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Abstract
Premise: Two distinct types of fossil infructescences from the early Eocene Laguna del
Hunco flora, Chubut Province, Patagonia, Argentina, preserve features of the family
Cunoniaceae. The goal of the study was to assess their affinities within Cunoniaceae
and to interpret their evolutionary and biogeographical significance.
Methods: Specimens were collected from the Tufolitas Laguna del Hunco, Huitrera
Formation. They were prepared, photographed, and compared morphologically with
similar extant and fossil fruits and infructescences using published literature and
herbarium material.
Results: The fruit and infructescence morphology place the fossil taxa within
Cunoniaceae. They do not conform to any extant genus, supporting the erection of
two new fossil genera. Racemofructus gen. nov. shares diagnostic features of the tribe
Cunonieae, especially Weinmannia s.l., and exhibits two tribal morphological
synapomorphies: a racemose inflorescence and a replum composed of a single
column. Cunoniocarpa gen. nov. specimens are paniculate inflorescences with
basipetally dehiscent, bicarpellate capsules that have persistent styles and calyces. Its
replum morphology suggests an affinity to the tribe Caldcluvieae, particularly to the
genus Ackama.
Conclusions: The new Patagonian fossils described herein constitute the oldest record
of cunoniaceous capsules globally, supplementing a significant body of fossil evidence
from pollen, wood, and reproductive structures from southern South America and
Antarctica that suggests that the Cunoniaceae were diversified and widely distributed
in the southern hemisphere by the early Eocene. Racemofructus and Cunoniocarpa
are, respectively, the first fossil records from South America of reproductive structures
with affinity to tribes Cunonieae and Caldcluvieae.
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The Cunoniaceae comprise about 27 extant genera and over
300 extant species of woody plants that are predominantly
distributed in the southern hemisphere (Figure 1; Pillon
et al., 2021). The family is well known from confirmed
macrofossils of wood, leaves, and reproductive material from
the Cretaceous to Paleogene of Antarctica (Poole
et al., 2000, 2001, 2003) and the Cenozoic of Australia
(Barnes, 1999; Barnes and Hill, 1999; Barnes and Jordan, 2000;
Barnes et al., 2001) and South America (Gandolfo and
Hermsen, 2017; Jud et al., 2018; Jud and Gandolfo, 2021).
There are also putative macrofossil records of Cunoniaceae
from the Cretaceous and Paleogene of the northern

hemisphere, including mesofossil flowers from Europe (Schön-
berger et al., 2001), flowers in amber from Southeast Asia
(Chambers et al., 2010; Poinar and Chambers, 2017, 2019;
Poinar et al., 2021), permineralized fruits from North America
(Tang et al., 2022), and Cunonioxylon‐type wood from Europe
and North America (Gottwald, 1992; Wheeler and
Lehman, 2009). Reports of fossil cunoniaceous capsules are
rare. Until now, all have come from the Cenozoic of Australasia
and are assigned to extant genera (Table 1). Occurrences
include a mummified capsule of Eucryphia from the Oligocene
of Australia (Barnes and Jordan, 2000), a capitate infructes-
cence of Callicoma from the Oligocene of Australia (Barnes and
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Hill, 1999), an infructescence from the Miocene of New
Zealand attributed to ?Weinmannia (Pole, 1993; Barnes, 1999),
and a mummified capsule of Bauera from the Pleistocene of
Tasmania (Jordan et al., 1991; Barnes, 1999).

Currently, the family Cunoniaceae is divided into six
monophyletic tribes—Caldcluvieae, Codieae, Cunonieae,
Geissoieae, Schizomerieae, and Spiraeanthemeae—with an
additional seven unplaced genera: Acrophyllum, Aistopeta-
lum, Bauera, Davidsonia, Eucryphia, Gillbeea, and Hooglan-
dia (Hufford and Dickison, 1992; Bradford and Barnes, 2001;
Sweeney et al., 2004; Hopkins et al., 2013; Pillon et al., 2021).
These groups are broadly separated into a basal grade
(comprising the genera Aistopetalum, Bauera, Davidsonia,
Hooglandia, and the tribes Schizomerieae and Spiraeanthe-
meae) and a large Core Cunon clade (see Bradford and
Barnes, 2001; Bradford et al., 2004), including four tribes

(Caldcluvieae, Codieae, Cunoniaceae, and Geiossoieae) and
three unplaced genera (Acrophyllum, Eucryphia, and Gill-
beea) (Bradford and Barnes, 2001; Bradford et al., 2004;
Jud and Gandolfo, 2021; Pillon et al., 2021). The Core
Cunon clade is characterized by a short deletion in the trnL‐
trnF spacer (Bradford and Barnes, 2001; Jud and
Gandolfo, 2021).

The recognition of most tribes and genera of Cunonia-
ceae using reproductive morphology requires a combination
of inflorescence, flower, and fruit characters (Bradford and
Barnes, 2001). Flowers are generally bisexual, with a biseriate
perianth divided into a 4–5‐merous calyx and a 4–5‐merous
corolla (Bradford et al., 2004). Syncarpous, bicarpellate
ovaries are common in the family and unite all genera
except for Spiraeanthemum (Bradford and Barnes, 2001).
Genera with basipetally dehiscent bicarpellate capsules

F IGURE 1 Map showing extant distribution and fossil occurrences of the tribes Caldcluvieae (squares) and Cunonieae (circles). From east to west,
fossils shown are (1) ?Weinmannia sp. (Pole, 1993; Barnes, 1999; Manuherikia Formation, New Zealand; Miocene). (2,3) Weinmanniaphyllum bernardii,
Vesselowskya rubifolia (Carpenter and Buchanan, 1993; Cethana, Tasmania; Oligocene). (4) Weinmannia sp. (Barnes, 1999; Wilson's Creek, Tasmania;
Oligocene). (5) Caldcluvia mirabilis (Tosolini et al., 2013; Seymour Island, Antarctica; Paleocene). (6) Weinmannioxylon trichospermoides (Pujana
et al., 2018; James Ross Island, Antarctica; Cretaceous). (7) Weinmannioxylon ackamoides (Torres, 1990; Zhang and Wang, 1994; Poole et al., 2001; King
George Island, Antarctica, Eocene). (8) Weinmannioxylon nordenskjoeldii (Poole et al., 2000; Livingston Island, Antarctica, Cretaceous). (9) cf. Weinmannia
sp./Xylotype 6 (Poole and Cantrill, 2007; West Point Island, Falkland Islands; Miocene). (10) Weinmannioxylon multiperforatum (Raigemborn et al., 2009;
Golfo San Jorge Basin, Chubut, Argentina; Eocene). (11) W. multiperforatum (Petriella, 1972; Cerro Bororo, Chubut, Argentina; Paleocene).
(12) W. multiperforatum (Brea et al., 2015; Rancahue Formation, Neuquen, Argentina; Oligocene). (13,14) Racemofructus fasciculatus gen. et sp. nov. and
Cunoniocarpa stylosa gen. et. sp. nov. (this paper; Laguna del Hunco, Chubut, Argentina; Eocene). (15) Weinmannioxylon sp. (Terada et al., 2006; Arroyo
Cardenio, Aisen, Chile; Eocene). (16) Caldcluvioxylon torresiae (Pujana and Ruiz, 2019; Rio Turbio, Santa Cruz, Argentina).

TABLE 1 Fossil record of cunoniaceous capsules.

Genus Age Region Carpel No. Replum Calyx Inflorescence Pedicels References

Eucryphia Oligocene Tasmania 8 Free pair Caducous ? ? Barnes and Jordan, 2000

Callicoma Oligocene Tasmania 2 ? ? Capitulum Absent Carpenter and Buchanan, 1993

Bauera Pleistocene Tasmania 2 ? 6 sepals Solitary ? Jordan et al., 1991; Barnes, 1999

Weinmannia sp. Miocene New Zealand 2 ? ? Raceme Fascicled Pole, 1993

Racemofructus Eocene Patagonia 2 Single 4–5 sepals Raceme Fascicled This Paper

Cunoniocarpa Eocene Patagonia 2 Free pair 4–6 sepals Panicle Solitary This Paper
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occur nearly throughout Cunoniaceae. They include all
Caldcluvieae; some members of Cunonieae (Pterophylla,
Vesselowskya, Weinmannia s.s.) and Geissoieae (Geissois,
Karrabina, Lamanonia); one genus each in Codieae (Calli-
coma), Schizomerieae (Anodopetalum), and the monotypic
tribe Spiraeanthemeae (Spiraeanthemum); and the unplaced
genera Acrophyllum and Bauera (Table 2). Eucryphia also
produces capsulate fruits, but they have four or more carpels
(Bradford and Barnes, 2001; Table 2). Inflorescence structure
is variable and homoplasious among tribes but usually
consistent within tribes. Panicle and cyme are the ancestral
inflorescence types (Bradford and Barnes, 2001). Paniculate
and thyrsoid inflorescences are common among taxa in the
basal grade, but they also characterize the tribe Caldcluvieae
and a few other genera in the Core Cunon clade (Bradford
and Barnes, 2001). Within the Core Cunon clade, there is a
general trend toward reduction from the paniculate form to
less‐branched inflorescence types such as racemes, capitula,
or solitary flowers, and these forms generally constitute a
tribal or generic apomorphy (Bradford and Barnes, 2001).

Two‐thirds of the species in Cunoniaceae belong to the
Cunonieae, a monophyletic tribe comprising the genera
Cunonia, Pancheria, Pterophylla (formerly in Weinmannia

s.l.), Vesselowskya, and Weinmannia s.s. (Pillon et al., 2021).
The monophyly of this tribe is supported by a long deletion in
the trnL‐trnF spacer and three morphological synapomorphies:
racemose inflorescences, capsules with a single vertical, seed‐
bearing replum (column or partition between the carpels), and
tricolporate pollen (Bradford and Barnes, 2001). Vesselowskya
includes two species that are restricted to the subtropical
rainforests of eastern Australia (Figure 1) and is easily
recognized by its trimerous perianth and decurrent styles that
persist on mature capsules (Rozefelds et al., 2001). Pancheria
comprises about 30 species endemic to New Caledonia; it bears
flowers in a capitulum instead of a raceme and produces
follicles instead of capsules (Hopkins et al., 2009). Cunonia
comprises about 25 species endemic to New Caledonia and one
species endemic to South Africa (Figure 1), and it is the only
genus in Cunoniaceae with acropetally dehiscent capsules
(Bradford, 2002). Weinmannia s.s. includes about 90 species
that occur in moist temperate forests of Chile and Argentina,
tropical montane forests of Central America, and tropical forests
of the Mascarene Islands (Bradford, 1998, 2001; Pillon
et al., 2021). Pterophylla has 68 species and is divided into
four sections that were previously included in Weinmannia s.l.:
Pterophylla (formerlyWeinmannia sect. Fasciculata, 20 species),

TABLE 2 Genera of Cunoniaceae with dehiscent capsulate fruits.a

Genus Tribe Inflorescence Dehiscence Replumb

Ackamac Caldcluvieae Thyrse Basipetal Absent, free pair

Caldcluvia Caldcluvieae Cyme Basipetal Free pair

Opocunonia Caldcluvieae Cyme Basipetal Absent

Callicoma Codieae Capitulum Basipetal Absent

Cunonia Cunonieae Raceme Acropetal Solitary

Pterophyllad Cunonieae Raceme or spike Basipetal Solitary

Vesselowskya Cunonieae Raceme Basipetal Solitary

Weinmannia s.s.d Cunonieae Raceme Basipetal Solitary

Geissois Geissoieae Raceme Basipetal Free pair

Karrabina Geissoieae Raceme Basipetale Free pair

Lamanonia Geissoieae Raceme Basipetal Free pair

Anodopetalum Schizomerieae Solitary flower or
3‐flowered cyme

Basipetalf Absent

Spiraeanthemumg Spiraeanthemeae Panicle Basipetal Absent

Acrophyllum NA Panicle Basipetal Absent

Bauera NA Solitary flower Basipetal Solitary

Eucryphia NA Solitary flower Basipetal Free pair

aSources: Godley (1983), Dickison (1984), Bradford (1998, 2001), Barnes and Hill (1999), Barnes and Rozefelds (2000), Bradford and Barnes (2001), de Lange et al. (2002), Hopkins
and Hoogland (2002), Bradford et al. (2004), Hopkins et al. (2013), Pillon et al. (2021).
bAbsent includes fruits described as having no replum or scored as inapplicable or having an adnate‐pair replum in Bradford and Barnes (2001).
cIncludes Spiraeopsis after Pillon et al. (2021).
dThe circumscriptions of Pterophylla and Weinmannia s.s. follow Pillon et al. (2021).
eBased on an illustration of the capsule in Hopkins et al. (2013, see fig. 4H).
fCapsule dehiscence recorded as septicidal (Barnes and Rozefelds, 2000), inferred to be the typical basipetal type in Cunoniaceae.
gIncludes Acsmithia after Pillon et al. (2009).
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Leiospermum (18 species), Inspersae (9 species), and Spicatae
(21 species); Pterophylla occurs in tropical montane forests
of Malesia and the West Pacific and tropical lowland and
montane forests in Madagascar and the Comoros Islands
(Bradford, 1998, 2001; Pillon et al., 2021). Pterophylla and
Weinmannia s.s. have hairy seeds and often bear flowers in
fascicles (Bradford, 1998; Pillon et al., 2021).

The Caldcluvieae are a monophyletic tribe with 12 species
that have been grouped into as many as four distinct genera
(Ackama, Caldcluvia, Opocunonia, Spiraeopsis; Bradford and
Barnes, 2001) or lumped into the single genus Caldcluvia s.l.
(Hoogland, 1979). In the most recent treatment of the
Caldcluvieae, Pillon et al. (2021) suggested that the tribe
should comprise three genera—Ackama (including the species
formerly placed in Spiraeopsis and Ackama s.s.), Caldcluvia,
and Opocunonia—and we follow their circumscription here-
after. Bradford and Barnes (2001) identified tuft domatia on
the underside of leaves as a morphological synapomorphy for
Caldcluvieae. Some reproductive characters—such as valvate
sepals, loosely connate carpels, and thickened axile placentae
that are either adnate to the endocarp or that form a free‐pair
replum (i.e., two bifurcating columns between the capsule
valves that occur on either side of the fruit; see Godley, 1983;
Bradford and Barnes, 2001; Hopkins and Hoogland, 2002;
Pillon et al., 2021)—have been used to unite the species in the
Caldcluvieae (Hoogland, 1979; Pillon et al., 2021), but they are
neither exclusive to nor ubiquitous within the group. Ackama
comprises 10 species and occurs in New Guinea (5 spp.), the
Philippines and Solomon Islands (1 sp.), Australia (2 spp.),
and New Zealand (2 spp.); it can be distinguished from the
other genera in the tribe by its large, paniculate or thyrsoid
inflorescences with small (1–2mm) flowers that are sessile or
borne on short (1–2.5mm) pedicels (Pillon et al., 2021).
Opocunonia and Caldcluvia are both monotypic genera with
small, cymose inflorescences bearing large (2–4mm) flowers
on long (3–8mm) pedicels (Bradford et al., 2004; Pillon
et al., 2021). Caldcluvia occurs in Chile, and its capsules have a
replum and caducous sepals; Opocunonia occurs in New
Guinea, and its capsules lack a replum and have persistent
sepals (Pillon et al., 2021).

The goal of our contribution is to describe two new
monotypic fossil genera based on infructescences bearing
bicarpellate, basipetally dehiscent capsules that have characters
consistent with placement in Cunoniaceae. Both are from the
diverse early Eocene Laguna del Hunco flora of north‐central
Chubut Province, Argentina, the same assemblage that yielded
the cunoniaceous samaroid fruit Ceratopetalum edgardoromeroi
of tribe Schizomerieae (Gandolfo and Hermsen, 2017). One of
the new taxa includes racemose infructescences bearing capsules
in fascicles; its structural characteristics clearly indicate that it
has affinities to tribe Cunonieae. The second includes a
paniculiform infructescence with capsules bearing long, persist-
ent styles; although the structural features of this taxon are not
as conclusive, it likely has affinities to Caldcluvieae. These early
Eocene fossils are the earliest known record of cunoniaceous
capsules and infructescences and the first fossils with affinities to
the tribe Cunonieae and Caldcluvieae from South America.

MATERIALS AND METHODS

The taxa described in this paper are based on fossil
infructescences collected from five of 32 quarried localities of
the Tufolitas Laguna del Hunco, Huitrera Formation, Chubut
Province, Patagonia, Argentina, paleolatitude ~47°S (Wilf
et al., 2003, 2005; Figure 1). The Tufolitas Laguna del Hunco
are fossiliferous caldera‐lake deposits within a volcaniclastic
depositional sequence consisting of tuffaceous mudstones to
sandstones (Wilf et al., 2003, 2005; Gosses et al., 2021). The
fossils occur throughout the most densely sampled and
fossiliferous 60‐m interval of the 170‐m local stratigraphic
section (Wilf et al., 2003, 2005; Hermsen and Gandolfo, 2016).
The horizon that yielded the youngest of the fossils (containing
localities LH6, LH22, LH25, and LH27) sits 23.05m above, and
in the same paleomagnetic polarity interval as, Ash 2211A,
which yielded an 40Ar‐39Ar age on sanidine of 52.22 ± 0.22 Ma
(early Eocene) (Wilf et al., 2003; Wilf, 2012). Other fossil
material is from the lower part of the section, below and thus
older than Ash 2211A. The maximum age of the fossils comes
from the youngest beds of the underlying, caldera‐forming
Barda Colorada Ignimbrite, which yielded an 40Ar/39Ar age on
sanidine of 52.54 ± 0.17Ma (Gosses et al., 2021). Thus, the age
of all the fossils is close to 52Ma, within the Early Eocene
Climatic Optimum. The paleoflora includes leaf, flower, fruit,
pollen, and wood fossils (Zamaloa et al., 2006, 2020; Gonzalez
et al., 2007; Wilf et al., 2009, 2014, 2017a, 2017b, 2019; Gandolfo
et al., 2011; Hermsen et al., 2012; Wilf, 2012; Knight and
Wilf, 2013; Carpenter et al., 2014; Hermsen and Gandolfo, 2016;
Deanna et al., 2020; Barreda et al., 2020; Brea et al., 2021) and is
considered to be one of the most diverse Eocene fossil
compression floras ever discovered (Wilf et al., 2003, 2005).
The paleoflora also has extensive, significant biogeographic
connections to the West Pacific, particularly the extant montane
rainforests of the Malay Archipelago and subtropical notophyll
forests of eastern Australia (Wilf et al., 2013; Kooyman
et al., 2014; Merkhofer et al., 2015). In addition to the fossil
Ceratopetalum fruits (see Introduction), the flora has an
abundant, undescribed leaf morphotype (TY116, “Cupania”
latifolioides Berry of Wilf et al., 2005) reported as similar to
Caldcluvia and Ackama that occurs at nearly all the individual
fossil quarries, including those studied here (Wilf et al., 2005;
Merkhofer et al., 2015; authors' unpublished field data).

The fossils were trimmed in the field, then prepared as
necessary by the staff at Museo Paleontológico Egidio
Feruglio (MEF; Trelew, Chubut Province, Argentina), where
the fossils are housed permanently in the paleobotanical
collection under specimen number prefix MPEF‐Pb. Fossils
were photographed at MEF using Nikon D90 and D700
cameras (Nikon, Melville, NY, USA). Fossils loaned to
Cornell from MEF were studied and photographed at the
L.H. Bailey Hortorium, Plant Biology Section, School of
Integrative Plant Science, Cornell University, using a Nikon
SMZ18 stereomicroscope and Nikon DS‐Ri2 Digital Camera.

Extant material of 10 capsular genera of Cunoniaceae
(Ackama, Callicoma, Cunonia, Eucryphia, Geissois, Lamano-
nia, Opocunonia, Vesselowskya, Pterophylla, and Weinmannia
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s.s.) were compared with the fossil specimens, using
herbarium sheets held at the L.H. Bailey Hortorium
Herbarium (BH). Images of extant material were taken at
BH with a Nikon D800e camera.

Descriptions of extant and fossil material follow the
terminology used by Bradford (1998, 2002) and Bradford
and Barnes (2001) in coding character states for phylogen-
ies. We consider the replum (columella sensu Spjut, 1994 or
column sensu Bradford and Barnes, 2001) to be a persistent
partition between the carpels that occurs in the capsules of
some Cunoniaceae that is formed from the fusion of
marginal vascular bundles (Dickison, 1975; Godley, 1983;
Bradford and Barnes, 2001; Hopkins and Hoogland, 2002).
The single and free‐pair replum types are defined as in
character 41 of Bradford and Barnes (2001), although their
adnate‐pair replum is here considered equivalent to a
replum being absent (see Pillon et al., 2021). Delimitation of
genera in Cunoniaceae and use of the terms Weinmannia
s.s. and Weinmannia s.l. follows Pillon et al. (2021).

RESULTS

Systematics

Family

Cunoniaceae R.Br.

Tribe

Cunonieae (R.Br.) Schrank & Mart.

Genus

Racemofructus Matel, Gandolfo, Hermsen, & Wilf, gen. nov.

Generic diagnosis

Racemose infructescence bearing pedicellate capsules; cap-
sules in fascicles of three; calyx persistent, 4‐ or 5‐merous,
sepals basally connate; capsule syncarpous, bicarpellate,
dehiscence septifragal; replum present, single; styles free.

Type species

Racemofructus fasciculatus Matel, Gandolfo, Hermsen, &
Wilf, sp. nov.

Holotype here designated

MPEF‐Pb 11025. Figure 2C, E, and G.

Paratypes

MPEF‐Pb 11021–11028 (11027, Figure 2A), MPEF‐Pb 11030,
MPEF‐Pb 11031, and MPEF‐Pb 11033–11037 (MPEF‐Pb
11035, Figure 2B; MPEF‐Pb 11037, Figure 2D).

Etymology

The generic name Racemofructus is a compound word
combining the botanical Latin terms racemus (raceme) and
fructus (fruit), referring to the racemose infructescence
morphology of the fossils; the species epithet fasciculatus
describes the fasciculate attachment of fruits to the
infructescence axis.

Repository

Paleobotanical collection of the Museo Paleontológico
Egidio Feruglio (MPEF‐Pb), Trelew, Chubut, Argentina.

Type locality

Laguna del Hunco quarry LH22, Huitrera Formation, early
Eocene (Ypresian), Chubut Province, Argentina.

Other localities

Laguna del Hunco quarries LH6 (MPEF‐Pb 11021), LH13
(MPEF‐Pb 11022–11024), LH25 (MPEF‐Pb 11026–11028),
and LH27 (MPEF‐Pb 11030, MPEF‐Pb 11031, MPEF‐Pb
11033–11037), Huitrera Formation, early Eocene (Ypre-
sian), Chubut Province, Argentina.

Specific diagnosis

As for the genus Racemofructus.

Informal prior reference

Morphotype TY093 “Unknown dicot sp.” (exemplar
LH22‐29 = MPEF‐Pb 11025) of Wilf et al. (2005: appendix
table A2, p. 8).

Description

The fossils are segments of racemose infructescences bearing
pedicellate, dehiscent capsules. The infructescence segments are
3.17–13.97 cm long and often broken and missing both ends.
The arrangement and spacing of fruits in relation to the main
axis is variable among and within specimens (Figure 2A, B).
Most commonly, the fruits are in fascicles of three, with the
fascicles spirally arranged on the axis of the raceme
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F IGURE 2 Racemofructus fasciculatus Matel, Gandolfo, Hermsen, & Wilf, gen. et. sp. nov. (A) MPEF‐Pb 11027; racemose infructescence with fascicled
pedicels bearing open and closed capsules with persistent calyxes and style bases. Scale bar = 1 cm. (B) MPEF‐Pb 11035; specimen showing a racemose
infructescence with arrows pointing to a fascicle of three pedicellate capsules (lower arrow) and a solitary, pedicellate, closed bivalvate capsule with a
persistent calyx and three visible sepal lobes (upper arrow). Scale bar 1 = cm. (C) MPEF‐Pb 11025 (holotype); detail of an infructescence axis showing a
single replum attached to the receptacle after valve dehiscence and detachment (upper arrow), and a fascicle of three fruits (lower arrow). Scale bar = 1 mm.
(D) MPEF‐Pb 11037; detail of an open bivalvate capsule showing two valves with basipetal dehiscence, one valve retaining a long style (upper arrow), and a
persistent calyx with three sepal lobes (lower arrows). Scale bar = 1 mm. (E) MPEF‐Pb 11025; a capsule of the holotype showing a single replum (upper
arrow) free from style bases while both valves remain attached to the receptacle. The calyx is persistent and shows two sepal lobe (lower arrows). Scale
bar = 1mm. (F) BH54023; image of a Weinmannia sp. (Cunonieae) specimen showing a single replum attached to the receptacle after valve dehiscence and
detachment (right arrow), a fascicle of three pedicels (center arrow), and a single capsule valve with a persistent style (left arrow). Scale bar = 1mm. (G)
MPEF‐Pb 11025; view of a capsule with one valve showing septifragal dehiscence, a single replum (right arrow), and a calyx with a single persistent sepal
lobe (left arrow). Scale bar = 1 mm.
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(Figure 2A, C). Solitary fruits occur sporadically on axes
predominantly bearing fascicled fruits (Figure 2B). Based on the
apparently consistent maturity of fruits attached to the same
axis as determined by the degree of dehiscence (Figure 2A, C),
fruits are interpreted as maturing synchronously on axes.

Capsules are borne on pedicels 1.6–3.0mm long and
0.4–0.5mm wide. Pedicels are slender and apparently flexible,
as they frequently occur wrapped around the main infructes-
cence axis (Figure 2B, C). Capsules are 2.8–4.2mm long. Each
capsule is subtended by a calyx of basally connate sepals.
Although the calyx is interpreted as persistent (i.e., not
caducous), the presence of sepals is variable, and their eventual
loss appears to be related to the maturity of the capsule. Sepal
lobes are most conspicuous on capsules with fused valves
or with valves separated only by a narrow opening
(Figure 2D, E, G). When sepal lobes are present, only two or
three are visible on each capsule; the total number of sepal lobes
is inferred to be four or five based upon symmetry
(Figure 2D, E, G). Sepal lobes are triangular with an acute or
obtuse apex (Figure 2D, E, G). Capsules have two valves that
open basipetally along a longitudinal suture aligned with the
septum (Figure 2D, E). A persistent, terminal style 0.1–0.9mm
long (Figure 2D) is attached to the apex of each valve. The
capsules are thus interpreted to have developed from a
syncarpous, bicarpellate ovary with two free and persistent
styles (Figure 2D, E, G). Open capsules and capsules in which
one or both valves have broken away from the receptacle reveal
a single replum 1.1–1.8mm long between the valves; the replum
is free from the style bases (Figure 2C, E, G). The retention of
valves on dehisced capsules is variable (Figure 2C); however,
based on the persistence of the replum after valve separation
(Figure 2C), capsules are interpreted as septifragally dehiscent.

Tribe

Caldcluvieae.

Genus

Cunoniocarpa Matel, Gandolfo, Hermsen, & Wilf, gen. nov.

Generic diagnosis

Paniculate infructescence bearing spirally arranged, pedicellate
capsules borne singly on axes; calyx persistent, 4–6‐merous,
sepals basally connate; capsule syncarpous, bicarpellate, dehis-
cence septicidal and basipetal; replum present, of the free‐pair
type; styles free, sometimes splitting apically and appearing bifid.

Type species

Cunoniocarpa stylosa Matel, Gandolfo, Hermsen, & Wilf,
sp. nov.

Holotype here designated

MPEF‐Pb 11029. Figure 3A, B, E.

Paratypes

MPEF‐Pb 11032 and MPEF‐Pb 11038 (Figure 3C).

Etymology

The name Cunoniocarpa is a combination of Cunonio‐, a
reference to Cunoniaceae, and ‐carpa, from the Greek for
fruit. The species epithet stylosa denotes the prominent,
persistent styles on the fossil fruits.

Repository

Paleobotanical collection of the Museo Paleontológico
Egidio Feruglio (MPEF‐Pb), Trelew, Chubut, Argentina.

Type locality

Laguna del Hunco quarry LH27, Huitrera Formation, early
Eocene (Ypresian), Chubut Province, Argentina.

Other localities

Laguna del Hunco quarry LH25 (MPEF‐Pb 11038) and
LH27 (MPEF‐Pb 11032), Huitrera Formation, early Eocene
(Ypresian), Chubut Province, Argentina.

Specific diagnosis

As for the genus Cunoniocarpa.

Description

This species is represented by three specimens: a panicle
(MPEF‐Pb 11029), a panicle fragment bearing capsules
(MPEF‐Pb 11038), and a pair of dispersed capsules (MPEF‐
Pb 11032). The holotype is a 2.50 cm segment of an
infructescence with at least three pairs of lateral branches
0.35–0.74 cm long. These lateral branches emerge from the
main axis in opposite pairs except for a solitary branch in
between the basal and apical pairs (Figure 3A). A fourth pair
of lateral branches is interpreted to have been present based
on the presence of a pair of scars on opposite sides of
the main axis at a node below the lowest pair of lateral
branches. Each branch is subtended by an inflorescence bract
1.2–1.4mm long and bears numerous bracteate fruits. Fruits
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are borne singly (i.e., not in fascicles) and are pedicellate, the
pedicels 1.6–1.9mm long and 0.4–0.5mm wide (Figure 3B).
Fruits are attached to at least two sides of the lateral branches,
and their arrangement is interpreted as spiral or distichous
(Figure 3A). The fruit apices are all pointed in the same
direction and are at an angle nearly perpendicular to the main
infructescence axis (Figure 3A), suggesting that the fruiting
axis was plagiotropic. Orbicular scars circa 0.5mm long occur

sporadically on the lateral axes (Figure 3A) and are
interpreted as pedicel scars left by abscised flowers or fruits.

Fruits are dehiscent capsules 3.7–4.4 mm long. Each
capsule retains a persistent calyx with 4–6 triangular sepal
lobes with acute or narrowly acute apices (Figure 3B, C).
Because each capsule has two valves (Figure 3A–C, E),
capsules are interpreted as developing from bicarpellate,
syncarpous ovaries. Capsules dehisce basipetally by means

F IGURE 3 Cunoniocarpa stylosa Matel, Gandolfo, Hermsen, & Wilf, gen. et. sp. nov. Scale bar = 1mm. (A) MPEF‐Pb 11029 (holotype); overall view
showing a paniculate infructescence with at least three pairs of lateral branches subtended by bracts and scars at a lower node where lateral branches have
been lost. Uppermost pair of arrows points to a pair of opposite lateral branches; the second pair of arrows from the top point to a lateral branch (right) and
an opposite scar (left); the third pair of arrows from the top point to opposite lateral branches, each subtended by a bract; the lowermost arrow points to a
scar. (B) MPEF‐Pb 11029; bivalvate capsules with elongate, persistent styles (upper arrow), and basipetal dehiscence (center arrow) borne on solitary pedicels
attached to a lateral branch; a persistent floral bract (lower arrow) subtends a pedicel scar. (C) MPEF‐Pb 11038; detail of capsules with elongate, persistent
styles (upper arrow), and valves divided by a narrow suture; capsules are separate from an infructescence axis and show three lobes of a persistent calyx
(lower arrows). (D) BH46252; image of an Ackama celebica (Caldcluvieae) specimen showing bivalvate capsules with persistent, elongate styles (left arrow), a
bifurcating replum fused to style bases (right arrow), and a persistent calyx with three visible sepal lobes (lower arrow). (E) MPEF‐Pb 11029; partially opened
capsule showing bifid styles (upper arrow) and a replum fused to the style base of one valve (lower arrow).
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of a longitudinal primary suture about 2.6–2.9 mm long; the
suture is interpreted as parallel to the septum dividing the
carpels, and thus dehiscence is considered septicidal. Upon
dehiscence, the fruit divides into two concave valves of
equal size; a single persistent style 0.6–1.7 mm long extends
from the apex of each valve (Figure 3A–C). In some fruits, a
loculicidal suture extending the length of the style divides
the stylar beak of each valve in two, making the valve apices
appear bifid (Figure 3E). Some dehisced capsules preserve
the distal arm of an apically bifurcating replum between
the carpels, with the arm of the bifurcation fused to the
style base of the adjacent capsule valve (Figure 3E); thus,
the capsules are interpreted as having repla of the free‐pair
type sensu Bradford and Barnes (2001). The bases of the
repla are obscured by intact valves but are inferred to
emerge from the fruit receptacle based on comparison with
modern taxa (Figure 4A, C, E, F; for more details, see
Discussion).

DISCUSSION

To explore the taxonomic position of the Patagonian fossils,
we compared them with several families that produce
infructescences bearing bicarpellate, loculicidal, septicidal,
and septifragal capsules. Some of them were promptly
rejected for their large character dissimilarities with the
fossils; among these were families that produce flowers with
inferior ovaries, a well‐developed hypanthium, and globose,
spherical, subspherical, obovoid, and oblong capsules with
loculicidal and/or septicidal dehiscence, such as Buxaceae
(Köhler, 2007), the monotypic Vahliaceae (Thiv, 2016),
Hydrangeaceae (Hufford, 2004), Saxifragaceae (Soltis, 2007),
and Iteaceae (Kubitzki, 2007). There is no indication that
the Patagonian fossil fruits were developed from an inferior
ovary nor that there is a hypanthium; the type of dehiscence
(septifragal) of the capsules is very different from those of
the aforementioned families. Some members of the family
Celastraceae also produce capsules (Simmons, 2004); how-
ever, their capsules tend to be ovoid or pyriform
and compressed (e.g., Dicarpellum, Celastrus), 5‐lobed and
fusiform (e.g., Bhesa, Canotia), or trilocular (Kokoona and
Menepetalum), thus completely differentiating them from
the Patagonian fossils. The fossils are different from
Escalloniaceae capsules as well. Escalloniaceae, a small
family comprising four genera, produce dry indehiscent or
septicidally dehiscent capsules on terminal racemes and
panicles (Lundberg, 2016). Fruits of Escallonia are charac-
terized by their persistent calyx, but differ from the
Patagonian fossils in having an inferior ovary and a
hypanthium. Capsules of the other genera in Escalloniaceae,
Forgesia and Anopterus, dehisce from the top to the base
and are 2–3 locular; Valdivia capsules are indehiscent
(Lundberg, 2016). FIGURE 4 (See caption on next page)
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The fossils were also compared with the families
Clethraceae, Clusiaceae, Ericaceae, Geraniaceae, Loganiaceae,
and Brassicaceae, which all have a replum in their capsules.
Geraniaceae were discarded because their flowers are solitary
or form pseudoumbellate inflorescences (Albers and Van der
Walt, 2007). Clethra capsules are always 3‐valved and
loculicidal and are enclosed by a persistent calyx (Schneider
and Bayer, 2004). Capsules of Ericaceae can be either
septicidal or loculicidal and very rarely septifragal; they
develop from a (1–) 4–5 (–12)‐carpellate ovary (Stevens
et al, 2004). Within Ericaceae, only the genera Diplarche and
Calluna have septifragal capsules; however, both were
discarded. Calluna flowers are solitary (Gimingham, 1960),
and Diplarche capsule valves split into two layers (Gillespie
and Kron, 2010). Capsules of Clusiaceae can be septicidal or
septifragal (e.g., members of the tribe Clusieae), but they are
mostly 3–5‐valvate. Mesua septifragal capsules are bivalvate,
but its ramiflorous inflorescences bear only 2–6 flowers. In
Loganiaceae, members of the tribe Antonieae have capsules
that are elliptical to obovoid, septicidal, and bivalved with
persistent styles and subtended by a series of scale‐like bracts
(Struwe et al., 2018). The family Brassicaceae usually produce
2‐valved capsules with a false septum (considered a persistent
replum at maturity) that divides the fruit into two locules.
Major differences between the fruits of this family and the
Patagonian fossils are the number of sepals (always four for
the Brassicaceae) and the shape of the capsule. Fruits of
Brassicaceae are known as siliques (e.g., Diptychocarpus,
Arabidella,) and silicules, which are differentiated by their
dimensions; these vary in shape from terete to quadrangular
depending on the degree and plane of the compression
(right angle, angustiseptate, and latiseptate; Appel and
Al‐Shehbaz, 2003). Clearly, Brassicaceae fruits are rather
different from the ones described here. All the families
considered for comparison have combinations of characters
(such as presence or absence of infructescence and flower
bracts, type of styles and stigmas, number and connation of
sepals, shape of the capsules, number of valves and locules

per capsule, etc.) that are not consistent with the character
suite observed in the Patagonian fossils.

The fossil infructescences described herein were also
compared with the family Cunoniaceae because they share
numerous characters with members of this family. Characters
that support their placement in the Cunoniaceae are the type
of inflorescence, pedicellate fruits, persistent and basally
connate sepals, and bicarpellate, syncarpous capsules with
valves separating distally from the base. Although these
characters are not individually unique to the family, their
combination in the fossils justifies their placement within the
Cunoniaceae. This is not the first time that a combination of
characters has been used for placing fossils within Cunonia-
ceae (see, e.g., Schönenberger et al., 2001; Gandolfo and
Hermsen, 2017). The fruits of both new fossil genera are
bicarpellate, basipetally septifragal, dehiscent capsules with a
persistent calyx of mostly five (sometimes four) sepals,
persistent styles, and a persistent replum inside the fruit.
We interpreted the capsules as septifragal because they are
incompletely opened along the dorsal or ventral sutures by a
break in the partition, leaving a persistent replum.

The key characteristics that can be used to distinguish
among Cunoniaceae with basipetally dehiscent bicarpellate
capsules that are relevant to the analysis of Racemofructus
and Cunoniocarpa are the branching pattern of the
infructescence—whether a cyme, thyrse, raceme, panicle,
capitulum, or solitary flower—and the structure of the
replum in the capsule (Table 2). The replum is a persistent
partition between the carpels that occurs in the capsules of
some Cunoniaceae; it is thought to be formed by the fusion
of the marginal vascular bundles (placentae) in the carpels
and occurs in a few configurations based on the number of
columns (one or two) present per capsule and whether they
are attached to the margins of the carpels or completely free
of them (Figure 4A–F; Godley, 1983; Bradfield and Barnes,
2001; Hopkins and Hoogland, 2002; Pillon et al., 2021).

Assignment of Racemofructus to Cunonieae

Racemofructus fasciculatus has fruit and inflorescence
morphology that is consistent with placement in Cunonieae.
Racemofructus shares two tribal synapomorphies suggested
by Bradford and Barnes (2001): (1) fruits borne in a raceme
and (2) capsules with a single replum. The single replum is a
solitary, unbranched columnar structure that occurs
between the carpels of the capsule; this type of replum is
characteristic only of Cunonieae and Bauera among
Cunoniaceae (Figures 4D, 5A; Table 2; Godley, 1983;
Bradfield and Barnes, 2001; Pillon et al., 2021). However,
according to Hopkins et al. (2013), the free‐pair replum in
capsules of Geissoieae can become detached so that the
capsules appear to have a single replum. Bauera differs from
Racemofructus in having solitary flowers rather than
inflorescences (Bradford et al., 2004). Geissoieae are
different from Racemofructus in having flowers borne singly
in the inflorescences (i.e., the flowers are not in fascicles;

F IGURE 4 Replum morphology of extant members of the
Cunoniaceae. Scale bar = 1 mm. (A) BH54000; capsule of Geissois pruinosa
(Geissoieae) with a free‐pair replum composed of two apically bifurcating
columns (arrows), which are free from the endocarp and adnate to style
bases. (B) BH46258; capsule of Ackama rosifolia (Caldcluvieae) with an
adnate‐pair replum (equivalent to the replum being absent in this study)
composed of two apically bifurcating columns; arrows point to the
bifurcating arms of the proximal column; the column is completely adnate
to the inner walls of adjacent carpels. (C) BH46252; capsule of Ackama
celebica (Caldcluvieae) with a free‐pair replum composed of a single
bifurcating column (arrows) adnate to style bases and free from endocarp.
(D) BH54025; capsule of Weinmannia racemosa with a single replum
composed of a single central column (arrow) free from style bases and
endocarp. (E) Top‐down view of a capsule of A. celebica at an early stage
with arrows pointing to the arms of the bifurcating central column; the
arms are fused to style bases and free from endocarp. (F) Top‐down view of
an A. celebica capsule at a late stage in which the central column has
divided to produce a pair of apically bifurcating columns (arrows) adnate
to style bases and free from endocarp.
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Schimanski and Rozefelds, 2002; Rozefelds and Pellow, 2011;
Hopkins et al., 2013; Hopkins, 2018).

Racemofructus lacks the diagnostic features that define
three of the genera in Cunonieae: a capitate inflorescence
(Pancheria), acropetal capsule dehiscence (Cunonia), and
a trimerous perianth (Vesselowskya) (Bradford, 1998;
Bradford and Barnes, 2001; Rozefelds et al., 2001; Bradford
et al., 2004; Hopkins et al., 2009; Pillon et al., 2021). Although
the characters present in Racemofructus are largely consistent
with Pterophylla and Weinmannia s.s., placement within
either genus is weakly supported because many of the features
of Racemofructus—such as its racemose inflorescence struc-
ture, basipetal capsule dehiscence, and 4‐ or 5‐merous calyx—
are plesiomorphic within Cunonieae (see Bradford, 1998, 2002;
Bradford and Barnes, 2001). The strongest character linking
Racemofructus to Pterophylla and Weinmannia s.s. is the
fasciculate arrangement of the fruits; among Cunonieae and
outside of those genera, fruit in fascicles only occurs in some
species of Cunonia (Bradford, 1998; Bradford et al., 2004;
Pillon et al., 2021). The morphological characters which
reliably distinguish Pterophylla and Weinmannia s.s. at the
generic level pertain to inflorescence architecture (Pillon
et al., 2021). Because Racemofructus is based on fossils of
unbranched, capsule‐bearing axes (Figure 2A, B), its complete
inflorescence architecture cannot be compared with those of
Pterophylla and Weinmannia s.s., and it therefore lacks
diagnostic characters of either genus.

Although not diagnostic at generic level, some charac-
ters observed in Racemofructus are useful for distinguishing
sections or species of extant Pterophylla and Weinmannia
s.s. These include whether fruits (1) are solitary or in
fascicles on the ultimate inflorescence axis; (2) are
pedicellate or sessile; (3) are subtended by a persistent
bract or lack an associated bract (i.e., are associated with
caducous bracts); and (4) have a persistent or caducous
calyx (Bradford, 1998; Hopkins, 1998; Pillon et al., 2021). In
Racemofructus, fruits are in fascicles, pedicellate, lack
associated persistent bracts, and have an attached calyx
(Figure 2C). These character traits occur inWeinmannia s.s.
and Pterophylla sections Pterophylla, Inspersae, and Spicatae
(Bradford, 1998; Hopkins and Hoogland, 2002). Racemo-
fructus can be distinguished from Pterophylla section
Leiospermum because their flowers are borne singly and
have caducous calyxes (Bradford, 1998; Hopkins and
Hoogland, 2002). Racemofructus may differ from Ptero-
phylla section Spicatae in having pedicellate fruits, although
pedicels sometimes develop on fruits in Spicatae even
though flowers are sessile (Bradford, 1998, 2001). Thus, the
combination of characters present in Racemofructus clearly
suggests an affinity to the Cunonieae—and to Weinmannia
s.s. and Pterophylla in particular—but does not support its
placement in any extant genus. Notably, Weinmannia‐type
pollen (Tricolporites sp. 2; Barreda et al., 2020) occurs in
some of the layers yielding Racemofructus fossils (LH6,
LH22). The co‐occurrence of Racemofructus and the
Weinmannia‐type pollen in the same layers supports the
idea that Racemofructus could belong to Weinmannia s.l.

Assignment of Cunoniocarpa to Caldcluvieae

Cunoniocarpa stylosa exhibits a combination of characters
that are not found in any extant genus of Cunoniaceae
and does not include any tribal or generic apomorphies.
Among bicarpellate, capsular Cunoniaceae, the presence
of a persistent, 4‐ to 6‐merous calyx and long, persistent
styles suggests an affinity to the tribes Caldcluvieae and
Cunonieae (Hoogland, 1979; Bradford, 1998; Bradford and
Barnes, 2001; Hopkins and Hoogland, 2002). Interestingly,
the genera included in Caldcluvieae lack tribal synapomor-
phies based on reproductive structures and share many
features of their fruit morphology with Pterophylla
and Weinmannia s.s. (Hoogland, 1979; Bradford and
Barnes, 2001; Table 2). Cunonieae and Caldcluvieae can
be reliably distinguished, however, based on their
inflorescence structure and replum morphology. Inflores-
cences of Caldcluvieae are compound and cymose or
paniculate/thyrsoid, whereas inflorescences of Cunonieae
are racemose (most genera) or capitulate (Pancheria)
(Bradford, 1998, 2001; Bradford and Barnes, 2001; de Lange
et al., 2002; Hopkins and Hoogland, 2002; Bradford
et al., 2004; Pillon et al., 2021). The structure of the
paniculate or thyrsoid inflorescences of Ackama (Caldclu-
vieae) is, however, like some species in Pterophylla sect.

A B

F IGURE 5 Fossil fruit reconstructions. Not to scale. Solid lines
represent the outline of the fossil, with the replum of each capsule outlined
in red. Dashed black lines outline areas in which the fossil is broken or
obscured. Gray dashed lines indicate inferred outlines of broken or
obscured structures. (A) Drawing of a capsule from Racemofructus (MPEF‐
Pb 11025; Figure 2C) showing the solitary replum. (B) Drawing of a capsule
from the holotype of Cunoniocarpa (MPEF‐Pb 11029, Figure 3A) showing
one apical arm of the free‐pair replum.
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Leiospermum in which inflorescence modules are composed
of a terminal raceme and multiple pairs of opposite racemes
(Bradford, 1998, 2002; de Lange et al., 2002; Hopkins and
Hoogland, 2002; Pillon et al., 2021).

Capsules of Cunoniocarpa can be separated from
Cunonieae and linked to Caldcluvieae based on their
replum morphology. Caldcluvieae either lack a replum
(Figure 4B) or have a replum in a free‐pair configuration
(Figure 4C, E, F; also shown in Geissois of tribe Geissoieae
in Figure 4A), whereas Cunonieae have a solitary replum
(Figure 4D; Godley, 1983; Bradford and Barnes, 2001;
Hopkins and Hoogland, 2002; Pillon et al., 2021). The
replum observed in capsules of Cunoniocarpa consists of a
single apically bifurcating column, with each arm of the
column adnate to the nearest style base (Figures 3E, 5B).
The free‐pair configuration was first illustrated by Godley
(1983) and was defined by Bradford and Barnes (2001); a
free‐pair replum is composed of two apically bifurcating
columns with distal arms adnate to the style bases. Bradford
and Barnes (2001) scored the free‐pair replum type as
occurring in Ackama (sometimes), Spiraeopsis (here
included in Ackama after Pillon et al., 2021), Caldcluvia,
Eucryphia, Geissois s.l., and Lamanonia. Ackama celebica
capsules may have free‐pair repla with the replum columns
distinct (Figure 4F) or connate in the dorsal‐ventral plane
(Figure 4E), perhaps representing different stages of capsule
maturation or variation in carpellary vascular anatomy.
Similar variation in the free‐pair replum configuration also
occurs in Ackama brassii fruits (Fig. 27D of Hopkins and
Hoogland, 2002) but has not been recorded from species
of any other genera in the Cunoniaceae. Dickison (1975)
noted that two species of Ackama (as Spiraeopsis in
Dickison, 1975), A. celebica and A. rufa, deviate from the
pattern of carpellary vasculature typically associated with
the free‐pair replum type and instead share a pattern of
carpellary vasculature with species of the Cunonieae that
have a single replum. Further study may reveal that this
variation of the free‐pair configuration is in fact diagnostic
of the Caldcluvieae. Morphological features of Cunoniocar-
pa clearly differentiate the genus from Cunoniaceae taxa
that have capsules with a free‐pair replum but are not in
Caldcluvieae. Geissoieae differ from Cunoniocarpa in
having racemose inflorescences (Bradford et al., 2004;
Hopkins et al., 2013); furthermore, elongated styles are
not persistent on the capsules in Geissoieae (Figure 4A;
Hopkins et al., 2013; Hopkins, 2018). Eucryphia is easily
distinguished from Cunoniocarpa because it bears solitary
flowers and produces capsules with four or more carpels
(Bradford and Barnes, 2001; Bradford et al., 2004).

Capsules of Cunoniocarpa are pedicellate and borne
singly, as in some species in all three genera of Caldcluvieae
(Bradford, 1998; Bradford and Barnes, 2001; Hopkins and
Hoogland, 2002). They are borne on a compound
infructescence that consists of a central axis with at least
three pairs of lateral branches (Figure 3A). The triangular
shape of the infructescence suggests that this form may
represent a fragment from a large paniculate or thyrsoid

inflorescence like that of Ackama (de Lange, 2002; Hopkins
and Hoogland, 2002; Pillon et al., 2021). The pedicels of
Cunoniocarpa are less than 2 mm long, putting them in the
size range of Ackama (Pillon et al., 2021). The floral bracts
and the calyx are persistent in the holotype specimen of
Cunoniocarpa stylosa (Figure 3A, B). Among extant genera
of Caldcluvieae, Caldcluvia has persistent bracts and a
caducous calyx, whereas Ackama (Figures 3D, 4B, 4C) and
Opocunonia have a persistent calyx and caducous bracts (see
appendices 2 and 4 of Bradford, 1998; Pillon et al., 2021).
The capsules of Cunoniocarpa have styles that divide at
the apex and appear bifid (Figure 3E). Some species of
Ackama (documented in A. australiensis, A. paniculosa, and
A. rosifolia) have capsules that divide up to one half their
length loculicidally (de Lange et al., 2002), which can make
the valves appear bifid at the apex (illustrated in
Maiden, 1917; Harden, 2021).

In summary, although Cunoniocarpa lacks apomorphies
for Caldcluvieae, it does exhibit characteristics that strongly
suggest a relationship to the tribe, particularly the presence
of a free‐pair replum type. Cunoniocarpa cannot be placed
within a modern genus with confidence, but it does share
multiple features with Ackama, such as its branching,
triangular inflorescence, short pedicels, and bifid styles in
fruit. Notably, abundant, co‐occurring, undescribed com-
pound leaves and leaflets from Laguna del Hunco were
reported as an unpublished species of Caldcluvia or Ackama
based on the presence of hairy domatia in secondary vein
axils, among other characters (morphotype TY116 of Wilf
et al., 2005; Merkhofer et al., 2015). Additional study is
necessary, however, to confirm their taxonomic placement.

Fossil record of Cunonieae and Caldcluvieae

Several reports of Cunonieae in the macrofossil record of
Antarctica and South America are based on wood assigned
to Weinmannioxylon, some species of which share similari-
ties to Weimannia s.l. or Cunonieae more broadly. It should
be noted, however, that Jud and Gandolfo (2021) expressed
reservations about the assignment of Cretaceous and
Paleogene Weinmannioxylon wood to crown Cunoniaceae;
furthermore, not all species of Weinmannioxylon are
thought to be related to Weinmannia s.l. or other genera
of Cunonieae (discussed further below). The earliest
potential macrofossil records of Cunonieae are two species
of Weinmannioxylon from the Late Cretaceous of James
Ross and Livingston islands, Antarctica (Poole et al., 2000;
Pujana et al., 2018; Jud and Gandolfo, 2021; Figure 1). Poole
et al. (2000) compared Weinmannioxylon nordenskjoeldii to
multiple genera of Cunoniaceae including Weinmannia s.l.
(Poole et al., 2000), while Pujana et al. (2018) considered
Weinmannioxylon trichospermoides similar to wood of
several species in Weinmannia s.l. Weinmannioxylon multi-
perforatum (the type species) and Weinmannioxylon
pluriradiatum, also considered similar to wood of Wein-
mannia s.l. and Cunonia (Petriella, 1972; Brea et al., 2015),
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have been found at several Paleogene localities in Chubut
and Neuquén provinces in Argentina (Petriella, 1972;
Raigemborn et al., 2009; Brea et al., 2015; Jud and
Gandolfo, 2021). One Neogene occurrence of wood from
the Falkland (Malvinas) Islands has been assigned to cf.
Weinmannia (Poole and Cantrill, 2007, equivalent to
Weinmannia s.l. in this study).

Cunonieae are represented by leaf and infructescence
records in Australasia beginning in the Paleogene
(Barnes, 1999; Barnes et al., 2001). A leaf macrofossil of
Weinmannia s.l. and leaf macrofossils ofWeinmanniaphyllum
bernardii—which has affinities to either Weinmannia s.l. or
Cunonia—are known from Paleogene deposits of Tasmania,
Australia, where neither Weinmannia s.l. nor Cunonia occurs
presently (Carpenter and Buchanan, 1993; Barnes, 1999;
Barnes et al., 2001; Carpenter and Rozefelds, 2021). Vesse-
lowskya is known from a leaf macrofossil from the Oligocene
Cethana flora, Tasmania (Carpenter and Buchanan, 1993;
Barnes, 1999; Barnes et al., 2001). Pole (1993) reported a fossil
infructescence bearing bicarpellate capsules in fascicles from
the Miocene of New Zealand and assigned it to ?Weinmannia
racemosa (Pterophylla racemosa in section Leiospermum in
Pillon et al., 2021). Barnes (1999) assigned the infructescence
only to ?Weinmannia (Weinmannia s.l. of this study); he
excluded it from section Leiospermum because it has fruits in
fascicles whereas Leiospermum has flowers borne singly. The
New Zealand infructescence is the only previous report of a
reproductive macrofossil with putative affinities to the
Cunonieae.

There are additional reports of Cunonieae fossils outside
of the Patagonia‐Antarctica‐Australasia region, although
most are dubious (see review by Barnes, 1999). Some
occurrences of Cunonioxylon, a wood taxon that has been
reported from the Paleogene of North America and Europe,
may have affinities to Cunonieae (Gottwald, 1992;
Schönenberger et al., 2001; Wheeler and Lehman, 2009).
Although the type species, Cunonioxylon weinmannioides,
probably does not belong in Cunoniaceae (see Gregory
et al., 2009; Wheeler and Lehman, 2009), two other
occurrences are considered similar to genera in Cunonieae.
The older is an unnamed wood type from the Paleocene of
Texas, United States, that Wheeler and Lehman (2009)
described as “cf. Cunonioxylon sensu Gottwald” (1992); they
compared it to wood of Weinmannia s.l. Gottwald (1992)
described the younger, Cunonioxylon parenchymatosum
from the Eocene of Germany, as similar to wood of
Cunonia (see also Wheeler and Lehman, 2009).

Macrofossil evidence of the Caldcluvieae is limited.
Wood of Weinmannioxylon ackamoides (which includes
species assigned to the genus Caldcluvioxylon) has been
reported from the Late Cretaceous of Livingston Island
(Chapman and Smellie, 1992; Poole and Cantrill, 2001) and
the Paleogene of King George Island (Torres, 1990, 2003;
Zhang and Wang, 1994; Poole and Cantrill, 2001; Oh
et al., 2020) in Antarctica; it has been compared to the
wood of Ackama (Chapman and Smellie, 1992; Poole and
Cantrill, 2001) and Caldcluvia (Torres, 1990; Zhang and

Wang, 1994). Pujana and Ruiz (2019) rejected the inclusion
of Caldcluvioxylon within Weinmannioxylon and intro-
duced a new species, Caldcluvioxylon torresiae, from the
Eocene Río Turbio formation in Patagonia; they considered
C. torresiae comparable to wood of Caldcluvia paniculata.
Leaves from the Paleocene of Seymour Island, Antarctica,
have been assigned to Caldcluvia mirabilis (Dusén, 1908;
Tosolini et al., 2013); additional material of C. mirabilis has
been reported from the Paleogene of King George Island
(Czajkowski and Rösler, 1986; Li, 1994; Torres, 2003,
Budantsev, 2012). No putative fossil infructescences of
Caldcluvieae have been previously reported.

Cunoniaceae Patagonian macrofossil record

The macrofossil record of Patagonia indicates the existence
of multiple lineages of Cunoniaceae by the Paleogene; it was
recently summarized by Jud and Gandolfo (2021) and is
briefly updated here. The earliest Cunoniaceae macrofossil
records from the southern hemisphere are Late Cretaceous
wood assigned to the genera Eucryphiaceoxylon and
Weinmannioxylon from Antarctica (Pujana et al., 2018;
Poole et al., 2000; Poole and Cantrill, 2001; Jud and
Gandolfo, 2021; Figure 1) whereas the Patagonian record
begins in the early Paleocene (early Danian) (Jud et al., 2018;
Iglesias et al. 2021; Jud and Gandolfo, 2021). Most
Paleocene to Eocene macrofossil reports of Cunoniaceae
from Patagonia are from Chubut Province, Argentina.
They include wood (Weinmannioxylon: Petriella, 1972;
Raigemborn et al., 2009), flowers (Lacinipetalum spectabil-
um and Cunoniantha bicarpellata: Jud et al., 2018; Jud and
Gandolfo, 2021), samaroid fruits (Ceratopetalum edgardor-
omeroi, Gandolfo and Hermsen, 2017), and unnamed leaf
remains (Merkhofer et al., 2015; Iglesias et al., 2021). Other
Eocene occurrences are farther to the south, in Santa Cruz
Province, Argentina, and adjacent to the Chilean Aysén XI
Region; these include a?Cunoniaceae leaf (Carpenter
et al., 2018), cf.Weinmannioxylonwood (Terada et al., 2006),
and Caldcluvioxylon torresiae wood (Pujana and Ruiz, 2019).
Younger macrofossil records in Patagonia are sparse and
include occurrences of the wood taxa Eucryphiaceoxylon
eucryphioides and Weinmannioxylon multiperforatum in
the Oligocene of Neuquén Province (Brea et al., 2015),
E. eucryphioides from the Miocene of Santa Cruz Province
(Brea et al., 2012), and cf. Weinmannia wood from the
Neogene of the Falkland Islands/Islas Malvinas (Xylotype 6
of Poole and Cantrill, 2007).

The early Paleocene flower Cunoniantha bicarpellata
was resolved in the Core Cunon clade but not placed within
a tribe (Jud and Gandolfo, 2021). The other two reproduc-
tive structures—the Paleocene flower Lacinipetalum spect-
abilum and the Eocene samaroid fruit Ceratopetalum
edgardoromeroi—are in tribe Schizomerieae (Gandolfo and
Hermsen, 2017; Jud et al., 2018; Jud and Gandolfo, 2021).
Cladistic analyses suggest that Lacinipetalum is a stem taxon
to the extant Schizomerieae clade (Jud et al., 2018; Jud and
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Gandolfo, 2021); Ceratopetalum is an extant Australasian
genus within Schizomerieae (Gandolfo and Hermsen, 2017).
At least some of the fossil wood occurrences are possibly
related to their namesake genera, all of which are in the
Core Cunon clade; among these are the unplaced genus
Eucryphia (Eucryphiaceoxylon, Brea et al., 2012, 2015),
Caldcluvia in Caldcluvieae (Caldcluvioxylon, Pujana and
Ruiz, 2019), and Weinmannia s.l. in Cunonieae (cf.
Weinmannia and Weinmannioxylon, Petriella, 1972; Poole
and Cantril, 2007; Raigemborn et al., 2009; Brea et al., 2015).
Thus, the Core Cunon clade and tribe Schizomerieae are
strongly supported as being present in Patagonia by the
Paleocene to early Eocene based on analysis of reproductive
structures (Jud et al., 2018; Jud and Gandolfo, 2021), and
Caldcluvieae, Cunonieae, and the Eucryphia lineage may
have been present in the Paleogene based on fossil wood.
The new fossil infructescences, Cunoniocarpa and Racemo-
fructus, described in this study provide additional evidence
for the presence of tribes Caldcluvieae and Cunonieae by
the early Eocene and suggest that the Core Cunon clade was
represented by as many as three genera and two tribes in
Patagonia by the early Eocene (52Ma).

Biogeography

Cunoniocarpa and Racemofructus grew in a moist
subtropical‐like climate with a diverse community of plants
that included ferns, gymnosperms, and angiosperms (Wilf
et al., 2005; Barreda et al., 2020). Many constituents of this
paleoflora currently are absent from or have a limited
distribution in South America, but they have extensive
distributions in the tropical and subtropical aseasonal
rainforests of Australasia and Malesia. Among gymnos-
perms, examples include Podocarpus, Dacrycarpus, Acmo-
pyle, and Retrophyllum (Podocarpaceae; Wilf, 2012; Wilf
et al., 2009, 2017b); Papuacedrus (Cupressaceae; Wilf
et al., 2009); and Agathis and Araucaria (Araucariaceae;
Wilf et al., 2014; Rossetto‐Harris et al., 2020). Among
angiosperms, examples include Atherospermophyllum and
Monimiophyllum (Atherospermataceae and Monimiaceae;
Wilf and Knight, 2013), Gymnostoma (Casuarinaceae;
Zamaloa et al., 2006), Ceratopetalum (Cunoniaceae; Gandolfo
and Hermsen, 2017), Winteroxylon (Winteraceae; Brea
et al., 2021), several Proteaceae (Gonzalez et al., 2007),
Castanopsis (Fagaceae; Wilf et al., 2019a, b), and the monocot
Ripogonum (Ripogonaceae; Carpenter et al., 2014). The noted
floristic similarity between the Laguna del Hunco paleor-
ainforest, the modern rainforests of Australasia and the
Malay Archipelago, and the paleorainforests of Australia and
Antarctica supports the interpretation of the early Eocene
Laguna del Hunco paleoflora as the westernmost reach of a
trans‐Antarctic paleorainforest biome, for which the ranges
of its taxa have relocated and contracted in response to loss of
favorable climates in southern South America and the
development of substantial oceanic barriers beginning later
in the Eocene (Wilf et al., 2013, 2019; Kooyman et al., 2014).

However, the presence of lineages with New World affinities
such as Physalis (Solanaceae; Wilf et al., 2017a; Deanna
et al., 2020), at Laguna del Hunco suggest that the
composition of the LH paleoflora is not entirely contained
in any single modern region (Merkhofer et al., 2015).

The extant distributions of genera in Cunonieae and
Caldcluvieae are consistent with the dominant bio-
geographic pattern among lineages present in the Laguna
del Hunco paleoflora (Figure 1). Structural evidence
suggests that Racemofructus is likely related to Weinmannia
s.l., and its likely biogeographic allies within Weinmannia
s.l. are Weinmannia s.s. or Pterophylla sect. Pterophylla.
Weinmannia s.s. is disjunct in the southern hemisphere (see
Pillon et al., 2021), with the majority of its species occurring
in Central and South America; only two species occur in the
Mascarene Islands east of Madagascar. Pterophylla sect.
Pterophylla is distributed predominantly in the Malay
Archipelago to as far east as Fiji (Pillon et al., 2021). On
the basis of morphological evidence, Cunoniocarpa belongs
in Caldcluvieae; it has the most similarities to the genus
Ackama, although it also shares features with Caldcluvia.
Thus, the likely biogeographical allies of Cunoniocarpa are
either Caldcluvia, a monotypic genus that occurs in
temperate rainforests of Chile and Argentina, or Ackama,
which occurs on islands of the Malay Archipelago and
Australia and New Zealand (Hopkins and Hoogland, 2002;
de Lange, 2002; Pillon et al., 2021).

CONCLUSIONS

The presence of fossil Cunoniaceae in Patagonia is corrobo-
rated by wood, pollen, and reproductive remains. Cunonio-
carpa and Racemofructus strongly support the hypothesis that
the Cunoniaceae had diversified by the early Eocene as at
least three tribes (Schizomerieae, Caldcluvieae, and Cuno-
nieae) were represented in the southern South American
fossil record at Laguna del Hunco. These new Patagonian
fossil genera have morphological similarities and plausible
biogeographic links to Ackama and Caldcluvia, and to
Weinmannia s.s. and Pterophylla sect. Pterophylla, respec-
tively. Thus, both fossil taxa can plausibly be linked
biogeographically to the living flora of humid lower montane
rainforests of Australasia and Malesia, and Ackama and
Weinmannia s.l. should be added to the long list of Laguna
del Hunco survivor lineages that occur in these associations
(Kooyman et al., 2014; Merkhofer et al., 2015; Wilf
et al., 2019a).

Currently, extant Cunoniaceae are represented in
South America by four genera: Eucryphia (unplaced
Core Cunon clade), Lamanonia (Geissoieae), Caldcluvia
(Caldcluvieae), and Weinmannia s.s. (Cunonieae), and
their combined distribution on the continent spans from
southern South America (Santa Cruz province) to Central
America and from the Andes to the Atlantic coast of Brazil
(Barnes et al., 2001). Based on the Patagonian fossil record,
the breadth of phylogenetic diversity of the Cunoniaceae in
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South America has decreased since the Paleogene, as
shown by the loss of tribe Schizomerieae, which is in the
basal grade of Cunoniaceae; this loss likely occurred due to
the regional constriction of areas with an equable and
everwet climate following the Early Eocene Climatic
Optimum and cooling associated with the opening of the
Drake Passage and the formation of the Antarctic
Circumpolar Current.

AUTHOR CONTRIBUTIONS
T.P.M. and M.A.G. conceived the study, described the
fossils, and analyzed the data; T.P.M. led the writing of the
manuscript with contributions from M.A.G., E.J.H., and
P.W., who all contributed to fieldwork, and sorting,
inventorying, and photographing the fossils.

ACKNOWLEDGMENTS
We thank K. C. Nixon, the curator of BH (Cornell
University), for access to the collection and J. Svitko
(Cornell University) for photographs of fossil and extant
material; M. Donovan (Cleveland Museum of Natural
History) for photographs of fossil material; personnel of
the Museo Paleontológico Egidio Feruglio and others,
including M. Caffa, L. Canessa, N. R. Cúneo, I. Escapa,
P. Puerta, L. Reiner, and E. Ruigomez for assistance with the
collection, lab preparation, and fieldwork; B. Cariglino, M.
Carvalho, J. Gallego, C. González, A. Iglesias, K. R. Johnson,
S. Wing, and many others for additional assistance in the
field, and the Nahueltripay family and Secretaría de Cultura
del Chubut for generously providing land access. We extend
our thanks to the Associate Editor and the reviewers for
helpful comments. This work was supported by National
Science Foundation (NSF) grants DEB‐0345750, DEB‐
0919071, DEB‐0918932, DEB‐1556666, DEB‐1556136, EAR‐
1925755, EAR‐1925552, and an REU‐NSF grant and BSA
Undergraduate Research Award to T.P.M. E.J.H. was
additionally supported by NSF DEB‐1829376.

DATA AVAILABILITY STATEMENT
The fossil specimens are curated at the Museo Paleontoló-
gico Egidio Feruglio, Trelew, Chubut, Argentina. Extant
material used in this study is curated and housed at BH,
Bailey Hortorium, Cornell University, Ithaca, NY, US.

ORCID
Theodore P. Matel http://orcid.org/0000-0001-6816-8027

REFERENCES
Albers, F., and J. J. A. Van der Walt. 2007. Geraniaceae. In K. Kubitzki

[ed.], The families and genera of vascular plants, vol. IX, Flowering
plants, eudicots, 157–167. Springer, Berlin, Germany.

Appel, O., and I. A. Al‐Shehbaz. 2003. Cruciferae. In K. Kubitzki
and C. Bayer [eds.], The families and genera of vascular plants, vol.
V, Flowering Plants, Dicotyledons, 75–174. Springer, Berlin,
Germany.

Barnes, R. W. 1999. Paleobiogeography, extinctions and evolutionary
trends in the Cunoniaceae. Ph.D. dissertation, University of
Tasmania, Hobart, Australia.

Barnes, R. W., and R. S. Hill. 1999. Macrofossils of Callicoma and Codia
(Cunoniaceae) from Australian Cainozoic sediments. Australian
Systematic Botany 12: 647–670.

Barnes, R. W., R. S. Hill, and J. C. Bradford. 2001. The history of
Cunoniaceae in Australia from macrofossil evidence. Australian
Journal of Botany 49: 301–320.

Barnes, R. W., and G. J. Jordan. 2000. Eucryphia (Cunoniaceae)
reproductive and leaf macrofossils from Australian Cainozoic
sediments. Australian Systematic Botany 13: 373–394.

Barnes, R. W., and A. C. Rozefelds. 2000. Comparative morphology of
Anodopetalum (Cunoniaceae). Australian Systematic Botany 13: 267–282.

Barreda V. D., M. C. Zamaloa, M. A. Gandolfo, C. Jaramillo, and P. Wilf.
2020. Early Eocene spore and pollen assemblages from the Laguna del
Hunco fossil lake beds, Patagonia, Argentina. International Journal of
Plant Sciences 181: 594–615.

Bradford, J. C. 1998. A cladistic analysis of species groups in Weinmannia
(Cunoniaceae) based on morphology and inflorescence architecture.
Annals of the Missouri Botanical Garden 85: 565–593.

Bradford, J. C. 2001. The application of a cladistic analysis to the
classification and identification of Weinmannia (Cunoniaceae) in
Madagascar and the Comoros Islands. Adansonia ser. 3 23: 237–246.

Bradford, J. C. 2002. Molecular phylogenetics and morphological evolution
in Cunonieae (Cunoniaceae). Annals of the Missouri Botanical
Garden 89: 491–503.

Bradford, J. C., and R. W. Barnes. 2001. Phylogenetics and classification of
Cunoniaceae (Oxalidales) using chloroplast DNA sequences and
morphology. Systematic Botany 26: 354–385.

Bradford, J. C., H. C. Fortune‐Hopkins, and R. W. Barnes. 2004.
Cunoniaceae. In K. Kubitzki [ed.], The families and genera of
vascular plants, vol. VI, Flowering plants, Dicotyledons, 91–111.
Springer‐Verlag, NY, NY, USA.

Brea, M., A. E. Artabe, J. R. Franzese, A. F. Zucol, L. A. Spalletti,
E. M. Morel, G. D. Veiga, and D. G. Ganuza. 2015. Reconstruction of
a fossil forest reveals details of the palaeoecology, palaeoenvironments
and climatic conditions in the late Oligocene of South America.
Palaeogeography, Palaeoclimatology, Palaeoecology 418: 19–42.

Brea, M., A. Iglesias, P. Wilf, E. Moya, and M. A. Gandolfo. 2021. First
South American record of Winteroxylon, Eocene of Laguna del
Hunco (Chubut, Patagonia, Argentina): new link to Australasia and
Malesia. International Journal of Plant Sciences 182: 185–197.

Brea, M., A. F. Zucol, and A. Iglesias. 2012. Fossil plant studies from late
Early Miocene of the Santa Cruz Formation: paleoecology and
paleoclimatology at the passive margin of Patagonia, Argentina. In
S. F. Vizcaíno, R. F. Kay, and M. S. Bargo [eds.], Early Miocene
paleobiology in Patagonia: high‐latitude paleocommunities of the
Santa Cruz Formation, 104–128. Cambridge University Press,
Cambridge, UK.

Budantsev, L. Y. 2012. Tertiary flora of the King George Island
(Antarctica). Tovarishchestvo nauchnykh izdaniĭ KMK, St. Peters-
burg, Russia. [in Russian].

Carpenter, R. J., and A. M. Buchanan. 1993. Oligocene leaves, fruits and
flowers of the Cunoniaceae from Cethana, Tasmania. Australian
Systematic Botany 6: 91–109.

Carpenter, R. J., A. Iglesias, and P. Wilf. 2018. Early Cenozoic vegetation in
Patagonia: new insights from organically preserved plant fossils
(Ligorio Márquez Formation, Argentina). International Journal of
Plant Sciences 179: 115–135.

Carpenter, R. J., and A. C. Rozefelds. 2021. Gondwanan or global? A
commentary on: ‘Fossil evidence from South America for the
diversification of Cunoniaceae by the earliest Palaeocene’. Annals of
Botany 127: iii–v.

Carpenter, R. J., P. Wilf, J. G. Conran, and N. R. Cúneo. 2014. A Paleogene
trans‐Antarctic distribution for Ripogonum (Ripogonaceae: Liliales)?
Palaeontologia Electronica 17: 39.

Chambers, K. L., G. Poinar Jr., and R. Buckley. 2010. Tropidogyne, a new
genus of Early Cretaceous eudicots (Angiospermae) from Burmese
amber. Novon 20: 23–29.

EOCENE CUNONIACEAE INFRUCTESCENCES FROM PATAGONIA | 15

http://orcid.org/0000-0001-6816-8027


Chapman, J. L., and J. L. Smellie. 1992. Cretaceous fossil wood and
palynomorphs from Williams Point, Livingston Island, Antarctic
Peninsula. Review of Palaeobotany and Palynology 74: 163–192.

Czajkowski, S., and O. Rösler. 1986. Plantas fósseis da Península Fildes; Ilha
Rei Jorge (Shetlands do Sul): Morfografia das Impressōes Foliares.
Anais da Academia Brasileira de Ciencias 58 (supplement): 99–110.

Deanna, R., P. Wilf, and M. A. Gandolfo. 2020. New physaloid fruit‐fossil
species from early Eocene South America. American Journal of
Botany 107: 1749–1762.

De Lange, P. J., R. O. Gardner, and K. A. Riddell. 2002. Ackama nubicola
(Cunoniaceae) a new species from Western Northland, North Island,
New Zealand. New Zealand Journal of Botany 40: 525–534.

Dickison, W. C. 1975. Studies on the floral anatomy of the Cunoniaceae.
American Journal of Botany 62: 433–447.

Dickison, W. C. 1984. Fruits and seeds of the Cunoniaceae. Journal of the
Arnold Arboretum 65: 149–190.

Dusén, P. 1908. Die Tertiäre Flora der Seymour‐Insel. Wissenschaftliche
Ergebnisse der Schwedischen Südpolar‐Expedition 1901–1903 unter
Leitung von Dr. Otto Nordenskjöld, Bd. III, L. 3, 1–27. Lithogra-
phisches Institut des Generalstabs, Stockholm, Sweden.

Gandolfo, M. A., and E. J. Hermsen. 2017. Ceratopetalum (Cunoniaceae)
fruits of Australasian affinity from the early Eocene Laguna del
Hunco flora, Patagonia, Argentina. Annals of Botany 119: 507–516.

Gandolfo, M. A., E. J. Hermsen, M. C. Zamaloa, K. C. Nixon,
C. C. Gonzalez, P. Wilf, N. R. Cúneo, and K. R. Johnson. 2011.
Oldest known Eucalyptus macrofossils are from South America. PLoS
One 6: e21084.

Gillespie, E., and K. Kron. 2010. Molecular phylogenetic relationships and a
revised classification of the subfamily Ericoideae (Ericaceae).
Molecular Phylogenetics and Evolution 56: 343–354.

Godley, E. J. 1983. The fruit in Ackama, Caldcluvia and Weinmannia. New
Zealand Journal of Botany 21: 455–456.

Gonzalez, C. C., M. A. Gandolfo, M. C. Zamaloa, N. R. Cúneo, P. Wilf, and
K. R. Johnson. 2007. Revision of the Proteaceae macrofossil records
from Patagonia, Argentina. Botanical Review 73: 235–266.

Gosses, J., A. R. Carroll, B. T. Bruck, B. S. Singer, B. R. Jicha, E. Aragon,
A. P. Walters, and P. Wilf. 2021. Facies interpretation and
geochronology of diverse Eocene floras and faunas, northwest
Chubut Province, Patagonia, Argentina. GSA Bulletin 133: 740–752.

Gottwald, H. 1992. Hölzer aus Marinen Sanden des Oberen Eozän von
Helmstedt (Niedersachsen). Palaeontographica Abteilung B 225:
27–103.

Gregory, M., I. Poole, and E. A. Wheeler. 2009. Fossil dicot wood names:
an annotated list with full bibliography. IAWA Journal, Supplement
6: 1–220.

Harden, G. J. 2021. Ackama paniculosa (F.Muell.) Heslewood. PlantNET,
New South Wales Flora Online (The NSW Plant Information
Network System). Website: https://plantnet.rbgsyd.nsw.gov.au/cgi-
bin/NSWfl.pl?page=nswfl%26lvl=sp%26name=Ackama%
7Epaniculosa. Royal Botanic Gardens and Domain Trust, Sydney,
Australia; https://plantnet.rbgsyd.nsw.gov.au. [accessed 26 Septem-
ber 2021].

Hermsen, E. J., and M. A. Gandolfo. 2016. Fruits of Juglandaceae from the
Eocene of South America. Systematic Botany 41: 316–328.

Hermsen, E. J., M. A. Gandolfo, and M. C. Zamaloa. 2012. The fossil record
of Eucalyptus in Patagonia. American Journal of Botany 99: 1356–1374.

Hoogland, R. D. 1979. Studies in the Cunoniaceae. II. The genera Caldcluvia,
Pullea, Acsmithia, and Spiraeanthemum. Blumea 25: 481–505.

Hopkins, H. C. F. 1998. A revision of Weinmannia (Cunoniaceae) in
Malesia and the Pacific. 1. Introduction and an account of the species
of Western Malesia, the Lesser Sunda Islands and the Moluccas.
Adansonia 20: 5–41.

Hopkins, H. C. F. 2018. Names and types relating to the South American
genus Lamanonia (Cunoniaceae) and its synonyms, the identity of L.
speciosa, and an account of the little‐known L. ulei. Kew Bulletin 73:
10.

Hopkins, H. C. F., and R. D. Hoogland. 2002. Cunoniaceae. Flora
Malesiana, series 1, 16: 53–165.

Hopkins, H. C. F., Y. Pillon, and J. C. Bradford. 2009. The endemic genus
Pancheria (Cunoniaceae) in New Caledonia: notes on morphology
and the description of three new species. Kew Bulletin 64: 429–446.

Hopkins, H. C. F., A. C. Rozefelds, and Y. Pillon. 2013. Karrabina gen. nov.
(Cunoniaceae), for the Australian species previously placed in
Geissois, and a synopsis of genera in the tribe Geissoieae.
Australian Systematic Botany 26: 167–185.

Hufford, L. 2004. Hydrangeaceae. In K. Kubitzki [ed.], The families and
genera of vascular plants, vol. VI, Flowering plants, Dicotyledons,
202–215. Springer, Berlin, Germany.

Hufford, L., and W. C. Dickison. 1992. A phylogenetic analysis of
Cunoniaceae. Systematic Botany 17: 181–200.

Iglesias, A., P. Wilf, E. Stiles, and R. Wilf. 2021. Patagonia's diverse but
homogeneous early Paleocene forests: angiosperm leaves from the
Danian Salamanca and Peñas Coloradas formations, San Jorge Basin,
Chubut, Argentina. Palaeontologia Electronica 24: a02. https://doi.
org/10.26879/1124

Jordan, G. I., R. J. Carpenter, and R. S. Hill. 1991. Late Pleistocene
vegetation and climate near Melaleuca Inlet, South‐Western Tasma-
nia. Australian Journal of Botany 39: 315–333.

Jud, N. A., and M. A. Gandolfo. 2021. Fossil evidence from South America
for the diversification of Cunoniaceae by the earliest Paleocene.
Annals of Botany 127: 305–315.

Jud, N. A., M. A. Gandolfo, A. Iglesias, and P. Wilf. 2018. Fossil flowers
from the early Palaeocene of Patagonia, Argentina, with affinity to
Schizomerieae (Cunoniaceae). Annals of Botany 121: 431–442.

Knight, C. L., and P. Wilf. 2013. Rare leaf fossils of Monimiaceae and
Atherospermataceae (Laurales) from Eocene Patagonian rainforests and
their biogeographic significance. Palaeontologia Electronica 16: 26A.

Köhler, E. 2007. Buxaceae. In K. Kubitzki [ed.], The families and genera of
vascular plants, vol. IX, Flowering plants, Eudicots, 40–47. Springer,
Berlin, Germany.

Kooyman, R. M., P. Wilf, V. D. Barreda, R. J. Carpenter, G. J. Jordan,
J. M. Sniderman, A. Allen, et al. 2014. Paleo‐Antarctic rainforest into
the modern Old World tropics: the rich past and threatened future of
the ‘southern wet forest survivors’. American Journal of Botany 101:
2121–2135.

Kubitzki, K. 2007. Iteaceae. In K. Kubitzki [ed.], The families and genera of
vascular plants, vol. IX, Flowering plants, Eudicots, 202–204.
Springer, Berlin, Germany.

Li, H. 1994. Early Tertiary Fossil Hill flora from Fildes Peninsula of King
George Island, Antarctica. In Y. Shen [ed.], Stratigraphy and
palaeontology of Fildes Peninsula, King George Island, Antarctica.
State Committee Monograph 3, 133–171. Science Press, Beijing,
China.

Lundberg, J. 2016. Escalloniaceae. In J. W. Kadereit and V. Bittrich [eds.],
The families and genera of vascular plants, vol. XIV, Flowering plants,
Eudicots, 185–191. Springer, Berlin, Germany.

Maiden, J. H. 1917. The forest flora of New South Wales, vol. VI, parts
51–60. William Applegate Gullick, Government Printer, Sydney,
Australia.

Merkhofer, L., P. Wilf, M. T., Haas, R. M. Kooyman, L. Sack, C. Scoffoni,
and N. R. Cuneo. 2015. Resolving Australian analogs for an Eocene
Patagonian paleorainforest using leaf size and floristics. American
Journal of Botany 102: 1160–1173.

Oh, C., M. Philippe, S. McLoughlin, J. Woo, M. Leppe, T. Torres,
T. S. Park, and H. Choi. 2020. New fossil woods from lower Cenozoic
volcano‐sedimentary rocks of the Fildes Peninsula, King George
Island, and the implications for the trans‐Antarctic Peninsula Eocene
climatic gradient. Papers in Palaeontology 6: 1–29.

Petriella, B. 1972. Estudio de maderas petrificadas del Terciario inferior del
área central de Chubut (Cerro Bororó). Revista del Museo de La Plata
Sección Paleontología 6: 159–249.

Pillon, Y., H. C. F. Hopkins, O. Maurin, N. Epitawalage, J. C. Bradford,
Z. S. Rogers, W. J. Baker, and F. Forest. 2021. Phylogenomics and
biogeography of Cunoniaceae (Oxalidales) with complete generic
sampling and taxonomic realignments. American Journal of Botany
108: 1181–1200.

16 | EOCENE CUNONIACEAE INFRUCTESCENCES FROM PATAGONIA

https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl%26lvl=sp%26name=Ackama%7Epaniculosa
https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl%26lvl=sp%26name=Ackama%7Epaniculosa
https://plantnet.rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl%26lvl=sp%26name=Ackama%7Epaniculosa
https://plantnet.rbgsyd.nsw.gov.au
https://doi.org/10.26879/1124
https://doi.org/10.26879/1124


Pillon, Y., H. C. F. Hopkins, J. Munzinger, and M. W. Chase. 2009. A
molecular and morphological survey of generic limits of Acsmithia
and Spiraeanthemum (Cunoniaceae). Systematic Botany 34: 141–148.

Poinar, G. O., Jr., and K. L. Chambers. 2017. Tropidogyne pentaptera, sp.
nov., a new mid‐Cretaceous fossil angiosperm flower in Burmese
amber. Palaeodiversity 10: 135–140.

Poinar, G. O., Jr., and K. L. Chambers. 2019. Tropidogyne lobodisca sp.
nov., a third species of the genus from mid‐Cretaceous Myanmar
amber. Journal of the Botanical Research Institute of Texas 13:
461–466.

Poinar, G. O., K. L. Chambers, Jr., and F. E. Vega. 2021. Tropidogyne
euthystyla sp. nov., a new small‐flowered addition to the genus from
mid‐Cretaceous Myanmar amber. Journal of the Botanical Research
Institute of Texas 15: 113–119.

Pole, M. S. 1993. Early Miocene flora of the Manuherikia Group, New
Zealand. 9. Miscellaneous leaves and reproductive structures. Journal
of The Royal Society of New Zealand 23: 345–392.

Poole, I., and D. J. Cantrill. 2001. Fossil woods From Williams Point Beds,
Livingston Island, Antarctica: a Late Cretaceous southern high
latitude flora. Palaeontology 44: 1081–1112.

Poole, I., and D. J. Cantrill. 2007. The arboreal component of the Neogene
Forest Bed, West Point Island, Falkland Islands. IAWA 28: 423–444.

Poole, I., D. J. Cantrill, P. Hayes, and J. Francis. 2000. The fossil record of
Cunoniaceae: New evidence from Late Cretaceous wood of
Antarctica? Review of Palaeobotany and Palynology 111: 127–144.

Poole, I., R. J. Hunt, and D. J. Cantrill. 2001. A fossil wood flora from King
George Island: ecological implications for an Antarctic Eocene
vegetation. Annals of Botany 88: 33–54.

Poole, I., A. M. W. Mennega, and D. J. Cantrill. 2003. Valdivian ecosystems
in the Late Cretaceous and Early Tertiary of Antarctica: further
evidence from myrtaceous and eucryphiaceous fossil wood. Review of
Palaeobotany and Palynology 124: 9–27.

Pujana, R. R., A. Iglesias, M. E. Raffi, and E. B. Olivero. 2018. Angiosperm
fossil woods from the Upper Cretaceous of Western Antarctica (Santa
Marta Formation). Cretaceous Research 90: 349–362.

Pujana, R. R., and D. P. Ruiz. 2019. Fossil woods from the
Eocene–Oligocene (Río Turbio Formation) of southwestern Patago-
nia (Santa Cruz province, Argentina). IAWA Journal 40: 596–626.

Raigemborn, M., M. Brea, A. Zucol, and S. Matheos. 2009. Early
Paleogene climate at mid latitude in South America: mineralogical
and paleobotanical proxies from continental sequences in Golfo
San Jorge Basin (Patagonia, Argentina). Geologica Acta 7:
125–145.

Rossetto‐Harris, G., P. Wilf, I. H. Escapa, and A. Andruchow‐Colombo.
2020. Eocene Araucaria Sect. Eutacta from Patagonia and floristic
turnover during the initial isolation of South America. American
Journal of Botany 107: 806–832.

Rozefelds, A. C., R. W. Barnes, and B. Pellow. 2001. A new species and
comparative morphology of Vesselowskya (Cunoniaceae). Australian
Systematic Botany 14: 175–192.

Rozefelds, A. C., and B. Pellow. 2011. A taxonomic revision of
Pseudoweinmannia Engl. (Cunoniaceae: Geissoieae). Austrobaileya 8:
252–266.

Schimanski, L. J., and A. C. Rozefelds. 2002. Comparative morphology of
the Australian species of Geissois (Cunoniaceae). Australian
Systematic Botany 15: 221–236.

Schneider, J. V., and C. Bayer. 2004. Clethraceae. In K. Kubitzki [ed.], The
families and genera of vascular plants, vol. VI, Flowering plants,
Dicotyledons, 69–73. Springer, Berlin, Germany.

Schönenberger, J., E. M. Friis, M. L. Matthews, and P. K. Endress. 2001.
Cunoniaceae in the Cretaceous of Europe: evidence from fossil
flowers. Annals of Botany 88: 423–437.

Simmons, M. P. 2004. Celastraceae. In K. Kubitzki [ed.], The families and
genera of vascular plants, vol. VI, Flowering plants, Dicotyledons,
29–64. Springer, Berlin, Germany.

Soltis, D. E. 2007. Saxifragraceae. In K. Kubitzki [ed.], The families and
genera of vascular plants, vol. IX, Flowering plants, Eudicots,
418–435. Springer, Berlin, Germany.

Spjut, R. W. 1994. A systematic treatment of fruits types. Memoirs of the
New York Botanical Garden 70: 2–182.

Stevens, P. F., J. Luteyn, E. G. H. Oliver, T. L. Bell, E. A. Brown,
R. K. Crowden, A. S. George, et al. 2004. Ericaceae. In K. Kubitzki
[ed.], The families and genera of vascular plants, vol. VI, Flowering
plants, Dicotyledons, 145–194. Springer, Berlin, Germany.

Struwe, L., K. L. Gibbons, B. J. Conn, and T. J. Motley. 2018. Loganiaceae.
In J. W. Kadereit and V. Bittrich [eds.], The families and genera of
vascular plants, vol. XV, Flowering plants, Eudicots, 511–526.
Springer International Publishing, Cham, Switzerland.

Sweeney, P. W., J. C. Bradford, and P. P. Lowry. 2004. Phylogenetic
position of the New Caledonian endemic genus Hooglandia
(Cunoniaceae) as determined by maximum parsimony analysis of
chloroplast DNA. Annals of the Missouri Botanical Garden 91:
266–274.

Tang, K., B. Atkinson, and S. Smith. 2022. Extending beyond Gondwana:
Cretaceous Cunoniaceae from western North America. New
Phytologist 234: 704–718.

Terada, K., T. O. Asakawa, and H. Nishida. 2006. Fossil woods from
Arroyo Cardenio, Chile Chico Province, Aisen (XI) Region, Chile. In
H. Nishida [ed.], Post‐Cretaceous floristic changes in Southern
Patagonia, Chile, 57–65. Chuo University, Tokyo, Japan.

Thiv, M. 2016. Vahliaceae. In J. W. Kadereit and V. Bittrich [eds.], The
families and genera of vascular plants, vol. XIV, Flowering plants,
Eudicots, 381–383. Springer International Publishing, Cham,
Switzerland.

Torres, T. 2003. Antártica: un mundo oculto bajo el hielo. Instituto
Antártico Chileno, Punta Arenas, Chile.

Torres Gonzalez, T. 1990. Etude paleobotanique du Tertiaire des Iles Roi
Georges et Seymour, Antarctique. Ph.D. dissertation. l'Université
Claude Bernard, Lyon, France.

Tosolini, A.‐M. P., D. J. Cantrill, and J. E. Francis. 2013. Paleocene flora
from Seymour Island, Antarctica: revision of Dusén's (1908)
angiosperm taxa. Alcheringa 37: 366–391.

Wheeler, E. A., and T. M. Lehman. 2009. New Late Cretaceous and
Paleocene dicot woods of Big Bend National Park, Texas and review
of Cretaceous wood characteristics. IAWA Journal 30: 293–318.

Wilf, P. 2012. Rainforest conifers of Eocene Patagonia: Attached cones and
foliage of the extant Southeast Asian and Australasian genus
Dacrycarpus (Podocarpaceae). American Journal of Botany 99: 562–584.

Wilf, P., M. R. Carvalho, M. A. Gandolfo, and N. R. Cúneo. 2017a. Eocene
lantern fruits from Gondwanan Patagonia and the early origins of
Solanaceae. Science 355: 71–75.

Wilf, P., N. R. Cúneo, I. H. Escapa, D. Pol, and M. O. Woodburne. 2013.
Splendid and seldom isolated: The paleobiogeography of Patagonia.
Annual Review of Earth and Planetary Sciences 41: 561–603.

Wilf, P., N. R. Cúneo, K. R. Johnson, J. F. Hicks, S.L. Wing, and
J. D. Obradovich. 2003. High plant diversity in Eocene South
America: evidence from Patagonia. Science 300: 122–125.

Wilf, P., M. P. Donovan, N. R. Cúneo, and M. A. Gandolfo. 2017b. The
fossil flip‐leaves (Retrophyllum, Podocarpaceae) of southern South
America. American Journal of Botany 104: 1344–1369.

Wilf, P., I. H. Escapa, N. R. Cúneo, R. M. Kooyman, K. R. Johnson, and
A. Iglesias. 2014. First South American Agathis (Araucariaceae),
Eocene of Patagonia. American Journal of Botany 101: 156–179.

Wilf, P., K. R. Johnson, N. R. Cúneo, M. A. Smith, B. S. Singer, and
M. A. Gandolfo. 2005. Eocene plant diversity at Laguna del Hunco and
Río Pichileufú, Patagonia, Argentina. American Naturalist 165: 634–650.

Wilf, P., S. A. Little, A. Iglesias, M. C. Zamaloa, M. A. Gandolfo,
N. R. Cúneo, and K. R. Johnson. 2009. Papuacedrus (Cupressaceae) in
Eocene Patagonia: a new fossil link to Australasian rainforests.
American Journal of Botany 96: 2031–2047.

Wilf, P., K. C. Nixon, M. A. Gandolfo, and N. R. Cúneo. 2019a. Eocene
Fagaceae from Patagonia and Gondwanan legacy in Asian rainforests.
Science 364: eaaw5139.

Wilf P., K. C. Nixon, M. A. Gandolfo, and N. R. Cúneo. 2019b. Response to
comment on “Eocene Fagaceae from Patagonia and Gondwanan
legacy in Asian rainforests.” Science 366: eaaz2297.

EOCENE CUNONIACEAE INFRUCTESCENCES FROM PATAGONIA | 17



Zamaloa, M. C., M. A. Gandolfo, C. C. Gonzalez, E. J. Romero, N. R. Cúneo,
and P. Wilf. 2006. Casuarinaceae from the Eocene of Patagonia,
Argentina. International Journal of Plant Sciences 167: 1279–1289.

Zamaloa, M. C., M. A. Gandolfo, and K. C. Nixon. 2020. 52 million years
old Eucalyptus flower sheds more than pollen grains. American
Journal of Botany 107: 1763–1771.

Zhang, S., and Q. Wang. 1994. Paleocene petrified wood on the west side of
Collins Glacier in the King George Island, Antarctica. In Y. Shen [ed.],
Stratigraphy and Palaeontology of Fildes Peninsula, King George Island,
Antarctica. State Committee Monograph 3: 223–238. Science Press.

How to cite this article: Matel, T. P., M. A.
Gandolfo, E. J. Hermsen, and P. Wilf. 2022.
Cunoniaceae infructescences from the early Eocene
Laguna del Hunco flora, Patagonia, Argentina.
American Journal of Botany 0(6): 1–18.
https://doi.org/10.1002/ajb2.1867

18 | EOCENE CUNONIACEAE INFRUCTESCENCES FROM PATAGONIA

https://doi.org/10.1002/ajb2.1867



