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Small and common: the oldest tropical Chrysomelidae
(Insecta: Coleoptera) from the lower Eocene Cambay amber
of India

KONSTANTIN S. NADEIN and EVGENY E. PERKOVSKY

NADEIN, K.S. & PERKOVSKY, E.E. 2 July 2019. Small and common: the oldest tropical Chrysomelidae (Insecta: Coleoptera) from the lower
Eocene Cambay amber of India. Alcheringa 43, 597–611. ISSN 0311-5518.

Three new genera and species of flea beetles (Chrysomelidae: Alticini) are described from the lowermost Eocene Cambay amber: Cambaltica
paleoindica Nadein, gen. et sp. nov., Protorthaltica setosella Nadein, gen. et sp. nov., and Davidaltica cambayensis Nadein, gen. et sp. nov.
These taxa share a zoogeographic affinity with extant Oriental and Afrotropical flea beetle faunas, with similarities to Afrotropical elements
interpreted to be a result of Neogene migrations from Laurasia to Africa. The flea beetles within the Cambay amber are characterized by their
small body size (1.2–1.9mm), and the absence or rarity of larger flea beetles in the Cambay amber forest is assumed to be evidence for a
progressive increase in the average body size of tropical flea beetles beginning in the early Eocene.

Konstantin S. Nadein [k.nadein@gmail.com], University of Kiel, Zoological Institute, Functional Morphology and Biomechanics, Am
Botanischen Garten 1–9, Kiel, Germany; Evgeny E. Perkovsky [perkovsk@gmail.com], Schmalhausen Institute of Zoology, National Academy of
Science of Ukraine, Bogdana Khmelnitskogo Str. 15, Kiev, Ukraine, Borissiak Paleontological Institute of the Russian Academy of Sciences,
Profsoyuznaya Str. 123, Moscow, 117997, Russia. Received 25.7.2018; revised 1.4.2019; accepted 20.5.2019.
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LEAF BEETLES (Chrysomelidae) are relatively
diverse in Eocene fossil resins worldwide, with 25
genera and 34 species described in the
subfamilies Bruchinae, Chrysomelinae, Criocerinae,
Cryptocephalinae, Eumolpinae, Galerucinae, Cassidinae
and Lamprosomatinae (Santiago-Blay 1994, Nadein
et al. 2016, Alekseev 2017, Kirejtshuk & Ponomarenko
2017, Nadein & Perkovsky 2018). Until recently, leaf
beetle inclusions in Eocene ambers were restricted to
extratropical European Lagerst€atten such as the lower-
most Eocene Oise amber (France), and the upper
Eocene Baltic (Gda�nsk Bay: Russia, Poland), Rovno
(Ukraine), Danish (Denmark) and Bitterfeld (Germany)
ambers. In general, Paleocene and early Eocene leaf
beetles (Fig. 1, Table 1) are insufficiently investigated,
despite being 1.5 times more diverse than Cretaceous
records of the family (Nadein & Perkovsky 2018).

The lowermost Eocene Indian Cambay amber repre-
sents the only record of tropical Eocene Chrysomelidae
worldwide; the first mention of this record was within
a list of arthropods collected from Cambay (Rust et al.
2010), where ‘Chrysomelidae: Alticinae’ and
Staphylinidae (two species of the latter being later

described by Ortega-Blanco et al. 2013 and Parker &
Grimaldi 2014) were the only recorded beetles.

Cambay amber is found in a number of opencast
lignite mines within the state of Gujarat, India, about
30 km northeast of the city of Surat (Fig. 2). The age
of the Cambay amber has been estimated at 54.5Ma
based on the presence of age-diagnostic foraminiferans,
dinoflagellate cysts and pollen, and chemostratigraphic
analyses using dispersed organic carbon (d13C) signa-
tures within the sediment and strontium isotopes meas-
ured from a variety of proxies (Smith et al. 2016 and
references therein, Stebner et al. 2017a). This makes
the Cambay amber 1.5 times older than known upper
Eocene European ambers. The Cambay amber formed
at a time of expanding modern diversity, at the begin-
ning of the early Eocene climatic optimum
(Zakrzewska et al. 2018). Before the discovery of the
Cambay amber, the oldest insect assemblages closely
resembling modern tropical forest faunas were recorded
in the middle Miocene Dominican and Mexican ambers
(Zherikhin 2002).

To date, most of the published work on the Cambay
amber biota have related to the Diptera (Sol�orzano
Kraemer & Evenhuis 2008, Sol�orzano Kraemer &
Wagner 2009, Grimaldi & Singh 2012, Stebner et al.
2016, 2017a,b,c, Perkovsky 2017, Kania et al. 2018,
Zakrzewska et al. 2018), although braconid wasps
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(Ortega-Blanco et al. 2011), bees (Engel et al. 2013),
termites (Engel et al. 2011a), dustywings (Grimaldi
et al. 2013a), leptosaldine bugs (Grimaldi et al. 2013b),
whipspiders (Engel & Grimaldi 2014), scale insects
(Vea & Grimaldi 2015) and webspinners (Engel et al.
2011b) have also been described in separate papers.

Among the material at our disposal, we have identi-
fied four genera of the subfamily Galerucinae within
the Cambay amber. One genus, belonging to the tribe
Galerucini, is embedded in an amber piece of poor
clarity and will be described later. In this paper, we
describe three new genera of Alticini, which represent
the oldest tropical leaf beetles in the fossil record, and
the first fossil leaf beetles recorded from the
Oriental region.

Material and methods
This study is based on six specimens of Chrysomelidae
from the lower Eocene Cambay amber. Amber speci-
mens were all collected from the Tadkeshwar lignite
mine in Gujarat State, India, and are sourced from the
lower Ypresian Cambay Formation.

Specimen photographs were taken with a Leica
M205C stereomicroscope and a Leica DFC 450 digital
camera. Morphological terminology follows Nadein &
Be�zdek (2014).

The type material described in the present paper
was received from D. Grimaldi [American Museum of
Natural History (AMNH), New York, USA], and will

be deposited in the amber collection of the Birbal
Sahni Institute of Paleobotany, Lucknow, India.

Systematic paleontology

Order COLEOPTERA Linnaeus, 1758
Suborder POLYPHAGA Emery, 1886
Family CHRYSOMELIDAE Latreille, 1802
Subfamily GALERUCINAE Latreille, 1802
Tribe ALTICINI Newman, 1834

Cambaltica Nadein, gen. nov.

LSID. urn:lsid:zoobank.org:act:3E201BFC-D288-4BF2-
939A-B40E2E31143B

Type species. Cambaltica paleoindica Nadein, sp. nov.

Etymology. The genus name combines the name of the
Cambay amber with Altica, the type genus of the tribe
and a common suffix in a number of Alticini generic
names. Gender feminine.

Diagnosis. The new genus is characterized by a modi-
fied metatibia with tarsal articulation shifted proximally
from the tibial apex.

Few flea beetle genera have such modified metati-
bia (with medial or subapical position of metatarsus):
the extant genera Aphthonoides Jacoby, 1885

Fig. 1. Danian–Ypresian (48.6–65.5Ma) leaf beetle (Chrysomelidae) deposits: 1—Pascapoo Formation, Canada; 2—Okanagan, Canada and
USA; 3—Green River Formation, USA; 4—Oise amber, France; 5—Menat, France; 6—Messel, Germany; 7—Arkhara, Russia; 8—Cambay
amber, India. Map is modified from Scotese (2014).
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(Oriental region), Bechynella Biondi & D’Alessandro,
2010 (Afrotropical region), Chanealtica Konstantinov,
2016 (Bolivia), Metroserrapha Bechyn�e, 1958
(Madagascar and the Mascarene Islands), Serraphula
Jacoby, 1897 (Afrotropical region) and Psylliodes
Berthold, 1827 (worldwide), and the extinct genus
Psyllototus Nadein, 2010 from the Rovno, Danish and
Baltic ambers. Cambaltica shares two key characters
with all these genera except Chanealtica: shifted (pre-
apical) metatarsal articulation and puncto-striate elytra.
The new genus differs from Psylliodes in having 11
antennomeres and in the structure of metatarsomeres 1
and 2: in Psylliodes, metatarsomere 1 is long, thin and
asetose, and metatarsomere 2 is half the length of meta-
tarsomere 1, whereas in Cambaltica metatarsomere 1
evidently shorter, broader and densely setose, and
metatarsomere 2 is 0.4 length of metatarsomere 1. The
new genus differs from Psyllototus and Metroserrapha
in the position of metatarsal articulation (closer to the
apex), in metatarsomere 1 being shorter, thicker and
ventrally densely setose, and in lacking an elongated
metatarsomere 2. From Chanealtica, Cambaltica differs
in its puncto-striate elytra, and in the metatarsal

attachment being closer to the metatibial apex. From
Serraphula and Aphthonoides, Cambaltica differs in
having a short, simple, unserrated apical spur, and
shorter metatarsomere 1. The new genus differs from
Bechynella in the shorter apical spur on the metatibia
and much shorter metatarsomere 1.

Description. Body robust, moderately convex, cuticle
glabrous. Head with vertex relatively narrow, frontal
ridge present; antennal sockets located between eyes,
close to both eye margin and frontal ridge; eyes large
and strongly convex. Antennae more than half body
length, with 11 filiform antennomeres.

Pronotum transverse, width 1.2 times length, proto-
num width 0.91 of combined elytra at base, pronotum
0.42 of elytra length, lateral margins moderately
rounded, distinctly explanate, anterior and posterior
angles of pronotum each with one setiferous pore, pro-
notum surface punctate.

Elytra moderately elongate, length 1.6 times width,
lateral margins explanate; elytral apices rounded;
humeral calli developed and raised, elytron surface
punctate, punctures arranged in partially confused rows.

Table 1. Paleocene and early Eocene leaf beetles (Chrysomelidae).

Species Locality Age Reference

Donacia anetae Bie�nkowski,
2015 (Donaciinae)

Arkhara, Amur Region, Russia Early Paleocene Bie�nkowski 2015

Donacia wightoni Askevold,
1990 (Donaciinae)

Pascapoo Fm., Blackfalds,
Alberta, Canada

Middle–Late Paleocene Askevold 1990

‘Altica’ dryophyllorum Piton,
1940 (Galerucinae)

Menat, France Late Paleocene Piton 1940

Clytrina eocenica Piton,
1940 (Clyrinae)

Menat, France Late Paleocene Piton 1940

Cryptocephalus minusculus
Piton, 1940 (Clyrinae)

Menat, France Late Paleocene Piton 1940

Seed beetles (Bruchinae:
Pachymerini), undescribed

Okanagan Highlands (Canada
and USA)

Early Eocene Archibald et al. 2014

Chrysomela titana (Meunier,
1921) [‘Lina’]
(Chrysomelinae)

Messel, Germany Early Eocene Meunier 1921

Eosacantha delocranoides
Chaboo & Engel,
2009 (Cassidinae)

Green River Formation
(Colorado, USA)

Early Eocene Chaboo & Engel 2009

Denaeaspis chelonopsis Chaboo
& Engel, 2009 (Cassidinae)

Green River Formation
(Colorado, USA)

Early Eocene Chaboo & Engel 2009

Cryptocephalus vetustus
Scudder, 1878
(Cryptocephalinae)

Green River Formation
(Wyoming, USA)

Early Eocene Scudder 1878

Aoriopsis eocenicus Moseyko
et al., 2010 (Eumolpinae)

Oise amber, France Early Eocene Moseyko et al. 2010

Acolaspoides longipes Moseyko
et al., 2010 (Eumolpinae)

Oise amber, France Early Eocene Moseyko et al. 2010

Crepidocnema yantarica
Moseyko et al., 2010
(Galerucinae)

Oise amber, France Early Eocene Moseyko et al. 2010

Cambaltica paleoindica Nadein
sp. nov. (Galerucinae)

Cambay amber, Gujarat, India Early Eocene Present paper

Davidaltica cambayensis
Nadein sp. nov.
(Galerucinae)

Cambay amber, Gujarat, India Early Eocene Present paper

Protorthaltica setosella Nadein
sp. nov. (Galerucinae)

Cambay amber, Gujarat, India Early Eocene Present paper
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Epipleura broadest at base, gradually narrowing
towards elytral apices, visible from lateral view. Hind
wings fully developed.

Legs relatively short and thick, fore and middle
tibiae distinctly thickened towards apex, tarsal claws
appendiculate. Metafemur swollen; articulation of meta-
tarsi shifted proximally, about 0.25 tibia length from
apex; length of metatarsomere 1 is 0.3 metatibia length,
not longer than following tarsomeres combined, moder-
ately broad, ventrally densely setose; metatarsomere 2
about 0.4 length of metatarsomere 1, apical spur of
metatibia simple, unserrated.

Cambaltica paleoindica Nadein, sp. nov. (Fig. 3)

LSID. urn:lsid:zoobank.org:act:5D26F742-1700-4315-
ADB8-A5F1339A45D1

Etymology. The species name combines the prefix
‘paleo-’ (from Greek: palaios, palaeo-, meaning
‘ancient’) and India, the country of origin of the
Cambay amber.

Holotype. Amber specimen triangular in shape, light
yellowish-brown, transparent; specimen no. Tad-265,
label data: ‘Amber: India: Gujarat, Tadkeshwar lignite
mine, Cambay Form. (Paleo–Eocene), 21�21.4000N
73�4.5320E, Jan 17–22, 2010 Grimaldi/Nascimbene/

Singh/Luzzi/Rana/Sarkar’, ‘Tad-265: � Coleoptera
Chrysomelidae’.

Paratype. Amber specimen irregularly rectangular in
shape, yellowish-brown, transparent; specimen no. Tad-
370, otherwise same label information as for
the holotype.

Diagnosis. Body glabrous, frontal ridge narrow, eyes
large, antennae filiform, pronotum weakly convex,
setae on pronotal angles equal length to lateral margin,
punctures on pronotal surface large, elytra convex, ely-
tral punctures organized in rows, metatibia broadened
distally in lateral view.

Description. Body glabrous, blackish with strong lustre,
body length 1.7–1.9mm, width 0.9mm. Head nearly as
broad as pronotum; head vertex short and narrow,
apparently convex; frontal ridge narrow and raised.
Antennomere 1 narrow, same length as following two
antennomeres combined; antennomere 2 about 0.5
length of antennomere 1; antennomeres 3–10 thin,
length about 2.0–2.5 times width; antennomere 11 lon-
ger than preceding segments, comparatively narrow,
pointed apically.

Pronotum weakly convex, lateral margins smooth,
anterior and posterior angles neither swollen nor
extended beyond lateral margins; setae on pronotal

Fig. 2. Locality of the Cambay amber deposit (Tadkeshwar lignite mine): A, Within India as a whole; B, Within the Gulf of Cambay.
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angles equal length to lateral margin, punctures on pro-
notal surface large, deep and dense, equal in size to
those developed on the elytra, distance between punctu-
res variable.

Elytra convex, lateral margins subparallel, not
rounded; punctures on surface large and deep, compara-
tively dense, well organized into rows, distance
between punctures variable, surface between punctures
apparently smooth; seven visible interstices between
rows of punctures, interstices convex and with con-
fused punctuation.

Metatibia straight, distinctly broadened distally in
lateral view, coinciding with point of tarsal articulation;
tibia narrowed apically, lateral margins of dorsal sur-
face with a row of long, acute, thick and dense bristles
reaching tarsal articulation in apical third, apical spur
small. Metatarsomere 1 straight, length about 4 times
width, and gradually widening apically.

Protorthaltica Nadein, gen. nov.

LSID. Urn:lsid:zoobank.org:act:39488DD4-C014-4D7D-
926C-0977B4009703

Type species. Protorthaltica setosella Nadein, sp. nov.

Etymology. The genus name combines the Ancient
Greek prefix ‘pr�oto-’, meaning ‘foremost’ or ‘earliest
form of’, with the genus name Orthaltica, which the
new genus resembles. Gender feminine.

Diagnosis. The new genus is similar to the extant gen-
era Orthaltica Crotch, 1873 (Palearctic, Nearctic,
Oriental, Australian regions), Hirtiaphthona Kimoto,
2000 (Thailand) and Epitrix Foudras, 1860 (world-
wide), and the extinct genus Sucinolivolia Bukejs
et al., 2015 from the upper Eocene Baltic amber. It dif-
fers from all these genera in its narrower and more
transverse pronotum, the possibly confused elytron
punctures, and the very long seta set in the angles of
the pronotum. Protorthaltica also differs from Epitrix
in the apparently sparser but longer pubescence of the
elytra. It differs from Orthaltica in the supposed
absence of long setae on the head vertex, and
from Hirtiaphthona in the confused elytron punctures.
It differs from Sucinolivolia in the pointed last
palpomere of the maxillary palpi, apparently confused
elytron punctures, more narrow antennomeres, and in
having tarsomere 3 of the pro- and mesotarsi
not bilobed.

Description. Body slender, not convex. Base of head
slightly narrower than pronotum width, eyes large.
Antennae less than half body length, with 11 unmodi-
fied, filiform antennomeres. Last maxillary palpomere
large and pointed.

Pronotum transverse, width about 1.5 length, setose;
pronotum width about 0.71 of combined elytra at their
base and about 0.27 elytra length; anterolateral and
posterolateral callosities weakly projecting, each bear-
ing a very long seta.

Elytra moderately elongate (length 1.3 times width),
not strongly convex, broadest distal of mid-length; lat-
eral margins nearly vertical, surface setose; humeral
calli well developed and projecting beyond elytra
extent, punctuation apparently confused. Hind wings
fully developed. Scutellum small.

Fig. 3. Cambaltica paleoindica Nadein gen. et sp. nov. A, B,
Holotype, specimen no. Tad-265: A, ventrolateral view; B,
Dorsolateral view. C, Paratype, specimen no. Tad-370, dorsal view.
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Profemora weakly broadened, metafemora strongly
swollen. Pro- and mesotibiae thin, gradually and very
weakly widening towards apex, dorsal surface of pro-
and mesotibiae distinctly setose, without visible carinae
or grooves along entire flank; tibial apices simple,
rounded, without denticles, setae, excavations or ridges;
tibial spur small and simple; tarsal claws appendiculate.
Metatibia straight, gradually widened towards apices,
apex with external row of short, dense bristles; tarso-
mere 3 of fore and middle legs not bilobed; metatarso-
mere 1 broad, shorter than following tarsomeres
combined, ventral side densely setose.

Protorthaltica setosella Nadein, sp. nov. (Fig. 4)

LSID. Urn:lsid:zoobank.org:act:614F311B-637B-4268-
84B2-A22046D792DA

Etymology. The specific epithet refers to the setose dor-
sum of the new species.

Holotype. Amber specimen rectangular, brownish-yel-
low, moderately transparent; specimen no. Tad-89,
label data: ‘Amber: India: Gujarat, Tadkeshwar lignite
mine, Cambay Form. (Paleo–Eocene), 21�21.4000N
73�4.5320E, I/7–12/09 Grimaldi & Nascimbene’.

Diagnosis. Body slender, eyes large, pronotum covered
with short and sparse setae, pronotal anterolateral and
posterolateral callosities each bearing a long seta, elytra
covered with medium-length, semi-erect setae, elytral
punctures apparently confused, hind wings developed,
metafemora strongly swollen, metatibial apex with
external row of short and dense bristles.

Description. Dorsum blackish, legs and antennae
yellowish-brown; length 1.2mm, width 0.6mm.
Antennomere 1 moderately broadened, shorter than the
following two antennomeres combined; antennomere 2
slightly broadened, shorter and narrower than antenno-
mere 1; antennomeres 3–10 narrow, about 2.0–2.5

times longer than wide; antennomere 11 comparatively
large, about 3 times longer than wide, pointed apically.

Pronotal surface covered with short and sparse
setae, surface of pronotum strongly deformed, prob-
ably punctate.

Elytral surface deformed, probably densely punc-
tate, lateral margin of elytra moderately rounded, ely-
tral surface covered with moderately sparse and
medium-length, semi-erect setae; punctures apparently
not organized into striae.

Metafemora swollen, length 1.6 times width; tarso-
mere 1 of fore- and mid-legs somewhat broader and
longer than following tarsomeres.

Davidaltica Nadein, gen. nov.

LSID. urn:lsid:zoobank.org:act:0EEA10E1-FBE0-4BAF-
8F8C-0A493226DCA4

Type species. Davidaltica cambayensis Nadein, sp. nov.

Etymology. The genus name combines the proper name
‘David’ (the name of the amber’s collector David
Grimaldi (AMNH), renowned specialist on flea beetles
David Furth (Smithsonian Institution), and the son of
the junior author) with the genus name Altica.
Gender feminine.

Diagnosis. The new genus differs from the extant
Tegyrius Jacoby, 1887 (South India and Sri Lanka) in
having larger and denser punctures on both the elytra
and pronotum, more regular rows of elytral punctures
and convex intervals between these rows, straight meta-
tibia, and setose elytral apices. It differs from Bikasha
Maulik, 1931 (Oriental, Afrotropical and southeastern
Palearctic regions) in the much larger punctures on the
pronotum, setose elytral apex, narrower metatibial apex
and the much broader metatarsomere 1. It differs from
Pratima Maulik, 1931 (Seychelles and Mascarene
Islands) in having more regular rows of punctures on
the elytra with convex intervals between the rows, in

Fig. 4. Protorthaltica setosella Nadein gen. et sp. nov., holotype, specimen no. Tad-89: A, Dorsal view; B, Lateral view.
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its longer and broader metatarsomere 1, and setose ely-
tral apices.

Description. Body short, elongate, not convex, mostly
glabrous. Head with frontal ridge; head width including
eyes about equal to pronotal width; antennal sockets
placed between eyes; maxillary palpi large, long. Eyes
large, round, strongly convex. Antennae with 11 fili-
form antennomeres, half body length.

Pronotum transverse, distinctly narrower than com-
bined width of the elytra at their base; anterior and pos-
terior margins straight, anterior half of pronotum
broader than posterior, lateral margin sinuate with lat-
eral edge smooth; anterior and posterior angles of pro-
notum each with setiferous pore forming small
callosity; punctate pronotal surface.

Elytra weakly convex, moderately elongate, punctu-
res on elytra arranged in partially confused rows, ely-
tral apices setose. Humeral calli well developed. Hind
wings fully developed.

Legs comparatively thin; pro- and mesotibiae straight;
metafemora distinctly swollen, metatibia straight, outer
margin of apex with a row of long, dense bristles; meta-
tibial apical spur small and pointed. Metatarsomere 1
long, about half of tibia length on this leg, ventral side
densely setose, tarsal claws appendiculate.

Davidaltica cambayensis Nadein, sp. nov. (Fig. 5)

LSID. urn:lsid:zoobank.org:act:53579849-1578-4221-
88E4-4A2E7DCCD99D

Etymology. The species epithet refers to the name of
the amber deposit.

Holotype. Amber specimen rectangular, light yellowish-
brown, transparent; specimen no. Tad-342, label data:
‘Amber: India: Gujarat, Tadkeshwar lignite mine,
Cambay Form. (Paleo–Eocene), 21�21.4000N
73�4.5320E, Jan 17–22, 2010 Grimaldi/Nascimbene/
Singh/Luzzi/Rana/Sarkar’, ‘Tad-342: �1 Coleoptera:
Alticinae (Chrys.)’.

Paratype 1. Specimen no. Tad-258, otherwise same
label data as for the holotype.

Paratype 2. Specimen no. Tad-87, label data: ‘Amber:
India: Gujarat, Tadkeshwar lignite mine, Cambay
Form. (Paleo–Eocene), 21�21.4000N 73�4.5320E,
I/7–12/09 Grimaldi & Nascimbene’.

Syninclusions. An adult fulguroid (Hemiptera),
ca 4mm length, is embedded in the same piece of
amber as paratype 2.

Diagnosis. Body short, not convex, glabrous, head
small, frontal ridge narrow and raised, pronotum

densely punctate, pronotal callosities each with a long
setae, elytral punctures large, arranged in rows, elytral
apices covered with sparse and erect setae, hind wings
fully developed, metatibial outer margin of apex with a
row of long, dense bristles.

Description. Body blackish with metallic lustre dor-
sally, ventral side blackish, legs and antennae brown-
ish; length of holotype 1.5mm, width 0.5mm. Head
(Fig. 5D) small, vertex narrow, frontal ridge narrow
and raised; penultimate maxillary palpomere large and
thick, last palpomere large and apically pointed.
Antennomere 1 thick, length about 3 times width;
antennomere 2 swollen, as broad as antennomere 1 but
0.4–0.5 length; antennomeres 3–10 narrow and long,
length about 2–3 times width; antennomere 11 length 3
times width, apex elongate to pointed (Fig. 5D).

Pronotum weakly convex, length about 0.38 of ely-
tra; densely punctate, with pronotal punctures large and
deep, nearly as large as elytral punctures, distance
between punctures smaller than puncture diameter;
anterolateral and posterolateral callosities not protrud-
ing, each callosity with a long seta, setal length equal
to that of pronotal lateral margin.

Elytral punctures dense, large and deep, arranged in
rows (Fig. 5C); intervals between puncture rows con-
vex, distance between rows about equal to puncture
diameter; margin of elytral apices rounded, elytral api-
ces covered with rather sparse, moderately long,
erect setae.

Pro- and mesotibiae gradually and weakly widening
apically, densely setose. Metafemur length about 2.5
times width, hind tibia (Fig. 5E) thickened and grad-
ually widening towards apex; apical spur small and
pointed, metatarsomere 1 broad, length about 3 times
width, metatarsomere 2 about 0.3 length of metatarso-
mere 1.

Discussion
Zoogeographic connections

Stebner et al. (2017c) indicated that, of the arthropods
within the Cambay amber, the whipspiders
(Amblypygi: Paracharontidae) and webspinners
(Embioptera) show biogeographic affinities to Africa
and Africa and South America, respectively. However,
a representative of the Paracharontidae is also known
from the Late Carboniferous of USA (Mazon Creek,
Cape Breton, Coseley localities; Engel & Grimaldi
2014), and the single extant species—Paracharon
caecus Hansen, 1921, an enigmatic, blind taxon living
in termite nests within Guinea-Bissau (Engel &
Grimaldi 2014)—can not be used as evidence for the
family’s Gondwanan origin.

Within the Embioptera, the genus Kumarembia
Engel et al., 2011b of the family Scelembiidae was
considered a Gondwanan element within the Indian
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amber fauna based on the current distribution of this
family in Central and East Africa and South America
(Engel et al. 2011b). However, we disagree with this
interpretation based on two reasons: first, Scelembiidae

and Pachylembiidae were recently synonymized (Miller
et al. 2012), and fossil members of the latter family
(and specifically of the genus Sorellembia Engel &
Grimaldi, 2006) were previously recorded from the

Fig. 5. Davidaltica cambayensis Nadein gen. et sp. nov. A, B, Holotype, specimen no. Tad-342, lateral view. C–E, Paratype, specimen no. Tad-
258: C, Dorsolateral view; D, Anterolateral view; E, Middle and hind legs. F, G, Paratype 2, specimen no. Tad-87: F, Posterior view; G,
Ventrolateral view.
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Burmese amber (Engel et al. 2011b) and the
mid-Cretaceous of Laurasia (Sevastjanova et al. 2016,
Metcalfe 2017), with representatives of the modern
genus Pachylembia Ross, 1984 inhabiting the pine–oak
zone of Jalisco and Guerrero (Mexico). Second, the
Indian continent separated from Madagascar, where
only introduced webspinners are known, about 90 mil-
lion years ago (Ross 2003). Of course, all Cretaceous
Madagascar’s webspinners could have become extinct,
but we consider this highly unlikely, and instead sug-
gest that the dispersal of webspinners to Gondwana
took place after the supercontinent split into its eastern
and western parts (see details in Martynova et al.
2019). As a result, it appears the Scelembiidae should
be added to the extensive list of families presently
known only from the southern continents, but having
had a Laurasian or worldwide distribution in the
Cretaceous (see discussion in Gumovsky et al. 2018).

The flea beetles (subfamily Galerucinae: Alticini)
recorded here from the Cambay amber demonstrate
some affinity with modern Oriental and Afrotropical
faunas, which themselves share a high number of gen-
era (27% according to Biondi & D’Alessandro 2012).
Cambaltica is morphologically similar to Bechynella
and Metroserrapha from the Afrotropical region
(Biondi & D’Alessandro 2010), whereas Protorthaltica
is similar to Hirtiaphthona (of the Oriental region) and
Orthaltica (of the Afrotropical, Australian and Nearctic
regions, with a majority of species in the Oriental
region), and Davidaltica most closely resembles
Tegyrius (South India, Sri Lanka), Bikasha (from the
southeastern Palearctic, Oriental and Afrotropical
regions) and Pratima (Seychelles and Mascarene
Islands). No connections to flea beetles from modern
Neotropical faunas or European Eocene ambers were
found in this assemblage.

Although Africa was originally part of Gondwana
and remained south of the Tethys Sea after the super-
continent’s break-up, its paleobiogeographical history
appears to have been distinct from that of both
Gondwana and Laurasia as early as the earliest
Cretaceous, with its isolation broken intermittently by
discontinuous filter routes linking the continent to
Laurasia (Gheerbrant & Rage 2006). It appears that the
Alticini originated much later than the Early Jurassic
separation of Gondwana and Laurasia, and the only
Cretaceous record of the Alticini (and the only other
galerucine record) is from Laurasia (Nadein &
Perkovsky 2018). The hypothesis of a Gondwanan ori-
gin for the Alticini, as suggested by Scherer (1988),
therefore contradicts the paleontological data and cre-
ates difficulties in explaining aspects of the modern
fauna, such as the scarcity of the Alticini in Australia
(Scherer 1988). Although the Afrotropical region shares
the highest number of flea beetle genera with the
Oriental region (26 of 102 genera; Biondi &
D’Alessandro 2012), we strongly disagree with the

hypothesis of a Gondwanan origin for these shared
genera (as stated in Biondi & D’Alessandro 2012, p.
80). We instead suppose that the similarity of the
Afrotropical and Oriental flea beetle faunas is a result
of Miocene dispersal from Laurasia to Africa, thereby
making the Alticini within the Cambay amber of
Laurasian origin.

Both Cretaceous galerucines (Taimyraltica Nadein,
2018 from Russia, and an undescribed form from the
Canadian amber; R. McKellar, pers. comm. 2017) are
from the northern hemisphere (‘Baeomorpha realm’, as
proposed by Gumovsky et al. 2018); we suppose a
northern origin for the tribe based on the distinctly
Laurasian distribution of these Cretaceous galerucines.

Why are alticines so common in the Cambay amber?

The Cambay amber differs strongly from upper Eocene
European ambers in both the abundance and diversity
of alticines, with six alticine specimens in 700 Cambay
amber arthropods (Rust et al. 2010). Meanwhile, a rep-
resentative Rovno amber collection at the
Schmalhausen Institute of Zoology (Kyiv) contains
seven alticines within the 36 000 arthropods determined
to the ordinal level (as of September, 2018); in the
Copenhagen University’s representative collection of
Danish amber there is one alticine among a total of
7609 arthropods (Larsson 1978); in Giecewicz repre-
sentative collection of Baltic amber (housed in
Muzeum Ziemi, Warszawa) contains one alticine
among 7954 arthropods (Kosmowska-Ceranowicz
2001), and in the large representative Baltic amber col-
lection of the Borissiak Paleontological Institute
(Moscow), no alticines are found (unpublished data).
All in all, alticines are at least 44–68 times more com-
mon in the Cambay amber than in upper Eocene
ambers, which we believe is due to a combination of
two factors: paleoecological implications and
size biases.

Paleoecological implications. The first factor is trophic
and spatial localization, which appears to have
increased the probability of capture and preservation.
The source of the Cambay amber resin is considered to
be a member of the Dipterocarpaceae, an important for-
est-forming family of mainly tropical, lowland rainfor-
est trees (Rust et al. 2010), which likely formed part of
an angiosperm-dominated Indian amber forest (Singh
et al. 2015). Extant leaf beetles are reported to be asso-
ciated trophically with the Dipterocarpaceae (Momose
2005, Willmer 2011, Kishimoto-Yamada et al. 2013),
and although it is theoretically possible the Cambay
Alticini were feeding on leaves of the resin’s source,
their abundance is incomparable with the abundance of
ambrosia beetles in Hymenaea resins (see below) and a
direct association is highly unlikely. There may be a
consortial link between the Cambay Alticini and the
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resin-producing plant if the beetles were feeding on
epiphytes growing on the source plant, rather than on
the source plant itself.

This idea can be indirectly supported by the relative
abundance of flea beetles in the Cambay amber, where
more than one species has two or three specimens.
This is disproportionately large in comparison with, for
example, the Baltic amber, where most leaf beetle spe-
cies are represented by a single specimen (the recorded
exceptions being the eumolpine Taphioporus carsteni
Bukejs & Moseyko, 2015, and the flea beetles
Psyllototus doeberli Bukejs & Nadein, 2013,
Crepidodera decolorata Nadein & Perkovsky, 2010
and Crepidodera tertiotertiaria Bukejs et al., 2016).
Although it is possible that additional specimens are
present, but were not published, it should be remem-
bered that the Baltic amber has an order of magnitude
greater taxa diversity and abundance than the Cambay
amber fauna. In the Rovno (with more than 40 000
studied inclusions; i.e., at least 55 times more than
recorded in the Cambay amber) and Danish amber fau-
nas (see above), all leaf beetle species are represented
by single specimens.

Interestingly, no examples of damage attributable to
leaf beetles was found among photographs of damaged
leaves from the Vastan mine (provided to us by H.
Singh, Birbal Sahni Institute of Paleobotany, Lucknow,
India); however, no dipterocarp leaves have yet been
reported from this site (Singh et al. 2015).

Although some small Lepidoptera have been found
in the Cambay amber, these might be leaf-mining taxa,
based on the discovery of a rhysipoline braconid, a typ-
ical parasitoid of leaf-mining Lepidoptera, in the same
amber (Ortega-Blanco et al. 2011). Further, Zherikhin
(2002, p. 379) stated that: ‘Even when the high level of
incompleteness of the lepidopteran fossil record is
taken into account, it seems that before the Oligocene
the share of endophytic and detritivorous moth taxa
were disproportionately large in comparison with the
present-day situation, and accordingly the diversifica-
tion of the families with ectophytic caterpillars
occurred mainly in the Oligocene and Miocene’. We
consider that if the ectophytic Lepidoptera are indeed
rare prior to the Oligocene, as suggested by Zherikhin,
the Alticini might have been one of the most important
folivorous insects in the early Eocene Cambay
amber forest.

Size biases and leaf beetle abundances in Cenozoic
resins. Sol�orzano Kraemer et al. (2018) indicated that
arboreal beetles, particularly the Chrysomelidae, are
well represented in recent and fossil resins, as they are
attracted to yellow sticky traps and are abundant high
up on the trees. Sol�orzano Kraemer et al. (2018) statis-
tically compared natural entrapment in Hymenaea
verrucosa Gaertner, 1791 (Angiospermae: Fabales:
Caesalpinioideae) tree resin in Madagascar with the

assemblage of arthropods trapped by standardized ento-
mological traps around the same tree species at the
same localities. Overall, the share of leaf beetles was
only 3.6% among all beetles collected in H. verrucosa
resin, whereas their share of all beetles captured in the
yellow sticky traps was 8% (they represent 13% of
beetles collected in yellow sticky traps at a height of
1 m; Sol�orzano Kraemer et al. 2018). Similarly,
although the leaf beetles are quite diverse in European
upper Eocene ambers (Nadein et al. 2016, Alekseev
2017, Kirejtshuk & Ponomarenko 2017, Nadein &
Perkovsky 2018), they are numerically nearly invisible
in terms of the overall fauna (Zherikhin et al. 2009).
We suppose that one of the reasons for this is a size
bias in amber trapping, with this idea corroborated by
both the Mexican amber faunal composition and actua-
paleontological data.

More than 75% of arthropod specimens in the
Mexican amber are less than 2mm long (Sol�orzano
Kraemer et al. 2015), with the majority of arthropod
specimens between 1 and 2mm in size (Sol�orzano
Kraemer et al. 2015); insects caught in sticky traps within
Mexican tropical forests do not differ strongly from this
size distribution. Presumably then, the strong under-
representation of leaf beetles in Madagascan resin can be
explained by size biases, as the majority of Madagascan
flea beetles are 3.0–8.5mm in length; only one flea beetle
genus (Metroserrapha) among the 40 genera known in
Madagascar is represented by smaller species of about
1.5mm length, although the Madagascan species of this
genus are not yet described (Biondi & D’Alessandro
2012) and it is unknown whether they occur at the site of
this actuapaleontological study.

An apparent contradiction to this assumed size bias
is the abundance of Platypodinae (ambrosia beetles) in
both modern Hymenaea resin from Madagascar (82.7%
of all beetles captured in the resin; Sol�orzano Kraemer
et al. 2018) and Dominican amber (Zherikhin et al.
2009). These highly elongate Madagascan ambrosia
beetles, identified as belonging to the genus Mitosoma
Chapuis, 1865, are 3.7–4.0mm in length (Wood 1993),
which is far larger than the average insect captured in
the Mexican amber. However, Sol�orzano Kraemer
et al. (2018) suggested that Mitosoma may have been
involved in the production of resin, thereby explaining
their high rates of entrapment.

Therefore, we can surmise that the presence of
numerous and very small (see below) flea beetles
actively moving through the resin trees was very
favourable for their entrapment in Cambay amber.

Cambay amber leaf beetles appear very small

Leaf beetles from a number of amber deposits (exclud-
ing Cambay) have average body sizes of 2.1–5.3mm
(Table 2), although the full range of sizes is much
wider (Fig. 6). For the taxa-rich upper Eocene (Baltic,
Rovno and Danish) ambers, the average leaf beetle is
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3.29mm long, which is twice the average length of leaf
beetles from the Cambay amber (1.55mm) and 1.5
times the average length of leaf beetles from the Oise
and Cambay ambers (2.2mm). The normal distribution
curve of leaf beetle sizes from the Baltic, Rovno and
Danish ambers (Fig. 7) demonstrates that most speci-
mens fall within a relatively narrow range around
2.5–3.5mm. The shift towards larger sizes in these
three younger ambers is also noticeable and generally
agrees well with modern size distributions.

Looking more specifically at the subfamily
Galerucinae, only two representatives are known from
the Cretaceous and none from Paleocene. Although a
large (up to 5.5mm long) flea beetle, ‘Altica’
dryophyllorum (Piton, 1940), has been described from
the Paleocene of France (Menat), attribution to this
genus appears to be erroneous based on the description
and illustration (Piton 1940, pp. 212–213, fig. 79),
which shows the presence of puncto-striate elytra and
the absence of a longitudinal basal groove on the pro-
notum. Further, none of the characters in the descrip-
tion allow its reliable classification to the tribe Alticini;
however, re-examination of the type material was not
possible since the specimen is apparently lost (A. Nel
and G. Doitteau, Mus�eum National d’Histoire
Naturelle, Paris, pers. comm. 2018). Both Cretaceous

galerucines (Taimyraltica Nadein, 2018 from Russia,
and an undescribed form from the Canadian amber; R.
McKellar, pers. comm. 2017) are small, with the oldest
of these two (the Santonian Taimyraltica) only 2mm
long (Nadein & Perkovsky 2018). Like the Cambay
galerucines, the only other early Eocene galerucine,
Crepidocnema yantarica Moseyko et al., 2010 from the
Oise amber, is also small at 2.3mm length. In the late
Eocene, the length of the largest flea beetle
(Crepidodera svetlanae Bukejs, 2014) is only 3.4mm,
and seven of 14 Galerucinae from upper Eocene
ambers are 1.35–2.00mm long. This is similar to the
recent northern (high altitude) and montane faunas,
which have a higher share of smaller flea beetles com-
pared with the tropics, and no specimen is greater than
8mm long (Warchalowski 2010). The size of Alticini
in the recent tropics is strikingly different: for example,
in Buon Loi, South Vietnam, at least 44 species from
24 genera are known, but only five species from four
genera (Aphthona Chevrolat, 1836, Longitarsus
Berthold, 1827, Phyllotreta Chevrolat, 1836,
Sphaeroderma Stephens, 1831) are smaller than 2mm
(Medvedev 2009), and all these genera are also known
from the Palearctic. It is noteworthy that two of those
species have a minimum length of 1.8mm, whereas the
minimum length is 1.9mm for the other three species.
Only 44 Indochinese alticine species in 11 genera
(from a total of 504 species and 90 genera known) are
smaller than 1.8mm (Medvedev 2009), whereas the
largest Indochinese flea beetles are up to 16.5mm
long; i.e., more than twice the length of the largest
Palearctic species. The average size of Alticini species
from Buon Loi (3.4mm) is larger than that of an
unbiased (representative) sample of flea beetles from
any Eocene amber (average size 2.1mm; Fig. 8).

However, although greater numbers (in comparison
with the modern tropics) of small flea beetles seems
quite plausible for the early Eocene Cambay amber,
larger flea beetles should somehow be reflected in the
Cambay amber inclusions. As an example, nearly one-
quarter of all arthropods in the Mexican amber are
larger than 2mm (Sol�orzano Kraemer et al. 2015), and
comparatively large insects, up to 7.5mm long, are
also known from the Cambay amber (Rust et al. 2010,
Engel et al. 2011b, 2013). This concept is also sup-
ported by a comparison of the extant fauna of
Hispaniola to the insects recorded in the Miocene

Table 2. Diversity and body sizes of leaf beetles in major Cenozoic ambers.

Amber
No. of
taxa

Size range (mm)
(minimum–maximum)

Average
size (mm)

Standard
deviation

Cambay 4 1.2–1.9 1.55 0.29
Oise 3 2.3–3.6 3.07 0.68
Rovno 6 1.8–2.8 2.15 0.34
Danish 4 2.3–3.5 3.03 0.53
Baltic 22 1.3–7.5 3.65 1.73
Dominican 9 1.5–10.2 5.34 2.65
Rovno–Danish–Baltic (combined) 32 1.3–7.5 3.29 1.56

Fig. 6. Comparison of leaf beetle (Chrysomelidae) body lengths
(from minimum to maximum) for important Cenozoic ambers;
average size marked with dotted line; the species numbers and
average specimen sizes for each site are listed in Table 2.
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Dominican amber (Perez-Gelabert 2008): although
small flea beetles (such as two 1.1mm long, bryophi-
lous species of the genus Kiskeya Konstantinov &
Chamorro-Lacayo, 2006) are represented in the recent
Hispaniolan fauna, many angiosperm-hosted alticines
are comparatively large (Perez-Gelabert 2008), includ-
ing Alagoasa megalopia Blake, 1939 (4.2mm),
Pseudodisonycha hispaniolae Blake, 1954 (up to
5mm), Hirtasphaera hirsuta Medvedev, 2004
(6.4mm), and Disonycha comma White, 1990 (up to
7.5mm). Therefore, it is not unexpected that the only
flea beetle described from the Dominican amber,
Wanderbiltiana wawasita Santiago-Blay et al., 2004, is
also large (4.5mm). Further, large leaf beetles are com-
mon in the Paleogene, known from the Paleocene of
Canada (Paskapoo Formation, Alberta, at least 7mm
long), France (Menat, Auvergne, 4.5–6.5mm long) and
Russia (Arkhara, Amur Region, at least 11mm long),
and the early Eocene of Green River, USA (length

3.1–5.0mm; Chaboo & Engel 2009) and Okanagan,
Canada and USA (length 6–12mm; Archibald et al.
2014); Lina titana (Meunier, 1921) from the early
Eocene of Messel, Germany, was 25mm long (until
recently, this latter site was considered to be of middle
Eocene age, but see Lenz et al. 2015) and large flea
beetles, as large as 5mm length, are known from the
middle Eocene Eckfeld paratropical rainforest (Wappler
2003, pp. 107–109, fig. 74, table 13c–g).

In summary, these data suggest that large flea bee-
tles were absent or at least rare in the Cambay amber
forest, with a sharp increase in the size of tropical
Alticini feeding on woody plants in the middle Eocene,
although additional data will be needed to confirm
this hypothesis.

Conclusions
We agree with Stebner et al. (2017b) that, considering
the scarcity of early Eocene amber deposits, the
Cambay amber is of great significance. In particular,
the site fills a gap in the Oriental fossil record of the
Paleogene, provides information on the phylogenetic
relationships, divergence estimates, and biogeographic
patterns of certain groups, and adds information on the
early Eocene palaeoenvironment.

The discovery of a diverse assemblage of extinct
alticines in the Cambay amber highlights climatic dif-
ferences between the tropical Cambay amber forest,
and the Baltic, Rovno and Scandinavian amber forests,
which were located distinctly further north and nearly
15 million years after the peak of Eocene global warm-
ing (Perkovsky et al. 2007, Perkovsky 2016, 2017,
2018, Sokoloff et al. 2018). We strongly doubt that
any of the described alticines were trophically con-
nected with the Cambay amber tree, based on compari-
sons with platypodine abundance in Miocene and

Fig. 7. Sizes of fossil leaf beetles (Chrysomelidae) for the combined Baltic, Rovno and Danish ambers, normal distribution curve.

Fig. 8. Comparison of body length (from minimum to maximum) for
Alticini from modern-day Indochina, modern-day Buon Loi (South
Vietnam) and European Eocene (Baltic, Rovno, Danish, Oise)
ambers; average size marked with a dotted line.
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extant Hymaenea resins (Zherikhin et al. 2009,
Sol�orzano Kraemer et al. 2018), but they could have
been associated with the resin-producing tree; for
example, living on epiphytes and lianas on dipterocarps
and other tree species of the Cambay amber forest. The
numbers and diversity of Cambay Alticini indicate a
possibility that the Alticini were of great importance
within the Asian tropical folivorous guild in the
early Eocene.
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de-Dôme). M�emoire de la Soci�et�e d’Histoire Naturelle
d’Auvergne 1, 1–303.

ROSS, E.S., 1984. A classification of the Embiidina of Mexico with
descriptions of new taxa. Occasional Papers of the California
Academy of Sciences 140, 1–50.

610 KONSTANTIN S. NADEIN & EVGENY E. PERKOVSKY ALCHERINGA

https://www.zin.ru/animalia/coleoptera/rus/paleosy2.htm
https://www.zin.ru/animalia/coleoptera/rus/paleosy2.htm
https://doi.org/10.1080/14772019.2018.1551250


ROSS, E.S., 2003. Embia. Contributions to the biosystematics of the
insect order Embiidina. Part 5. A review of the family
Anisembiidae with descriptions of new taxa. Occasional Papers
of the California Academy of Sciences 154, 1–123.

RUST, J., SINGH, H., RANA, R.S., MCMANN, T., SINGH, L., ANDERSON,
K., SARKAR, N., NASCIMBENE, P.C., STEBNER, F., THOMAS, J.C.,
SOL�ORZANO KRAEMER, M.M., WILLIAMS, C.J., ENGEL, M.S., SAHNI,
A. & GRIMALDI, D., 2010. Biogeographic and evolutionary impli-
cations of a diverse paleobiota in amber from the early Eocene
of India. Proceedings of the National Academy of Sciences of the
United States of America 107, 18360–18365.

SANTIAGO-BLAY, J.A., 1994. Palaeontology of leaf beetles. In Novel
Aspects of the Biology of Chrysomelidae. JOLIVET, P.H.A., COX,
M.L. & PETITPIERRE, E., eds, Kluwer Academic Publishers,
Dordrecht, 1–68.

SANTIAGO-BLAY, J.A., SAVINI, V., FURTH, D.G., CRAIG, P.R. & POINAR
JR, G.O., 2004. Wanderbiltiana wawasita: a new species of flea
beetle (Alticinae) from Dominican amber (Lower Oligocene to
Lower Miocene). In New Developments in the Biology of
Chrysomelidae. JOLIVET, P.H.A., SANTIAGO-BLAY, J.A. & SCHMITT,
M., eds, SPB Academic Publishing, The Hague, 275–277.

SCHERER, G., 1988. The origins of the Alticinae. In Biology of
Chrysomelidae. JOLIVET, P.H.A., PETITPIERRE E. & HSIAO, T.H.,
eds, Kluwer Academic Publishers, Dordrecht, 115–130.

SCOTESE, C.R., 2014. Atlas of Paleogene Paleogeographic Maps
(Mollweide Projection), Maps 8–15, Volume 1, The Cenozoic.
PALEOMAP Atlas for ArcGIS, PALEOMAP Project,
Evanston, Illinois. (Last accessed: 18.06.2019) https://www.
researchgate.net/publication/267569784_Atlas_of_Paleogene_
Paleogeographic_Maps_Mollweide_Projection_Maps_8-15_
Volume_1_The_Cenozoic_PALEOMAP_Atlas_for_ArcGIS_
PALEOMAP_Project_Evanston_IL

SCUDDER, S.H., 1878. An account of some insects of unusual interest
from the Tertiary rocks of Colorado and Wyoming. Bulletin of
United States Geological and Geographical Surveys of the
Territories 4, 519–543.

SEVASTJANOVA, I., HALL, R., RITTNER, M., PAW, S.M.T.L., NAING, T.Y.,
ALDERTON, D.H. & COMFORT, G., 2016. Myanmar and Asia
united, Australia left behind long ago. Gondwana Research 32,
24–40.

SINGH, H., PRASAD, M., KUMAR, K. & SINGH, S.K., 2015. Early
Eocene macroflora and associated palynofossils from the
Cambay Shale formation, western India: phytogeographic and
palaeoclimatic implications. Palaeoworld 24, 293–323.

SMITH, T., KUMAR, K., RANA, R.S., FOLIE, A., SOLE, F., NOIRET, C.,
STEEMAN, T., SAHNI, A. & ROSE, K., 2016. New early Eocene ver-
tebrate assemblage from western India reveals a mixed fauna of
European and Gondwana affinities. Geoscience Frontiers 7,
969–1001.

SOKOLOFF, D.D., IGNATOV, M.S., REMIZOWA, M.V., NURALIEV, M.S.,
BLAGODEROV, V., GARBOUT, A. & PERKOVSKY, E.E., 2018.
Staminate flower of Prunus s.l. (Rosaceae) from Eocene Rovno
amber (Ukraine). Journal of Plant Research 131(6), 925–943.

SOL�ORZANO KRAEMER, M.M. & EVENHUIS, N.L., 2008. The first kero-
platid (Diptera: Keroplatidae) species from the lower Eocene
amber of Vastan, Gujarat, India. Zootaxa 1816, 57–60.

SOL�ORZANO KRAEMER, M.M. & WAGNER, R., 2009. The first psychodid
(Diptera: Psychodidae: Phlebotominae) species from the lower
Eocene amber of Vastan, Gujarat, India. Zootaxa 2152, 63–68.

SOL�ORZANO KRAEMER, M.M., KRAEMER, A.S., STEBNER, F., BICKEL, D.J.
& RUST, J., 2015. Entrapment bias of arthropods in Miocene

amber revealed by trapping experiments in a tropical forest in
Chiapas, Mexico. PLoS ONE 10(3), e0118820.

SOL�ORZANO KRAEMER, M.M., DELCL�OS, X., CLAPHAM, M.E., ARILLO,
A., PERIS, D., J€AGER, P., STEBNER, F. & PE~NALVER, E., 2018.
Arthropods in modern resins reveal if amber accurately recorded
forest arthropod communities. Proceedings of the National
Academy of Sciences of the United States of America 115,
6739–6744.

STEBNER, F., SZADZIEWSKI, R., R€UHR, P.T., SINGH, H., HAMMEL, J.U.,
KVIFTE, G.M. & RUST, J., 2016. A fossil biting midge (Diptera:
Ceratopogonidae) from early Eocene Indian amber with a com-
plex pheromone evaporator. Scientific Reports 6, 34352.

STEBNER, F., BARANOV, V., ZAKRZEWSKA, M., SINGH, H. & GIłKA, W.,
2017a. The Chironomidae diversity based on records from early
Eocene Cambay amber, India, with implications on habitats
of fossil Diptera. Palaeogeography, Palaeoclimatology,
Palaeoecology 475, 154–61.

STEBNER, F., SINGH, H., RUST, J. & GRIMALDI, D., 2017b.
Lygistorrhinidae (Diptera: Bibionomorpha: Sciaroidea) in early
Eocene Cambay amber. PeerJ 5, e3313.

STEBNER, F., SZADZIEWSKI, R., SINGH, H., GUNKEL, S. & RUST, J.,
2017c. Biting midges (Diptera: Ceratopogonidae) from Cambay
amber indicate that the Eocene Fauna of the Indian subcontinent
was not isolated. PLoS ONE 12(1), e0169144.

STEPHENS, J.F., 1831. Illustrations of British Entomology; or, a
Synopsis of Indigenous Insects: Containing their Generic and
Specific Distinctions; with an Account of their Metamorphoses,
Times of Appearance, Localities, Food, and Economy, as Far as
Practicable. Mandibulata, Vol. IV. Baldwin & Craddock,
London, 366 pp.

VEA, I.M. & GRIMALDI, D.A., 2015. Diverse new scale insects
(Hemiptera: Coccoidea) in amber from the Cretaceous and
Eocene with a phylogenetic framework for fossil Coccoidea.
American Museum Novitates 3823, 1–80.

WAPPLER, T., 2003. Systematik, Phylogenie, Taphonomie und
Pal€a€okologie der Insekten aus dem Mittel-Eoz€an des Eckfelder
Maares, Vulkaneifel. Clausthaler Geowissenschaften, 2, i–viii þ
1–241, 18 tables.

WARCHALOWSKI, A., 2010. The Palaearctic Chrysomelidae.
Identification Keys. Volume 1 and 2. Natura Optima Dux
Foundation, Warszawa, 1212 pp.

WHITE, R.E., 1990. A new Disonycha from the Dominican Republic
that is a possible pest of melons (Coleoptera: Chrysomelidae).
The Coleopterists Bulletin 44, 362–364.

WILLMER, P., 2011. Pollination and Floral Ecology. Princeton
University Press, Princeton, NJ, 792 pp.

WOOD, S.L., 1993. Revision of the genera of Platypodidae
(Coleoptera). The Great Basin Naturalist 53, 259–281.

ZAKRZEWSKA, M., STEBNER, F., MATEUSZ, P., SINGH, H. & GIłKA, W.,
2018[2017]. A peculiar leg structure in the first non-biting midge
described from Cambay amber, India (Diptera: Chironomidae).
Earth and Environmental Science Transactions of the Royal
Society of Edinburgh 107(1–2), 255–261.

ZHERIKHIN, V.V., 2002. Ecological history of the terrestrial insects. In
History of Insects. RASNITSYN, A.P. & QUICKE, D.L.J., eds,
Kluwer Academic Publishers, Dordrecht, 331–386.

ZHERIKHIN, V.V., SUKACHEVA, I.D. & RASNITSYN, A.P., 2009.
Arthropods in contemporary and some fossil resins.
Paleontological Journal 43(9), 987–1005.

ALCHERINGA CHRYSOMELIDAE FROM EOCENE CAMBAY AMBER OF INDIA 611

https://www.researchgate.net/publication/267569784_Atlas_of_Paleogene_Paleogeographic_Maps_Mollweide_Projection_Maps_8-15_Volume_1_The_Cenozoic_PALEOMAP_Atlas_for_ArcGIS_PALEOMAP_Project_Evanston_IL
https://www.researchgate.net/publication/267569784_Atlas_of_Paleogene_Paleogeographic_Maps_Mollweide_Projection_Maps_8-15_Volume_1_The_Cenozoic_PALEOMAP_Atlas_for_ArcGIS_PALEOMAP_Project_Evanston_IL
https://www.researchgate.net/publication/267569784_Atlas_of_Paleogene_Paleogeographic_Maps_Mollweide_Projection_Maps_8-15_Volume_1_The_Cenozoic_PALEOMAP_Atlas_for_ArcGIS_PALEOMAP_Project_Evanston_IL
https://www.researchgate.net/publication/267569784_Atlas_of_Paleogene_Paleogeographic_Maps_Mollweide_Projection_Maps_8-15_Volume_1_The_Cenozoic_PALEOMAP_Atlas_for_ArcGIS_PALEOMAP_Project_Evanston_IL
https://www.researchgate.net/publication/267569784_Atlas_of_Paleogene_Paleogeographic_Maps_Mollweide_Projection_Maps_8-15_Volume_1_The_Cenozoic_PALEOMAP_Atlas_for_ArcGIS_PALEOMAP_Project_Evanston_IL

	mkchap1622780_artid
	Material and methods
	Systematic paleontology
	Discussion
	Zoogeographic connections
	Why are alticines so common in the Cambay amber?
	Cambay amber leaf beetles appear very small

	Conclusions
	Acknowledgements
	Disclosure statement
	References


