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Abstract

Direct biotic interactions fossilize in low probability and
are difficult to be recognized. This is because they normally
occur over a brief time span and the conditions required
for their fossilization are exceptional. Swarm behaviour in
Thysanoptera (thrips) is a phenomenon that is not yet fully
understood but is crucial for the survival and success of
representatives of this order of insects. Moreover, the role
of thrips as pollinators of gymnosperms had not gained
significant attention until the Recent decline in insect
populations, particularly pollinators, and the consequent
impact on the flora that relies on them. Here we describe a
thrips assemblage in Cenomanian Kachin amber (Myanmar,
ca. 99 Ma), composed of both, females and males of the new
species Burmathrips engeli gen. et sp. nov., belonging to
the family Stenurothripidae, that has been interpreted as a
swarm. These specimens have Cycadopites-type pollen
grains attached to their bodies, with additional associated
grains, most likely detached, being abundant in the same
amber flow, throughout the amber piece. Nowadays,
hexapod aggregations are related to different activities like
mating and courtship, but identifying this type of behaviour
in the fossil record is difficult. This finding demonstrates the
antiquity of mating-related swarming behaviour in thrips,
which is consistent with that of their extant counterparts. It
also provides direct evidence that gregariousness facilitated
the prominent role of thrips as gymnosperm pollinators
during the Cretaceous.

Keywords: amber, Cenomanian, gymnosperms, palacobiology,
Myanmar

Introduction

Thysanoptera is an order of small insects, commonly
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called thrips, with currently about 6,300 recognized
species (McGavin & Davranoglou, 2022). It includes two
suborders, Terebrantia and Tubulifera, comprising 35%
and 65% of all thrips species respectively (Mound et al.,
2022). All thrips, independently of their developmental
stage, share a unique structural attribute: only the left
mandible is fully developed, with the right mandible
being resorbed during the embryonic stage (Heming,
1993). Even though these tiny insects are best known
as agricultural and horticultural pests that can cause
damage by feeding on plant tissues (Kirk, 1984), they
have also diversified into grass, herb and floral herbivory,
pollinivory, carnivory, and sporophagy (Terry, 2002),
fulfilling different roles in ecosystems. Among the most
significant behaviours and interactions are their ability to
form aggregations and their role as effective pollinators
of certain plants (Terry & Dyreson, 1996; Toon et al.,
2020).

Aggregations in hexapods (true insects plus
springtails, coneheads and two-pronged bristletails) are
a common and diverse form of social behaviour, mostly
in insects (Sullivan, 1981; Svensson & Petersson, 1992;
Collett et al., 1998). These aggregations are associated
with different activities such as mating, courtship, feeding,
defence, and dispersion. If the aggregation is a body of
organisms that move together, particularly in the context
of dispersal or mating, it is often referred as swarming
aggregations (Sullivan, 1981; Terry, 1997). Within the
order Thysanoptera, it has been inferred that the main
purpose of their aggregations is to locate breeding pairs
(mate location) (Terry, 1997); therefore, in this work,
we will refer to these aggregations in thrips as swarms.
Some studies have analysed extant thrips swarms. In
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Terebrantia, it is known that males form swarms in areas
where females feed and lay eggs, with reports of fights
between males for access to females (Terry & Gardner,
1990; Terry & Dyreson, 1996). Similarly, in Tubulifera,
the suborder that includes all the eusocial species (Abbot
& Chapman, 2017), males of the family Phlaeothripidae
fight among themselves to defend areas where females
form swarms for oviposition (Crespi, 1986, 1988).

The fossil record offers direct evidence of interactions
between different organisms, allowing certain behaviours
to be inferred (Arillo, 2007; Fraser ef al., 2021). Amber,
with its exceptional ability to preserve a wide variety
of organisms in an almost intact state for millions of
years, provides us with invaluable opportunities to study
past terrestrial ecosystems and arthropod behaviours.
Through the analysis of bioinclusions in this ancient
resin, it has been possible to infer different interspecific
and intraspecific relationships between animals, such as
parental care (Sanchez-Garcia et al., 2017), predation
(Barden et al., 2020), or aggregation behaviour (Peris et
al., 2020) and swarming related to mating and courtship
(Sanchez-Garcia et al., 2018).

Gymnosperms are generally considered to be
wind-pollinated, although insect pollination has been
demonstrated in both Gnetales and Cycadales (Bolinder
et al., 2016; Toon et al., 2020) and Pefia-Kairath et al.
(2023) recently estimated that about 40% of gymnosperm
species are pollinated in this fashion. The role of thrips
as pollinators of gymnosperms has received increased
attention during the past years, with particular emphasis on
their close relationship with Cycadales (Mound & Terry,
2001; Terry, 2002; Terry et al., 2005; Toon et al., 2020).
This interaction between thrips and gymnosperms has
been described dating back even to the Early Cretaceous,
with evidence of thrips carrying pollen grains on their
bodies from the Albian amber of Spain (Pefalver et al.,
2012), and from the Cenomanian amber of Myanmar (Guo
et al., 2024; Penalver et al., in press). The exceptional
preservation of these records has provided unique
insights into the origins of insect pollination, suggesting
an early co-evolutionary relationship between thrips and
gymnosperm plants.

Studying thrips and their role in pollination, along
with an understanding of their swarming behaviour,
offers a comprehensive perspective on their ecological
and evolutionary interactions. Here we describe a new
species of thrips belonging to the family Stenurothripidae
(Terebrantia), and present new evidence of their pollination
relationship with gymnosperms. Additionally, we describe
the first direct evidence of intraspecific interaction in thrips
in the fossil record, through the analysis of an assemblage
composed of females and males in Cretaceous amber
from Myanmar that is here interpreted as being a swarm.

Geological setting

The Kachin amber piece came from the Hukawng valley,
Noije Hill, about 20 km southwest of Tanai, in the
Hukawng Basin, in norther Myanmar (former Burma).
This amber source is commonly referred in the literature
as Burmese amber, but because ambers of different ages
have been recently discovered in various deposits in
Myanmar (Zheng et al., 2018) it is necessary to identify
the exact deposit from which each amber piece was
extracted. In this area, the amber is found in fine to very
fine sandstones alternate with centimetric beds, which can
rise 1 m thick, of silts and shales and micritic limestone
clastic rocks, with thin limestone and muddy laminated
carbonaceous beds containing the amber (Cruickshank &
Ko, 2003). The clastic rocks that contain the amber were
deposited in a nearshore marine environment, such as a
bay or estuary, supported by the presence of brackish and
marine invertebrates associated to the amber (Mao et al.,
2018; Yu et al., 2019), and pholarid borings in the amber
(Bolotov et al., 2021). The Kachin amber has been dated
as early Cenomanian (98.79 + 0.62 Ma) based on zircon
studies by Shi et al. (2012), but see Cruickshank & Ko
(2003) and Yu et al. (2019) for additional comments on
the age of the deposits.

Material and methods

The fossil insects studied in this work are included in a
single piece of Kachin amber from Myanmar, Cenomanian
in age (ca. 99 Ma).

The piece was cut, polished, and embedded in epoxy
resin ensuring his preservation and protection following
the methodology of Corral et al. (1999). After the
preparation the result is an amber fragment of 1.39 x 0.40
% 0.12 cm in size into a prism of epoxy resin 2.10 x 1.40
x 0.14 cm in size. The specimens were examined with
reflected and transmitted light using an Olympus CX41
compound microscope. Photographs and drawings of
the specimens were acquired using the same compound
microscope with an attached sCMEX-20 digital camera
and a camera lucida (Universitat de Barcelona, Barcelona,
Spain). The photographs of pollen grains and the entire
piece were taken using a digital camera attached to a
compound microscope Olympus BX53 (IGME, CSIC,
Valencia, Spain). The software HeliconFocus version
8.2.13 and Photoshop version 22.1.1 were used to prepare
the photographs and composed figures.

Piece description

The amber bioinclusions correspond to a monospecific
assemblage of thrips, comprising 10 females, five males
and three specimens difficult to determine their sex.
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The amber piece also contains one hemipteran. There
are abundant pollen grains in the assemblage, also
monospecific, based on their morphology. Some of the
grains are attached to the body of some specimens and
others are scattered around the swarm. All the specimens
and pollen grains are eusyninclusions (Solorzano-Kraemer
et al., 2023), as they were embedded by the same resin
flow (Fig. 1).

The piece was acquired in 2010 by the AMBERIA
group and entered the collection of the Palacontology
Laboratory of the Faculty of Earth Sciences, University
of Barcelona. After this study, the piece is now housed in
the Museum of Natural Sciences of Barcelona under the
accession number MGB 95344.

Systematic palaeontology

Order Thysanoptera Haliday, 1836
Suborder Terebrantia Haliday, 1836
Family Stenurothripidae Bagnall, 1923

Genus Burmathrips Peiia-Kairath, Pefialver & Delclos
gen. nov.; by present designation.

LSID: urn:lsid:zoobank.org:act:9CDABD59-BI9EE-4972-
BC41-3AB78588FF77

Type species. Burmathrips engeli Pena-Kairath, Pefialver
& Delclos sp. nov.

Etymology. The new generic name is a combination
of Latin word Burma referring to the place origin of the
amber deposit and thrips (Greek, meaning “woodworm”),
which is a common suffix for thysanopteran genera and is
of neutral gender.

Diagnosis (female). Antenna with nine antennomeres,
striate sculpture on antennomeres II-1X, antennomere 1X
acuminate. Antennomeres III and IV inverted cone-shaped,
stouter than the distal antennomeres; both antennomeres
with a broadly based conical sensilla, strongly flattened
laterally. Compound eyes are prolonged ventrally.
Mesonotum  with antero-lateral projections which
resemble “shoulder pads”. Forewing narrow, having a
crossvein between the two longitudinal veins at 2/5 of the
wing length and lacking additional crossveins or these are
very evanescent to be easily detected. Longitudinal veins
slightly sclerotized, evanescent distally and with scarce
setae. Hind wing with a slightly sclerotized longitudinal
vein, present up to the distal fifth of the wing length, and
lacking crossveins.

Burmathrips engeli Peia-Kairath, Pefialver & Delclos
Sp. nov.

(Figs 1-5)

LSID: urn:lsid:zoobank.org:act:E73521BC-FA89-4999-
8451-39255E9E3951

Type material. Holotype female thrips (MGB 95344.1),
allotype male thrips (MGB 95344.2), and 16 thrips as
paratypes [nine females, four males and three specimens
difficult to identify their sex (MGB 95344.3-18)].
Additional eusyninclusions are pollen grains attached to
some thrips specimens and abundant isolated pollen grains
around them, most likely detached, plus one hemipteran
(nymphal Coccoidea; see Grimaldi & Vea, 2021).

Etymology. The species name honours the
distinguished neo- and paleoentomologist and colleague
Prof. Michael Engel.

Diagnosis. As for the genus.

Locality and horizon. Hukawng valley, Myanmar
(Cenomanian, ca. 99 Ma).

Description. Holotype (female). Based on the
holotype female (MGB 95344.1) with additional
observations and characters from female paratypes
between [brackets]. The specimen is complete (Fig. 2A,
B), left and right hind legs are extended, left and right fore
and mid legs are partly folded under the body. Antenna
and body fully extended, right forewing spread and left
forewing cannot be fully seen as it is overlapping with the
body, the same as both hind wings (Fig. 2). Despite the
abundance of female individuals in the swarm, this wing
part is not visible in any of them due to overlapping or
lateral views of them in the preparation.

The head is wider than long, dorsally with transverse
striations at least posteriorly. Compound eyes prolonged
ventrally (Fig. 2B), with many ommatidia (ca. 26
ommatidia visible in dorsal view); two short postocular
setac visible behind each eye. The median ocellus is
directed forwards and lateral ocelli close to compound
eyes (Figs 2B, 3A).

Antenna (Fig. 2C) with nine antennomeres,
antennomeres [I-IX with transversal striation, II-VIII
each one with at least one seta at the inner part and other
one in the outer part; antennomeres I-1V stouter than distal
antennomeres (Fig. 2C); antennomeres III-IV inverted
cone-shaped and each with a conical sensilla broad at
the base [strongly flattened laterally, thus slightly plate-
shaped as observed in lateral views]. The antennomere X
large and slender, acuminate. Scapus protruding from the
front of the head (Fig. 2C).

Mouth cone (Fig. 4A) large; with clypeus, labrum
and labium visible, maxillary palps robust; labial palps
short and two-segmented.

Pronotum wider than long, strongly adjoined to
the head; [row with ten anteromarginal setae visible (12
estimated), and only five posteromarginal setae visible,
two anteroangular setae visible (see Fig. SA, B)], two long
and stout posteroangular setae, one stouter and longer than
the other, plus two additional short posteroangular setae
(Figs. 3A, 5A, B). Mesonotum with anterior projections
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Holotype

FIGURE 1. Burmese amber piece MGB 95344. Swarm composed of 18 type specimens of Burmathrips engeli gen. et sp.
nov. (Stenurothripidae), with indication of the holotype female (9) (MGB 95344.1) and allotype male (&) (MGB 95344.2),
as eusyninclusions, and females and males paratypes. The three specimens of unknown sex lack indication of their sex. The

Cycadopites-type pollen grains are indicated by red dots. It is possible to observe borings made by pholarid bivalves. Photograph
and camera lucida drawing at the same scale.

FIGURE 2. Burmathrips engeli gen. et sp. nov. (Stenurothripidae). Holotype female (MGB 95344.1) from Kachin amber, Upper
Cretaceous (Cenomanian, ca. 99 Ma). A, Ventral habitus. B, Dorsal habitus. C, Antennae in dorsal view showing antennomeres 111
and IV with conical sensillae.
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0.1 mm

FIGURE 3. Holotype and paratype (females MGB 95344.1 and MGB 95344.3), in the piece MGB 95344, of Burmathrips engeli
gen. et sp. nov. (Stenurothripidae). A, Head and pronotum of the paratype; arrows indicate posterocular in the head, anteromarginal

and posteromarginal setae in the pronotum. B, Ventral view of the same paratype; arrow indicates “shoulder pads”-like structure.

C, Holotype in dorsal view.

which resemble “shoulder pads” (Fig. 2A, B; [female
paratype MGB 95344.4: Fig. 5A; female paratype MGB
95344.3: Figs 3B, 5B]); and with strong transverse
striation. Metanotum without visible striation (Fig. 2A,
B).

Forewing narrow, with two longitudinal veins poorly
sclerotized and with ends evanescent, thus not visible a
connection with the wing margin. Anterior vein ending

near the wing apex with one small seta at the end arising
from socket; number of setae variable (5 in the holotype,
see Fig. 5C) [10 in one female paratype: Fig. SD], mainly
concentrated proximally. Posterior vein ending far
from the wing apex, and with one small seta at the end
arising from socket; number of setae variable (only one
visible in the holotype, see Fig. 5C) [6—7 in one of the
female paratypes: Fig. 5D], mainly concentrated distally.

CRETACEOUS THRIPS (INSECTA: THYSANOPTERA)
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clypeus

labrum

labium

FIGURE 4. Holotype female MGB 95344.1 of Burmathrips engeli gen. et sp. nov. (Stenurothripidae). A, Head in ventral view
showing the mouthparts. B, Right foreleg showing three stout spines in the tibia (arrows), with tarsus two-segmented, hamus, and

bladder.

Crossvein between the two longitudinal veins, basally at
two fifth of the wing length and inclined towards the base
of the wing. Anteromarginal fringe cilia long and slender,
six fringe cilia in the basal part of the wing smaller and
distant from each other. Duplicated cilia between the long
cilia up to the wing apex (Fig. 3C), strong wavy fringe
cilia in the posterior wing margin. Clavus obscured due to
overlapping.

Hind wing with the membrane fully covered with
microtrichiae, with a slightly sclerotized longitudinal
vein, present up to the distal fifth of the wing length,
lacking crossveins (Fig. 3C); fringe cilia from posterior
margin strongly wavy and longer than the straight ones of
the anterior margin (Fig. 3C).

Legs large and slender; hind leg with three stout distal
spines on the tibia, stronger two of them in a pair, tarsus
two-segmented in all the six legs with hamus present,
vesicles cone-shaped (Fig. 4B).

Abdomen with 10 segments being segments VIII-X
cone-shaped (Fig. 2). From segment V to VIII there is a
small seta present on lateral posterior margin; abdomen
slightly bent to the left at the apex; a pair of short stout
setae on segment VIII and a pair of two large setae;
ovipositor visible in segment VII; segments VIII, IX and
X narrow in comparison to the others, segments IX and X
with a pair of long setae, end of the abdomen with conical
shape (Fig. 2A, B).

Description of main characters of the allotype (male)
(MGB 95344.2, Fig. 64)

Body and antennae fully extended at lateral side; antennae
with nine antennomeres. Antennomeres Il and IV inverted
cone-shaped and each with a conical sensilla. Fore, mid,
and hind legs blended, but fully visible; fore and hind
wings partially extended and visible, the surface is fully
covered with microtrichiae.

Forewing with two longitudinal veins with at least
a crossvein between the longitudinal veins, posterior
margin fringe cilia larger than the anterior margin ones
and strongly wavy; hind wing with a longitudinal vein,
fringe cilia on the posterior margin larger than the anterior
margin ones and wavy.

Mesonotum with latero-anterior projections which
resemble “shoulder pads”, larger than the ones present
in the females. Abdomen slightly rotated, fully extended
and visible laterally with X segments, VII segment with a
ventral spine characteristic of males; segments IX and X
with long setae.

Forelegs, mid legs and hind femora robust in
comparison to females. Fore tibia with three stout
setae, foretarsus two-segmented with hamus (Fig. 6B),
bladder, and cone-shaped. At the apex of the abdomen
the external genitalia are extruded and fully visible, but
only the parameres can be identified (the genitalia could
only be observed laterally, and the interpretation of other
structures is more complex), which are very developed
(Fig. 6C).
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FIGURE 5. Holotype female and two paratype females of Burmathrips engeli gen. et sp. nov. (Stenurothripidae) in the amber

piece (MGB 95344). A, B, Head and pronotum, arrowheads indicate antero-lateral mesonotal projections which resemble “shoulder

pads”, paratypes females MGB 95344.4 and MGB 95344.3, respectively. C, D, Forewings showing two longitudinal veins with

sparse setae and only a conspicuous crossvein. Holotype MGB 95344.1 and paratype MGB 95344.4, respectively.

Measurements. All measurements for holotype
female MGB 95344.1 and allotype male MGB 95344.2 in
Table 1.

Description of pollen grains
There are at least 462 pollen grains as eusyninclusions
in the amber piece, of which 46 are in contact with 14

thrips in the assemblage, both females and males, some of
them forming clusters. The pollen grains attached to the
specimens are prolate in shape; ca. 24.0 um in length x
13.8 um in width on average; range in length: 16.05-33.95
pm; range in width: 8.21-20.55 pm (all measurements in
Table 2); monosulcate; sulcus elongate for the entire length
of the grain; surface psilate in ornamentation. All pollen

CRETACEOUS THRIPS (INSECTA: THYSANOPTERA)
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FIGURE 6. Allotype male MGB 95344.2 of Burmathrips engeli gen. et sp. nov. (Stenurothripidae). A, Left side habitus of the
complete specimen. B, Foreleg showing robust tibia with three spines (arrows), tarsus two-segmented, hamus and bladder. C,
Extruded male genitalia with parameres very developed (arrows).
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FIGURE 7. Pollen grains of the form-genus Cycadopites in the assemblage as eusyninclusions (sensu Solorzano-Kraemer et al.,
2023). A, Single pollen grain in contact with the wavy fringe cilia of the forewing of one specimen. B, Some pollen grains are in
contact among themselves forming clusters (one of them seems not psilate, but it is preservational). C, Single pollen grain with the
sulcus fully visible. D, Isolated pollen grains in the assemblage, some of them forming clusters. E, F, Paratype male of Burmathrips
engeli gen. et sp. nov. (Stenurothripidae), MGB 95344.8, with a cluster of pollen grains attached to the mesonotum.
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TABLE 1. Measurements of the holotype female (MGB 95344.1) and allotype male (MGB 95344.2). All the measurements

in microns.

Structure Holotype female Allotype male
Body length (antennae and male genitalia extruded not included) 775 337
Head length 88 93
Head width 104 -
Pronotum length 72 83
Pronotum width 116 -
Posteroangular setae lengths 50 and 32 -
Mesonotum length 107 118
Mesonotum width 153 -
Metanotum length 70 65
Metanotum width 104 -
Abdomen length 426 368
Abdomen largest width (segment IV holotype; segment III allotype) 46 38
Antenna length 274 248
Antenna segment I length 20 8
Antenna segment II length 35 33
Antenna segment I1I length 50 39
Antenna segment IV length 40 36
Antenna segment V length 33 35
Antenna segment VI length 31 31
Antenna segment VII length 21 21
Antenna segment VIII length 18 19
Antenna segment IX length 26 26
Forewing length 297 428
Forewing width 45 -
Hind wing length - 356
Foreleg length 226 248
Midleg length 182 197
Hind leg length 264 285

grains show almost the same small size and the same
shape, so it can be inferred that they originated from the
same type of plant, or even from the same individual (Fig.
7). Based on the description of the pollen grains, these can
be attributed to the form-genus Cycadopites Wodehouse
emend. Fensome (Fensome, 1983) and could derive from
a variety of Mesozoic groups of gymnosperms, such as—
tBennettitales, Ginkgoales and Cycadales (Balme, 1995;
Zavialova & Van Konijnenburg-van Cittert, 2011).

Discussion

Burmathrips engeli gen. et sp. nov. possesses the
distinctive characteristics of the family Stenurothripidae
described by Schliephake (1990): the presence of conical
sensillae on antennomeres III and IV, antenna with

nine antennomeres freely connected, tarsomeres two-
segmented with hamus, the forewing fully covered with
microtrichiac and with two longitudinal veins nearly
reaching the tip of the wing margin and wavy fringe cilia
in the posterior margin. All these characteristics can be
observed in both males and females of the type series in
this fossil assemblage. However, they apparently lack
some characters like the crossveins between longitudinal
veins and the forewing margin, and lack of crossveins in
the hind wings, even so they are most consistent with the
family Stenurothripidae.

The new genus is distinguished from the rest of the
genera in the family. It differs from Stenurothrips Bagnall,
1914 as the latter has elongated, cylindrical and tube-
like tenth abdominal segment, which is not the case of
Burmathrips gen. nov. Scaphothrips Strassen, 1973 has
10 antennomeres, while both Rhetinothrips Strassen, 1973
and Progonothrips Strassen, 1973 have 15 antennomeres.
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TABLE 2. Measures of the pollen grains of the form-genus Cycadopites attached to the body of thrips in the fossil swarm.

Length (um) Width (pm) Length (um) Width (pm)
26.3 16.9 22.3 10.9
26.0 15.9 19.3 9.8
23.9 20.6 20.3 11.3
20.2 9.9 253 12.6
22.4 9.9 23.2 15.9
22.6 13.4 233 16.8
21.8 13.4 28.6 14.9
29.6 15.8 21.7 14.9
22.8 13.6 21.4 16.3
28.8 11.3 25.2 15.6
22.8 10.9 17.6 9.7
24.7 12.7 20.1 8.2
24.5 16.3 19.1 15.9
28.6 15.9 29.6 17.6
27.7 14.4 33.9 9.6
25.5 14.6 24.0 16.4
19.3 12.6 21.6 14.7
16.1 8.6 22.6 14.2
27.1 12.9 24.3 15.2
31.6 12.8 25.5 19.7
25.5 15.7 21.6 11.3
29.2 17.1 27.0 139
233 13.2 17.2 9.5

Total Average Length (um): 24.0 Width (um): 13.8

In contrast, Burmathrips gen. nov. has nine antennomeres.
Moreover, Scaphothrips has an unsegmented foretarsus,
whereas the new genus has two-segmented foretarsus.

Burmathrips gen. mov. presents hamus in the
foretarsus, which is absent in Cenomanithrips Tong, Shih
& Ren, 2019, Parallelothrips Guo, Engel, Shih & Ren,
2024 and Didimothrips Guo, Engel, Shih & Ren, 2024.
It also differs from Neocomothrips Strassen, 1973 that
has three crossveins, while the new genus does not have
crossveins.

Exitelothrips Strassen, 1973 and Progonothrips have
broad forewings, while Opadothrips has forewings that
are broad at the apex. In contrast, Burmathrips gen. nov.
has slender forewings that become narrower at the tip.
The genus Exitelothrips has a longer antennomere Il in
comparison to the others. Scudderothrips Strassen, 1973
has a longer antennomere VII in comparison to the other
known genera. These characteristics also are not present
in Burmathrips gen. nov. Additionally, the new genus
differs from Cenomanithrips in that the latter has forelegs
without spines, whereas the new genus has three spines.

Burmathrips engeli gen. et sp. nov. exhibits sexual
dimorphism, evident in the foreleg femur, which is more

robust and wider in males compared to females. Also,
the rapid distinction between males and females was
easy in the studied assemblage thanks to the preservation
of the male genitalia extruded. In extant Thysanoptera,
sexual dimorphism has been observed in both Tubulifera
(Crespi, 1986) and Terebrantia (Terry & Dyreson,
1996), but without indication in respect to the family
Stenurothripidae up to our knowledge.

Swarm behaviour

In insects, two modes of swarming can be identified: 1)
Dispersed swarming. In this type males search for and
pair with females while in flight and in sufficient density.
This typically occurs in sites where females are emerging,
feeding, ovipositing, or dispersing; and 2) Crowded
swarming. In this mode, males are strongly clumped
within a small portion of the volume where females are
available and they tend to fly at a station for a prolonged
period (Sullivan, 1981; Svensson & Petersson, 1992).
Research has shown that swarming behaviour may involve
various types of pheromones to attract the opposite sex
(Milne et al., 2002; Kirk & Hamilton, 2004; Niassy et
al.,2019), and is likely that swarming in insects improves
their mating success (Neems et al., 1992).
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Swarm behaviour has been observed in families of
both thysanopteran suborders, where aggregations are
common and presumably associated with mate location
(Terry, 1997). However, studies are limited due to the
small size and elusiveness of thrips as well as the difficulty
of distinguishing species and sex under field conditions
(Terry & Gardner, 1990). Males of Frankliniella
occidentalis Pergande, 1895 (Terebrantia: Thripidae)
swarm in landmark-based swarm sites and/or possibly
areas where females feed and have oviposition resources
(Terry & Gardner, 1990). Male fighting related to mating
has also been described in that species (Terry & Dyreson,
1996). Males of Hoplothrips pedicularius Haliday, 1836
and H. karnyi Hood, 1914 (Tubulifera: Phlaeothripidae)
have been also observed fighting within swarms using
front legs in the female’s oviposition areas in order to
increase mating success (Crespi, 1986, 1988).

The presence together of 18 monospecific
specimens, males and females, in the same resin flow
as eusyninclusions, and in a small amber piece, is direct
evidence of the partial entrapment in resin of a thrips
swarm. By analysing and describing the Cretaceous
thrips swarm in the Kachin amber piece, it can be inferred
that the primary objective was mating at a site with
resource availability. This inference is supported by the
abundant presence of both females and males together,
the presence of abundant pollen grains (an important
food resource), and the fact that they were all embedded
in the same resin flow, indicating they were trapped
simultaneously (eusyninclusions). Sexual dimorphism
can be weakly identified based on the difference in femur
size of all legs, being in males slightly more robust than
in females, concluding that fights between males is only a
possibility.

Pollination

Gymnosperm plants are currently pollinated by diverse
groups of insects (Tang, 1987; see Toon et al., 2020).
Extant species of beetles and thrips are identified as the
main pollinators of Cycadales (Mound & Terry 2001;
Terry, 2001; Toon et al., 2020; Terry et al., 2021). These
pollinators live in obligate mutualism with their cycad
host species where they feed, mate, lay eggs, and complete
their larval development on the cones (see Mound &
Terry, 2001). Notably, most cycad pollinators use only the
pollen cone as brood site, where adults feed and larvae
develop on sporophyll tissue or pollen (Terry, 2023).
This is important, as pollinivory is often considered an
evolutionary precursor to biotic pollination (Labandeira,
1998, 2000).

The pollination process in Cycadales is known as
the “push-pull” mechanism, where insects are initially
attracted to the cones by low concentration of volatile
organic compounds (VOCs) and then repelled by higher

concentrations of these same compounds (Terry et al.,
2007; Salzman et al., 2020; Terry, 2023; Salzman et al.,
2024). Both pollen cones and ovulated cones undergo
daily cycles of increased respiration and thermogenesis,
which leads to elevate VOCs emissions (Terry et al.,
2016; Salzman et al., 2020). This “push-pull” pollination
mechanism appears to be ancestral in the Cycadales
lineage (Salzman et al., 2020, 2024; Peris et al., 2024).
The genus Cycadothrips Mound, 1991 utilizes the cycad
pollen cones of specific host plants for mating and larval
development, feeding exclusively on pollen from their
host. This behaviour is an example of obligate pollination
mutualism, sometimes referred to as a brood-site
pollination system (see Terry et al., 2021).

There is direct evidence of entomophilous pollination
in some gymnosperm plant groups in the fossil record,
i.e. Cycadales, Ginkgoales and/or the fossil Bennettitales,
where the analyses of the pollen grains attached to the
insects are key to understand this type of mutualistic
relationship (e.g., Penalver et al., 2012, 2015; Peris et al.,
2017, 2020; Lin et al., 2019; Tihelka et al., 2021; Pefia-
Kairath et al., 2023). In addition, it has been inferred that
the insect pollination of gymnosperms existed since the
Carboniferous, more than 300 million years ago (Peris et
al., 2024).

Nowadays there is no evidence that the unique
representative of Ginkgoales in extant ecosystems, i.e.
Ginkgo biloba L. (1771),1s pollinated by insects. However,
there are observations of Diptera and Hymenoptera visiting
the reproductive organs of this species (Saunders, 2018).
In addition, the analysis of their ovular secretions revealed
has sugar concentrations similar to other ambophilous
species (Nepi et al., 2017).

The fBennettitales are known for their flower-like
strobili (Labandeira et al., 2007), for some of their ovulate
organs with elongate micropyles, most likely a feature
for pollination by long-proboscid insects (Labandeira,
2010), and for cones that produced relatively small, boat-
shaped and monosulcate pollen grains (Osborn & Taylor,
1995). Bennettitalean strobili of the TCycadeoideaceae
family taxa were closed, so not open to the dissemination
of pollen by wind, thus required other mechanisms to
transfer the pollen grains (Crepet, 1974 in Labandeira et
al., 2007). These characteristics have led to consider this
group to have been entomophilous plants (Labandeira
et al., 2007). In fact, different findings support this
consideration, such is the case of pollen grains, possibly
attributed to fBennettitales, attached to the dipteran
species Buccinatormyia magnifica from the Albian
Spanish amber (Pefialver et al., 2015), the beetle species
Cretaretes minimus from Cenomanian Kachin amber
(Peris et al., 2020), and, from the same amber (Lin et
al., 2019), the mecopteran species Parapolycentropus
paraburmiticus.
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TABLE 3. Fossil species of Thysanoptera described to date, all of them preserved in amber, and recognized as pollinators of
gymnosperms during the Cretaceous following the criteria stablished by Pefia-Kairath ez al. (2023).

Thrips species Pollen grains associated to thrips  Age Country References
Gymnopollisthrips maior Ginkgoales/Cycadales late Albian (early Cretaceous) Spain Penialver et al. (2012)
Gymnopollisthrips minor Ginkgoales/Cycadales late Albian (early Cretaceous) Spain Pefialver et al. (2012)
New species of Tethysthrips Cycadales/Ginkgoales/Bennettitales early Albian (early Cretaceous) Spain Pefialver et al. (in press)
Parallelothrips separatus Cycadales/Ginkgoales/Bennettitales early Cenomanian (late Cretaceous) Myanmar Guo et al. (2024)
Paralleloalathrips bivenatus Cycadales/Ginkgoales/Bennettitales early Cenomanian (late Cretaceous) Myanmar Pefalver et al. (in press)
Burmathrips engeli gen. et sp. nov.  Cycadales/Ginkgoales/Bennettitales early Cenomanian (late Cretaceous) Myanmar This work

The fossil record of the pollination relationship
between thrips and gymnosperms has expanded
significantly, particularly with the increased focus on
amber assemblages (Table 3). In this new contribution,
the presence of Cycadopites-type pollen grains in great
quantity in the whole amber piece, as well as attached
to the body of several female and male specimens,
suggests that these insects were in contact with the male
reproductive organ of a plant short before the entrapment
in the resin of some individuals of a swarm.

Conclusion

The analysed amber piece from Kachin amber provides
direct evidence of swarm behaviour in Thysanoptera
dating back at least ca. 99 million years. The presence
of abundant pollen grains in the described amber
assemblage allows to infer that since ancient times at
least some species of these insects have visited the male
reproductive organ of the host-plant during swarming, as
pollen ingestion promotes higher fitness in females and
is a key nutritional factor for the growth, development,
and reproduction of thrips in general (Trichilo & Leigh,
1988). This mutualistic relationship is based on the plants
providing the insects with food, oviposition and mating
sites, and at the same time, the plant is pollinated by the
thrips.

Following the criteria outlined by Pefia-Kairath et
al. (2023), Burmathrips engeli gen. et sp. nov. can be
classified as pollinator, since it meets the requirements
of having pollen attached to the body and specialized
structures, based on their asymmetrical mouthparts used
for sucking out the contents of pollen grains (Kirk, 1984).
With the addition of Stenurothripidae as pollinating insect
family in the fossil record, together with the recent findings
of Parallelothrips separatus also in Stenurothripidae
(Guo et al., 2024) and the new species of Tethysthrips in
Thripidae and the revision of Paralleloalathrips bivenatus
in Phlacothripidae (Pefialver et al., in press), the total

number of pollinating insect families in the fossil insect
record is increased up to 18 (Pefa-Kairath et al., 2023).
This number is expected to continue growing also with
new discoveries currently under study.
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