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Abstract: A new kind of fin-winged fruit is recognized from lacustrine shales of the early Eocene Tepee Trail Formation of
northwestern Wyoming and from the middle Eocene Clarno Formation of central Oregon, USA. The fruits are obovate with five
thick lateral wings, borne on a thick pedicel and bearing scars of hypogynous perianth and disk. The fruit surface is covered with
small circular dots interpreted as glands. This combination of characters leads us to infer affinities with the Rutaceae, although
no identical modern genus is known. We establish the new genus and species, Quinquala obovata.
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Introduction

Winged fruits are commonly found as fossils in ancient
lake deposits, recovered by splitting shales that also contain
fossil leaf remains. Those of familiar genera such as
Acer L. (Wolfe and Tanai 1987, Zhu and Manchester 2020),
Ailanthus DEsF. (Hably 2001, Corbett and Manchester 2004)
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Text-fig. 1. Distribution map for Quinquala obovata gen. et sp.
nov. showing the Kisinger Lakes (KL) sites of the Tepee Trail
Formation in Wyoming and Clarno Formation localities in
Oregon — West Branch Creek (WBC) and White Cliffs (WC).
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and Ulmus L. (Manchester 1989, Denk and Dillhoff 2005)
are readily recognizable due to morphological similarities
with living relatives. However, others representing extinct
genera can be more difficult to identify due to lack of obvious
synapomorphies and/or a novel combination of characters.

Here we describe a new kind of fin-winged fruit found
in the Eocene of Wyoming and Oregon and infer its affinity
with the Rutaceae Juss. The species is particularly common
in the Kisinger Lakes flora from southeast of Yellowstone
National Park in northwestern Wyoming, and is also known
by rare specimens from lacustrine deposits of the Eocene
Clarno Formation in north central Oregon, USA.

Materials and methods

Most of the fruits were collected along with fossil leaves
of various ferns and angiosperms from the early Eocene
Kisinger Lakes flora, which is well known on the basis
of fossil leaves and pollen (MacGinitie 1974). The shales
yielding the Kisinger Lakes flora are correlated with the Tepee
Trail Formation (MacGinitie 1974). The specimens were
collected along with other reproductive structures and leaves
during the summers of 2013 and 2014 and are deposited
in the palaeobotanical collection of the Florida Museum of
Natural History, University of Florida, Gainesville, FL, USA
(UF). Three additional specimens were collected from the
Eocene Clarno Formation in Oregon: two from West Branch
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Text-fig. 2. Quinquala obovata gen. et sp. nov., fruits from Kisinger Lakes flora, Wyoming. a: Lateral view of fruit on long pedicel.
Note the two lateral wings and pair of longitudinal grooves representing wings extending into the matrix. UF 19376-60038.
b: Lateral view of fruit on long, bent pedicel. Note the perianth scar at the base of the fruit (arrow). UF 19376-60023a. c: Lateral
view of fruit on long, slightly bent pedicel. Note the pair of longitudinal grooves representing wings extending into the matrix, and
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Creek (UF localities 229 and 230) and one from White Cliffs
in the Cherry Creek drainage (UF locality 262).

Specimens were photographed using a pair of LED desk
lamps adjusted for low oblique lighting and a Canon Rebel
XSi camera with a 60 mm macro lens. A few specimens
were x-rayed with a GE Phoenix V|tome[xm240 micro-CT
Scanner at the Nanoscale Research Center, University of
Florida, using a Tungsten reflection target, with a voltage of
110 kV and current of 340 pA with 1,900 projections over
360° yielding a voxel size of 38 um. The resulting datasets
from the micro-CT scans were processed using VG Studio
Max (Volume Graphics, Inc., Heidelberg, Germany), Avizo
9 light (FEI, Hillsboro, Oregon, USA), and Meshlab (http://
meshlab.sourceforge.net/; Cignoni et al. 2008) to provide
surface renderings and digital sections.

New names of fossil plants are registered in the Plant
Fossil Names Registry, which is hosted and operated by the
National Museum, Prague for the International Organisation
of Palacobotany (IOP), each with a unique PFN number.

Systematic palaeobotany

Genus Quinquala MANCHESTER et DISNEY gen. nov.

Type. Quinquala obovata MANCHESTER et DISNEY sp.
nov.

Plant Fossil Names Registry Number.
PFNO001527 (for new genus).

Etymology. Quinque Latin for five + ala Latin for
wing.

Diagnosis.As for the species.

Quinquala obovata MANCHESTER et DISNEY sp. nov.
Text-figs 2, 3a—g, 1, j, 4

Holotype. UF 19376-60038 (Text-fig. 2a) housed in
Florida Museum of Natural History, Gainesville, USA.

Paratypes. UF 19376-60023a (Text-fig. 2b), UF
19374-60339 (Text-fig. 2¢), UF 19376-60050 (Text-fig. 2d),
UF 19374-61756 (Text-fig. 2e), UF 19376-60067 (Text-
fig. 2f, p), UF 19376-60069 (Text-figs 2i, 3¢), UF 19376-
60072 (Text-fig. 2j), UF 19376-60062 (Text-figs 21, 3f),
UF 19374-60403 (Text-fig. 2m), UF 19376-60023b (Text-
fig. 3a), UF 19376-60023¢ (Text-fig. 3b), UF 262-17690

(Text-fig. 3c, g), UF 229-53091 (Text-fig. 3d) housed in
Florida Museum of Natural History, Gainesville, USA.

Plant Fossil Names Registry Number.
PFNO001528 (for new species).

Etymology. The epithet, obovata refers to the fruit shape.

Type locality. Kisinger Lakes, northwestern
Wyoming, USA (UF 19376: N 43°42.056', W 109° 52.918").

Type horizon and age. Tepee Trail Formation,
Eocene.

Additional localities. Kisinger Lakes (UF
19374: N 43° 42" 01.9", W 109° 52’ 44.9"; UF 19375:
N 43° 42" 03.0”, W 109° 52’ 53.3"), West Branch Creek,
northcentral Oregon, USA (UF 229: N 44° 34’ 53.40",
W 120° 15" 57.31"; UF 230: N 44° 35" 25.31",
W 120° 15" 27.83"; Eocene Clarno Formation), White
Cliffs, northcentral Oregon (UF 262: N 44° 44.302',
W 120° 28.376'; Eocene Clarno Formation).

Diagnosis. Fruits single, obovate, 1.1-1.7 times
longer than wide. Fruit apex rounded, without a stylar
protrusion. Base cuneate and rounded, margins entire.
Locular area oblanceolate. Five thick longitudinal wings,
veins obscure. Wing and fruit body dotted with circular
glands. Fruit borne on pedicel with prominent perianth scar
at the junction of pedicel and fruit base. Narrow disk scar
located immediately below the perianth scar.

Description. Fruits single, obovate, 9-15 mm long
and 6-11 mm wide with a length/width ratio of 1.1-1.7,
avg. 1.4. Fruit apex rounded, without a stylar protrusion.
Base cuneate and rounded, margins entire. Locular area
oblanceolate. Five thick longitudinal wings, veins obscure.
Wing and fruit body dotted with circular glands 80—-110 pum,
avg. 100 um diameter. Fruit borne on pedicel 10—13 mm
long and 0.6-1.3 mm thick, with prominent perianth scar
at the junction of pedicel and fruit base. Narrow disk scar
located immediately below the perianth scar.

Discussion

Quinquala fruits are readily recognized by their
obovate shape, and consistently five-winged configuration,
as depicted in Text-fig. 4. All five wings are visible in
transversely compressed specimens (Text-fig. 2e), and

the perianth scar at the base of the fruit (arrow). UF 19374-60339. d: Lateral view of narrower fruit on long, bent pedicel. UF 19376-
60050. e: Lateral and transverse view of two fruits. Transverse view displays all five wings. UF 19374-61756. f: Lateral view of fruit
displaying two lateral wings and one longitudinal groove of a wing extending into the matrix. UF 19376-60067. g: Lateral view of
counterpart to (f) displaying the same two lateral wings plus two longitudinal grooves of wings extending into the matrix. UF 19376-
60067°. h: Lateral view of counterpart to (d). UF 19376-60050’. i: Lateral view of fruit displaying two longitudinal grooves of wings
extending into the matrix. Note the cracking in the centre and glandular dots on the two lateral wings. UF 19376-60069. j: Lateral
view of fruit displaying two lateral wings and two longitudinal grooves of wings extending into the matrix. UF 19376-60072. k: Lateral
view of counterpart to (c) displaying one longitudinal groove of a wing extending into the matrix. UF 19374-60339°. I: Lateral view
of two fruits, both displaying two longitudinal grooves of wings extending into the matrix. Fruit on right displays glandular dots and
cracking in the centre. Enlarged view of dots and cracks shown in Text-fig. 3f. UF 19376-60062. m: Lateral view of two fruits, both
displaying two lateral wings and longitudinal grooves of wings extending into the matrix. UF 19374-60403. n: Digital cross section of
(f) and (g) from micro-CT scan data. Note the presence of all five wings (arrows). o: Surface rendering of (g) from micro-CT scan data.
Note the pair of wings extending from the surface. p: Surface rendering of (f) from micro-CT scan data. Note the one wing extending
from the surface. Scale bar in a = 1 cm, applies also to b-m and o—p. Scale bar in n = 1 mm.
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Text-fig. 3. a-g, i, j: Quinquala obovata gen. et sp. nov., fruits from Wyoming and Oregon. a, b: Kisinger Lakes flora, Wyoming.
a: Enlarged lateral view of split wing displaying venation along outer edge. Note the seed present in the locular area (arrow). UF
19376-60023b. b: Enlarged lateral view of split wing containing seeds within the locular area (arrow). UF 19376-60023c. c: Lateral
view of fruit from White Cliffs, Oregon. UF 262-17690. d: Lateral view of fruit from West Branch Creek, Oregon. UF 229-53091.
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Text-fig. 4. Reconstruction of Quinquala obovata fruits;
artwork by K. K. Pham.

can also be inferred by counting the longitudinal grooves
extending into the matrix in laterally compressed specimens
(e.g., Text-fig. 2c, k). They are also seen by X-ray (Text-fig.
2n—p). The surface of the fruit, when cleared of adhering
carbon, is seen to be covered with dots that we interpret
to represent circular glands (e.g., Text-figs 2i, 3e). These
are visible in the specimens from Oregon as well as those
from Wyoming. We were unable to distinguish veins on the
wings of intact fruits possibly because vasculature was well
embedded within the relatively thick wing tissue.

Most specimens are preserved as whole fruits, suggesting
that they were not schizocarpic. However, two specimens
appear to be fragments from fruits that had split along the
wings (Text-fig. 3a, b). These valves show the outline of an
elliptical seed in each locule and reveal a finely reticulate
venation. Whether these fragments were naturally shed or
were torn is uncertain. The fruits might have been capsular,
opening apically, but we have not seen any specimens that
show this. The pedicels are 0.6-2 mm thick and ca. 10-13
mm long (Text-fig. 2a—d). A kink or scar in the stalk of some
specimens suggests a branched infructescence (Text-fig. 2b—
d). The few specimens with intact pedicel show a swelling
at the junction of the pedicel and fruit base, bearing the scars
of a thick perianth and an underlying narrow circular disc
(Text-fig. 31, j). This position of the perianth indicates that
the fruits developed from superior ovaries.

The combination of five-winged fruits and a hypogynous
perianth can occur in various Eudicot families, such as
Achariaceae  Harwms, Malvaceae Juss., Rutaceaec and
Zygophyllaceae R.Br. (Manchester and O’Leary 2010). In
the Achariaceae, only Grandidiera JauB. of tropical Africa
has 4-6 winged fruits somewhat similar to our fossil.
However, the wings in Grandidiera have more prominent
venation, are not fixed at five, and a floral disk is not seen.
The Malvaceae and Rutaceae include fruits commonly of
five carpels and have hypogynous perianth and floral disk.

There is a superficial resemblance to fruits of the
zygophyllaceous genus Guaiacum L. (e.g., Manchester and
O’Leary 2010: fig. 19¢). Both can have 5-winged fruits with
similar size and obovate shape, a stout pedicel, and a thick
scar at the junction of fruit base and pedicel attributable
to a hypogynous perianth. However, Guaiacum fruits are
septicidally dehiscent capsules that open along slits between
adjacent wings to release the seeds. This is unlike Quinquala
fruits, which appear to be either indehiscent or loculicidally
dehiscent with the planes of separation bisecting the wings.

The dots on the surface of some of the fruits resemble the
circular glands found in fruits and other organs of Rutaceae
(Kubitzki et al. 2010). Fruits of Rutaceae are derived from
flowers with a hypogynous perianth and commonly have
five carpels. A thickened area at the fruit-pedicel junction
is also present in the Rutaceac. We conclude that the best
fit for these fruits is with the family Rutaceae. This family
is well represented in the fossil record based on seeds of
the Toddalieae BEnTH. et Hook.F. going back to the Eocene
(Tiftney 1980, Gregor 1989, Collinson et al. 2012). A leaf
of Citrus L. was reported from the Miocene of SW China
(Xie et al. 2013) and fruits of Prelea L. have been confirmed
from the Miocene of western North America (Call and
Dilcher 1995). The extinct genus, Chaneya YU F.WANG et
MANCHESTER, known from distinctive fruits with prominent
persistent calyces and five apocarpous carpels from the
Eocene and Miocene of Asia, Eocene of North America and
Neogene of Europe has also been assigned to Rutaceae based
on the morphological characters and presence of circular
glands on the calyx and disk (Teodoridis and Kvacek 2005).

Quinquala is common at the Kisinger Lakes localities
we collected, but it is exceedingly rare in the Clarno
Formation of Oregon, with one specimen each from two
West Branch Creek localities (UF loc. 229, 230) and one
from a Cherry Creek locality (White Cliffs, UF loc. 262).
Despite rarity in the Clarno Formation, its presence there
confirms a biogeographic linkage between Eocene floras
of central Oregon and northwestern Wyoming. Some other
taxa shared between these sites include Lygodium kaulfussii
HEeer, Cedrelospermum SapPorRTA, Ceratophyllum L.,
Deviacer MANCHESTER, Macginitiea J.A.WOLFE et WEHR in
Manchester (1986) and lodes BLUME (Allen et al. 2015). It is
noteworthy that we have not observed any Quinquala fruits

e: Enlarged view of glandular dots from Text-fig. 2i. UF 19376-60069. f: Enlarged view of cracking and glandular dots from Text-
fig. 21. UF 19376-60062. g: Enlarged view of glandular dots on (c). h: Glandular dots on the surface of a modern fruit of Ptelea
trifoliata. Bloomington, Indiana, UF mod ref coll. 1766. i: Enlarged view of perianth scar at the junction of pedicel and base of fruit
from Text-fig. 2b. UF 19374-60339. j: Enlarged view of perianth scar at the junction of pedicel and base of fruit from Text-fig. 2c.
UF 19376-60023a. Scale bars = 5 mm for a—d. Scale bars = 1 mm for e—j.
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from other Eocene sites to the South in Wyoming, Utah and
Colorado despite other floristic similarities.
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