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1. Introduction

Permian terrestrial ecosystems in Gondwana were occupied by
several groups of gymnosperms that increased their diversity
through time. Although, the floras were primarily dominated by the
endemic glossopterids (e.g., Archangelsky, 1996; Taylor et al., 2009;
Gulbranson et al., 2012; Retallack et al., 2013), a range of other
groups was locally important. At the same time, diverse groups of
terrestrial vertebrates and invertebrates (e.g., Van Dijk et al., 1978;
Rubidge, 1984; Retallack et al., 2005; Smith and Botha, 2005; Steyer
et al., 2006), including insects (e.g., Carpenter, 1969; Tasch, 1971;
Braddy and Briggs, 2002; Schluter, 2003; Labandeira, 2006;
Beckemeyer and Hall, 2007) were represented in terrestrial faunas.

It has been suggested that during the Paleozoic, most of the
insect damage was caused by detritivory rather than herbivory, a
scenario that probably changed by the Late Carboniferous–Early
Permian (e.g., Chaloner et al., 1991). Gondwanan evidence of
Permian plant–arthropod interactions caused by herbivory
includes diverse types of damage (margin, hole and surface
feeding, galls, oviposition, mines, leaf skeletonization) mostly
associated with the glossopterid clade (e.g., Plumstead, 1963;
Cúneo, 1987; Beck and Labandeira, 1998; Adami-Rodrigues, 2003;
Adami-Rodrigues et al., 2004a, 2004b; Labandeira and Allen, 2007;

Labandeira et al., 2007; Minter et al., 2007; Prevec et al., 2009;
McLoughlin, 2011; Srivastava and Agnihotri, 2011; Souza Pinheiro
et al., 2012).

Targeted studies of plant–arthropod interactions on glossop-
terid leaves have been regarded from the last century with the
pioneering works of Brongniart (1830) and Bunbury (1861); after
that, several works have been published (e.g., David, 1891; Zeiller,
1896; Sen, 1955). More recently, interest in this type of plant–
arthropod interaction has been expanded and has been reinforced
by more systematic approaches, especially following the work of
Rose Prevec and colleagues on Permian glossopterid leaves from
South Africa (2009), which revealed a much wider spectrum of
insect damage on plants than had previously been inferred.

In the case of South America, there have recently been some
worth noting descriptions of arthropod damage on glossopterid
leaves from Brazil (Adami-Rodrigues et al., 2004a, 2004b; Souza
Pinheiro et al., 2012) and Argentina (Cariglino and Gutiérrez, 2011;
Césari et al., 2012). Further, the presence of glossopterid leaves
affected by arthropod action in Argentina (Rı́o Genoa Formation)
was initially mentioned by Cúneo (1987) but never formally
published. Additionally, entirely preserved blattoid insects named
Archangelskyblatta vishniakovae Pinto, 1972 have been described
from the Rı́o Genoa Formation at Betancourt locality.

Historically, several factors have been proposed to explain the
apparent differences in herbivory activity observed between and
within continents levels. One of the most contradictory factors
refers to the latitudinal variation, for which several interpretations
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A B S T R A C T
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have been suggested (Moles, 2013). In this context, numerous
authors (e.g., MacArthur, 1969; Erwin, 1982; Coley and Barone,
1996; Pennings and Silliman, 2005; Pennings et al., 2009) have for
many years supported the idea that leaf herbivory and plant
defence are better developed at lower latitudes. However, recent
studies (Adams and Zhang, 2009; Moles et al., 2011; Poore et al.,
2012) discussed this traditional interpretation. In this context, the
preliminary results from the Rı́o Genoa Formation reveal a high
diversity of arthropod damage at high latitudes that is necessary to
evaluate in a paleobiogeographical context.

The present contribution systematically describes arthropod
damage traces for the first time from the Rı́o Genoa Formation
(Lower Permian) on glossopterid (including both Gangamopteris
McCoy and Glossopteris Brogniart), Cordaites Unger, and Ginkgoites
(Seward) Florin leaves. Since the diversity of insect damage types is
probably related to climate (e.g., Wilf and Labandeira, 1999;
Currano et al., 2008; Wilf, 2008) as it is for plants, this contribution
also has implications for better understanding the climatic
conditions present in the Patagonian region by the Early Permian,
a time when glacial conditions were still dominant over the
extended parts of Gondwana. In this regard, it is worth noting that
the fossil flora preserved in the Rı́o Genoa Formation reflects an
anomalous high diversity in the Gondwanan context, especially
during the Early Permian (Cúneo, 1996). The insect damage
diversity should be in accordance with the vegetation richness and
the high diversity levels, in both cases resulting from extremely
favorable climate conditions.

2. Geological setting

The studied fossils were collected from the Rı́o Genoa
Formation in the southwest of Chubut Province, Patagonia,
Argentina (Tepuel-Genoa Basin; Fig. 1). This unit forms part of
the ‘‘Tepuel Group’’ (Lower Carboniferous–Lower Permian), which

consists of four lithostratigraphic units (Lesta and Ferello, 1972;
Andreis et al., 1986): the Jaramillo Fm (Lower Carboniferous),
Pampa de Tepuel Fm (Upper Carboniferous), Mojon de Hierro Fm
(Early Permian), and finally Rı́o Genoa Fm (Permian). The Rı́o
Genoa Fm represents an accumulation of a series of deltaic systems
developed during the Early Permian (Andreis and Cúneo, 1989).
The gymnosperm leaves studied here are derived from most of the
classical plant-bearing localities of this formation (Aguada Loca,
Betancourt, La Casilda, Ferrarotti IIB, and Pique Carbón; Fig. 1).

3. Material and methods

We studied 291 fossils preserved as compressions/impressions.
To study the arthropod traces we used a Zeiss (STEMI SV11, up to
!66) stereomicroscope with a camera lucida attachment. We used
a Sony Alfa model DSLR-A100 (8 megapixel) digital camera to
photograph the specimens. Leaves assigned to Glossopteris, Gang-
amopteris, Cordaites and Ginkgoites types were selected for this
study since they host all of the observed arthropod damage types.
Arthropod traces were classified according to the Damage Type
Guide of Labandeira et al. (2007). The material fossils are stored as
part of the Paleobotanical collections at the Museo Paleontológico
Egidio Feruglio (MPEF-IC), Chubut province, and at the Museo
Argentino de Ciencias Naturales ‘‘Bernardino Rivadavia’’ (BA-Pb),
Buenos Aires, Argentina.

4. Results

Margin feeding
Fig. 2
Material: MPEF-IC 1049, 1050–1054.
Occurrence: Aguada Loca, Betancourt (SP XVI), Ferrarotti IIB

and Pique Carbón localities.

Fig. 1. A. Outcrop location in southwestern Patagonia, Argentina (Chubut Province). B. Detail of outcrop location. Distribution of the Rı́o Genoa Formation (Lower Permian,
Tepuel-Genoa Basin, Chubut province) and studied localities: 1, La Casilda; 2, Pique Carbón; 3, Betancourt; 4, Aguada Loca; 5, Ferrarotti IIB.
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Damage type: DT 12, 15 & 81 (Labandeira et al., 2007).
Description: Margin feeding damage is represented in

variably-shaped Glossopteris leaves (from lanceolate to linear).
Leaves are 19–100 mm long and 9.4–25 mm wide, some of them
lacking the base. Damage is in the form of excised scallops on one
(Fig. 2(4, 6)) or both sides of the leaf margins (Fig. 2(1, 2, 5)).
Damaged areas are variable in size, ranging from 2 to 9 mm long
and 2.5 to 18.4 mm deep. In all the damages, there is a clear, dark
border of reaction, which is incipient in some of them (Fig. 2(3, 5)).
In addition, this class of damage was recorded in Ginkgoites eximia

Feruglio leaves (Fig. 2(3)), 38.4 mm wide and 55.3 mm long. Traces
occur as marginal incisions 7 mm long and 2 mm wide; reaction
borders are evident.

Hole feeding
Figs. 2(3), 3
Material: MPEF-IC 1056–1060.
Occurrence: Aguada Loca, Betancourt (SP XVI, XIX), Ferrarotti

IIB and Pique Carbón localities.
Damage type: DT 01, 02 & 78 (Labandeira et al., 2007).

Fig. 2. Margin feeding (MF) and hole feeding (HF) damage types in Glossopteris and Ginkgoites eximia leaves. 1. MPEF-IC 1049. Glossopteris sp. leaf showing C-shaped margin
feeding traces on both sides of its margin (DT 81 of Labandeira et al., 2007). 2. MPEF-IC 1050. Glossopteris wilsonii leaf, showing margin feeding traces on one side of its margin
(DT 12 of Labandeira et al., 2007). 3. MPEF-IC 1054. Ginkgoites eximia leaf with margin and hole feeding damage (DT 12 & 78 of Labandeira et al., 2007). 4. MPEF-IC 1051.
Glossopteris wilsonii leaf, showing margin feeding damage with thin reaction tissue on the right side of leaf margin (DT 81 of Labandeira et al., 2007). 5. MPEF-IC 1052. Margin
feeding damage in Glossopteris wilsonii leaf (DT 12 & 15 of Labandeira et al., 2007). 6. MPEF-IC 1053. Margin feeding damage bounded by a distinct dark reaction tissue (DT 12
of Labandeira et al., 2007). Scale bars: 10 mm.
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Fig. 3. Hole feeding (HF) in Glossopteris wilsonii leaves. 1. MPEF-IC 1059. Elliptical round-ended hole feeding scars (DT 78 of Labandeira et al., 2007). 2. MPEF-IC 1060. Elliptical
round-ended hole feeding damage and dark tissue reaction between consecutive secondary veins (DT 78 of Labandeira et al., 2007). 3. MPEF-IC 1058. Elliptical HF damage
between secondary veins (DT 78 of Labandeira et al., 2007). 4. MPEF-IC 1056. Circular HF damage on both sides of the leaf blade (DT 02 of Labandeira et al., 2007). Scale bars:
10 mm.
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Fig. 4. Surface feeding (SF) and multiple oviposition scars (Ov.). 1. BA-Pb 143. Several circular SF damages in Ginkgoites eximia leaf. Circular dash-line indicates the position of
the damage (DT 29 of Labandeira et al., 2007). 2. MPEF-IC 1055. Glossopteris wilsonii leaf showing circular SF damages (DT 29 of Labandeira et al., 2007). 3. BA-Pb 155.
Ginkgoites feruglioi showing a circular SF damage and Ov. in perpendicular position with respect to foliar venation (DT 29 & 137 of Labandeira et al., 2007). 4. BA-Pb 375.
Cordaites sp. leaf showing elliptical SF damages between venation (DT 28 of Labandeira et al., 2007). Scale bars: 10 mm (1, 3, 4), 5 mm (2).
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Fig. 5. Solitary and multiple oviposition scars in glossopterid leaves. 1. MPEF-IC 1061. Gangamopteris obovata leaf showing a pattern of elliptical multiple oviposition scars
along the foliar margin (DT 102 of Labandeira et al., 2007). 2. MPEF-IC 1061. Detail of elliptical oviposition scars. 3. MPEF-Pb IC 1063. Gangamopteris obovata leaf showing two
solitary oviposition scars. 4. BA-Pb 460. Gangamopteris sp. Leaf showing a pattern of elliptical oviposition scars near medial zone of the leaf (DT 102 of Labandeira et al., 2007).
Scale bars: 10 mm (1, 3, 4), 5 mm (2).
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Description: Hole feeding damage occurs mainly in Glossopteris
wilsonii (Seward) Archangelsky, Archengelsky et Cúneo leaves, but
is also present in Ginkgoites eximia leaves (Figs. 2(3), 3). Leaves are
always incomplete, 25–70 mm long (60 mm on average), 17–
50 mm wide (30 mm on average), and lanceolate to elliptical. Five
to twenty-five excisions occur over the foliar tissue on both sides of
the midrib and in between secondary veins (Fig. 3), some of them
reaching the leaf margin. They are locally circular to elliptical, but
most are strip-like (Figs. 2(3), 3(1–3)). They vary from 4.7 to
16.6 mm long, but are not wider than 1.3 mm. These traces are
clearly bounded by dark borders, locally coincident with adjacent
secondary veins. In some cases, areas of leaf tissue are completely
(right side), or partially (left side) removed (Fig. 3(2, 4)). Dark
reaction rims up to 0.5 mm wide are evident around damaged
areas.

Surface feeding
Fig. 4
Material: BA-Pb 143, 155, 375, MPEF-IC 1055.
Occurrence: Betancourt (SP II, XVI) locality.
Damage type: DT 28 & 29 (Labandeira et al., 2007).
Description: This damage was observed in Ginkgoites feruglioi

Cúneo and G. eximia (Fig. 4). Leaves are 17–35 mm ong, 21–23 mm
wide, and show evidence of 7–10 elliptical to sub-circular damages
zones, up to 29 mm in diameter (Fig. 4(1)). These marks seem not
to cross the foliar blade, occurring only at the foliar surface. Traces
are randomly distributed, usually located between secondary veins
but locally intercepting them (Fig. 4(1, 3)). Surface feeding damage
also occurs in fragmentary Glossopteris wilsonii leaves, up to
47.5 mm long and "20 mm wide. The foliar blade bears five
circular to elliptical excisions, with diameters between 5 and 6 mm
and darker borders up to 0.5 mm thick (Fig. 4(2)). Further, an
incomplete Cordaites sp. leaf, 63 mm long and 25 mm wide, bears
abrasion zones, 2.4–25.5 mm long and 0.85 mm wide, located
between parallel veins. A thin reaction rim bounds these damage
zones (Fig. 4(4)).

Multiple elliptical oviposition scars
Figs. 4(3), 5(1, 2, 4)
Material: BA-Pb 155, 460, MPEF-IC 1061.
Occurrence: Betancourt (SP II, XIX) and La Casilda localities.
Damage type: DT 102 & 137 (Labandeira et al., 2007).
Description: Multiple oviposition scars are evident in a

fragmentary Ginkgoites feruglioi leaf, 17 mm long and 23 mm
wide. The leaf bears at least seven sub-circular to elliptical scars,
3.3–5.8 mm long, with their major axes perpendicular to the leaf
veins. They are consistently flanked by a darker margin (possible
reaction tissue; Fig. 4(3)). Similarly, an incomplete Gang-
amopteris obovata leaf, 160 mm long and 33.8 mm wide, shows
evidence of non-solitary ovipositions. At least 38 lenticular to
ovate scars present both adjacent to the leaf margin and also
close to the central vascular bundle; scar lengths vary from 1.5
to 2.8 mm. They occur 0.6 mm from the leaf margin, apparently
following an irregular two-column pattern along it (Fig. 5(1, 2)).
This class of damage was also observed in a Gangamopteris sp.
leaf fragment, 41.7 mm long and 51.8 mm wide. This specimen
shows evidence of at least 21 elliptical scars, 2.8 mm long
(2 mm on average) distributed near the central vascular bundle
of the leaf with the long axes following the course of the
secondary veins (Fig. 5(4)). There is no evidence of reaction
tissue.

Solitary oviposition scars
Fig. 5(3)
Material: MPEF-IC 1063.
Occurrences: Betancourt (SP XIX) locality.
Damage type: Not recognized by Labandeira et al. (2007).

Description: Solitary oviposition occurs in a Gangamopteris
obovata leaf, 204 mm long, 71.2 mm wide. This damage consists of
two pear-shaped (or spindle-shaped) scars with rounded base and
acuminate apex, 8.1–11.8 mm long, and 5.6–5.8 mm wide. They
occur on the central vascular bundle (midrib), their long axes
forming an acute angle with it. Scars are located in the centre of the
leaf and are separated by 1–3 mm from each other.

Multiple bulbous oviposition scars
Fig. 6
Material: MPEF-IC 1062.
Occurrence: Ferrarotti IIB locality.
Damage type: new insect damage type (see discussion below).
Description: This trace was identified on a Glossopteris wilsonii

leaf fragment up to 24.8 mm ong. At least 12 bulbous transverse U-
shaped scars up to 3.1 mm ong were identified along the basal zone
of the midrib. They occur in a vertical pattern along the central
vascular bundle with their major axis perpendicular to the midrib.
These damage marks are more disjunct towards the leaf base.

5. Discussion

Of the 291 leaf impressions studied, 238 (83.21%) were
Glossopteris (mostly G. wilsonii), 20 (6.99%) Gangamopteris obovata,
18 (6.29%) Ginkgoites, and 15 (5.24%) Cordaites. Evidence of plant–
arthropod interactions was observed in "27% of the samples, most
of them corresponding to hole feeding (49.4%) and marginal
feeding (34.2%) damage. These traces were identified mainly on
Glossopteris wilsonii leaves, and secondarily in Ginkgoites species.

One of the most abundant and diverse traces identified in the
Rı́o Genoa Formation correspond to margin feeding (MF) damage.
It was observed in Glossopteris wilsonii and Ginkgoites eximia leaves
and is mostly equivalent to DT 2 of Labandeira et al. (2007), i.e.,
circular, shallow-to-deep excision on the leaf margin. In Gond-
wana, analogous traces were described from Brazil on Gang-
amopteris sp., G. ovata, Cordaites hislopii leaves and in at least six
Glossopteris species (Adami-Rodrigues et al., 2004b; Souza Pinheiro
et al., 2012; Slater et al., submit). Srivastava (1987) and more
recently, Srivastava and Agnihotri (2011) described MF damage in
Glossopteris leaves from the lower Barakar Formation flora of India
assigned to DT 12 (Labandeira et al., 2007), which occurs
associated with winged insects related to Blattoidea. Moreover,
Plumstead (1963) and Srivastava and Agnihotri (2011) described
the presence of concave scallops or cuspate margin feeding traces
from the Lower Permian of the Karoo Basin (South Africa) and
Barakar Formation (India), respectively. All of these damages are
similar to DT 15 identified in Glossopteris wilsonii from Rı́o Genoa
Formation leaves, and identified in Glossopteris sp. and G. communis
leaves from the Parana Basin, Brazil (Souza Pinheiro et al., 2012).
Finally, the last type of MF damage identified in Glossopteris leaves
was assigned to DT 81, almost or perfectly circular excisions
(Fig. 2). A comparable damage was recorded on Glossopteris leaves
from the Upper Permian or Belmont, Australia (Beattie, 2007).
Some authors suggest that external foliar (margin feeding) damage
could be caused mainly by primitive orthopteroid insects, such as
Protorthoptera and Plecoptera (Scott et al., 1992; Scott and Taylor,
1993; Beck and Labandeira, 1998; Adami-Rodrigues and Ianuzzi,
2001; Adami-Rodrigues et al., 2004a).

Until the present work, hole feeding (HF) arthropod damage
from Early Permian beds have only been described from the
Parana Basin, Brazil (Adami-Rodrigues et al., 2004b; Souza
Pinheiro et al., 2012) on several elements of the ‘‘Glossopteris
Flora’’. We found traces that are comparable with these already
described. They are mostly assigned to DT 01 and DT 02, occurring
frequently between the foliar margin and midrib (Fig. 3).
However, we also identified hole feeding damage between
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secondary veins of Glossopteris wilsonii leaves, whereby tissues
have been completely removed leaving a distinctive reaction rim
(Fig. 3; DT 78? of Labandeira et al., 2007). Adami-Rodrigues et al.
(2004a) argued that this type of damage might be attributed to
hemipteroid insects, such as Sternorrhyncha or Auchenorryncha
groups. However, other taxa, such as coleopteroid could also
undertake this type of feeding activity (Medvedev, 1968;
Zherikhin and Gratshev, 1995).

Surface feeding (SF) traces from the Rı́o Genoa Formation can be
assigned to two subgroups. In the first group, damage occurs in
Glossopteris and Cordaites leaves and is referred to DT 28 of
Labandeira et al. (2007). A second group was identified on
Gingkoites leaves (G. feruglioi and G. eximia), as removal or abrasion

of surface tissue (DT 29). Currently, the only comparable fossil
record comes from Lower Permian beds of the Parana Basin (Souza
Pinheiro et al., 2012). The later authors identified DT 103 in
Glossopteris indica and Glossopteris communis leaves. The principal
differences between leaves with this damage from Argentina and
Brazil are in the shape and orientation of traces with respect to the
secondary veins. For example, in Ginkgoites leaves from the Rı́o
Genoa Formation, traces are circularly shaped (Fig. 4(3)), whereas
in Glossopteris leaves from Brazil, the damage is usually oblong and
orientated along the course of the secondary veins.

Oviposition scars from the Rı́o Genoa Formation can be
classified in three groups. The first one includes lenticularly-
shaped oviposition scars on Gangamopteris leaves, equivalent to

Fig. 6. New insect damage in Glossopteris wilsonii leaf MPEF-IC 1062. 1. Multiple bulbous U-shaped oviposition scars located on the basal zone of the midrib. 2. Detail of the
insect damage in the basal zone of the midrib showing variation in spacing of traces towards the base of the leaf. 3. Detail of the bulbous U-shaped oviposition scars. Scale
bars: 10 mm (1), 5 mm (2, 3).

J. Gallego et al. / Geobios 47 (2014) 101–110108



damage types DT 102 of Labandeira et al. (2007). Similar
oviposition scars were identified by Cariglino and Gutiérrez
(2011) on Glossopteris leaves from the La Golondrina Formation.
However, oviposition scars on leaves from the Rı́o Genoa
Formation are elliptical with acute apices and in some fossils
are distributed in a regular arrangement along the margin, whereas
those from the La Golondrina Formation are ovate and positioned
on the midrib. The second group, observed on Ginkgoites feruglioi
leaves, comprises oviposition scars with long axes arranged
perpendicular to the secondary veins; the scars are randomly
distributed over the foliar lamina (DT 137; Fig. 4(3)). Adami-
Rodrigues et al. (2004a) described similar traces that were
interpreted to derive from protodonatan dragonflies. Finally, the
third group consists of solitary oviposition scars on Gangamopteris
leaves (Fig. 5(3)) that are similar to traces recorded on Gang-
amopteris obovata from Brazil (Souza Pinheiro et al., 2012) and
Glossopteris communis from the Barakar Formation of India
(Srivastava and Agnihotri, 2011). These traces resemble those
identified on Glossopteris leaves from the Lower Agate Permian
Creek Volcanic Group, northern Queensland (White, 1961).
Further, McLoughlin (2011) described a solitary oviposition scar
on Glossopteris bucklandensis, which is similar in shape and
position with the material described in this paper.

Interestingly, a new type of insect damage is described on a
single Glossopteris wilsonii leaf (Fig. 6). Considering its general
features, this trace is interpreted to correspond to a multiple
bulbous oviposition scars (C.C. Labandeira, pers. comm.). This
interpretation is based on the damage being positioned over the
leaf midvein similar to the other non-solitary oviposition scars
occurring in uniseriate arrangement (Krassilov and Rasnitsyn,
2008; McLoughlin, 2011), Two principal differences are noted from
previous documented non-solitary ovipositions. First, this new
trace is characterized by U-shaped scars while other oviposition
scars are elliptical to ovate. Second, this new damage is organized
forming a uniseriate column of at least twelve scars along the
lower section of the midvein. Permian insect traces are not usually
assigned to formal ichnotaxa, but rather referred to informal
numerical coded damage types as defined by Labandeira et al.
(2007). Nevertheless, we suggest that this new type of bulbous
oviposition scars could be assigned to Costoveon Krassilov
(Krassilov and Rasnitsyn, 2008), which is defined as egg scars
over leaf midribs or primary veins.

In the light of the preliminary results shown above, the Rı́o
Genoa Formation flora reveals the strong development of
herbivory at high latitudes in the Permian, an observation that
agrees with studies recently published based on extant genera
(Adams and Zhang, 2009; Moles et al., 2011; Poore et al., 2012).
These results could be specifically related to the hypothesis of an
allochtonous origin for Patagonia. However, they may also be
conditioned by the phylogenetic diversity of plants and the
election of insects for them (Barone, 1998; Novotny et al., 2006).
Nevertheless, more work is needed in order to increase our data
set, including other Gondwanian basins, which will in turn allow
more accurate statistical comparisons among them.

6. Conclusion

The present work comprises the first formal description of
arthropod damages from the Rı́o Genoa Formation, and the first
formal description of damage in gymnosperm leaves from the Early
Permian of Argentina. More specifically, we record the first
examples of margin feeding, surface abrasion and oviposition scar
damages in Permian Ginkgoites leaves. We also describe the first
fossil record of a new type of multiple bulbous U-shaped
oviposition scars in Glossopteris wilsonii leaves. The range of

arthropod damage, in conjunction with the diverse flora of the Rı́o
Genoa Formation, reveals a broad spectrum of plant–arthropod
interactions, which prove the peculiar importance of the Rı́o Genoa
Formation flora in the Early Permian Gondwanian context.
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