund and
Norris, 1968; Song et al., 2000; Friis et al., 2019; Korasidis and
Wagstaff, 2020). Genus Asteropollis is common and distributed
early in the history of angiosperms, and even the age of Asteropollis
trichotomosulcatus dates back to Early late Albian (Friis et al., 2019;



Fig. 5. Detail photomicrographs of particles around Protokateretes magnascapulae sp. nov. from the holotype (NIGP203317) and the paratype (NIGP203318). A, general view of
Protokateretes magnascapulae (holotype, NIGP203317) and pollen grain, under normal reflected light. B, enlargement of pollen grain, under reflected light and transmitted light. C,
enlargement of pollen grain, lateral view, under confocal laser scanning microscopy (CLSM). D, enlargement of pollen grain, dorsal view, under confocal laser scanning microscopy
(CLSM). E, enlargement of particle attached on elytra, under confocal laser scanning microscopy (CLSM). F, legs unilaterally, under confocal laser scanning microscopy (CLSM). G,
enlargement of particle near the tibiae, under confocal laser scanning microscopy (CLSM). H, general view of Protokateretes magnascapulae (paratype, NIGP203318) dorsally, under
ordinary reflected light. I, enlargement of gathering pollen grains, under confocal laser scanning microscopy (CLSM). J, enlargement of pollen grains, under transmitted light by Leica
DM 1000 microscpoe. Scale bars: 500 mm in A and H, 200 mm in F, and 20 mm in others.
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Korasidis and Wagstaff, 2020). The closet allied species of Aster-
opollis pollen are related to Chloranthaceae, and pollen grains of
Asteropollis are found linked to flowers and fruits of fossil genus
Hedyflora Friis, Crane and Pedersen, 2019 in Chloranthaceae, which
confirmed that Asteropollis is closely related to Chloranthaceae, the
only member of Chloranthales (Walker and Walker, 1984; Angio-
sperm Phylogeny Group IV, 2016; Friis et al., 2019). Chloranthales
9

is one of the earliest diverging lineages of extant angiosperms,
sister to magnoliids, and the fossil records extend the differenti-
ation of Chloranthaceae back to the mid Early Cretaceous
(Angiosperm Phylogeny Group IV, 2016; Friis et al., 2019; Guo et al.,
2021). The pollen grain mentioned here is likely from the crown
group of Chloranthaceae in themid-Cretaceous. The grain attached
to the elytra is not clearly discernible for identification, primarily
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due to the preservation angle of Pr.magnascapulae sp. nov. (Fig 5E).
Moreover, a potential third grain is found in contact with the
metatibiae, whose outline is compressed into a circular, with
vaguely trichotomocolpate (Fig 5F, 5G). Regrettably, this particle is
not clear enough to determined its similarity to the aforemen-
tioned pollen grain, due to its preservation depth (Fig 5G).
Therefore, Pr. magnascapulae sp. nov. is likely to be a vector of
Asteropollis pollen, but more evidence is needed.

There are five gathering together pollen grains preserved in the
same amber piece that the paratype of Pr. magnascapulae sp. nov.
(NIGP203318), closing to its pygidium (Fig 5H). These pollen grains
are spindle-shaped on equatorial view, prolate, and tricolpate,
vaguely visible, and their average measurements (N ¼ 5) include
polar axis length of 17.8 mm (15e20 mm) and an equatorial diameter
of 8.5 mm (7.5e8.5 mm) (Fig 5I, 5J). Unfortunately, the quantity of
these pollen grains is limited, and their preservation is unclear,
allowing only a rough determination that these pollen grains likely
originate from angiosperms.

There are two conditions to be met to classify a fossil insect as a
pollinator: pollen grains are attached to the body of insect and
some extant descendants of the insect are pollinators (Pe~na-Kairath
et al., 2023). Protokateretes magnascapulae sp. nov. belongs to
Kateretidae, and extant short-winged flower beetles are polli-
nivorous as larvae and adults, visiting various angiosperms, which
satisfies the second criterion (Jelínek and Cline, 2010). However, the
pollen grains preserved in syninclusion with Pr. magnascapulae sp.
nov. in two amber samples, are not directly attached to the body
except for one badly preserved grain attached to the elytra and a
putative grain attached to the metatibia in one of the specimens.
This fact makes it impossible to confirm the relationship between
Pr. magnascapulae sp. nov. and the plants more than they coexisted
in the same Cretaceous environment. Therefore, the syninclusion of
pollen grains with the holotype and paratype of Pr. magnascapulae
sp. nov. suggest that Pr. magnascapulae sp. nov. might have been
acted as a pollinator at the beginning of the Late Cretaceous,
although we cannot determine this function because lack of
enough evidence (Pe~na-Kairath et al., 2023).
5. Conclusion

Protokateretes is a fossil genus of Kateretidae with special
antennal scape in males, which is rare in extant kateretids. Here we
report two new species belonging to Protokateretes: Pr. magnasca-
pulae sp. nov. and Pr. rectangulum sp. nov. based on one male in the
first species and two males in the second species. Additionally, a
female of Protokateretes sp. is in syninclusion with the holotype of
Pr. rectangulum sp. nov. Our discovery suggests that Protokateretes is
a diverse genus in the Cretaceous. The morphology of specialized
scape in males is a useful feature to determine new species in
Protokateretes, whereas the morphological differences among fe-
males are subtle. In addition, some sexual communication or dis-
played activities is inferred in males with such specialized scape,
which may have gone through a phase of decline from mid-
Cretaceous to the present. Pollen grains preserved together with
the two specimens of Pr. magnascapulae may increase the possi-
bility that the species could be a potential pollinator in the Creta-
ceous, although more robust evidence is needed.
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