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ABSTRACT. The economically important but relatively small family Theaceae can be traced back to the Late
Cretaceous and is found today in the Western Hemisphere and Asia. Theaceous fruits are generally loculicidal
capsules and have been found as fossils throughout the Northern Hemisphere. Using reflected light and µCTscanning, we recognize Anubiscarpon andersonae MA Smith et Manchester gen. et sp. nov. from the middle
Eocene Clarno Formation of north central Oregon, based on five-valved, loculicidal capsules with a central columella, persistent perianth and pedicel, preserved as impressions in lacustrine shale. Its most distinctive feature
is its apically clefted valves which are not seen in any other species of the family. Anubiscarpon augments our
understanding of former morphological diversity in the Theaceae.
KEYWORDS: Anubiscarpon, Ericales, micro-CT scanning, North America, fruit, morphology

INTRODUCTION
The Eocene Clarno Formation in central
Oregon contains several lacustrine deposits
that yield fossil plant remains. The plants
represented include Alnus clarnoensis Liu
et al. (Betulaceae), Cedrelospermum Saporta
(Ulmaceae), Juglandaceae, Mahonia Nutt.
(Berberidaceae), Plafkeria Wolfe (Malvaceae),
Platanus L. (Platanaceae), Platimeliphyllum
N. Maslova (Platanaceae), Macginitiea Wolfe
et Wehr (Platanaceae) and Quercus L.
(Fagaceae) (Myers, 1998; Liu et al., 2014).
Estimates of mean annual temperature (MAT)
and mean annual precipitation (MAP) for one
of these localities (White Cliffs Jr.) range
from 13.382 to 20.11°C and 1460 to 2702 mm
(Myers, 1998). MAT was estimated using leaf
margin analysis, multiple regression analysis
(MRA) and the Climate Leaf Analysis
Multivariate Program (CLAMP), and MAP
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was estimated using MRA and CLAMP
(Myers, 1998).
Theaceae contains nine extant genera, one of
which (Franklinia W.Bartram ex Marshall) is
extinct in the wild (Shi et al., 2017) (Tab. 1). The
modern distribution includes Asia, southeastern
North America, Central America, the Caribbean
and South America (Prince, 2009). The fruits of
Theaeae are mostly woody capsules, although
drupes occur in some genera (Prince, 1998, 2009).
Known fossils in this family go back to the Turonian stage of the Late Cretaceous (Knobloch and
Mai, 1986; Martínez-Millán et al., 2009). So far,
no members from Theaceae have been confirmed
from the Clarno Formation. Cleyera Thunb. from
the Clarno Nut Beds was previously placed in
this family (Manchester, 1994), but that genus
was subsequently transferred to the Pentaphylacaceae (Tsou et al., 2016).
Here we recognize a new genus and species
of fossil capsular fruits of Theaceae found in
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Table 1. Morphological characters of capsular fruit within each genus of Theaceae (modeled off of data from Martius, 1824, Grote and Dilcher, 1989, Prince, 1998, Min and Bartholomew,
2007, Shi et al., 2017 and UFSC Flora Digital 2020) * refers to perules as defined in Grote and Dilcher, 1989
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lacustrine localities of the Clarno Formation in
the Cherry Creek drainage of central Oregon.
We document its morphology based on light
microscopy and micro-CT scanning, and compare and contrast it with extant taxa. We also
review the records of other fossil Theaceae in
North America and Asia.

MATERIALS AND METHODS
The specimens were collected along with other
plant remains from three localities in Jefferson
County, central Oregon, and deposited at the Florida
Museum of Natural History, University of Florida,
Gainesville (UF). The sites are Red Gap (UF loc. 251;
44.73873°N, 120.4159°W), White Cliffs Senior (UF loc.
262; 44.73837°N, 120.47293°W) and White Cliffs Junior (UF loc. 263; 44.737267°N, 120.4735°W) (Fig. 1).
All three localities are estimated to be ~44 Ma (Dillhoff
et al., 2009) based on 40Ar/39Ar (Manchester, 1990).
The fossils are preserved as adpressions in orangebrown lacustrine shale. They were photographed
with reflected light using a Canon Rebel XSI digital
camera with an EF-60-mm macro lens. In addition,
micro-CT scanning was performed on a GE Phoenix
V|tome|xm240 CT Scanner at the Nanoscale Research
Center, University of Florida, Gainesville, Florida. For
the scanning of these fossils, 2100 images were taken
with x-ray specifications set to 180 kV and 260 µA for
a voxel size of 47 µm. Avizo 9.0 Lite (FEI Visualization Science Group, Bordeaux, France) was used in processing the CT scans to obtain volume and isosurface
renderings. Surface files exported as ply files in Avizo
were subsequently analyzed using the lattice, x-ray and
depth mapping rendering modules in MeshLab 2016.12
(ISTI-CNR, Italy; Cignoni et al., 2008).

SYSTEMATICS
Order: Ericales Bercht. et J.Presl
Family: Theaceae D.Don
Genus: Anubiscarpon
MA Smith et Manchester gen. nov.
G e n e r i c d i a g n o s i s. Fruit a globose to oblate,
five-valved, loculicidal capsule with a persistent
columella that is over 2/3 the height of the capsule, a thick pedicel and persistent hypogynous
calyx. Apex of each valve prominently clefted,
forming two marginal points directed distally
upwards, separated by a central sinus. Pericarp
composed of two woody layers.
T y p e s p e c i e s. Anubiscarpon andersonae
E t y m o l o g y. The apex of each valve resembles the head of a jackal. In Egyptian mythology, Anubis is the jackal-headed god of death,
an appropriate association for a fossil.
Anubiscarpon andersonae
Smith et Manchester sp. nov.
Pl. 1, figs 1–12

H o l o t y p e. UF 263-17007 (Pl. 1, fig. 1).
O t h e r s p e c i m e n s. UF 251-46893, UF 25146893’, UF 262-17680, UF 262-17680’, UF

Fig. 1. UF localities 251 (Red Gap), 262 (White Cliffs Sr.) and 263 (White Cliffs Jr.), made from Google Earth (2020), with
inset map showing location of field area within the Pacific Northwest
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263-17006, UF 263-17006’, UF 263-17007’, UF
263-17018 and UF 263-17027.
S p e c i f i c d i a g n o s i s. Fruit a globose to
oblate, five-valved, loculicidal capsule with
a thick, short pedicel and a persistent calyx
of five curved, rounded, connate sepals at the
base. Three helically arranged bracteole scars
present near base of pedicel. Pericarp composed of two woody layers. Each valve elongate
with a median ventral septum. Valves prominently clefted apically, forming two marginal
points directed distally upwards, separated by
a central sinus directed towards the axis. Capsule containing a central columella that progressively enlarges toward the apex, terminating in a transversely expanded five-point star.
Valves lack thickened sutures.
E t y m o l o g y. The epithet andersonae honors
Erica Anderson from the Washington YoungLife Ranch, Jefferson County, Oregon, who
helped the authors obtain permission to collect and visit sites where some of the nicest
specimens were found.
R e p o s i t o r y. Florida Museum of Natural
History (UF).
T y p e l o c a l i t y. White Cliffs Jr., Jefferson
Co., Oregon (44.737267°N, 120.4735°W).
T y p e s t r a t u m. Clarno Formation, middle
Eocene.
D e s c r i p t i o n a n d r e m a r k s. The capsules
measure from 1.1 to 1.2 cm tall and 1.4 to
1.5 cm wide, with pedicels that are 4.5 to 5 mm
tall and 3 to 4 mm thick (Pl. 1, figs 1–12).
A lateral compression of UF 00263-17007 by
reflected light shows the thick pedicel, persistent perianth and three of the capsule valves,
the central one clearly showing the apical cleft
(Pl. 1, fig. 1). Its counterpart (UF 263-17007’)
also shows the complete clefted valve in the
center, with two incomplete valves on either
side (Pl. 1, fig. 2). Fibers of the central columella can be discerned from the center of
the capsule, extending outward from the base
(Pl. 1, fig. 2). Perianth and pedicel are below
(Pl. 1, fig. 2). A µ-CT scan of the same specimen, using the slicer shader feature in MeshLab, reveals two complete clefted valves and
a third partial valve on the left side of the
fruit (Pl. 1, fig. 3). Two sepals can be seen
below the fruit body (Pl. 1, fig. 3). The µ-CT
scan of UF 00251a-46893 with lattice shader

in MeshLab shows four valves (Pl. 1, fig. 4).
The left-most and right-most valves are partial; the two center valves are complete, with
two apical points visible on the valve on the
second to the left (Pl. 1, fig. 4). At least three
sepals can be seen (Pl. 1, fig. 4). Two of the
sepals point outward and are rounded (Pl. 1,
fig. 4). The pedicel has three visible bracteole scars (Pl. 1, fig. 4). UF 263-17018 is
a lateral compression showing under reflected
light, a partial valve on the left and a full
clefted valve in the center (Pl. 1, fig. 5). Three
rounded sepals can be seen below the capsule body (Pl. 1, fig. 5). A µ-CT scan of the
same specimen with MeshLab slicer shader
reveals three clefted valves and a central
columella with a flat, five-point star apex
(Pl. 1, fig. 6). The valve in the center shows
two apical points and a forward-facing furrow
(Pl. 1, fig. 6). It appears that if the valves were
closed there would be five apical points and
a smooth, enclosed apical surface, with the
central points of the valves fitting between
and above the points of the columella’s apical star (Pl. 1, figs 6, 8, 9). UF 262-1780 is
a dorsal-ventral compression (Pl. 1, figs 7–9).
Under reflected light, five-clefted valves with
septa are visible (Pl. 1, fig. 7). A µ-CT scan
of the same specimen using the x-ray shader
in MeshLab shows the five clefted valves and
the central columella with a flattened, fivepoint star apex (Pl. 1, fig. 8). The same scan
rendered with MeshLab depth map shading
and HDR shows the same features with more
contrast (Pl. 1, fig. 9). UF 263-17027 is a lateral compression that shows two septa, a central columella and four sepals with rounded
apices under reflected light (Pl. 1, fig. 10). The
same specimen observed with a µ-CT scan
using the MeshLab lattice shading option
shows the locules (Pl. 1, fig. 11). The reverse
side of the same scan and shader shows the
rounded capsule and pedicel (Pl. 1, fig. 12).
Seeds were not clearly visible.
D i s c u s s i o n. Although the locules appear to
be empty, we can make inferences about the
seeds. The central column indicates that placentation was probably axile. There is no evidence of scars along the length of the column
that would indicate the attachment of many
tiny seeds (Pl. 1, fig. 6). Rather, it appears that
the star-shaped arms at the top of the column
represent placentae, and that there were one
or few seeds per locule (Pl. 1, figs 2, 6, 8–11).
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Plate 1. Anubiscarpon andersonae gen. et sp. nov. Smith et Manchester from central Oregon. 1. Holotype UF 263-17007 from White
Cliffs Jr. locality, showing three valves with cleft on center valve, persistent perianth and thick pedicel; 2. UF 263-17007’ from
White Cliffs Jr. locality, showing three valves (with cleft on center valve), persistent columella, perianth and thick pedicel; 3. µ-CT
scan with MeshLab slicer shading of UF 263-17007’, showing two clefted valves and edge of third with perianth; 4. UF 251a-46893
from Red Gap locality, showing four valves; two persistent, basally connate, non-imbricate sepals; thick pedicel, and three bracteole scars at white arrows; 5. UF 263-17018 from White Cliffs Jr. locality, showing three valves (two with clefts) and three sepals;
6. µ-CT scan with MeshLab slicer shading of UF 263-17018, showing three clefted valves and columella tapering towards top and
ending in flat, five-point star shape; 7. UF 262-1780 from White Cliffs Sr. locality, showing all five valves; 8. µ-CT scan with x-ray
shading of UF 262-1780, showing five loculicidal valves with clefts, septa and five-point-star-shaped apex of columella; 9. µ-CT scan
with depth map shading rendered in HDR of UF 262-1780, showing five loculicidal valves with clefts, septa and five-point-starshaped apex of columella (valves resembling jackal head at white arrows); 10. UF 263-17027 from White Cliffs Jr. locality, showing
valves, columella and four sepals; 11. µ-CT scan with MeshLab lattice shading of UF 263-17027, showing valves and columella;
12. µ-CT scan with lattice shading of reverse side of UF 263-17027, showing valves, perianth and pedicel. Scale bars = 1 cm
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Judging from the shape of the locule, the seeds
may be ovoid or pyriform (Pl. 1, figs 2, 6, 8–11).
Extant angiosperm species with globose to
oblate, five-valved, loculicidal capsules with
persistent hypogynous calyx and pedicel with
bracteole scars can be found most notably in
Ericaceae, Malvaceae and Theaceae (Cronquist, 1981; Grote and Dilcher, 1989). Our fossil also has basally connate perianth, a character found in both the Theaceae and Malvaceae
(Cronquist, 1981). Fruits with a five-pointed,
flat, central columella are not found in the
Malvaceae (Pfeil et al., 2002). A key feature
distinguishing between the ericalean families
Ericaceae and Theaceae is that Ericaceae seed
coats are one cell thick (Cronquist, 1981; Grote
and Dilcher, 1989). However, this criterion
cannot be used because seed anatomy is not
known for Anubicarpon.
Within the Ericaceae, many species bear
fruit on a panicle or raceme; however, it is
still possible that isolated fruits might be preserved. Agarista D.Don ex G.Don, Pieris D.Don
and Leucothoë D.Don fruits are less than 1 cm
in height and width (Judd, 1982, 1984) and
Pieris has a long pedicel, persistent bracts, and
sepals that extend 1/4 the length of the fruit
(MAS, pers. obs.). The columella of Craibiodendron W. W. Sm. is enveloped by the same
woody layer that lines the locules (MAS, pers.
obs.). The sepals of Zenobia D.Don appear to
be longer and the valves more furrowed than
in Anubiscarpon (pers. obs.). The fossil lacks
the thickened sutures that are found in Lyonia Nutt. (Judd, 1982). Finally, the ericaceous
fruits appear to be less robust and have thinner pedicels as compared to the fossil and to
fruits of the family Theaceae.
Anubiscarpon differs from modern genera
of Theaceae. Stewartia L. is more ovoid, either
lacks a columella or has a short columella
(only 1/2 the locule height), and has valves
that taper to a fine point at the apex (Grote
and Dilcher, 1989; Shi et al., 2017). Gordonia
J.Ellis is also more ovoid, with tapered valves
(Grote and Dilcher, 1989, 1992). In Gordonia
truncata Chandler from the Eocene of England and Germany and Gordonia lamkinensis
Grote et Dilcher from the Eocene of Kentucky,
the columella is flat with five knobs like in
Anubiscarpon (Chandler, 1926, 1961; Mai
and Walther, 1985; Grote and Dilcher, 1992).
Franklinia and Schima Reinw. ex Blume are
globose to subglobose, like Anubiscarpon, and

can have flattened, five-pointed columellae
(Grote and Dilcher, 1989; Li et al., 2013; Shi
et al., 2017). However, the central columella
in Franklinia does not taper apically (Grote
and Dilcher, 1989) and the valves open both
loculicidally and septicidally. The bracteole
scars on the pedicel are located closer to the
fruit in Schima, differentiating it from Anubiscarpon (Shi et al., 2017). Camellia L. varies in the number of valves (3–5), number of
bracteoles and if the columella is present or
absent (Grote and Dilcher, 1989; Prince, 2007;
Mondal, 2011). It can resemble Anubiscarpon
in terms of these characters.
Among the other fossil occurrences of
Theaceae, Anubiscarpon most closely resembles Andrewsiocarpon Grote et Dilcher, from
the Eocene Claiborne Group of Tennessee and
Kentucky, in having three to five bracteole
scars (Grote and Dilcher, 1989; Wang et al.,
2013). The only known species, Andrewsiocarpon henryense Grote & Dilcher, is also of similar size, ranging from 0.9 to 2.3 cm wide and
0.7 to 1.9 cm tall (Grote and Dilcher, 1989).
In addition to having clefted valves, Anubiscarpon andersonae has bracteole scars further
down on its pedicel than in Andrewsiocarpon
henryense. It is also possible that Anubiscarpon andersonae has more than three petiolar
scars instead of the observed three from one
surface plane.
The defining trait of Anubiscarpon andersonae is its apically clefted valves, which do not
occur in the extant genera of Theaceae. There
is some resemblance of the apex of these valves
to the stigmatic protuberances of Pyrenaria
Blume (Odyuo and Roy, 2017; Upadhaya et al.,
2017). However, to our knowledge these protuberances only occur in the drupaceous fruits
of Pyrenaria and not in species with capsular
fruit (Min and Bartholomew, 2007). Further
comparison with modern genera is limited by
the absence of seeds in A. andersonae. Valve
folding, but not clefting, occurs in Laplacea
Kunth of Central and South America (Martius,
1824; UFSC Flora Digital 2020). Laplacea is
also cylindrical instead of subglobose like in
Apterosperma H.T.Chang from southern China
and Anubiscarpon (Tab. 1). Apterosperma has
two bracteole scars instead of the three found
in Anubiscarpon.
Today, in temperate North America, no
member of the Theaceae grows naturally outside of the southeastern United States, but the
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family was more widespread in the geological
past (Grote and Dilcher, 1989). Fossil Gordonia fruits and seeds have been found in the
Eocene Warman Clay Pit (Claiborne Group)
of Tennessee (Wang et al., 2013), the Miocene
Brandon Lignite of Vermont (Tiffney, 1981)
and as leaves from the Pliocene Citronelle
Formation of Alabama (Stults and Axsmith,
2015). The flower Antholithes ternstroemioides
Berry from the late Eocene Wilcox flora of Tennessee is hypothesized to be a Gordonia flower
(Berry, 1930). In western North America, Gordonia is reported as leaves from the Okanagan
Highland early Eocene Floras (McAbee flora of
British Columbia, Quilchena flora of British
Columbia and Republic Flora of Washington)
(Greenwood et al. 2005; Mathewes et al. 2016;
Lowe et al., 2018), the late Eocene Steamboat
Canyon flora of California, the late Eocene
Goshen and Bilyeu/Thomas Creek floras of
Oregon (Myers, 1998) and the Oligocene Chalk
Bluffs Flora of California (MacGinitie, 1941).
We also note Gordonia fruit from the early
Oligocene Lyons flora (Meyer, 1973) of Oregon
(MAS pers. obs. Phil Knutson coll.). Camellia
multiforma (Potbury) Wolfe leaves have been
found in the Oligocene of King County, Washington (Wolfe, 1968). Although leaf fossils have
commonly been identified to extant genera,
the details preserved in fossil fruits such as
Andrewsiocarpon and Anubiscarpon indicate
that extinct genera were present as well.

CONCLUSION
Anubiscarpon andersonae is a new genus
and species of theaceous fruit, characterized
as a five-valved, loculicidal capsule with clefts
at the apex of each valve. The lack of preserved
seeds presents a challenge to the task of establishing an extant relative and precludes its
assignment to a particular clade within the
family. The addition to the family highlights
another case of extirpation of a family in a formally diverse area.
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