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Abstract. The Qinghai-Tibetan Plateau (QTP) played a cru-
cial role in shaping the biodiversity in Asia during the Ceno-
zoic. However, fossil records attributed to insects are still
scarce from the QTP, which limits our understanding on
the evolution of biodiversity in this large region. Fulgori-
dae (lanternfly) is a group of large planthopper in body size,
which is found primarily in tropical regions. The majority
of the Fulgoridae bear brilliant colors and elongated heads.
The fossil records of Fulgoridae span from the Eocene to
Miocene in the Northern Hemisphere, and only a few fossil
species from Neogene deposits have been reported in Asia so
far. Here, we report a new fossil record of Fulgoridae from
the middle Eocene Lunpola Basin, central QTP. The speci-
men is in lateral compression, with complete abdomen, tho-
rax, and part of the wings preserved, while most of the head
is missing. It belongs to the “lower Fulgoroidea” judging
by several strong lateral spines on the hind tibia and a row
of teeth at the apex of the second metatarsomere. This fos-
sil specimen is assigned to Fulgoridae by comparison with
nine families of the “lower Fulgoroidea”. The specimen rep-
resents the earliest Fulgoridae fossil record in Asia and was
considered a new morphotaxon based on the peculiar legs
and wings. Based on the modern distribution of fulgorid and
other paleontological evidence, we suggest a warm climate
with relatively low elevation during the middle Eocene in the
central QTP. Therefore, this new fossil record not only pro-
vides important information on insect diversity in the middle
Eocene, but also gives new evidence on the paleoenviron-
ment in the core area of the QTP from the perspective of an
insect.

1 Introduction

The Qinghai-Tibetan Plateau (QTP) is the highest and
one of the largest plateaus on Earth (Yao et al., 2017).
With its unique and complex interactions of atmospheric,
cryospheric, hydrological, geological, and environmental
processes, the QTP has significantly influenced the Earth’s
biodiversity, monsoonal climate, and water cycles (Harris,
2006; Yao et al., 2012; Spicer, 2017; Farnsworth et al., 2019).
Cenozoic insect fossils have so far been discovered from the
QTP, mainly in northeastern Qinghai Province and north-
ern Tibetan regions. A Cixiidae (Fulgoroidea) and a brown
lacewing (Hemerobiidae) were reported from the Miocene
Garang Formation in northeastern Qinghai Province (Li et
al., 2017; Yang et al., 2018). About 20 insect morphotaxa
attributed to 18 genera and 12 families were reported from
the Paleocene Niubao Formation, Qiangtang Basin (Cai and
Fu, 2003; Lin and Huang, 2006; Wang et al., 2019), of
which only a few have been formally described, e.g., Flati-
dae (Szwedo et al., 2013), Lophopidae (Szwedo et al., 2015),
and Orthoptera (Lin and Huang, 2006; Wang et al., 2019).
These fossil records suggest a warm and humid climate in
the Dazhuoma area of Qiangtang Basin in the middle-late
Paleocene (Cai and Fu, 2003; Lin and Huang, 2006; Wang
et al., 2019) and provide new clues to evolutionary and dis-
tributional patterns of these insect groups (Szwedo et al.,
2015). In addition, some fossil insects, including Diptera,
Hymenoptera, and Heteroptera, have been mentioned in
the Quaternary Kongma Basin without detailed description
(Shao et al., 2010). Only the water strider, Aquarius lunpo-
laensis, was formally described from the Niubao Formation
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in Nima Basin and Lunpola Basin (Lin, 1981; Cai et al.,
2019). Generally, the fossil records attributed to insects are
still scarce from the QTP, which limits our understanding on
the evolution of the biodiversity in this region.

Fulgoromorpha, commonly known as planthopper, cov-
ers 21 extant and 12 extinct families (Brysz and Szwedo,
2019), and the oldest confirmed record is from the late Per-
mian of Russia (Martynov, 1935; Szwedo, 2018). The Fulgo-
romorpha is divided into three superfamilies, among which
only Fulgoroidea is extant, and the remaining two are ex-
tinct, namely Coleoscytidae and Surijokocixiidae (Szwedo,
2018). Fulgoroidea is the most morphologically variable
group among all superfamilies of Auchenorrhyncha, with
about 13665 species in 21 families (Bourgoin, 2021), and
its fossil records can be traced back to the Jurassic (Szwedo,
2018). Despite many attempts to create a complete phylo-
genetic tree of the relation of Fulgoroidea, the systematic
relationships among families remain unsolved (Brysz and
Szwedo, 2019). Fulgoroidea differs from other Auchenor-
rhyncha by combining several characters, including frons
with distinct longitudinal carinae, tegulae present at the base
of the forewings, and forewing anal veins confluent in the
basal of claval margin (Dietrich, 2009). This superfamily is a
typical group with a feeding behavior of piercing and sucking
plant tissue (Denno and Perfect, 1994). Their ethology and
ecology are dominated by interactions with their host plants,
which served as their food provider, shelter, and ovipositing
place (Nault et al., 1985; Denno and Perfect, 1994; Bourgoin
et al., 2015).

In the family Fulgoridae, 142 genera and about 774
species are known (Bourgoin, 2021). A total of 11 subfami-
lies are recognized in the Fulgoridae: Amyclinae, Aphaeni-
nae, Dichopterinae, Enchophorinae, Fulgorinae, Lyncidinae,
Phenacinae, Poiocerinae, Strongylodematinae, Xosophari-
nae, and Zanninae (Bourgoin, 2021). However, as stated by
Urban and Cryan (2009), the higher classification of Fulgori-
dae, which is primarily based on characters of head morphol-
ogy, was not supported by the molecular phylogeny.

Fulgoridae is mainly distributed in moist tropical regions
(Bartlett et al., 2018). The Fulgoridae ranges from 4 mm to
10cm in length with a wingspan of up to 15cm (Brambila
and Hodges, 2008). Both adults and nymphs often feed on
the above-ground parts of dicots (Denno and Perfect, 1994).
Many species in this group are brilliantly colored and have an
elongated head, reaching more than one-third of the length of
the entire body length (Urban and Cryan, 2009).

Fossil records of Fulgoridae are rich and span from the
Eocene to the Miocene in the Northern Hemisphere (Wap-
pler, 2003, 2004; Szwedo et al., 2004; Szwedo and Wap-
pler, 2006; Szwedo, 2008). North American and European
fossil records are the richest, and many of them are from
Eocene deposits (Szwedo et al., 2004). Until now, the Asian
records of Fulgoridae fossil have only appeared in the mid-
dle Miocene Shanwang Formation in eastern China (Hong,
1979; Zhang, 1989; Zhang et al., 1994).
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Here we report a new morphotaxon attributed to the family
Fulgoridae from the middle Eocene Lunpola Basin, central
QTP. We discuss its systematic assignment, as well as the
paleoenvironment of central QTP during the middle Eocene.

2 Material and methods

The fossil specimen (number XZDY1-I-0031) described
herein was collected from the Niubao Formation at Dayu
section, Lunpola Basin, Shuanghu County, northern Tibet,
China (32.033° N, 89.767° E; 4655 ma.m.s.1., Fig. 1a).

The Lunpola Basin is a large Cenozoic sedimentary basin
on the central QTP and is situated along the central part of
the Bangong—Nujiang suture zone. This basin extends east—
west with a length of ~220km and a width of 15-20km,
initially formed by the Mesozoic collision of the Lhasa and
Qiangtang blocks (Sun et al., 2014; Chen et al., 2017). The
basin contains sequences of lacustrine to alluvial Cenozoic
sediments more than 4000 m thick, which mainly consist of
two stratigraphic units: the Niubao Formation exposed in
the northern margin of the Lunpola Basin, and the overly-
ing Dingqginghu Formation exposed in the southern margin
of the basin (Sun et al., 2012; Wei et al., 2017). The Ni-
ubao Formation is about 3000 m thick and mainly consists
of three parts: the lower part is composed of brownish red
conglomerates, sandstones, and siltstones; the middle part,
including our fossil site, is composed of reddish to brown-
ish mudstones, intercalated with thin-bedded fine sandstones,
shales, and distinct belted white marlite in basin margins, in-
terpreted mainly as a shallow lake environment; the upper
part consists of brownish greyish conglomerates, sandstones,
and brownish red mudstones, intercalated with reddish Lu-
vic Paleosols (Fang et al., 2020). The overlying Dingqinghu
Formation is about 1000 m thick and is characterized by la-
custrine greenish to greyish mudstones, fine siltstones, and
oil shales (Sun et al., 2014; Fang et al., 2020).

The age of the site DY (Fig. 1c, where our specimen is
located) was regarded as ~25.5Ma in the previous work
(e.g., Cai et al., 2019; Su et al., 2019). According to the new
chronostratigraphic work using magnetostratigraphic and ra-
diochronologic dating methods, the revised age of the fossil-
bearing layer is ~ 39 Ma (Fig. 1b; Fang et al., 2020).

In the same layer of the fossil site, plenty of plant macro-
fossils were reported, including Sabalites (Su et al., 2019),
Koelreuteria (Jiang et al., 2018), Cedrelospermum (Jia et
al., 2018), Limnobiophyllum (Low et al., 2020), Ailanthus
(Liu et al., 2019), Pistacia, Handeliodendron, Exbucklan-
dia, Populus, Magnoliales, and Araliaceae (Wu et al., 2017).
Besides, vertebrates including climbing perch Eoanabas thi-
betana (Wu et al., 2017), cyprinid fish Tchunglinius tchangii
(Wang and Wu, 2015), and an insect, namely water strider
Aquarius lunpolaensis (Lin, 1981; Cai et al., 2019), were re-
ported.

https://doi.org/10.5194/fr-24-263-2021



X.-T. Xu et al.: The first Fulgoridae from the Qinghai-Tibetan Plateau 265

*
Zircon U-Pb age
382+ 0.5Ma
400
Fossil site (DY1)
~39 Ma
300
200 Conglomerate
Sandstone
Siltstone/
Mudstone
100
E
@
Q
f=4
]
E 0 Tuff

S C
M: Mudstone & Siltstone
S: Sandstone
C: Conglomerate

Figure 1. Maps showing the location of the specimen. (a) Location of the Lunpola Basin within the Tibetan Plateau terranes. BNS, Bangong—
Nujiang suture; JS, Jinshajiang suture; YZS, Yalu—Zangbo suture. Map data provided by SRTM data V4 (Jarvis et al., 2008). (b) Schematic
lithologic log of the Dayu section showing stratigraphic positions of radiogenic dating samples and Fulgoridae fossil of the Niubao Formation.
Modified from Fang et al. (2020). (c¢) The specimen was collected from fossil sites DY1 in Lunpola Basin.

This article is registered in ZooBank (http:
/Iwww.zoobank.org, last access: 30 July 2021) under LSID
LSIDurn:1sid:zoobank.org:pub:2CD563C5-6E6B-4F41-
AFE1-162D37780241. The fossil specimen is preserved as
a compression. The specimen was observed under a Leica
S8APO stereomicroscope, and photographs were taken with
a Smartzoom 5 digital camera; 70 % alcohol was applied to
immerse the fossil to make the morphological details more
visible. The nomenclature of wing venation in this research
is based on the morphological interpretation and system
proposed by Bourgoin et al. (2015). The nomenclature of
female terminalia follows Bourgoin (1993). The imprint,
specimen XZDY1-I-0031A, and the counterpart, specimen
XZDY1-1-0031B, are housed in the Paleoecology Collec-
tions, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, Mengla, China.
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3 Systematic paleontology
Superfamily Fulgoroidea Latreille
Family Fulgoridae Latreille

Fulgoridae gen. et sp. indet. (Figs. 2-5)
urn:1sid:zoobank.org:act:03E48F51-B942-4D52-
A48A-3DCD66645E6GE

Dimensions

The tip of the preserved head to the apex of the forewing
16.4mm. Pronotum about 1.0mm long and mesonotum
about 1.9 mm long. Forewing about 14.5 mm long, and the
widest part about 5.5 mm wide. Dark spot on the posterior
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Figure 2. Fulgoridae gen. et sp. indet. (a) Imprint, specimen XZDY 1-I-0031A. (b) Counterpart, specimen XZDY 1-I-0031B. CuP, cubitus
posterior; cv, crossveins; fg, female genitalia; h, head; hp, horseshoe pattern; hm, hind-wing margins; lpf, left profemur; mf, mesofemurs;
ml, metalegs; ms, mesonotum; mt, metanotum; nl, nodal line; p, pronotum; rpf, right profemur; ta, tarsi; ti, tibia.

area of forewings about 1.7mm wide, and a lighter horse-
shoe stripe surrounds the dark spot about 2.6 mm wide. Hind
wing about 11.3 mm long. Abdomen about 8.7 mm long, and
the widest part about 6.2 mm wide. Femora all about 2.0 mm
long; left pro- and mesofemur about 0.8 mm wide; right pro-
and mesofemur about 0.5 mm wide. Pro- and mesotibiae both
about 2.7 mm long. Metatibiae about 4.9 mm long. Right pro-
tarsus about 0.9 mm long; preserved part of left protarsus
about 0.6 mm long. Mesotarsi about 1.1 mm long. First hind
tarsomere about 1.1 mm long; second hind tarsomere about
0.7 mm long; third hind tarsomere for each leg about 0.4 and
0.7 mm long.

Description

Head (Figs. 2, 3b). Most part of the head missing. The basal
part of the head preserved. Vertex with posterior and lateral
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margins carinate, separating from frons. The scape of the an-
tenna cylindrical.

Thorax (Figs. 2, 3a, 4b). Pronotum with several longitu-
dinal and transverse wrinkles; hind margin shallowly con-
cave. Mesonotum with 2 lateral carinae visible; the ante-
rior margin of mesonotum overlapped by pronotum; mesono-
tum with scutellum forming a posteriorly directed triangle.
Tegula covers the base of the forewing. Metapleuron with
longitudinal carinae.

Legs (Figs. 2, 3c-h). Left pro- and mesofemora flattened.
Tibiae with longitudinal carinae. Metatibiae with six api-
cal spines and at least two lateral spines (with one lateral
spine weak-preserved, Fig. 3h), elongated relative to the pro-
and mesotibiae. Metatarsus tarsomeres deeply incised; for
the third metatarsomere of left and right metalegs differs
in length, the first metatarsomere almost the same length or
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Figure 3. Head, thorax, and legs. (a) Thorax of the part and the counterpart. (b) Preserved part of the head. (c¢) Prolegs. (d) Metalegs. (e,
f) Tarsi of the metalegs. (g) Metatibia of the counterpart. (h) Show the spine in (g). amm, anterior margin of mesonotum; as, apical spines;
¢, carinae; cl, claw; Is, lateral spines; It, lateral teeth; mt, median teeth; p, pronotum; pf, profemurs; s, scape; sc, scutellum; te, tegula; ts,
tarsomere; v, vertex; w, wrinkles. The specimen was immersed into alcohol except in (a).
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Figure 4. Wings and genitalia. (a) Clavus. (b) Base part of the wings. (¢) Nodal line and reticular veins of the hind wing. Red arrows trace
the nodal line. (d) Crossveins. (e, f) Female genitalia of the part and the counterpart. Al, first anal vein; at, anal tube; bs, basal cell; CuA,
cubital anterior; CuP, cubitus posterior; cv, crossveins; Gp, gonoplac; Gx, gonocoxa; Gy, gonapophysis; hm, hind-wing margin; MP, media
posterior; mp, metapleuron; nl, nodal line; Pcu, postcubitus; R, radius; rv, reticular veins; ScP, subcosta posterior; te, tegula; tg, tergite. The
specimen was immersed into alcohol in (b), (d), (e) and (f).
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slightly shorter than the second metatarsomere combine with
the third metatarsomere; first metatarsomere with 2 lateral
and 12 median teeth; second metatarsomere with 2 lateral
and 10 median teeth. The metatibio-metatarsal formula is
6+[(2)+12]+[(2)+ 10]. Tarsi of prolegs and mesolegs with
curved claw preserved.

Wings (Figs. 2, 4a—d). Forewings shape ovoid, surpassing
moderately abdomen, widest part near the 1/3 apex of the
forewings. Forewings dark-colored with a dark spot on the
posterior area, surrounded by a lighter horseshoe stripe. The
venations of the left and right forewing overlap due to the lat-
eral compression, and both are partly preserved. Claval veins
extend to the cubitus posterior (CuP). Clavus slightly exceeds
half of the tegmen length. The common stem of subcosta
posterior (ScP) +radius (R) + media posterior (MP) leaves
the basal cell. Basal cell longer than wide. The costal area
with several crossveins. Main veins divide into numerous
branches near the apex of the forewings. Longitudinal branch
veins subparallel, with several branches bifurcate. Several
crossveins between longitudinal veins. Nodal line concave,
with apex near 5/8 of the tegmen length. Hind wings narrow,
with several reticular veins on the anterior cubital area.

Abdomen (Figs. 2, 4e and f). Abdomen ovate and pressed
with distortion. The tergite I reduced. Gonocoxa VIII about
the same length as the tergite VIII. The apex of the anal
tube narrow. The combination of gonoplac, gonapophysis
VIII and IX subtrapezoidal, comparatively short, about 1/2
as long as broad. A round structure between gonoplac and
tergite IX, probably a part of gonoplac.

4 Discussion
4.1 Systematic assignment

This fossil belongs to the superfamily Fulgoroidea because of
a combination of characters, including the presence of tegula,
a Y-shaped claval vein in the forewing, two or three strong
lateral spines, and a row of apical spines on the hind tibia
(Figs. 3-5). Among Auchenorrhyncha, planthoppers mor-
phologically resemble leathoppers and spittlebugs. Planthop-
pers can be distinguished by the placement of the eyes, anten-
nae, and lateral ocelli on the gena; the existent of tegula and a
Y-shaped claval vein in the forewing; the hind tibia which has
several strong lateral spines and rows of spines at the apex
(O’Brien, 2008). On the other hand, the hind tibia of leathop-
pers has four rows of specialized macrochaetae (Bartlett et
al., 2018), and the hind tibia of spittlebugs have one or two
stout spines and a single or double row of spines at the apex
(Brambila and Hodges, 2008).

The occurrence of Fulgoroidea has been known since
the Jurassic, containing 21 extant families (Szwedo et al.,
2004). Two basic states of the second metatarsomere, namely
pectinate and reduced, are considered important charac-
ters in the classification of Fulgoroidea at the family level
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(Shcherbakov, 2006). Following these states, Fulgoroidea
can be divided into two groups — those with a complete
row of spines at the apex of the second metatarsomere
(Achilidae, Achilixiidae, Cixiidae, Delphacidae, Derbidae,
Dictyopharidae, Fulgoridae, Kinnaridae, and Meenoplidae)
and those with a pair of spines or without spines at
the apex of the second metatarsomere (Issidae, Calisceli-
dae, Nogodinidae, Acanaloniidae, Flatidae, Tropiduchidae,
Tettigometridae, Ricaniidae, Lophopidae, Eurybrachidae,
Gengidae, and Hypochthonellidae) (Shcherbakov, 2006).
The latter groups are the advanced Fulgoroidea, which are
informally regarded as “higher Fulgoroidea”, and the for-
mer are basal and intermediate taxa regarded as “lower Ful-
goroidea”, but not all phylogenetic studies support this tri-
chotomy (Shcherbakov, 2004; Bartlett et al., 2018).

The fossil in this study belongs to the “lower Fulgoroidea”
because of the row of spines at the apex of the second
metatarsomere (Figs. 3d—f, 5d). Among the nine families
of “lower Fulgoroidea”, Cixiidae and Delphacidae are sis-
ter groups, regarded as the early diverging families of Fulgo-
roidea (Urban and Cryan, 2009; Brysz and Szwedo, 2019),
and can be distinguished from our specimen by bearing
a sword-shaped ovipositor (Asche, 1987). Kinnaridae and
Meenoplidae are sister groups, which are small in body size,
with a length less than 10 mm (Brambila and Hodges, 2008),
and bear a low density of veins for forewings, distinctly dif-
ferent from our fossil specimen (Figs. 2, 5b and ¢). Achilixi-
idae ranges from 4 to 8 mm in length, characterized by one or
two pairs of cup-like processes in the lateral abdomen (Liang,
2009), which is not present in our fossil specimen. Achilidae
ranges from 3 to 13 mm in length, recognized by the overlap-
ping tips of the forewings (Fennah, 1950), whereas the broad
overlap of the apical forewings is not shown in our specimen.
Derbidae ranges from 4 to 16 mm in length, frequently frag-
ile, with forewings often much longer than the body (Bartlett
et al., 2018), while the forewings of our specimen are oval,
slightly longer than the abdomen, and bears a greater number
of veins than Derbidae.

After excluding our fossil from seven families from the
“lower Fulgoroidea”, the specimen falls within the morpho-
logical characters of Fulgoridae and Dictyopharidae, which
are sister groups (Asche, 1987; Urban and Cryan, 2007; Song
and Liang, 2013). Both families are medium to large plan-
thoppers, and they share high similarity on general struc-
tures including chest, wings, legs, abdomen, a fraction of the
male genitalia and ovipositor, and both often have an elon-
gated head (Emeljanov, 1979; Song and Liang, 2013). Ful-
goridae differs from all other Auchenorrhyncha by the retic-
ulation of the anal area of the hind wings (Muir, 1923). Emel-
janov (1979) listed several morphological characters to dif-
ferentiate these two families. The author pointed out that the
hind margin of pronotum in Fulgoridae is usually straight,
whereas it is strongly concave in all winged Dictyopharidae;
hind femur and tibia in Fulgoridae are distinctly shorter than
in Dictyopharidae; three teeth form the inner group for apical

Foss. Rec., 24, 263-274, 2021
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Figure 5. Interpretative drawing of the specimen. (a) Illustration of the specimen, veins of the right forewing in blue, veins of the left forewing
in red, and veins of the hind wings in green. (b) Venation of the right forewing. (¢) Venation of the apex of the left forewing. (d) The tip of

the metaleg.

teeth of hind tibiae in Dictyopharidae, whereas there are two
teeth in Fulgoridae. With regard to the fossil specimen from
the Lunpola Basin, a few reticular veins are preserved on the
anterior cubital area; the hind margin of pronotum is shal-
lowly concave; fore legs and hind legs relatively short; the
inner group for apical teeth of hind tibiae has two teeth, and
bears a relatively large density of subparallel apical veins of

Foss. Rec., 24, 263-274, 2021

forewings. Based on all these characters, our fossil specimen
is a member of the Fulgoridae.

Fulgoridae contains approximately 142 genera worldwide
(Bourgoin, 2021), and the classification at the genus level
is mostly based on the shape of the head and the veins of
the forewings (e.g., Fennah, 1956; Constant, 2004; Bartlett
et al., 2014). However, the specimen studied here lacks most
of its head, part of the veins of the forewings and most of

https://doi.org/10.5194/fr-24-263-2021
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the veins of the hind wings. In addition, our specimen bears
some peculiar characters compared with the typical repre-
sentative of modern Fulgoridae, including fewer cross veins
on the forewings, the unique horseshoe-shaped pattern of the
forewing, the relatively shorter legs, and the peculiar arrange-
ment of teeth on the metatarsomeres. Those peculiarities and
the incomplete preservation prevent us from assigning the
specimen to an extant or extinct genus but as a new mor-
photaxon. The accurate systematic attribution can be further
defined if more Fulgoridae specimens with head and com-
plete wings are collected.

The fossil records of Fulgoridae are rich and span from the
Eocene to the Miocene in the Northern Hemisphere (Wap-
pler, 2003, 2004; Szwedo et al., 2004; Szwedo and Wappler,
2006; Szwedo, 2008). The systematic positions for some of
those fossil records have been altered and others are still un-
resolved (Shcherbakov, 2006). The oldest confirmed fossil
assembly of Fulgoridae comes from the early Eocene (ca.
50 Ma) (Brysz and Szwedo, 2019). North American and Eu-
ropean fossil records are the richest and mainly from Eocene
deposits (Szwedo et al., 2004). Until now, the Asian fossil
records only come from the middle Miocene Shanwang For-
mation in China, including Aphaena lithoecia (Zhang, 1989),
Limois shanwangensis (Hong, 1979), L. pardalis (Zhang,
1989), and Ptomatosaiva endea (Zhang et al., 1994). There-
fore, our specimen represents the first Paleogene Fulgoridae
fossil record in Asia, as well as a new morphotaxon of Ful-
goridae.

Fulgoridae usually has colored, opaque, and slightly thick-
ened forewings and patterned hind wings (Bartlett et al.,
2018). The lighter horseshoe pattern on the apical forewing
of our specimen (Fig. 2) is uncommon in the extant fulgorids.
Similar patterns can be found in some living species from
Southeast Asia, e.g., Scamandra (Fulgoridae) and Bythop-
syrna (Flatidae). Those patterns were assumed to make them
inconspicuous against tree trunks or function to startle po-
tential predators because they are similar to the eyes of ver-
tebrate natural predators such as birds (Blest, 1964; Brambila
and Hodges, 2008).

4.2 Warm climate and low elevation in the central QTP
during the middle Eocene

Modern Fulgoridae is mainly distributed in subtropical and
tropical regions, and both adults and nymphs feed on the
aboveground parts of their host plants (Brambila and Hodges,
2008). The life cycle of planthoppers is greatly affected by
their host plants, and many of them show specific prefer-
ence for choosing their host plants. The majority of fulgo-
rid species (~ 81 % of records) feed on dicots (Hamamel-
idae, Caryophyllidae, Dilleniidae, Rosidae, and Asteridae),
while only few species (~ 16 % of records) feed on monocots
(Poaceae and Arecaceae) (Denno and Perfect, 1994). A total
of ~ 62 % of fulgorid species have been reported to feed on a
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single host, and ~ 29 % are polyphagous (Denno and Perfect,
1994).

Vegetation in the present fossil site is an alpine meadow
with an elevation of ~4655m, where no Fulgoridae can
survive because of the absence of their host plants and the
harsh climate condition. The only living species of Fulgori-
dae recorded in Tibet was Limois chagyabensis from Chaya
County, at an elevation of ~3200m (Zhou and Lu, 1981).
Thus, the elevation of the Lunpola Basin should be much
lower during the Eocene than nowadays, as highlighted by
previous paleontological studies (e.g., Wang and Wu, 2015;
Wau et al., 2017; Jiang et al., 2018; Cai et al., 2019; Su et al.,
2019).

The new fossil record from the Eocene Lunpola Basin co-
existed with some plant species with living relatives mainly
in lowland vegetation, including Sabalites (Arecaceae; Su et
al., 2019), Koelreuteria (Rosidae; Jiang et al., 2018), Ce-
drelospermum (Hamamelidae; Jia et al., 2018), Limnobio-
phyllum (Arecidae; Low et al., 2020), Ailanthus (Rosidae;
Liuetal., 2019), Pistacia (Rosidae), Handeliodendron (Rosi-
dae), Exbucklandia (Hamamelidae), Populus (Dilleniidae),
Magnoliales (Magnoliidae), and Araliaceae (Rosidae) (Wu
etal., 2017), some of which might be potential host plants of
Fulgoridae (Denno and Perfect, 1994). In addition to plants,
several tropical—subtropical aquatic animal species are found
from the same layer, including Eoanabas thibetana (Anaban-
tidae; Wu et al., 2017), Tchunglinius tchangii (Cyprinidae;
Wang and Wu, 2015), and Aquarius lunpolaensis (Gerri-
dae; Lin, 1981; Cai et al., 2019). Therefore, as the new
evidence from the insects’ perspective, our fossil specimen
corroborates previous paleoenvironmental assessment that
a tropical-subtropical ecosystem was present in the central
QTP in the middle Eocene (Wu et al., 2017; Su et al., 2019).
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