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Abstract: Despite the enormous paleobotanical record on different islands of the
Antarctic Peninsula, the evidence of insect activity associated with fossilized plants is
scarce. Here we report the first evidence of insect-plant interaction from Cretaceous
deposits, more precisely from a new locality at the Rip Point area, Nelson Island
(Antarctic Peninsula). The macrofossil assemblage includes isolated Nothofagus sp.
leaf impressions, a common component of the Antarctic paleoflora. Two hundred leaves
were examined, of which 15 showed evidence of insect activity, displaying variations in
size, shape, and preservation. Two types of interaction damage, galls and mines, were
identified. A single specimen retained a circular scar recognized as galling scar, while
meandering tracks were considered mines. These traces of herbivore insect activity,
correspond to the oldest known record of this type of interaction of West Antarctica and
the oldest record of insect-plant interaction in Nothofagus sp. reported so far.
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INTRODUCTION

Nowadays, Antarctica is the most inhospitable
and isolated continent, protected by the
Antarctic Treaty (Santos 2021, Sampaio 2022),
but not immune to anthropogenic influence
(e.g., Schwanck et al. 2022). Having about 98%
of its surface covered by ice, scientific activity
in this region sparks the imagination of the
public (Kellner 2022) and is increasingly more
diverse and complex (e.g., Simoes et al. 2022).
However, during the Cretaceous, this continent
experienced a much warmer environment,
supporting temperate forests with floristic
assemblages, thriving similar to the present-
day ecosystems found in Chile, Australia, and
New Zealand (Cantrill & Poole 2012). Once plants

comprise the base of most terrestrial trophic
webs and insects are the main herbivores on
land, it is expected that these distinct groups
of organisms developed some ecological
association through their evolutionary histories.
The fossil record indicates that such plant-
insect associations existed throughout the
last 420 million years (Mya), originating in
the Devonian or perhaps earlier (Anderson
& Trewin 2003, Labandeira 2013, Moller et
al. 2017). Thus, insect-plant interactions in
the fossil record are identified since plants
advanced on land, enabling us to understand
the earliest diversification of phytophagous
insects, community dynamics, paleoclimate,
and the establishment of coevolution between
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plants and insects throughout time (Gandolfo &
Zamaloa 2021).

Given the importance of insect herbivory in
extant ecosystems, there is a need to understand
how this ecological relationship operated in
the past. Fossil evidence of insect herbivory
include incomplete leaf margins damaged by
external foliage feeders, leaves perforations
made by piercing-and-sucking feeding
apparatuses, oviposition and galling processes,
seed predation, coprolites into vegetal tissue,
among others. The interaction on plant tissue
is evidenced by reaction/damage tissues (Van
Amerom 1966, Van Ameron & Josten 1973, Van
Amerom & Boersma 1971, Scott & Taylor 1983,
Labandeira & Phillips 1996, Labandeira & Allen
2007).

Leaf mines are the most easily recognizable
structures among all types of damage (Slater
et al. 2012). These are produced by larvae of
holometabolous insect orders, which consume
living parenchyma through its growing instars,
inside the leaf of the host plant (Labandeira
2002, 2006, Imada et al. 2022), a habit
developed in the Late Triassic (Labandeira 2006,
Labandeira & Currano 2013). The subsequent
diversification of angiosperms during the
Cretaceous resulted in the diversification of
phytophagous insect clades and, consequently,
an array of extraordinary novel ways to interact
and produce mines in plant organs (Stephenson
& Scott 1992, Labandeira et al. 1994, Ding et
al. 2015, Filho et al. 2017). Leaf mines dug by
insects have been extensively described in
an array of Cenozoic angiosperms (Crane &
Jarzembowski 1980, Wilf et al. 2005, McDonald et
al. 2007). Although comprehensive descriptions
of leaf miners in Cretaceous angiosperms are
documented (Labandeira et al. 1994, Krassilov
et al. 2007, Donovan et al. 2014), records of
such interactions in plants that inhabited the
Gondwanan landmasses are scarce.

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

Among the Gondwana endemic angiosperm
lineages, Nothofagusis a basal lineage of Fagales,
represented by 43 extant species of trees and
shrubs that occur in South America, Australia,
Tasmania, New Zealand, New Caledonia, and New
Guinea (Swenson et al. 2001). Nothofagus first
appeared in the Late Cretaceous (Mcglone et al.
1996) and is particularly relevant, once its origin
and dispersion center seem to be Antarctica,
where they are currently extinct (Leppe et al.
2012, Vento et al. 2022). A phylogenetic analysis
supports the early diversification of this taxon,
as it reveals Paleogene fossil leaves from
Patagonia closely related to modern species
(Vento et al. 2022). Antarctic Nothofagus fossils
are represented for all by leaf impressions, but
wood fragments, branches, and pollens have
been also reported (Hill & Jordan 1993, Hill 2001,
Cantrill & Poole 2012).

Despite Nothofagus becoming extensively
documented in Upper Cretaceous and Lower
Paleogene sedimentary sequences of Antarctic
(Birkenmajer & Zastawniak 1989, Hunt & Poole
2003, Hayes et al. 2006, Kellner et al. 2007,
Cantrill & Poole 2012, Tosolini et al. 2021), their
ecological interactions were not examined
in detail and comprehensive descriptions of
interaction traces associated with these fossils
are still sparse (McDonald et al. 2007).

Recent field efforts have yielded dozens of
Nothofagus leaf specimens from siliciclastic and
volcaniclastic Upper Cretaceous Fildes Formation
of Nelson Island, at the Antarctic South Shetland
Islands. Some exhibit numerous, serpentiform,
high-relief, channel-like lineation identifiable
as mine trace fossils. In this paper we examine
and describe these structures, comparing them
with trace fossils found in other Cretaceous and
Cenozoic plants. This new evidence represents
the oldest record of leaf mines of West
Antarctica and the oldest record of insect-plant
interaction in Nothofagus. Therefore, it provides
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new data on the Antarctic ecosystem during
its separation from Gondwana and reports the
interactions between herbivorous insects and
the angiosperm Nothofagus in higher latitudes.

Geologic background

The fossil plants were collected from a new fossil
site that crops out in the Northeastern region of
Rip Point on Nelson Island at the South Shetland
Islands Archipelago (6291418.2"S/ 58258'58.2"'W)
(Figure 1). The layers belong to the Fossil Hill
Formation and are composed of basalt-andesitic
suit of lava, interbedded with siliciclastic
(sandstones and silty shales) and volcaniclastic
(tuffite) horizons, intruded by coarse breccias.
These layers are exposed at sea level and
form the rocky coastline being accessible only
during low tides periods. The sandstones and
silty shales vary from light gray to dark gray and
reddish color. All the leaf impressions studied
here came from this level and predominantly
represent Nothofagus sp. Above this horizon
lies a decimeter tuffite horizon with abundant
compressed fragments of carbonized wood
varying from 2 cm to 0.6 m. The tuffite layer is
extensively intruded by well-rounded boulder-
dominated breccias, generally 0.2 to 0.4 m in
diameter. The laterally impersistent nature of
these beds, which is recurrent in clastic rocks
of Nelson and Fildes Peninsula (Southern King
George Island), prevent their assignment to a
specific lithostratigraphic unit. However, the
lithology is similar to those of the lower and
middle members of the Fildes Formation. The
floristic association suggests that these levels
are of Upper Cretaceous-Lower Paleogene
age. Previous studies based on the paleoflora
composition have indicated a Campanian age
(e.g., Shen 1994, Dutra 1997, Dutra & Batten 2000,
Trevisan et al. 2022, Bastos et al. 2012, Manfroi et
al. 2015, Lima et al. 2021).

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

MATERIALS AND METHODS

The materials were collected during the 38th
Brazilian Antarctic Expedition by the research
team of the PALEOANTAR Project (Lima et al. 2021,
Piovesan et al. 2021, Santos et al. 2022, Brum et al.
2022, 2023) on Nelson Island (Figure 2). The field
work was carried out between December 2019
and January 2020, totaling 48 days (Figueiredo et
al. 2020, Kellner 2020). The survey resulted in 1.5
tons of fossil and geological materials. All fossil
plants are housed in the paleobotany collection
of Museu Nacional/Universidade Federal do Rio
de Janeiro (UFR)).

The paleoflora from this site consist of
horsetails (Lycophyta), ferns (Pteridophyta),
podocarps, araucarias (Gymnosperms), and
Nothofagus (Angiosperms). For the present
study, only material referable to Nothofagus,
which is the most predominant fossil plant
(Bastos et al. 2012), was considered. About 200
specimens were analyzed under a Stereoscopic
Microscope in the Laboratorio de Paleontologia
of the Universidade Regional do Cariri (URCA).
The specimens were measured using a digital
caliper and photographs were taken using a
Canon EOS 60d digital camera.

Leaf mines were classified following the
standard Damage Type System (DT) proposed
by Labandeira et al. (2007), which consists of a
classification of differenttypes of damage caused
by arthropods based on their morphology. The
discrimination between insect-inflicted damage
and other physical damages, such as those
caused by detritivores agents or taphonomic
processes, were identified using the following
criteria: (1) presence of reaction tissue (an
anomalous tissue growth formed by hyperplasia
in areas attacked by insects); (2) specificity of a
plant taxon or organ to which specific damage
can be attributed; and (3) the repetition pattern
and shape of damage in specific plant organs
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Nelson Island
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Figure 1. a) Location of the site at Rip Point (Nelson Island) where the specimens were collected. b) Stratigraphic
profile of the site. The occurrences of tree trunks and leaves are marked in the stratigraphic column. Modified

from Trevisan (2011).

(Maccracken et al. 2022). The latter can be
evidenced by the presence of mines in leaves,
which are usually recognized by their distinctive
morphological patterns.

RESULTS
Host plant assemblage

The dense leaf accumulation, devoid of
predominant orientations of the Nothofagus
sp. leaves, indicates that the beds correspond
to a leaf aggregation assemblage, presenting
a parautochthonous assemblage of deciduous
species. The leaf impressions lack organic
connections, being mostly represented by
incomplete leaf blades. Detailed morphological
features are scarce due to poor preservation.

Insect-plant interactions

Out of the 200 leaves examined, 15 show
evidence of insect activity, varying in size,
shape, and preservation modes. Two types of
interaction damage were identified: galls and

mines (Figure 3). Only one specimen preserved
a circular scar, identified here as a galling scar.
Meandering tracks with unhindered paths were
regarded as mines (Table 1). These tracks were
variable in size, widths, and shapes as described
below.

Although mines extend freely through the
leaves, crossing secondary and tertiary veins,
they rarely cross the main vein. The vascular
tissues were not consumed by the phytophagous
trackmaker once no reaction tissue or distortions
in the crossed leaf venation were observed. The
mines maintain a regular width through their
trajectory (Table I).

Host plant

The dense accumulation lacking predominant
orientations of the Nothofagus sp. leaves
indicates thatthe beds correspond to a leaf litter,
presenting a parautochthonous assemblage of
deciduous species. The leaf impressions lack
organic connections, being mostly represented
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by incomplete leaf blades. Therefore, due to
their preservation, morphological characters are
scarce.

Specific descriptions

Specimen 464Pbe (Figure 4a) is a small fragment
of a leaf impression (31 x 23 mm), that presents
a small serpentiform mine measuring 22 mm.
It nests between two secondary veins. The
specimen 462Pbe (55 x 27 mm) contains a small,
slender, and serpentiform mine that intersects
secondary veins until reaching the leaf margin,
measuring 13 mm in length (Figure 4b). In
specimen 460Pbe, there is a longer sigmoid
mine, measuring 44 mm, starting close to the
base, going towards the right margin, crossing
the secondary vein in its path. This specimen

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

Figure 2. a) Fossil
collection site at Rip
Point (62°14'18.2"S/
58258'58.2""W) with the
Fields Peninsula on
King George Island at
the background. b) The
exact place where the
fossils studied here
were collected. c) Leaf
impressions in situ.

also preserves two circular galls between two
secondary veins, measuring 3 mm (Figure 3).
The specimen 470Pbe (73 x 47 mm) presents
a straight mine measuring 1.5 mm in length,
crossing secondary veins on the left part of
the leaf (Figure 4c). On the right side of the leaf
blade, there is a bifurcated mine towards the
leaf base, measurements of 20 mm and 12 mm
in each bifurcation, respectively.

The specimen 461Pbe (64 x 48 mm) exhibits
small mines, one of which forms a complete
circle measuring 30 mm in the upper region
of the leaf, close to the leaf apex between the
secondary veins (Figure 4d). Also, this specimen
presents signs of leaf consumption along the
mines, which is rare in the fossils analyzed here.
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Figure 3. Specimen 460Pbe containing mine and galls. a) Complete view of the specimen. b) Schematic drawing
with emphasis on the observed structures. c) Details of the mine and galls. White arrows: galls. Black arrow: mine.
Scale: 5 mm.

Table I. Summary of hallmarks on Nelson Island fossils.

Specimen Type of interaction DT Comments
toe | Wineanagals | s | Smalhseenting betueen secondanyuine. cruar gl
461Pbe Mine 93 Circular, bifurcated, between secondary veins
462Pbe Mine 141 Thin, serpentine, between secondary veins
463Pbe Mine 41 Serpentine, one end curved
464Pbe Mine 105 Small, serpentine, between secondary veins
465Pbe Mine 90 Straight, transverse to the secondary veins
466Pbe Mine 4 Small, crossing secondary veins
467Pbe Mine 105 Small, curved, between secondary veins
468Pbe Mine 105 Sinuous shape, close to the main vein
469Pbe Mine A “V" shaped between secondary veins
470Pbe Mine 90 Small, transverse to secondary veins
472Pbe Mine 96 Small, rectilinear, between secondary veins
473Pbe Mine A Small, between secondary veins
474Pbe Mine 94 Small, serpentine, between secondary veins
475Pbe Mine 90 Small, serpentine, between secondary veins
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CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

Figure 4. Leaf mines present in Nothofagus sp. from Nelson Island (Rip Point): a) Small serpentiform mine between
secondary veins in specimen 464Pbe (similar to DT 105) (scale: 5 mm); b) Slender serpentiform shape crossing
secondary veins in specimen 462Pbe (similar to DT 141) (scale: 10 mm); c¢) Specimen 470Pbe with mines distributed
transversally to secondary veins on both sides of the leaf blade (similar to DT 90) (scale: 10 mm); d) Circular
bifurcated mine between secondary veins in specimen 461Pbe (similar to DT 93) (scale: 10 mm); e) Serpentine
mine, close to the leaf margin, crossing secondary veins and with one of the extremities curves in specimen
463Pbe (similar to DT 41) (scale: 10 mm); f) Straight mine, transversal to the secondary veins in specimen 465Pbe
(similar to DT 90) (scale: 10 mm); g) Mine on the center of the leaf, crossing secondary and main vein in specimen

466Pbe (similar to DT 41) (scale: 5 mm).

In the specimen 463Pbe (59 x 36 mm), there
is one small serpentine mine, crossing the
secondary veins of the leaf and close to the leaf
margin, measuring 30 mm of length (Figure 4e).
In the specimen 465Pbe (38mm x 3 mm), there is
an almost straight mine, crossing transversally
three secondary veins from the leaf base
towards its apex (not preserved), measuring 25
mm (Figure 4f). In the specimen 466Pbe (39 x 30

mm), two small mines transversal to the main
vein are observable, crossing the leaf blade.
The upper mine measures 19 mm and the lower
one measures 17 mm, both cross the main and
secondary veins (Figure 4g), which is uncommon
in the remaining material studied here. The
specimen 473Pbe (74 x 65 mm) is a fragment of a
central leaf impression, with no preserved apex,
margin, or base border, in which a serpentiform
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mine with 21 mm is observed distally, towards
the leaf margin, between secondary veins (Figure
5a). In specimen 472Pbe (27 x 38 mm), there is
a small straight mine, slightly curved (Figure 5b),
measuring 177 mm, crossing two secondary veins.
The specimen 475Pbe (70 x 60 mm) presents a
serpentiform mine measuring 177 mm between
two secondary veins, without crossing the main
vein (Figure 5c).

The specimen 474Pbe (43 x 37 mm) presents
four short serpentiform mines of varied sizes
towards the center of the leaf blade, with sizes
between 14 and 15 mm (Figure 5d). The specimen
467Pbe (60 x 44 mm) presents a straight mine
with 22 mm, curving in its path, and crossing
secondary veins (Figure 5e). The specimen
468Pbe (80 x 53 mm) is the best-preserved leaf
impression. It shows some mines along the
leaf blade, especially a larger and more visible
serpentine one that is 35 mm long and crosses
four secondary veins (Figure 4f). The specimen
469Pbe (100 x 80 mm) presents a short, slender
“V"-shaped mine, measuring 20 mm, that crosses
secondary and tertiary veins (Figure 5g).

DISCUSSION

Insect-plant associations are fundamental
aspectsin land ecosystems, being indispensable
components in food chains and are very
sensitive to environmental changes throughout
time (Wilf et al. 2006, Donovan et al. 2014).
Evidence of insect activity associated with
fossilized plants in Antarctic continent are
scarce. They correspond to perforations, tunnels,
and coprolites found in permineralized peats
from the Upper Permian period in the Buckley
Formation of the transantarctic mountains,
as well as coprolite structures from different
deposits and perforation in fragments of roots
and stems caused by oribatid mites (Kellogg &
Taylor 2004). These records indicate that some

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

arthropod groups developed associations with
Antarctic flora since the Paleozoic.

Slater (2014) identified other evidence of
insect-plant interactions that include feeding
of leaf margin, oviposition scars, and galls in
Glossopteris sp. leaves from the Permian from
the Prince Charles Mountains, East Antarctica.
Additionally, there are reports of mines, galls,
skeletonization, and leaf margin consumption
in leaf impressions and compressions of
Nothofagaceae and Cunoniaceae from Eocene
deposits from the King George and Seymor
islands (McDonald et al. 2007). There were no
records of Cretaceous insect-plant interactions,
particularly within the Nothofagus genus, until
the present study.

The interactions identified on Nelson Island
are represented primarily by leaf mines, with
one specimen showing evidence of galls. Miner
insects consist of an extremely specialized
feeding behavior, resulting from larvae feeding
action. Mines protect the insect from predation
and dehydration through the construction of
tunnelsinthe planttissue (Moller etal.2017). Eggs
are deposited by adult insects in the leaf tissue
where the larvae feed and develop inside the
parenchyma of the plant, forming varied tracks
(Hering 2013). Nowadays, miner insects belong
to the Diptera, Coleoptera, and Hymenoptera
orders (Liu et al. 2015). The leaf mines described
here vary in shape and size and possess little
variation in thickness. In comparison to the
study by McDonald et al. (2007) developed in
King George and Seymour islands, the mines
found on Nelson Island are more frequent even
with a much smaller sample size. There are also
differences in the sizes and shapes and in the
designation of DTs, which were not observed in
other Antarctic localities. Up to now only one
study described damage belonging to functional
groups (McDonald et al. 2007), also present in
the material analyzed here.

An Acad Bras Cienc (2023) 95(Suppl. 3) €20231268 8|16



EDILSON B. DOS SANTOS FILHO et al.
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Figure 5. Leaf mines identified in fossil leaves: a) Small mine that crosses a secondary vein in specimen 473Pbe,
similar to DT #1; b) Straight, small, crossing secondary veins in specimen 472Pbe, similar to DT 96; ¢) Small mine
between secondary veins in specimen 475Pbe, “S"-shaped, similar to DT 90; d) In specimen 474Pbe, four small
deeper mines, with serpentine shape, between secondary veins (similar to DT 94); e) Small, “L"-shaped mine,
between secondary veins in specimen 467Pbe, similar to DT 105; f) In specimen 468Pbe, transversal to the
secondary veins, one bigger, close to the main vein, and another a little smaller, close to the margin, similar to DT
105; g) Small “v”-shaped mine, crossing secondary veins, slender, similar to DT 41, in specimen 469Pbe. Scale bars:

10 mm.

Gallsareformed as aresult of a physiological
reactionthatinducesabnormalgrowthinthehost
plant tissue, which provides protection and food
resources for the developing larvae (Labandeira
& Li 2021, Xiao et al. 2022). They represent a type
of interaction with high specificity, enabling its
identification due to distinct color or shapes
(McDonald et al. 2007). The galls described
here are small circular structures located in the
interveinal spaces of Nothofagus sp. leaf, close
to a leaf mine. These gall marks are present in
specimen 460Pbe, and show the same general
morphological features as the galls described

by McDonald (2009: Figure 315 a, ¢, d), Reichgelt
(2015: Figure 5b), and Donovan et al. (2018, Figure
3).

The Upper Cretaceous associations
on Nelson Island may indicate a relatively
lower diversity of herbivore insects in the
paleocommunity preserved in Nelson Island,
restricted to mines and galls. In plant-insect
associations found in the Eocene of King George
and Seymour Islands, DTs consist of feeding on
leaf margins, galls, mines, and skeletonization
(e.g., McDonald et al. 2007). The associations
analyzed here suggest a relatively low diversity
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of herbivorous insects in the paleocommunity
of Nelson Island. It can be demonstrated by the
low number of DTs, which is also observed in
the Eocene of King George and Seymour Islands
(McDonald et al. 2007). This contrasts with other
localities worldwide, such as the Miocene of New
Zealand, where Nothofagus sp. fossils exhibit a
remarkable variety of damage types (Moller et
al. 2017). Additionally, Miocene Nothofagus sp.
from New Zealand also shows higher herbivory
rates (Moller et al. 2017), in comparison
to the Cretaceous (this study) and Eocene
paleocommunities of Antarctica (McDonald et al.
2007). A comparison between the two Antarctica
sites with records of interaction between
arthropods and Nothofagus sp. show that fossils
from the Eocene of King George Island exhibit a
higher number of DTs, including feeding in the
leaf margin, galls, mine and skeletonization.
The fossil record from the Cretaceous of
Nelson Island is restricted to mines and galls,
suggesting low herbivory diversity in Antarctica
leaves during the Upper Cretaceous, or even
between the Cretaceous and Eocene. However,
the limited number of studies on insect-plant
interactions could have contributed to the low
diversity observed. Differences in the number of
leaves damaged by insects may be explained by
environmental disruptions, ecological changes,
or even by fossil preservation (Méller et al. 2017).
Taphonomic and depositional factors could also
account for the scarcity of leaves with preserved
damages on Nelson Island, and perhaps also in
King George and Seymour islands.

According to Mcquilan (1993), Nothofagus
sp. can host up to 30 herbivorous species and,
throughout evolutive time, corresponding to
several species of invertebrate herbivores
(Russel et al. 2000). The study of phytophagous
(groups of insects that develop interactions
with plants) associated with Nothofagus sp.
are scarce, both in fossils and extant species.

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

According to Carrillo & Cerda (1987), the number
of phytophagous insect species in the current
species of Nothofagus sp. in Chile could reach
125, corresponding to Coleoptera, Hemiptera and
Lepidoptera, including defoliators, wood, seeds,
and sap eaters. However, Diptera are also among
the main phytophagous insect groups related to
Nothofagus antarctica (Oerst 1871). In addition,
considering the time interval considered by the
authors, the abundance of all these taxonomic
groups does not change significantly across
different collection periods (Vergara & Jeres
2010).

The main invertebrates associated with
perennial Nothofagaceas in New Zealand include
Coleoptera, Lepidoptera, Diptera, Phasmatodea,
and Acari, with the majority found among the
Lepidoptera. Most Nothofagaceae species host
at least 4 species of defoliator herbivores, as
reported by Reichgelt et al. (2015). According to
the authors, current perennial Nothofagaceae
are efficient producers of food defensive
chemicals, turning their leaves hard to consume.
However, in deciduous species, the production
of defensive chemicals to inhibit the action
of herbivores is less efficient. The latter also
presents less leaf mass per unit area (Reichgelt
et al. 2016).

External leaf feeding marks, skeletonization,
and galls were identified, with an absence of
other functional groups. According to Reichgelt
et al. (2016), the main clade of mining insects is
the Coleoptera, which, along with Lepidoptera
and Diptera, could be possible agents of leaf
damage. Attributing mines to a specific insect
taxon is subject to many limitations, especially in
the Antarctic fossil record, which rarely preserves
animal body fossils. This lack of knowledge
about the Cretaceous entomofauna makes a
taxonomic attribution of the insects responsible
for the structures observed here vey difficult.
The few numbers of fossilized leaves with miner
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may indicate a low diversity of herbivore insects.
According to Carvalho et al. (2014), the amount of
damage can indicate the presence of herbivore
insects even when their fossils are absent.
Donovan et al. (2018) verified a decrease in the
biodiversity of insect-plant associations from
the Cretaceous to the Paleocene. For Antarctica,
an increase in the diversity of damage types can
be observed from the Cretaceous to the Eocene.
Insect fossils in Antarctica are documented
from the Permian to the Miocene, but records
are rare. Zeuner (1959) reported the presence
of an isolated elytra with no further taxonomic
identification in Hope Bay (Jurassic). Carpenter
(1969) described homopteran wings preserved
with plant fragments from the Permian of the
Theron Mountains (Plumstead 1962) and an
Odonata from the Jurassic of South Victoria
Land, as well as a nymph from the Permian in
the Mount Glossopteris Formation. An almost
complete body fossil of Blattodea, as well as
preserved elytra and traits, were reported by
Bomfleur et al. (2011).

Despite the low number of insect fossils in
Antarctica, these records indicate the presence of
phytophagous insects, justifying the occurrence
of these types of damage on the leaves.

Climatic factors could have exerted strong
limitations to the existence of herbivores, and
taphonomic/depositional factors could have
been relevant in the expressivity of these
records, both of arthropod fossils and evidence
of insect-plant interactions. According to Kemp
et al. (2014) and Tobin et al. (2012), even with
signs of low temperatures, there were periods of
warm temperate climate in Antarctica. Through
studies with palynomorphs from Seymour Island,
Bowman et al. (2013) suggested the increase in
temperature before the end of the Cretaceous
and the beginning of the Paleogene, what might
have been a global event (Wilf et al. 2006). These
indicators of higher temperatures could have

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

contributed to the establishment ecosystems in
which plants and associated insects coexisted
and left traces of their preserved interactions.

CONCLUSION

Fossil specimens can be altered due to different
reasons, that include (but are not limited to) to
the processes involved in their preservation. The
material from Nelson Island studied here shows
the same kind of preservation reported on other
leaves from Antarctica (e.g., McDonald et al. 2007),
that differ from some exceptional preservation
known from a few other deposits (e.g, Xiao et al.
2022). Nonetheless, based on the comparisons
with specimens from other regions and based
on the identification procedures commonly
used to identify insect-plant interactions (e.g,,
Labandeira et al. 2007), we can confidently rule
out that these structures represent taphonomic
artifacts.

The present study represents the oldest
record of insect-plant interaction of West
Antarctica, documented from Cretaceous
deposits of Nelson Island. The insect activity
in assemblages dominated by Nothofagus sp.
demonstrates that, besides being a significant
component of Cretaceous ecosystems, this
angiosperm genus was also an important host
for herbivore insects. Nothofagus has already
been extensively studied from a systematic and
paleoenvironmental point of view, but so far
did provide limited paleoecological information
concerning insect interactions.

Comparisons between the number of
analyzed leaves and the quantities of damages
suggest a low diversity of herbivores. If other
factors such as taphonomy and environmental
changes (e.g., temperature change) can be
accounted for this low diversity cannot be
established at this point. The material analyzed
here reveals insights and contribute to the
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understanding of the insect-plant interactions
happened in Cretaceous paleocommunities
present in this important austral continent.

Acknowledgments

We thank the Marinha do Brasil for providing logistical
support during the fieldwork conducted as part of the
OPERANTAR activities when these and other fossils were
collected by the PALEOANTAR team. Thatiany Batista
(Universidade Regional do Cariri, Crato) is thanked for
helping with the pictures that illustrate the present
article, and Renan Bantim (Universidade Regional
do Cariri, Crato) for assisting with the figures and
comments in the initial version of the ms. We thank two
anonymous reviewers for their comments that greatly
improved this ms. The results of this study are the sole
responsibility of the authors. This study was funded by
the Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico (CNPq #313461/2018-0, #406779/2021-0 and
CNPq/PROANTAR 442677/2018-9 to AWAK, #314222/2020-
0 to JMS, #406902/2022-4 INCT PALEOVERT to GRO,
FIL, JMS and AWAK) and Fundacdo Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES/
PROANTAR 88887.336584/2019-00 to EBSF and ASB).

REFERENCES

ANDERSON LI & TREWIN NH. 2003. An Early Devonian
arthropod fauna from the Windyfield cherts,
Aberdeenshire, Scotland. Palaeontology 46: 467-5009.

BASTOS BL, DUTRA TL, WILBERGER P & TREVISAN C. 2012. Uma
flora do final do Cretaceo na Ilha Nelson, Ilhas Shetland
do Sul, Peninsula Antartica. Rev Bras de Paleontolog
16(3): 441-464.

BIRKENMAJER K & ZASTAWNIAK E. 1989. Late Cretaceous-Early
Tertiary flora of King George Island, West Antarctic: Their
stratigraphic distribuition and paleoclimatic significance.
In: Crame JA (Ed) Origins and Evolution of the Antarctic
biota. Geol Soc, 227-240 p. (special publication 47).

BOMFLEUR B, SCHNEIDER JW, SCHONER R, VIERECK-GOTTE L &
KERP H. 2011. Fossil sites in the continental Victoria and
Ferrar groups (Triassic-Jurassic) of north Victoria Land,
Antarctica. Polar Res 80(2): 88-99.

BOWMAN VC, FRANCIS JE & RIDING JB. 2013. Late Cretaceous
winter sea ice in Antarctica? Geology 41(12): 1227-1230.

BRUM AS, ELUTERIO LHS, SIMOES TR, WHITNEY MR, SOUZA GA,
SAYAO JM & KELLNER AWA. 2023. Ankylosaurian body armor
function and evolution with insightsfrom osteohistology

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

and morphometrics of new specimens from the Late
Cretaceous of Antarctica. Paleobiology 1-22.

BRUM AS, SIMOES TR, SOUZA GA, PINHEIRO AE, FIGUEIREDO RG,
CALDWELL MW, SAYAO JM & KELLNER AWA. 2022. Ontogeny and
evolution of the elasmosaurid neck highlight greater
diversity of Antarctic plesiosaurians. Palaeontology
65(2): €12593.

CANTRILL DJ & POOLE I. 2012. The Vegetation of Antarctica
Through Geological Time. Camb Univ Press, New York,
480 p.

CARPENTER FM. 1969. Fossil insects from Antarctica. Psyche
76(4): 418-425.

CRANE PR & JARZEMBOWSKI EA. 1980. Insect leaf mines from
the Palaeocene of southern England. J of Nat His 14(5):
629-636.

CARRILLO LL & CERDA RL. 1987. Zoofitofagos en Nothofagus
chilenos. Bosque 8(2): 99-103.

CARVALHO MR, WILF P, BARRIOS H, WINDSOR DM, CURRANO ED,
LABANDEIRA CC & JARAMILLO CA. 2014. Insect leaf-chewing
damage tracks herbivore richness in modern and
ancient forests. PLoS ONE 9(5): €94950.

DING Q, LABANDEIRA CC, MENG Q & REN D. 2015. Insect
herbivory, plant-host specialization and tissue
partitioning on mid-Mesozoic broadleaved conifers
of Northeastern China. Palaeogeogr, Palaeoclimatol,
Palaeoecol 440: 259-273.

DONOVAN MP, IGLESIAS A, WILF P, LABANDEIRA CC & CUNEO NR.
2018. Diverse plant-insect associations from the latest
Cretaceous and early Paleocene of Patagonia, Argentina.
Ameghiniana 55(3): 303-338.

DONOVAN MP, WILF P, LABANDEIRA CC, JOHNSON KR & PEPPE D).
2014. Novel insect leaf-mining after the end-Cretaceous
extinction and the demise of Cretaceous leaf miners,
Great Plains, USA. PLoS ONE 9(7): e103542.

DUTRA TL. 1997. Composicao e historia da vegetacao
do Cretaceo e Terciario da ilha Rei George, Peninsula
Antartica. Porto Alegre, Universidade Federal do Rio
Grande do Sul Tese de Doutorado.

DUTRA TL & BATTEN DJ. 2000. Upper Cretaceous floras
of King George Island, West Antarctica, and their
palaeoenvironmental and phytogeographicimplications.
Cretac Res 21(2-3): 181-209.

FIGUEIREDO RG ET AL. 2020. Explorando as florestas
perdidas da Antartica. Informativo APECS-Brasil 11: 29-30.

FILHO EBS, ADAMI-RODRIGUES K, LIMA FJD, BANTIM RAM,
WAPPLER T & SARAIVA AAF. 2017. Evidence of plant-insect
interaction in the Early Cretaceous flora from the Crato

An Acad Bras Cienc (2023) 95(Suppl. 3) €20231268 12| 16



EDILSON B. DOS SANTOS FILHO et al.

Formation, Araripe Basin, Northeast Brazil. Hist Biol 31(7):
926-937.

GANDOLFO MA & ZAMALOA MC. 2021. Southern high-latitude
plant-insect interactions from the Miocene of Tierra del
Fuego, Argentina. Int ) Plant Sci 182(6): 523-532.

HAYES PA, FRANCIS JE, CANTRILL DJ & CRAME JA. 2006.
Palaeoclimate analysis of Late Cretaceous angiosperm
leaf floras, James Ross Island, Antarctica. Geol Soci,
London, Special Publications 258(1): 49-62.

HERING EM. 2013. Biology of the leaf miners. Spri Sci Busi
Med, 3 p.

HILL RS. 2001. Biogeography, evolution and palaeoecology
of Nothofagus (Nothofagaceae): the contribution of the
fossil record. Aust ) Bot 49(3): 321-332.

HILL RS & JORDAN GJ. 1993. The evolutionary history of
Nothofagus (Nothofagaceae). Aust Syst Bot 6(2): 111-126.

HUNT RH & POOLE LEI. 2003. Revising Palaeogene West
Antarctic climate and vegetation history in light of new
data from King George Island. In: Wing SL, Gingerich ED,
Schmitz B & Thomas E (Eds) Causes and Consequences
of Globally Warm Climates in the Early Paleogene. Geol
Soc Am, Spe Pap 369: 395-412.

IMADA Y, OYAMA N, SHINODA K, TAKAHASHI H & YUKAWA H. 2022.
Oldest leaf mine trace fossil from East Asia provides
insight into ancient nutritional flow in a plant-herbivore
interaction. Sci Rep 12(1): 5254.

KELLNER AWA. 2020. Ilha Nelson: paraiso das plantas
fosseis da Antartica. Cién Hoje On-Line 368, Rio de
Janeiro, R), Brasil (http://cienciahoje.org.br/artigo/
ilha-nelson-paraiso-das-plantas-fosseis-da-antartica/).

KELLNER AWA. 2022. Research in Antarctica - challenging
but necessary. An Acad Bras Cienc 94: e202294S1. DOI
10.1590/0001-3765202220229451.

KELLNER AWA, DUTRA TL, CARVALHO, MA, RAMOS RRC, GRILLO
ON, SILVA HP, RIFF D & ROMANO PSR. 2007. First record of
fossils leaves from the Keller Peninsula, King George
Island, Antarctica. Carvalho Paleontologia: Cenarios de
Vida. Editora Interciancia 627-635.

KELLOGG DW & TAYLOR EL. 2004. Evidence of oribatid mite
detritivory in Antarctica during the late Paleozoic and
Mesozoic. ) Paleontol 78(6): 1146-1153.

KEMP DB, ROBINSON SA, CRAME JA, FRANCIS JE, INESON }J,
WHITTLE RJ & O'BRIEN C. 2014. A cool temperate climate on
the Antarctic Peninsula through the latest Cretaceous to
early Paleogene. Geology 42(7): 583-586.

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

KRASSILOV V, SILANTIEVA N, HELLMUND M & HELLMUND W. 2007.
Insect egg sets on angiosperm leaves from the Lower
Cretaceous of Negev, Israel. Cretac Res 28(5): 803-811.

LABANDEIRA CC. 2002. The history of associations between
plants and animals. Plant-animal interactions: an
evolutionary approach 248: 261.

LABANDEIRA CC. 2006 The four phases of plant-arthropod
associations in deep time. Geol Acta 4(4): 409-438.

LABANDEIRA CC. 2013. A paleobiologic perspective on
plant-insect interactions. Curr Opin Plant Biol 16(4):
L14-471.

LABANDEIRA CC & ALLEN EG. 2007. Minimal insect herbivory
for the Lower Permian Coprolite Bone Bed site of
north-central Texas, USA, and comparison to other Late
Paleozoic floras. Palaeogeogr, Palaeoclimatol, Palaeoecol
247(3-4): 197-219.

LABANDEIRA CC & CURRANO ED. 2013. The fossil record of
plant-insect dynamics. Annu Rev Earth Planet Sci 41:
287-311.

LABANDEIRA CC, DILCHER DL, DAVIS DR & WAGNER DL. 1994,
Ninety-seven million years of angiosperm-insect
association: paleobiological insights into the meaning
of coevolution. PNAS 91(25): 12278-12282.

LABANDEIRA CC & LI L. 2021. The history of insect parasitism
and the Mid-Mesozoic Parasitoid Revolution. In The
Evolution and Fossil Record of Parasitism: Identification
and Macroevolution of Parasites (p. 377-533). Cham:
Springer International Publishing.

LABANDEIRA CC & PHILLIPS TL. 1996. Insect fluid-feeding
on Upper Pennsylvanian tree ferns (Palaeodictyoptera,
Marattiales) and the early history of the piercing-and-
sucking functional feeding group. Ann Entomol Soc Am
89(2): 157-183.

LABANDEIRA CC, WILF P, JOHNSON KR & MARSH F. 2007. Guide
to insect (and other) damage types on compressed plant
fossils. Smithsonian Institution, National Museum of
Natural History, Department of Paleobiology, Washington,
DC, 85p.

LEPPE M, MIHOC M, VARELA N, STINNESBECK W, MANSILLA H,
BIERMA H, CISTERNA K, FREY E & JUJIHARA T. 2012. Evolution
of the Austral-Antarctic flora during the Cretaceous:
New insights from a paleobiogeographic perspective.
Rev Chil Hist Nat 85(4): 369-392. DOl 10.4067/
S0716-078X2012000400002.

LIMA FJ ET AL. 2021. Wildfires in the Campanian of James
Ross Island: a new macro-charcoal record for the
Antarctic Peninsula. Polar Res, 40.

An Acad Bras Cienc (2023) 95(Suppl. 3) €20231268 13|16



EDILSON B. DOS SANTOS FILHO et al.

LIU WD, DAI XH & XU JS. 2015. Influences of leaf-mining
insects on their host plants: A review. Collect Bot 42:
e005.

MACCRACKEN SA, MILLER IM, JOHNSON KR, SERTICH JM &
LABANDEIRA C. 2022. Insect herbivory on Catula getty gen.
et sp. nov. (Lauraceae) from the Kaiparowits Formation
(Late Cretaceous, Utah, USA). PLoS ONE 17(1); €0261397.

MANFROI J, DUTRA TL, GNAEDINGER S, UHL D & JASPER A. 2015.
The first report of a Campanian palaeo-wildfire in the
West Antarctic Peninsula. Palaeogeogr, Palaeoclimatol,
Palaeoecol 418: 12-18.

MCDONALD CM. 2009. Herbivory in Antarctic fossil forests
and comparisons with modern analogues in Chile
(Doctoral dissertation, University of Leeds).

MCDONALD CM, FRANCIS JE, COMPTON SGA, HAYWOOD A,
ASHWORTH AC, HINOJOSA LF & SMELLIE J. 2007. Herbivory in
Antarctic fossil forests: evolutionary and palaeoclimatic
significance. Online Proceedings of the 10th ISAES X, AK.
Cooper and C.R. Raymond et al, USGS Open-File Report
2007-1047, Extended Abstract 059, 4 p.

MCGLONE MS, MILDENHALL DC & POLE MS. 1996. History and
paleoecology of New Zealand Nothofagus. The ecology
and biogeography of Nothofagus forests, 25-82 p.

MCQUILLAN PB. 1993. Nothofagus (Fagaceae) and its
invertebrate fauna: an overview and preliminary
synthesis. Biol J Linn Soc 49(4): 317-354.

MOLLER AL, KAULFUSS U, LEE DE & WAPPLER T. 2017. High
richness of insect herbivory from the early Miocene
Hindon Maar crater, Otago, New Zealand. Peer ] 5: €2985.

PIOVESAN EK, CORREIA FILHO OJ, MELO RM, LACERDA LD, DOS
SANTOS RO, PINHEIRO AP, COSTA FR, SAYAO JM & KELLNER AWA.
2021. The Campanian-Maastrichtian interval at The Naze,
James Ross Island, Antarctica: microbiostratigraphic and
paleoenvironmental study. Cretac Res 120: 104725.

PLUMSTEAD EP. 1962. Fossil floras o Antarctica. Trans-
Antarctic Exped., 1955-1958. Sci Rep 9:66, vol 2.

REICHGELT T, JONES WA, JONES DT, CONRAN JG & LEE DE. 2016.
Diverse and abundant insect herbivory on Miocene
Nothofagaceae of the Dunedin Volcano, Otago, New
Zealand. Palaeobiodivers Palaeoenviron 96: 265-279.

REICHGELT T, KENNEDY EM, CONRAN JG, MILDENHALL DC & LEE
DE. 2015. The early Miocene paleolake Manuherikia:
vegetation heterogeneity and warm-temperate to
subtropical climate in southern New Zealand. Journal of
Paleolimnol 53: 349-365.

RUSSELL GB, BOWERS WS, KEESING V, NIEMEYER HM, SEVENET
T, VASANTHAVERNI S & WRATTEN SD. 2000. Patterns of

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

bioactivity and herbivory on Nothofagus species from
Chile and New Zealand. ) Chem Ecol 26: 41-56.

SAMPAIO DP. 2022. Diplomatic culture and institutional
design: Analyzing sixty years of Antarctic Treaty
governance. An Acad Bras Cienc 94: €20210539. DOI
101590/0001-3765202220210539.

SANTOS AET AL. 2022. Paleoenvironment of the Cerro Negro
Formation (Aptian, Early Cretaceous) of Snow Island,
Antarctic Peninsula. An Acad Bras Cienc 94: e20201944.

SANTOS LEF. 2021. Constitutionality analysis of
amendments to the Protocol on Environmental
Protection on the Antarctic Treaty Annexes. An Acad Bras
Cienc 94: €20210385. DOI 101590/0001-3765202120210385.

SCHWANCK F, SIMOES JC, HANDLEY M, MAYEWSKI PA & BERNARDO
R. 2022. Anthropogenic trace elements (Bi, Cd, Cr, Pb)
concentrations in a West Antarctic ice core. An Acad Bras
Cienc 94: €20210351. DOI 10.1590/0001-3765202220210351.

SCOTT AC & TAYLOR TN. 1983. Plant/animal interactions
during the Upper Carboniferous. Bot Rev 49: 259-307.

SHEN Y. 1994. Subdivision and correlation of Cretaceous
to Paleogene volcano-sedimentary sequence from Fildes
Peninsula, King George Island, Antarctica. Stratigraphy
and palaeontology of Fildes Peninsula, King George
Island, Antarctica. State Antarctic Committee, Science
Press, Monograph 3: 1-36.

SIMOES JC, CARTES ML & SAYAO JM. 2022. Forty years of
Brazilian Antarctic research: A tribute to Professor
Antonio Carlos Rocha-Campos. An Acad Bras Cienc 94:
€20220493. DOI 101590/0001-3765202220220493.

SLATER BJ. 2014. Fossil Focus: Arthropod-plant
interactions. Palaeontology Online 4: 1-17.

SLATER BJ, MCLOUGHLIN S & HILTON J. 2012. Animal—plant
interactions in @ middle Permian permineralised peat
of the Bainmedart Coal Measures, Prince Charles
Mountains, Antarctica. Palaeogeogr, Palaeoclimatol,
Palaeoecol 3631: 09-126.

STEPHENSON J & SCOTT AC. 1992. The geological history of
insect-related plant damage. Terra Nova 4(5): 542-552.

SWENSON U, HILL RS & MCLOUGHLIN S. 2001. Biogeography of
Nothofagus supports the sequence of Gondwana break-
up. Taxon 50(4): 1025-1041.

TOBIN TS, WARD PD, STEIG EJ, OLIVERO EB, HILBURN IA,
MITCHELL RN & KIRSCHVINK JL. 2012. Extinction patterns,
and magnetostratigraphy from a southern high-latitude
Cretaceous-Paleogene section: Links with Deccan
volcanism. Palaeogeograp, Palaeoclimatol, Palaeoecol
350:180-188.

An Acad Bras Cienc (2023) 95(Suppl. 3) 20231268 14 | 16



EDILSON B. DOS SANTOS FILHO et al.

TOSOLINI AMP, CANTRILL DJ & FRANCIS JE. 2021. Paleocene
high-latitude leaf flora of Antarctica Part 1: entire-
margined angiosperms. Review Palaeobot Palynol 285:
104317.

TOSOLINI AMP, CANTRILL DJ, KORASIDIS VA & FRANCIS JE. 2023.
Palaeocene high-latitude leaf flora of Antarctica Part 2:
Tooth-margined angiosperms. Rev Palaeobot Palynol
314: 104895.

TREVISAN C. 2011. Fosseis de pteridofitas das ilhas King
George e Nelson: afinidade taxondmica e importancia
no contexto deposicional e do clima nas areas
setentrionais da Peninsula Antartica. Programa de Pos-
Graduacao em Geologia, Universidade do Vale do Rio
dos Sinos, Dissertacdo de Mestrado, 44 p. (Unpublished).

TREVISAN C, DUTRA T, IANUZZI R, SANDER A, WILBERGER T,
MANRIQUEZ LME & LEPPE M. 2022. Coniopteris antarctica
sp. nov. (Pteridophyta) and associated plant assemblage
from the Upper Cretaceous of Rip Point, Nelson Island,
Antarctica. Cret Res 136: 105185.

VAN AMEROM HWJ. 1966. Phagophytichnus ekRowskii nov.
ichnogen. & nov. ichnosp., eine Missbildung infolge von
Insektenfrass, aus dem Spanischen Stephanien (Provinz
Leon). Leidse Geologische Mededelingen 38(1): 181-184.

VAN AMEROM HW] & BOERSMA M. 1971. A new find of the
ichnofossil Phagophytichnus ekowskii van Amerom.
Geologie en Mijnbouw 50(5): 667-670.

VAN AMEROM HW]J & JOSTEN KH. 1973. Gibt es Cecidien im
Karbon bei Calamiten und Asterophylliten. In Compte
Rendu Septieme Congres International de Stratigraphie
e de Géologie du Carbonifere. Van Acken, Krefeld,
Germany, 63-83 p.

VENTO B, AGRAIN F & PUEBLA G. 2022. Ancient Antarctica: the
early evolutionary history of Nothofagus. Hist Biol 1-11.

VERGARA O & JEREZ V. 2010. Insectos e infestaciones
asociadas al follaje de Nothofagus Antarctica (Forst)
Oerst (Nothofagaceae) en la cuenca del rio Baker, Region
de Aysén, Chile. Gayana (Concepcion) 74(2): 83-93.

WILF P, JOHNSON KR, CUNEO NR, SMITH ME, SINGER BS &
GANDOLFO MA. 2005. Eocene plant diversity at Laguna del
Hunco and Rio Pichileufl, Patagonia, Argentina. Ame
Natur 165(6): 634-650.

WILF P, LABANDEIRA CC, JOHNSON KR & ELLIS B. 2006.
Decoupled plant and insect diversity after the end-
Cretaceous extinction. Science 313(5790): 1112-1115.

XIAO L, LABANDEIRA CC & REN D. 2022. Insect herbivory
immediately before the eclipse of the gymnosperms:
The Dawangzhangzi plant assemblage of Northeastern
China. Insect Science 29(5): 1483-1520.

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

ZEUNER FE. 1959. Jurassic Beetles from Grahamland,
Antarctica. Palaeontology 1(4): 407-4009.

How to cite

SANTOS FILHO EB ET AL. 2023. First record of insect-plant interaction
in Late Cretaceous fossils from Nelson Island (South Shetland
Islands Archipelago), Antarctica. An Acad Bras Cienc 95: €20231268.
DOI 10.1590/0001-3765202320231268.

Manuscript received on November 17, 2023;
accepted for publication on November 20, 2023

EDILSON B. DOS SANTOS FILHO'
https://orcid.org/0000-0002-9778-7262

ARTHUR S. BRUM?*®
https://orcid.org/0000-0003-3927-0318

GEOVANE A. DE SOUZA*®
https://orcid.org/0000-0003-0979-1526

RODRIGO G. FIGUEIREDO*
https://orcid.org/0000-0002-4304-6434

CRISTIAN D. USMA®
https://orcid.org/0000-0001-6848-445X

JOAO HENRIQUE Z. RICETTI®’
https://orcid.org/0000-0003-3142-3869

CRISTINE TREVISAN?®
https://orcid.org/0000-0001-5550-2380

MARCELO LEPPE®
https://orcid.org/0000-0002-1545-8167

JULIANA M. SAYAQ®
https://orcid.org/0000-0002-3619-0323

FLAVIANA J. LIMA®
https://orcid.org/0000-0001-8602-6508

GUSTAVO R. OLIVEIRA™
https://orcid.org/0000-0002-9871-1235

ALEXANDER W.A. KELLNER*"
https://orcid.org/0000-0001-7174-9447

'Programa de Pds-Graduacao em Geociéncias, Universidade
Federal de Pernambuco, Av. Prof. Moraes Rego, 1235,
Cidade Universitaria, 50670-901 Recife, PE, Brazil

*Programa de Pos-Graduacao em Zoologia, Museu Nacional/
Universidade Federal do Rio de Janeiro, Quinta da Boa Vista,
s/n, Sao Cristovao, 20940-040 Rio de Janeiro, RJ, Brazil

An Acad Bras Cienc (2023) 95(Suppl. 3) €20231268 15116



EDILSON B. DOS SANTOS FILHO et al.

*Museu Nacional/ Universidade Federal do Rio de Janeiro,
Departamento de Geologia e Paleontologia, Laboratorio
de Paleobiologia e Paleogeografia Antartica, Quinta da Boa
Vista, Sao Cristovao, 20940-040 Rio de Janeiro, R}, Brazil

“Universidade Federal do Espirito Santo, Centro de Ciéncias
Exatas, Naturais e da Salde, Departamento de Biologia, Alto
Universitario, s/n, Guararema, 29500-000 Alegre, ES, Brazil

*Universidade Federal de Pernambuco, Nicleo de
Estudos Geoquimicos, Laboratorio de Isotopos
Estaveis, NEG-LABISE/CTG, Av. Académico Hélio
Ramos, s/n, 50740-530 Recife, PE, Brazil

°Programa de Pos-Graduagao em Geociéncias, Universidade
Federal do Rio Grande do Sul, Instituto de Geociéncias, Av.
Bento Gongalves, 9500, 91509-900 Porto Alegre, RS, Brazil

"Universidade do Contestado, Centro de
Pesquisas Paleontologicas, Av. Pres. Nereu
Ramos, 1071, 89304-076 Mafra, SC, Brazil

®Antarctic and Patagonia Paleobiology Laboratory,
Chilean Antarctic Institute-INACH, Lautaro
Navarro 1245, Punta Arenas, Chile

*Universidade Federal de Pernambuco, Laboratorio
de Plantas do Gondwana, Centro Académico de
Vitoria, Rua do Alto Reservatorio, s/n, Bela Vista,
55608-680 Vitoria de Santo Antao, PE, Brazil

CRETACEOUS INSECT-PLANT INTERACTION IN ANTARCTICA

“Universidade Federal Rural de Pernambuco,
Departamento de Biologia, Laboratorio de Paleontologia
e Sistematica, Rua Dom Manuel de Medeiros,
s/n, Dois Irmaos, 52171-900 Recife, PE, Brazil

"Museu Nacional/Universidade Federal do Rio de Janeiro,
Departamento de Geologia e Paleontologia, Laboratorio de
Sistematica e Tafonomia de Vertebrados Fosseis, Quinta
da Boa Vista, s/n, Sao Cristovao, Rio de Janeiro, R}, Brazil

Correspondence to: Edilson Bezerra Dos Santos Filho
E-mail: edilson.bsf@gmail.com

Author contributions

EBSF, GRO and FJL conceived and designed the study. ASB, GAS,
RGF and CDU performed fieldwork in the Antarctic Peninsula
collecting several fossil plants used in the study. ASB, GAS, RGF,
CDU, JHZR, CT, ML, JMS, FJL, GRO and AWAK contributed to the
writing and revision. EBSF and ASB performed image editing. All
authors reviewed and contributed to the manuscript.

@)y

An Acad Bras Cienc (2023) 95(Suppl. 3) 20231268 16 | 16



