PaleoBios 41(2):1-71, December 2024

PaleoBios

OFFICIAL PUBLICATION OF THE UNIVERSITY OF CALIFORNIA MUSEUM OF PALEONTOLOGY

Steven R. MANCHESTER & Terry A. LOTT (2024). Fossil leaves, fruits and
seeds of the Late Eocene Teater Road flora near Post, Oregon, USA.

Cover: Selection of representative leaves, flowers and fruits from the Teater Road flora. Top row, left to right: Cercis, Quercus, Alnus,
Florissantia, and Koelreuteria, Bottom row: Cercis, Quercus, Cedrelospermum, Ulmus, and Ailanthus.

Citation: Manchester, S.R. and. T.A. Lott. 2024. Fossil leaves, fruits and seeds of the Late Eocene Teater Road flora near Post, Or-
egon, USA. PaleoBios 41(2):1-71.

DOI: https://doi.org/10.5070/P941264643

Copyright: Published under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC-BY-NC-SA) license.


https://doi.org/10.5070/P941264643

Fossil leaves, fruits and seeds of the Late Eocene Teater Road flora near Post,
Oregon, USA
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steven@flmnh.ufl.edu
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The Teater Road flora, from a small outcrop of lacustrine shale exposed in Late Eocene sediments of the John
Day Formation near Post, Oregon, USA, is presented based on abundant, well-preserved leaf and fruit impres-
sions. We recognize 48 genera or morphotypes of leaves and 58 of reproductive structures, with the most
abundant representatives including the aquatic fern, Salvinia, and a variety of angiosperms including Ulmaceae,
Fagaceae, Betulaceae, Malvaceae, Simaroubaceae and Sapindaceae (Koelreuteria, Acer spp., Dipteronia). The
Teater Road flora represents a diverse mixed mesophytic assemblage of interest for comparison with other
Late Eocene floras of western North America and with the nearby Oligocene Gray Ranch flora. Analyses of
foliar physiognomy give estimates of mean annual temperature of ca. 10.4°C and mean annual precipitation

of ca. 71 cm per year.
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INTRODUCTION

In his book, the Ancient Forests of Oregon, Chaney
(1948) provided an overview of paleobotanically-rich
Mesozoic and Cenozoic strata giving snapshots of past
vegetation and climate change in the Pacific Northwest.
In his overview of Cenozoic strata, he included several
Eocene floras (Clarno, Comstock and Goshen), a few
Oligocene floras (Bridge Creek and Rujada) as well as
Neogene floras, notably the Mascall and Deschutes sites.
Chaney noticed a remarkable difference between his
Eocene floras, which appeared to be tropical, and those
of the Oligocene, which indicate temperate hardwood
forest. Since Chaney’s time, many additional collections
have accumulated from both classic localities that he
mentioned and from newly discovered localities, offer-
ing the potential to examine floristic change through
successive intervals of the Early, Middle and Late Eocene.

Recently, an Early Eocene flora has been recognized in
the Herren beds of east Birch Creek in northeastern Or-
egon (Jijina etal. 2019); Middle Eocene shale floras, such
as West Branch Creek, mentioned by Chaney (1948), and
Cherry Creek (e.g., Hergert 1961) remain to be studied in
full. The subtropical Middle Eocene Clarno Nut Beds flora
was described with attention to silicified fruits, seeds
(Manchester 1994) and woods (Wheeler and Manchester
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2002), but the Nut Beds leaf assemblage introduced by
Manchester (1981) has not been published in detail.

Late Eocene floras include the John Day Gulch flora
of the Clarno Formation (Pl. 14 in Wolfe 1972; although
the plate caption does not label the source, all figured
specimens of that page are from the John Day Gulch
collection now housed at USNM) and the Gray Butte
(McFadden 1986, Smith et al. 1998) and Whitecap Knoll
(Manchester 2000) floras of the John Day Formation.
The Late Eocene floras of Oregon are of interest for
comparison both with older and younger floras of the
region. Here we provide a comprehensive treatment of
the Teater Road flora of Crook County, central Oregon.
This flora is from a site in the lower part of the John Day
Formation at approximately the same stratigraphiclevel
as the nearby silicified fruit and seed (Manchester and
Maclntosh 2007), and wood floras (Wheeler et al. 2006,
Wheeler and Manchester 2021), with a radioisotope age
of ~36 Ma (Manchester and McIntosh 2007).

The excellent preservation of the Teater Road fossils
has led to their incorporation in several studies of individ-
ual angiosperm taxa, including Cedrelospermum Saporta
emend. Manchester (Ulmaceae; Manchester 1987a),
Florissantia Knowlton emend. Manchester (Malvaceae;
Manchester 1992), Chaneya Y.-F. Wang and Manchester
(Rutaceae/Simaroubaceae; Wang and Manchester 2000),
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Ailanthus Desfontaines (Simaroubaceae; Corbett and
Manchester 2004), Acer spp. (Sapindaceae; Wolfe and
Tanai 1987), Dipteronia Brown emend. McClain and Man-
chester (Sapindaceae; McClain and Manchester 2001),
Koelreuteria Laxmann (Sapindaceae; Wang et al. 2013),
and Cercis L. (Fabaceae; Jia and Manchester 2014), yet
an overview of the flora has not been published. These
fossils occur in a diverse warm-temperate assemblage
thatalso includes around 100 other morphotypes (Table
1). Among the Late Eocene floras currently known from
north central Oregon, Teater Road has the best preserva-
tion of venation details.

MATERIALS AND METHODS

The Teater Road site (University of Florida locality UF
256) was discovered by Alex Atkins during a paleobotany
field program sponsored by the Oregon Museum of Sci-
ence and Industry in 1984 and was collected periodically
over the next few years by teams of high school students
led by the first author. Subsequently, local resident pale-
ontologist Melvin S. Ashwill of Madras, Oregon, donated
specimens that he collected from the same site to the
Florida Museum of Natural History in 2001. Many of
the Acer L. specimens collected from this site were sent
to Jack A. Wolfe for inclusion in a monograph that was
published by Wolfe and Tanai (1987); those specimens
were deposited at the University of California Museum
of Paleontology, Berkeley (UCMP). All other specimens
have been deposited at the Florida Museum of Natural
History, University of Florida, Gainesville (UF).

The site is located at 44.1666556 N, 120.2488555 W,
on the northwest side of Teater Road, 2.7 miles north
from Prineville-Paulina Highway in Crook County, Or-
egon (Fig. 1C in Wheeler et al. 2023). At the time we
made our collections this was an access road to the US
Forest Service land to the north, but current owners
have closed the road. Due to the indurated nature of the
shale, it was used for local road gravel projects and the
lens has subsequently been exhausted. At present, only
small fragments of the shale remain at the site. With the
exception of some specimens of Acer deposited at UCMP
by Jack Wolfe and cited in Wolfe and Tanai (1987), the
only collection that we are aware of from Teater Road is
housed in the Paleobotanical collections of the Florida
Museum of Natural History.

The specimens were collected from a lens of fine-
grained shale representing a small lake deposit (Jia and
Manchester 2014). The same site was referred to as
Sheep Rock Creek by Wolfe and Tanai (1987), but we pre-
fer the local name Teater Road, to avoid confusion with

another more famous geographic feature also known as
Sheep Rock situated in Grant County, Oregon (Samuels
and Cavin 2013, see fig. 1). The road, indicated by that
name on the US Geological Survey Quadrangle maps,
was named in reference to the local rancher, Jim Teater.

The Teater Road flora is attributed to the upper Eo-
cene part of the John Day Formation. The age was not
determined by direct radiometric dating; however, the
site is estimated to be near the same stratigraphic level
as the Dietz Hill silicified fruit, seed and wood locality
(Wheeler et al. 2023) about 11.5 km due west. That
site, UF loc. 278, is immediately below the White Ash of
Post (WAP) from which sanidine crystals were obtained
that yielded a 40Ar/39Ar date of 36.21+0.26 Ma (n=26)
by the single crystal laser fusion method (Manchester
and McIntosh 2007). See Wheeler et al. (2023 fig. 1) for
placement of these and other paleobotanical sites on the
local geologic map.

Specimens were photographed with a Canon XSI
digital camera fitted with a Canon EF 60 or EF100 mm
macro lens. Smaller specimens, in the range of 1 to 10
mm, were imaged with a Keyence VHX-7000N digital
microscope, using the optical shadow effect mode to ac-
centuate surface topography.

Terminology for leaf description follows Hickey
(1973), Radford et al. (1974) and Ellis et al. (2009).
Terminology for winged fruit descriptions of Acer fol-
lows Wolfe and Tanai (1987). Leaves of extant plants
from herbaria were used for subsequent fossil/modern
comparisons when deemed necessary (Appendix 1). Leaf
size categories follow Raunkiaer (1934), Webb (1959)
and Ellis et al. (2009), except for the term microphyll
which, in paleobotany and plant systematics, refers
to a special kind of leaf (with no leaf gap) character-
istic of lycopods (not found in seed plants). Thus, we
use the term small leaf rather than microphyll. Fossil
specimens are numbered with the UF prefix followed
by the locality and individual specimen catalog number
(e.g., UF 256-21424). Measurements of incomplete leaf
specimens were extrapolated based on comparison with
complete leaves by length and width estimation. Leaf
fragment measurements are based on apical, basal and/
or marginal leaf portions that show distinct characters
and are not extrapolated to complete leaves due to in-
sufficient material. Fossil specimens were identified to
the extent possible on the basis of similarities to extant
plants. Similar extant specimens that we investigated
are cited by their accession numbers at the herbaria of
the University of Florida (FLAS), New York Botanical
Garden (NYBG), or the modern reference collection of
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the UF Paleobotanical Collection (prefaced UF) (Appen-
dix 1). Climate inferences for Teater Road are based on
comparisons with living relatives and analyses of non-
monocot angiosperm (“dicot”) leaf physiognomy. Foliar
physiognomic calculations for paleoclimate (Appendix
2) included leaf margin analysis (Wolfe 1979, Wing and
Greenwood 1993, Wilf 1997, Miller et al. 2006, Peppe et
al. 2011) and CLAMP (Climate Leaf Analysis Multivari-
ate Program, Spicer 2011-2024) to infer mean annual
temperature and leaf area analysis (Wilf et al. 1998) to
infer mean annual precipitation.

COMPOSITION OF THE FLORA

Table 1 provides a list of megafossil taxa from Teater
Road, in phylogenetic sequence according to Soltis et
al. (2018). The Teater Road flora includes one species
of moss, the aquatic fern, Salvinia, two conifers (Picea,
and Pinus) and a predominance of angiosperms. The
most diverse family is Sapindaceae, represented by
Koelreuteria, Dipteronia and several species of Acer. The
most abundant fossils at the site are leaves of Quercus
(Fagaceae) and Ulmus (Ulmaceae), but intensive collect-
ing revealed a great diversity of angiosperms, including
Lauraceae (two genera), Ceratophyllaceae, Smilax (two
species), Typhoides and a few other monocots, Berberi-
daceae (two species of Mahonia), Platanaceae, Rosaceae
(Amelanchier and Crataegus), Juglandaceae (Juglandip-
hyllites and Palaeocarya), Simaroubaceae (two species),
Anacardiaceae (three genera), Betulaceae (two genera),
Malvaceae (three genera), Fabaceae (three genera),
Hamamelidaceae, Grossulariaceae, Rhamnaceae, Melia-
ceae, Eucommiaceae, and Oleaceae. Although many of the
species can be placed with confidence in extant families
and genera, there remain more than 30 morphotypes
that are not identified with respect to extant families
and genera (Table 1).

The fauna of Teater Road also includes two species of
fish scales and one species of the caddisfly larval case,
Terrindusia.

SYSTEMATIC PALEONTOLOGY

Systematic classification herein follows Soltis et al.
(2018). Authorship of species names for fossil taxa fol-
lows LaMotte (1952), Schultze-Motel (2003), and van der
Burg (2005,2006,2008,2010,2011, 2013, 2016). Author
names for extant taxa were sourced from Tropicos, GBIF
(accessed 2021),and PoWO (accessed 2023). In addition
to the formally identified genera presented below, we also
assign some of the specimens with unique morphotype
numbers, using the prefixes TRL and TRR for Teater Road

Leaf and Teater Road Reproductive, respectively.

BRYOPHYTA SCHIMPER, 1879
HYPNITES ETTINGSHAUSEN, 1853
HYPNITES BROWNII (KIRCHNER) N.G. MILLER, 1980

FIG. 1A

Hypnites brownii (Kirchner) Miller, 1980, The Mosses
of North America, p. 17-18.

Basionym—Hypnum brownii Kirchner, 1898, Trans.
Acad. Sci. St. Louis 8, p. 162, 178, pl. XI], figs. 4, 4a.

Palaeohypnum brownii (Kirchner) Steere, 1946, Am. Midl.
Nat. 36, p. 316.

Archaeomnium brownii (Kirchner) LaMotte, 1952, Geol.
Soc. Am. Mem. 51, p. 238.

Referred specimen—UF 256-21582.

Description—Plant forming a tuft, with lateral ex-
tension of stems; width 22 mm, height 14 mm, stems
mostly ascending, at least 7 mm long, 0.2 mm wide, and
one horizontal stem, forked or nearly opposite; stems
naked or with a few linear leaves, leaflength 0.3-0.5 mm;
reproductive structures lacking.

Discussion—Although size, habit, and branching pat-
tern is moss-like, the lack of capsules precludes precise
systematic placement. The Teater Road specimen closely
resembles Hypnites brownii from the Late Eocene flora of
Florissant, Colorado, in the presence of creeping stems
that fork or are nearly opposite, with indistinct leaves
(Fig. 1A) (Kirchner 1898, MacGinitie 1953, Miller 1980).
A similar tufted plant with creeping and erect stems, and
thin leaves lying against the stem characterizes the fos-
sil described previously as Muscites pulvinatus Saporta
(1865) from the Tertiary of France (Saporta 1865) and
Plagiopodopsis cockerelliae (Britton and Hollick) Steere
(1946) from the Florissant flora (Britton and Hollick
1907, Meyer 2003). Hypnites beckeri (Steere) N.G. Miller
(1980) is another moss found in the late Eocene flora
of Metzel Ranch, Montana (Table 2, Becker 1972, Miller
1980, Lielke et al. 2012). Steere (1946) erected a new
genus Palaeohypnum Steere (1946) and transferred
Hypnum brownii to Palaeohypnum brownii (Steere 1946).
LaMotte (1952) stated that Archaeomnium Britton
(1926) has priority over Palaecohypnum and transferred
P. brownii to Archaeomnium brownii (Kirchn.) LaMotte
(1952). Miller (1980) then synonymized these species
into Hypnites brownii.

POLYPODIOPHYTA CRONQUIST, TAKHTAJAN & ZIMMERMANN,
1966
SALVINIALES LiNk, 1833
SALVINIACEAE MARTINOV, 1820
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Table 1. List of megafossil taxa from Teater Road, in phylogenetic sequence according to Soltis et al. (2018). NA=not appplicable/
unknown.

A . Biome of extant .
Division or family Taxon Organ relatives Figure
Bryophyta II\-I/[)i/ﬁZIi'tes brownii (Kirchner) N.G. whole plant NA 1A
Salviniaceae Salvinia sp. leagl\;vriole temperate to tropical 1B,C, H
Pinaceae Pinus sp. seed taiga to subtropical 1D, 1

cf. Picea A. Dietrich seed taiga to temperate 1E,]
Laurophyllum eocenicum (Brown)
LEmiEeeee Manchester & Lott n. comb. . WA i
Daphnogene knowltonii (Meyer &
Manchester) Manchester & Lott n. leaf NA 1F
comb.
Smilacaceae Smilax cf. rubyensis Becker leaf temperate to tropical 1Q
Smilax sp. leaf temperate to tropical 1R
Typhoides buzekii Meyer &
Poales Manchester leaf NA 2A
Morphotype TRL 01 leaf NA 2B, C
Morphotype TRL 02 leaf NA 2D, E
Morphotype TRL 03 leaf NA 2F
Ceratophyllaceae Ceratophyllum sp. fruit cosmopolitan 1G
Berberidaceae Mahonia simplex (Newberry) leaflet temperate 1K
Arnold
Mahonia sp. 1 leaflet temperate 10,P
Platanaceae Platanus cf. exaspera Meyer & leaf temperate to subtropical 1S
Manchester
Platanus sp. achene temperate to subtropical 1M
Hamamelidaceae cf. Parrotia C.A. Mey. leaf medlterran'ean to 3Q
subtropical
Grossulariaceae Ribes sp. leaf taiga to temperate 2G
Malphighiaceae cf. Heteropterys Kunth tropical to subtropical 2H
Salicaceae Morphotype TRL 04 leaf NA 3R, W
Fabaceae Cercis herbmeyeri Jia & Manchester fruit temperate to subtropical 2L
Cercis parvifolia Lesquereux .
N leaf temperate to subtropical 2M
cf. Gymnocladus dayana
(Knowlton) Chaney & Axelrod leaflet temperate 2N
cf. Gyr-m-lo.cladus hesperia (Brown) leaflet T 2K
MacGinitie
cf. Acrocarpus R. Wight ex Arnott fruit tropical 2Q
Morphotype TRR 01 fruit NA 2PV
Morphotype TRR 02 fruit NA 2U
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Table 1 (cont.). List of megafossil taxa from Teater Road, in phylogenetic sequence according to Soltis et al. (2018). NA=not ap-

pplicable/unknown.
Division or family Taxon Organ Bimlf:i’ aotgwf exstant Figure
Fabaceae Morphotype TRR 03 fruit NA 2R
Morphotype TRL 05 leaflet NA 2S
Morphotype TRL 06 leaflet NA 20
Morphotype TRL 07 leaflet NA 2T
Rhamnaceae Paliurus favonii Unger fruit mediterranean 2W, X
Rosaceae Amelanchier sp. leaf temperate to deserts 3K, L
cf. Crataegus Tourn. ex. L. leaf temperate 3S
Rosaceous prickly twig twig NA 3X
Ulmaceae Cedrelospermum lineatum (Lesq.) fruit NA 3B
Manchester
Cedrelospermum sp. leaf NA 3A
Ulmus chuchuanus (Berry) LaMotte leaf temperate to subtropical 3C,D, T
Ulmus okanaganensis Denk & . :
Dillhoff leaf, fruit temperate to subtropical 3E, 3M
Ulmus sp. fruit temperate to subtropical 3N
Betulaceae Alnus newberryi Meyer & leaf temperate 3F G U
Manchester
Alnus sp. infructescence temperate 30
Carpinus sp. fruit temperate to subtropical 3P
Morphotype TRL 08 [Carpinus/ leaf NA 3H,V
Ostrya]
Morphotype TRL 09 [cf. Carpinus] leaf NA 3L ]
Fagaceae Quercus berryi Trelease leaf temperate to tropical 4A, B
Quercus pollardiana (Knowlton) leaf NA AC
Axelrod
Quercus sp. 1 leaf NA 4D
Quercus sp. 2 leaf NA 4E
Quercus sp. 3 acorn NA 7Q
Juglandiphyllites cryptatus
Juglandaceae (Knowlton) Meyer & Manchester leaf NA 4]
Palaeocarya sp. fruit subtropical to tropical 4G
Lythraceae Decodon sp. leaf temperate 4F 1
Anacardiaceae PBIEIERHO R leaf temperate to subtropical 4K
Manchester
Toxicodendron sp. 1 infructescence temperate to tropical 4L
cf. Toxicodendron Miller leaf NA 4M
Loxopteroides weeksae Manchester samara NA AN
& Judd

5
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Table 1 (cont.). List of megafossil taxa from Teater Road, in phylogenetic sequence according to Soltis et al. (2018). NA=not ap-

pplicable/unknown.

s . Biome of extant .
Division or family Taxon Organ relatives Figure
Meliaceae Cedrela merrillii (Chaney) Brown seed tropical 6U
Rutaceae Rutaspermum sp. seed NA 6E

. Acer clarnoense Wolfe & Tanai )

Sapindaceae emend. Lott & Manchester leaf temperate to subtropical 40, P
Acer crookense Wolfe & Tanai samara temperate to subtropical 5C,D
Acer meyeri Wolfe & Tanai samara temperate to subtropical 5A-C
Acer oviptrinum Wolfe & Tanai samara temperate to subtropical 5E
Acer postense Wolfe & Tanai samara temperate to subtropical 5E G
Acer sinuofluviatilis Wolfe & Tanai samara temperate to subtropical 5H, 1
Acersp. 1 leaf temperate to subtropical 4Q
Acer sp. 2 samara temperate to subtropical 5], K
Dipteronia brownii McClain & .
Manchester fruit temperate 5L
cf. Elattostachys (Blume) Radlkofer leaf NA 5N
Koelreuteria alleni (Lesq.) Edwards fruit temperate 50

Simaroubaceae Ailanthus confucii Unger fruit temperate to tropical 5P
cf. Ailanthus Desfontaines leaflet temperate to tropical 6]
Craigia oregonensis (Arnold) .

Malvaceae Kvacek Buzek, & Manchester valves temperate to subtropical 6F
Plafkeris sp. leaf NA 6G, H
Florissantia ashwillii Manchester fruit NA 6C
Florissantia speirii (Lesq.) :
Manchester S il L

Hydrangeaceae Hydrangea sp. sepal temperate to tropical 6l

Nyssaceae Davidia sp. fruit temperate 6V

Styracaceae Flectorivus sp. leaf temperate to tropical 6K, L

Eucommiaceae Eucommia montana Brown samara temperate 1L

Oleaceae Fraxinus sp. fruit temperate to subtropical 6P

Incertae sedis Deviacer wolfei Manchester samara NA 6Q
Morphotype TRL 10 leaf NA 21,]
Morphotype TRR 04 seed NA 6S, T
Morphotype TRL 11 leaf NA 6M
Morhpotype TRL 12 cf Rosaceae leaf NA 6A, B
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Table 1 (cont.). List of megafossil taxa from Teater Road, in phylogenetic sequence according to Soltis et al. (2018). NA=not ap-

pplicable/unknown.

Division or family Taxon Organ Biorrx:i: a(g:exstant Figure

Incertae sedis Morphotype TRL 13 leaf NA 6N, O
Morphotype TRR 05 seed NA 7K
ghﬁgfﬁ gc;rtz:;s (Lesquereux) Wang fruit NA 5Q

Bicl?tyledoneae Morphotype TRR 06 bract NA 71

nknown

Antholithes sp. flower NA 7A
Beckerosperma ualcarpa (Becer) | s A a
Morphotype TRR 07 infructescence NA 7D, E
Morphotype TRR 08 drupe NA 7N
Morphotype TRR 09 samara NA 5M
Morphotype TRR 10 fruit NA 7R
Morphotype TRR 11 fruit NA 7C
Morphotype TRR 12 infructescence NA 7F G
Morphotype TRR 13 fruit NA 7H
Morphotype TRR 14 infructescence NA 7]
Morphotype TRR 15 scale NA ™
Morphotype TRR 16 fruit NA 70
Morphotype TRR 17 pyriform NA 7P
Morphotype TRR 18 seed/fruit NA 7S
Morphotype TRR 19 seed NA 6R
Morphotype TRL 20 flower NA 7B

SALVINIA SEGUIER, 1754
SALVINIA sP.

FIG. 1B, 1C, 1H

Referred specimens—UF 256-20724b,20950,20951a,
b, 20952, 20953, 20954a, 20955a, 20956- 20959,
20960-20964, 20968-20970, 20973, 20974, 2097543,
20976-20978, 20980, 20982, 20983, 20985-20989a,
20990-20992, 20994-209964a, 20997, 20998a, 20999,
21564a, 21565, 21567a, b, 21568b, 340864, b, 34088,
79022a, 87097b.

Description—Floating leaves recovered mostly as
detached, rarely as opposite leaves attached to a non-
laminar rhizome-like leaf 5.5 mm long; lamina elliptic
or oblate, symmetrical, unlobed, leptophyll or nanophyll,
length 5-12 mm (x=7.0, N=47), width 3-8 mm (x=5.0,
N=49), 1/w ratio 0.9-1.9, leaf area estimate 15-75 mm?
(x=29, N=45); lamina apex truncate, rounded, or emar-
ginate; base cordate; petiole bifurcate; margin entire;

primary vein single, stout, extending to 3% leaf length,
course zig-zag; secondary venation reticulate, 6-12 per
side, angle of divergence for basal pair 114-130°, basal
and mid-section 52-76°, apical 42-45°, course zig-zag,
very rarely isolated secondary vein to margin; primary
areoles quadrilateral to hexagonal, gradually reducing in
size towards margin and sometimes with trichomes, each
areole with one to rarely two tubercles; tubercles evenly
spaced, in rows following course of secondary venation;
tertiary veins reticulate, forming secondary areoles.
Discussion—Opposite elliptical leaves (Fig. 1B), at-
tached in pairs to a third non laminar submerged root-
like leaf (UF 256-34086), and reticulate leaf venationin a
zig-zag pattern correspond to extant Salvinia (Bierhorst
1971). As an example of a similar extant species, we
studied S. nymphellula Desveaux (1827), which shares
similarities of size, rectangular areoles, and scattered tri-
chomes (Wang et al. 2014, Pérez-Consuegra etal. 2017).
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Figure 1. A. Hypnites brownii (Kirchner) Miller, UF 256-21582. 1B, C. Salvinia sp. B. Attached, opposite leaves and non-laminar
rhizome-like leaf (arrow), UF 256-34086. C. Leaf showing reticulate venation, UF 256-20975a. D. Pinus sp., winged seed, UF 256-
20905. E. cf. Picea, winged seed, UF 256-34113. F. Daphnogene knowltonii (Meyer and Manchester) n. comb., UF 256-21135. G.
Ceratophyllum sp. fruit with prominent terminal spine, shorter lateral spines and regularly spaced facial protuberances, UF 256-
21041. H. Salvinia sp., detail from C, pentagonal areolae with trichomes (arrow). I. Pinus sp., enlargement from D, showing wing
striation. J. cf. Picea, enlargement from E showing wing striation. K. Mahonia simplex (Newberry) Arnold, UF 256-21125. L. Eucom-
mia montana Brown, samara, UF 256-11051. M. Platanus sp., achene with basal dispersal hairs, UF 256-20734a. N. Laurophyllum
eocenicum (Brown) n. comb., UF 256-21237". O, P. Mahonia sp. 1, UF 256-21547, UF 256-28837. Q. Smilax cf. rubyensis Becker, UF
256-21136. R. Smilax sp. 1, UF 256-21238. S. Platanus cf. exaspera Meyer and Manchester, UF 256-21248a. Scale bars: A, D, K, N-
R=5mm; B, G, E, L, M=2 mm; F, $=10 mm; G=1 mm; H=500 pum; I, J=200 pm.
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Fossil Salvinia foliage has also been recorded from other
Eocene sites in Mississippi, Tennessee, Washington, Wyo-
ming, southeastern Nigeria, France, and China (Andrews
etal. 1970, Collinson 2001, Wang et al. 2014, Blanchard et
al. 2016). In comparison with the Teater Road specimens,
S. elliptica Newberry (1894) from Washington State, lacks
details such as secondary vein arrangement (Hollick
1894). Salvina preauriculata Berry (1925) from western
USA, Mississippi and Tennessee differs by its straight
secondary veins (Berry 1925, Hickey 1977, Blanchard
et al. 2016). Salvinia aquensis Saporta (1888) from
France is similar in shape, apex, base, and areole shape
but has two tubercles per areole (Saporta 1888) rather
than predominantly one per areole (Fig. 1H). Salvina
hainanensis Jin and Wang (2014) from Hainan Island,
China, has opposite secondary vein attachment (Wang
et al. 2014). Salvina bogotensis Pérez-Consuegra et al.
(2017) from the late Paleocene of Columbia is strikingly
similar to our Teater Road specimens in leaf shape, size,
apex and base morphology, areole shape, one tubercle
per areole, and tubercles in rows following course of
secondaries, but the number of secondaries per side is
12-23, rather than 6-12 as observed in our specimens
(Pérez-Consuegra et al. 2017).

Salvinia is an aquatic fern with about 10-12 species,
found mostly in tropical regions of the Americas, Africa,
Madagascar, India and southeast Asia, and subtropical
regions of the Americas, Asia, and Europe (Nauman 1993,
Pérez-Consuegra et al. 2017, PoWO 2023).

GYMNOSPERMAE LINDLEY, 1830
PINALES GOROZHANKIN, 1904
PINACEAE SPRENG. EX RUDOLPHI, 1830
PINUS LINNAEUS, 1753
PINUS sP.

FIG. 1D, 1

Referred specimen—UF 256-20905.

Description—Seed winged, articulate; single wing
extending laterally from seed body, slightly curved and
oblong, length 21 mm, width 7 mm; apex obtuse; base
acute; proximal margin straight, distal margin convex;
wing base extending to 3/4 seed body length on proxi-
mal margin in narrow strip, and to 1/3 seed body length
on distal margin, both separating from seed body; wing
base adjacent to seed body apex with relatively thick,
narrow band; wing length 18 mm, width 7 mm; surface
with straight, non-undulatory longitudinal striations;
seed body outline obovate, length 7 mm, width 4 mm,
aligned with wing mid-line.

Discussion—Characters of this specimen consistent

with seeds of extant Pinus are shape, size, articulation of
seed body from the wing, and striations running parallel
to the long axis of the wing (Fig. 11). The detachable seed
body is diagnostic of subgenus Pinus (syn. Diploxylon)
(Meyer 2003). Wing striations in Pinaceae are typically
undulate (Wolfe and Schorn 1990) as in Pinus elliot-
tii Englemann (1880) but can lack undulations as we
observed in P bungeana Zuccarini ex. Endlicher (1847).
This specimen is similar to P. macginitiei Axelrod (1986)
specimens that have straight proximal and convex distal
margins and a basal distal lobe, such as those identi-
fied from the Early Oligocene Beaverhead Basins flora,
Montana (Becker 1969, see pl. 6, fig. 5), and to Pinus sp.
from the Eocene West Branch Creek locality of the Clarno
Formation of Oregon (Manchester 1994, see pl. 1, fig. 4),
especially the disarticulated seed body (Table 2). Pinus
macginitiei has also been found in the Late Eocene flora of
Ruby Basin, Montana and Florissant flora while Pinus sp.
in the Late Eocene flora of Gray Butte (Sumner Spring),
Oregon, is very similar (Table 2, Axelrod 1986). One of
the Teater Road specimens preserves an irregular clump
of needles in bundles with a bulbous base attached to a
stem with scale scars (UF 256-21583) and is also identi-
fied as Pinus. Unfortunately, the number of needles per
bundle in this specimen, which is important for diagnos-
ing subgroups within Pinus (Sargent 1933), is unclear.

Pinus subgenus Pinus consists of ca. 100 species widely
distributed in the Northern Hemisphere, mainly in taiga
to temperate regions and tropical mountains (Little and
Critchfield 1969, Kral 1993, GBIF 2021).

CF. PICEA A. DIETRICH, 1824
FIG. 1E, ]

Referred specimen—UF 256-34113.

Description—Seed winged with a single wing extend-
ing laterally from seed body, obovate, symmetrical, length
11 mm, width 5 mm; apex and base rounded; proximal
margin straight to % wing distance then convex to apex,
distal margin straight to near apex then arched to apex;
wing base narrowly extends along proximal and distal
side to ~%: seed body length; wing thinning distally;
surface with straight, non-undulatory longitudinal stria-
tions; seed body obovate, lacking resin vesicles, length
3 mm, width 2 mm, oriented at ~10° angle with wing
mid-line.

Discussion—This winged seed resembles those of
extant Picea in size and shape (Fig. 1E), but cone bract
morphology would be needed for species confirmation
(LePage 2001). According to Wolfe and Schorn (1990),
Picea seeds are distinct from those of other Pinaceae by
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Table 2. Comparison of Teater Road and other Eocene and Oligocene macrofossil floras of western United States. Abbreviations:
CO=Colorado, MT=Montana, OR=0regon, UT=Utah, GR=Green River, C Fm.=Clarno Formation, TR=Teater Road, SS=Summer Spring,
WK=Whitecap Knoll, Fl=Florissant, MC=Mormon Creek, MR=Metzel Ranch, RB=Ruby Basin, YR=York Ranch, BB=Beaverhead Basins,
BC=Bridge Creek.

Series/Epoch Middle Eocene|
US State co.vr
?:l:fll; nor Genus I%F(f:[i)ﬁf)/typ e GR | CFm.
Brophyta Hypnites H. brownii
Hypnites H. beckeri
Plagiopodopsis P, cockerelliae
Salviniaceae Salvinia S. sp.
Pinaceae Pinus P. macginitiei
Pinus P. ssp. X
Picea P.magna
Picea P sp.
cf. Picea
Lauraceae Laurophyllum L. eocenicum X
cf. Laurophyllum
Nectandra N. antillanfolia
Daphnogene D. knowltonii
Cinnamomophyllum C. sp. X
Lindera or Litsea
Smilacaceae Smilax S. labidurommae
S. cf. rubyensis
S. trinervis
S. sp.
Typhaceae Typha T lesquereuxi
Typha T sp.
Typhoides T. buzekii
Poales Morpotype TRL 01
Morpotype TRL 02
Morpotype TRL 03
Ceratophyllaceae Ceratophyllum C. sp. X
Berberidaceae  Mahonia M. simplex
M. subdenticulata
M. sp.
Platanaceae Platanus P, cf. exaspera
P. sp. achenes
Hamamelidaceae cf. Parrotia
Parrotia P, brevipetiolata
Grossulariaceae Ribes R. sp.
Malphigiaceae  cf. Heteropterys
Salicaceae Morphotype TRL 04
Populus P, payettensis
Salix S. hesperia
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Table 2 (cont.). Comparison of Teater Road and other Eocene and Oligocene macrofossil floras of western United States. Abbreviations:
CO=Colorado, MT=Montana, OR=0regon, UT=Utah, GR=Green River, C Fm.=Clarno Formation, TR=Teater Road, SS=Summer Spring,
WK=Whitecap Knoll, Fl=Florissant, MC=Mormon Creek, MR=Metzel Ranch, RB=Ruby Basin, YR=York Ranch, BB=Beaverhead Basins,
BC=Bridge Creek.

Series/Epoch Middle Eocene

COo, UT,
US State wy

Division or

Species/
Family Genus GR | C.FM

Morphotype

Fabaceae Cercis C. herbmeyeri
C. maurerae
C. parvifolia
cf. Gymnocladus cf G. dayana

cf G. hesperia

Gymnocladus G. hesperia X

cf. Acrocarpus

Morphotype TRR 01
Morphotype TRL 05
Morphotype TRR 02
Morphotype TRR 03

Morphotype TRL 06
Parvileguminophyllum P. coloradensis X
Morphotype TRL 07

Mimosites M. acaciafolius
Rhamnaceae Paliurus P. blakei
P. dumosus
P, favoni
P, florissantii
Ziziphus Z. florissantii
cf. Ziziphus
Rosaceae Amelanchier A. covea
A. sp.
cf. Crataegus C. sp.
Rosa R. hilliae

Morphotype TRB 01

Ulmaceae Cedrelospermum C. drymeja
C. lineatum X
C. nervosum X
C. sp.

Ulmus U. chuchuanus

U. okanaganensis
U. paucidentata
U. tenuinervis
U. sp.
U.sp.A
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Table 2 (cont.). Comparison of Teater Road and other Eocene and Oligocene macrofossil floras of western United States. Abbreviations:
CO=Colorado, MT=Montana, OR=0regon, UT=Utah, GR=Green River, C Fm.=Clarno Formation, TR=Teater Road, SS=Summer Spring,
WK=Whitecap Knoll, Fl=Florissant, MC=Mormon Creek, MR=Metzel Ranch, RB=Ruby Basin, YR=York Ranch, BB=Beaverhead Basins,
BC=Bridge Creek.

Series/Epoch Middle Eocene

COo, UT,
US State Wy

Division or
Family

Genus

Species/
Morphotype

GR | CFm.

Ulmaceae

Betulaceae

Fagaceae

Juglandaceae

Lythraceae

Anacardiaceae

Alnus

Carpinus

cf. Carpinus

Paracarpinus

Ostrya

Quercus

Juglandiphyllites
Juglans(?)
Juglans

Carya

Palaeocarya

Decodon

Rhus

Toxicodendron

U.sp.B

A. newberryi

A. clarnoensis

A. sp.

C. sp.

Morphotype TRL 08

Morphotype TRL 09
P. chaneyi

P, fraterna

P, lanceolata
0. oregoniana
Q. berryi

Q. brooksi

Q. convexa

Q. pollardiana
Q. scudderi

Q. simulata
Q.sp.1
Q.sp.2
Q-sp-3

Q. spp.

J. cryptatus

J. sepultus

J. wheelerensis
J. sp.

C. antiquorum
C. florissantensis
C. libbeyi

sp. 1

P, cf. olsonii

P. sp.

D. brownii

D. sp.

R. lesquereuxii
R. spp.

T winchesteri
T wolfei

T sp.1
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Table 2 (cont.). Comparison of Teater Road and other Eocene and Oligocene macrofossil floras of western United States. Abbreviations:
CO=Colorado, MT=Montana, OR=0regon, UT=Utah, GR=Green River, C Fm.=Clarno Formation, TR=Teater Road, SS=Summer Spring,
WK=Whitecap Knoll, FI=Florissant, MC=Mormon Creek, MR=Metzel Ranch, RB=Ruby Basin, YR=York Ranch, BB=Beaverhead Basins,
BC=Bridge Creek.

Series/Epoch Middle Eocene

CO, UT,
US State wy

Division or
Family

Genus

Species/
Morphotype

GR | CFm.

Anacardiaceae

Meliaceae

Meliaceae

Rutaceae

Sapindaceae

Simaroubaceae

Malvaceae

Hydrangeaceae

cf. Toxicodendron

Loxopteroides
Cedrela

Rutaspermum

Acer

Dipteronia

cf. Elattostachys

Koelreuteria

Ailanthus

Craigia

Plafkeria

Florissantia

Hydrangea

L. weeksae

C. lancifolila
C. merrillii

C. pteraformis
C. trainii

C. sp.

R. sp.

A. clarnoense
A. cranei

A. crookense
A. meyeri

A. minor

A. ovipetrinum
A. postense

A. sinuofluviatilis
A sp.1

A sp. 2

A. spp.

D. browni

D. sp.

K. allenii

K. sp.

K. arnoldi

K. bipinnatoides
K. mixta

K. nigricans
A. americana
A. confucii

A. lesquereuxi
A. sp.

C. oregonensis
C. sp.

P, obliquifolia
P sp.

E ashwillii

E speirii

H. californica
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Table 2 (cont.). Comparison of Teater Road and other Eocene and Oligocene macrofossil floras of western United States. Abbreviations:
CO=Colorado, MT=Montana, OR=0regon, UT=Utah, GR=Green River, C Fm.=Clarno Formation, TR=Teater Road, SS=Summer Spring,
WK=Whitecap Knoll, FI=Florissant, MC=Mormon Creek, MR=Metzel Ranch, RB=Ruby Basin, YR=York Ranch, BB=Beaverhead Basins,
BC=Bridge Creek.

Series/Epoch Middle Eocene

US State

COo, UT,
wy

Division or
Family

Genus

Species/
Morphotype

GR | CFm.

Hydrangeaceae

Nyssaceae

Styracaceae

Eucommiaceae

Oleaceae

Incertae sedis

Dicotyledoneae
unknown

Davidia

Flectorivus

Eucommia

Fraxinus

Deviacer

Chaneya

Antholithes

Beckerosperma

H. florissantia
H. knowltonii
H. sp. (sepal)
D. sp.

F microdontos
E sp.

E. brownii

E. montana

E. sp.

F. brevialata
FE eocenica

F flexifolia

E rupinarum
F yubaensis
E sp.

D. wolfei

Morphotype TRL 10
Morphotype TRL 11
Morphotype TRL 12
Morphotype TRR 04
Morphotype TRR 05
Chaneya tenuis

Morphotype TRR 06

A.sp.

B. ovalicarpa

Morphotype TRR 07
Morphotype TRR 08
Morphotype TRR 09
Morphotype TRR 10
Morphotype TRR 11

Morphotype TRR 12

Morphotype TRR 13
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Table 2 (cont.). Comparison of Teater Road and other Eocene and Oligocene macrofossil floras of western United States. Abbreviations:
CO=Colorado, MT=Montana, OR=0regon, UT=Utah, GR=Green River, C Fm.=Clarno Formation, TR=Teater Road, SS=Summer Spring,
WK=Whitecap Knoll, FI=Florissant, MC=Mormon Creek, MR=Metzel Ranch, RB=Ruby Basin, YR=York Ranch, BB=Beaverhead Basins,

BC=Bridge Creek.

Series/Epoch Middle Eocene| Late Eocene
US State co.vr OR co ﬂ
FD;S?;;H o' Genus lf,}’::;ﬁf)/ty be GR |C.Fm. TR | SS |WK| Fl | MC | MR
Morphotype TRR 14 X
Morphotype TRR 15 X
Morphotype TRR 16 X
Morphotype TRR 17 X
Morphotype TRR 18 X
Morphotype TRR 19 X
Morphotype TRR 20 X

the combination of obovate shape, seed typically with an
indentation at the base of the proximal margin of the seed
body, cellular pattern running parallel to long axis of the
wing, and wing lacking constrictions or wrinkling. Our
specimen lacks the proximal indentation of the margin,
so without additional specimens, we cannot identify
this seed type to Picea with certainty. In terms of wing
striation (Fig. 1]), we cannot distinguish between this
specimen from the Pinus sp. described above but there
are differences in morphology such as seed shape and
seed body detachment. The Teater Road specimen re-
sembles those of Picea magna MacGinitie (1953) from the
Miocene of the Columbia Plateau (Chaney and Axelrod
1959) in its obovate wing, obtuse seed body base, and
straight proximal and distal margins at base of the wing,
although some specimens have a convexity at the base
of the distal wing margin (Wolfe 1964). Picea magna has
also been found in the Beaverhead Basins and Florissant
floras, and a similar Picea seed is present in the Sumner
Spring flora (Table 2).

Picea consists of about 37-40 species of trees dis-
tributed in the temperate Northern Hemisphere (Taylor
1993, GBIF 2021, PoWO 2023).

ANGIOSPERMAE LINDLEY, 1830
LAURALES JUSSIEU EX BERCHTOLD & . PRESL, 1820
LAURACEAE Jussitu, 1789
LAUROPHYLLUM GOPPERT, 1854 EX R.S. HILL 1986
LAUROPHYLLUM EOCENICUM (BROWN) N. COMB.

FIG. 1IN

Umbellularia eocenica Brown, 1940, ]. Wash. Acad. Sci.

30(8), p- 350, text-fig. 18.
Beilschmiedia eocenica (Brown) MacGinitie, 1969, Univ.
Calif. Publ. Geol. Sci. 83, p. 101-102.

Referred specimens—UF 256-21236,21237,21544,
21585, 34092.

Description—Lamina narrowly elliptic, symmetrical,
unlobed, small, length 61-91 mm (x=72, N=3), width
15-22 mm (x=20, N=5), I/w ratio 3.7-4.2, leaf area
663-1359 mm?2 (x=897, N=3), petiole missing; lamina
apex and base acute; margin entire; venation pinnate;
midvein moderately thick, straight; secondary venation
brochidodromous, at least ten pairs, irregular spacing,
excurrent attachment, angle of divergence basal 26-402,
middle 409, apical 40-70°, course smoothly arching, or
wavy and losing strength upward, loop length decreas-
ing upward; 0-2 intersecondaries per intercostal area,
extending % to leaf margin, course irregular, terminating
at tertiaries; tertiary venation predominately reticulate,
sometimes percurrent; quaternary venation reticulate;
areolation well developed, quadrilateral to pentagonal,
some with freely ending veinlets.

Discussion—We place these specimens in the
morphogenus Laurophyllum because of overlap in
morphological and anatomical leaf characters among dif-
ferent extant genera, such as Beilschmiedia Nees (1831),
Cryptocarya R. Brown (1810), Litsea Lamarck (1792),
Nectandra Rolander ex Rottboll (1778) and Ocotea
Aublet (1775), makes it a challenge to identify fossils
to a particular modern genus (Kvacek 1971, Worobiec
2003). Characters of our specimens consistent with
Beilschmiedia eocenica (Brown) MacGinitie (1969) from
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the Middle Eocene Green River Formation (MacGinitie
1969) include elliptic leaves with an entire margin, basal
secondary angles smaller than upper secondary angles,
brochidodromous venation, and fine mesh of tertiary and
quaternary veins (Fig. 1N). Laurophyllum-like leaves are
also found in the Late Eocene floras of Whitecap Knoll and
Mormon Creek (Laurophyllum or Nectandra), Montana,
Florissant flora (“Lindera”), and Early Oligocene floras of
York Ranch and Beaverhead Basins (Lindera Thunberg
(1763) or Litsea Lamarck (1792)) (Table 2). Narrowly
elliptic lauraceous leaves seem to be fairly widespread
across the Late Eocene to Early Oligocene of the western
United States (Table 2) and are widely accepted as indica-
tors for warm and wet conditions (Carpenter etal. 2007).

DAPHNOGENE UNGER, 1845
DAPHNOGENE KNOWLTONII (MEYER & MANCHESTER, 1997)
N. COMB.

FIG. 1F

Cinnamomophyllum knowltonii Meyer and Manchester,
1997, Univ. Calif. Publ. Geol. Sci. 141, p. 68-69, pl. 5,
figs. 8, 11.

Referred specimens—UF 256-20213,21130,21131,
21132a, 21135, 21610.

Description—Lamina tending elliptic, symmetrical,
unlobed, small, length > 56 mm, width 19-44 mm (x=29,
N=6),1/wratio 2.0-2.6, leaf area estimate 639-890 mm?
(x=764,N=2), petiole length 7 mm; lamina apex missing;
base acute; margin entire; venation pinnate; midvein
stout; secondary veins eucamptodromous; pair of oppo-
site, strong secondaries branching above the base, angle
of divergence 27-48°, extending to near middle of leaf
before weakening and joining superadjacent secondar-
ies; one pair of distally preserved secondaries, angle of
divergence 41°; marginal vein present at lamina base;
five to six predominantly strong tertiary veins branching
from exmedial side of basal secondaries veins, looping
with each other to justinside leaf margin; epimedial ter-
tiaries mixed percurrent, acute to the midvein, sinuous
to straight; quaternary veins reticulate; areolation well
developed, quadrilateral to pentagonal; freely ending
veinlets simple.

Discussion—Entire-margined leaves with a basal pair
of ascending secondary veins (Fig. 1F) characterize many
extant Lauraceae, for example, Aiouea Aublet (1775),
Cinnamomum Schiffer (1760), Nectandra, Ocotea, Phoebe
Nees (1836), and Sassafras . Presl (1825). These genera
can be difficult to distinguish based on leaf architecture
alone, so the fossil morphogeneric name Daphnogene
(syn. Cinnamomophyllum Krausel (1951)) is applied

(Kvacek 1971). While the figured specimen (Fig. 1F)
is incomplete, it conforms well to Cinnamomophyllum
knowltonii Meyer and Manchester (1997) from the Early
Oligocene Bridge Creek flora, Oregon (Chaney 1927,
Meyer and Manchester 1997) in having a marginal vein,
and exmedial looping tertiaries from the basal second-
aries. Daphnogene-like leaves, sometimes referred to as
Cinnamomophyllum, also occur in the floras of the Clarno
and John Day formations (Table 2). Lauraceae are also
represented among the silicified woods from the nearby
Dietz Hill locality (Wheeler et al. 2023) (Table 3).

MONOCOTYLEDONES Ray, 1686-1704
LILIALES PERLEB, 1826
SMILACACEAE VENTENAT, 1799
SMILAX LINNAEUS, 1753
SMILAX cr. RUBYENSIS BECKER, 1961

FIG. 1Q

Smilax rubyensis Becker, 1961, Geol. Soc. Am. Mem. 82,
p. 52-53, PL. 11, figs. 9-11.

Referred specimens—UF 256-21134,21136,21235,
21239, 34096, 78821.

Description—Lamina ovate, symmetrical, unlobed,
small, length 35-42 mm (x=39, N=3), width 16-31
mm (x=21, N=5), I/w ratio 1.6-2.3, leaf area 503-684
mm? (x=583, N=3), petiole length 8.5 mm; lamina apex
acute; base rounded or truncate; margin entire; midvein
moderate, slightly thicker than lateral primaries; pri-
mary venation of three basal and one pair of suprabasal
acrodromous veins that extend acropetally toward the
leaf apex; angle of divergence for basal pair of lateral
primaries 21-82°, for suprabasal pair of lateral primaries
10-50°; secondary venation of two basal slightly wavy
acrodromous veins extending at least half the lamina
length; interior secondaries alternate percurrent, depart-
ing from midvein at acute to nearly right angles; tertiary
veins reticulate.

Discussion—Examples of extant species that are
similar to our specimens include Smilax ocreata A. de
Candolle (1878) and numerous species of Ripogonum
J.R. Forster and G. Forster (1775) (Ripogonaceae), with
a pair of suprabasal acrodromous veins extending to the
leaf apex and interior veins, but these acrodromous veins
are secondary in Ripogonum (Conran et al. 2009, Ding
et al. 2011). Our specimens resemble Smilax rubyensis
from the Ruby Basin flora, in apex, base, and presence
of basal and suprabasal acrodromous primary veins
(Table 2, Becker 1961, Monroe 1981, Lielke et al. 2012)
but our leaf is ovate (Fig. 1Q), not broadly lanceolate as
in S. rubyensis. Leaves attributed to Smilax are also found
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Table 3. Floristic comparison of Teater Road with Dietz Hill and Post Hammer sites.

][‘?E;‘llrl:ll;') nor Genus Species/Morphotype T[f(?;?ir l()[lji.tzzgél)l }-Il?l;gzrsl;gl)‘
Brophyta Hypnites H. brownii X
Equisetaceae Equisetum E. sp. X
Salviniaceae Salvinia S. sp. X
Palmae Sabal S. sp. X
Taxaceae Diploporus D. sp. X
Pinaceae Pinus P. sp. X
Picea P. sp. X
cf. Picea X
Lauraceae X
Laurophyllum L. eocenicum X
Daphnogene D. knowltonii X
Magnoliaceae Magnolia M. sp. X
Smilacaceae Smilax S. cf. rubyensis X
S. sp. X
Typhaceae Typhoides T. buzekii X
Poales Morphotype TRL 01 X
Morphotype TRL 02 X
Morphotype TRL 03 X
Ceratophyllaceae | Ceratophyllum C. sp. X
Berberidaceae Mahonia M. simplex X
M. sp. X
Menispermaceae | (Menispermeae) X
Platanaceae Platanus P, cf. exaspera X
P, sp. achenes X
PIatanu_s/ X
Macginicarpa
Sabiaceae Sabia S. sp.
Meliosma M. sp. X
Hamamelidaceae | cf. Parrotia X
Grossulariaceae Ribes R. sp. X
Malpighiaceae cf. Heteropterys X
Vitaceae Ampelocissus A. sp. X
Vitis V. sp. X
Euphorbiaceae X
Salicaceae Morphotype TRL 04 X
Fabaceae Cercis C. herbmeyeri X
C. parvifolia X
cf. Gymnocladus cf. G. dayana X
cf. G. hesperia X
cf. Acrocarpus X
Morphotype TRR 01 X
Morphotype TRL 05 X
Morphotype TRR 02 X
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Table 3 (cont.). Floristic comparison of Teater Road with Dietz Hill and Post Hammer sites.

?;‘I’;llsill;n or Genus Species/Morphotype Trg(?;?lr lzhe;zzl;lg)l ?1?11;102;7:3;
Fabaceae Morphotype TRR 03 X
Morphotype TRL 06 X
Morphotype TRL 07
Cannabaceae Aphananthe A. maii X
Rhamnaceae Paliurus P, favoni X
Rosaceae Amelanchier A. sp. X
cf. Crataegus Cf C. sp. X
prickly twig X
Ulmaceae Cedrelospermum lineatum X
C. sp. X
Ulmus U. chuchuanus X
U. okanaganensis X
U. sp. X X X
Betulaceae Alnus A. newberryi X
A. sp. X X
Asterocarpinus A. sp. X
Carpinus C. sp.
Morphotype TRL 08
cf. Carpinus Morphotype TRL 09 X
Corylus X
Fagaceae Fagus X
Quercus Q. berryi X
Q. pollardiana X
Q. sp.1 X
Q. sp. 2 X
Q.sp.3 X
Q. sp. X
Juglandaceae Juglandiphyllites J. cryptatus X
Carya J. sp. X X
Palaeocarya J. sp. X
Lythraceae Decodon J. sp. X
Anacardiaceae Rhus R. lesquereuxii X
Toxicodendron T. sp. X
Pistacia X
Loxopteroides L. weeksae X
Burseraceae Bursericarpum B. oregonensis X
Meliaceae Cedrela C. merrillii X
C. sp. X
Rutaceae Rutaspermum R. sp. X
Zanthoxylum Z. sp. X
Sapindaceae Acer A. clarnoense X
A. crookense X
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Table 3 (cont.). Floristic comparison of Teater Road with Dietz Hill and Post Hammer sites.

?;‘r:f;; nor Genus Species/Morphotype Tlg(?;?ir ]()[lji-tzz .l;él)l l(-ll?;;r(:zrségl)‘
Sapindaceae Acer A. meyeri X
A. ovipetrinum X
A. postense X
A. sinuofluviatilis X
A.sp. 1 X
A.sp.2 X
A. sp. X
Dipteronia D. browni X
cf. Elattostachys X
Koelreuteria K. allenii X
Simaroubaceae Ailanthus A. confucii X
Malvaceae Craigia C. oregonensis X
Plafkeria P sp. X
Florissantia E ashwillii X
E speirii X
Cornales Alangium X X
Mastixicarpum M. occidentale X X
Hydrangeaceae Hydrangea H. sp. (sepal) X
Nyssaceae Davidia D. sp. X X
Styracaceae Flectorivus E sp. X
Eucommiaceae Eucommia E. montana X
Oleaceae Fraxinus E sp. X
Incertae Sedis Deviacer D. wolfei X
Morphotype TRL 10 X
Morphotype TRR 04 X
Morphotype TRL 11 X
Morphotype TRL 12 X
Morphotype TRR 05 X
Chaneya C. tenuis X
Erll(i;)rf(})llzgoneae Morphotype TRR 06 X
Antholithes A. sp. X
Beckerosperma B. ovalicarpa X
, Morphotype TRR 07 X
Morphotype TRR 08 X
Morphotype TRR 09 X
Morphotype TRL 13 X
Morphotype TRR 10 X
Morphotype TRR 11 X
Morphotype TRR 12 X
Morphotype TRR 13 X
Morphotype TRR 14 X
Morphotype TRR 15 X

19
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Table 3 (cont.). Floristic comparison of Teater Road with Dietz Hill and Post Hammer sites.

?;‘Sfll;n or Genus Species/Morphotype T;g;e(elr ?[lje;zzl-;;;l)l ?S:‘;zlsl,;g;
Morphotype TRR 17 X
Morphotype TRR 18 X
Morphotype TRR 19 X
Morphotype TRR 20 X

in the Florissant and Beaverhead Basins floras, but they
do not seem to be widespread in our selected sites of
western United States (Table 2). It has been noted that
Smilax-like leaves could instead be Dioscorea Plum. ex
L. (1753) (Lielke et al. 2012) but there is a difference in
tertiary venation: S. rubyensis leaves have reticulate while
extant Dioscorea leaves have percurrent tertiary venation
(Sun etal. 2018). The basal pair of acrodromous veins in
UF 21136 could be considered as strong secondary veins,
if not weaker primary veins.

Smilax consists of 260-300 species of lianas or her-
baceous climbers found in tropical to temperate regions
(Mabberley 1993, GBIF 2021, PoWO 2023).

SMILAX SP.
FIG. 1R

Referred specimens—UF 256-21238, 79036.

Description—Lamina elliptic or narrowly elliptic,
asymmetrical, unlobed, small, length 29-39 mm (x=34,
N=2), width 10-20 mm (x=15, N=2), /w ratio 1.9-2.8,
leaf area estimate 225-592 mm?2 (x=408, N=2), petiole
length 4.6 mm; lamina apex acute; base cuneate or
rounded; margin entire; midvein moderate, slightly
thicker than lateral primaries; primary venation of 3-4
basal acrodromous veins, weaken acropetally to leaf
apex, angle of divergence for basal primaries 15-48°;
secondary venation of two basal, weak and slightly wavy
acrodromous veins, secondary angle of divergence 61°,
and extending to near leaf apex; interior secondaries
depart midvein at acute to right angles, and are alternate
percurrent; higher order venation not preserved.

Discussion—This species also resembles Smilax and
might be a variant of the one described above, differ-
ing by its acute (Fig. 1R) rather than an obtuse base.
Characters of these specimens are consistent with ex-
tant Smilacaceae and Dioscoreaceae in the presence of
only basal primary acrodromous venation, and interior

secondaries; however, in Dioscoreaceae (e.g., Dioscorea
bulbifera L., 1753), the interior veins are distinctly op-
posite percurrent (Dilcher and Lott 2005). This species
differs from Smilax labidurommae Cockerell (1914) of
the Florissant flora which has a more broadly ovate leaf
(MacGinitie 1953, Manchester 2001). Smilax lamarensis
Knowlton (1899) as reported from the Miocene Latah
Formation of eastern Washington and northwestern
Idaho differs by its interior secondaries (Berry 1929).

POALES SMmALL, 1903
TYPHOIDES MEYER & MANCHESTER, 1997
TYPHOIDES BUZEKII MEYER & MANCHESTER, 1997

FIG. 2A

Typhoides buzekii Meyer and Manchester, 1997, Univ. Cal.
Pub. Geol. Sci. 141, p. 159, pl. 73, figs. 1-3.

Referred specimens—UF 256-20680b, 21152b,
21227,21228,21230, 21231, 21508b.

Description—Lamina linear with parallel margins,
length > 90 mm, width 3-23 mm (x=12, N=8); venation
with 2-3 orders of parallel veins, no differentiated mid-
vein; cross veins straight and at right angles to long axis
of leaf, traversing between adjacent thick veins.

Discussion—These specimens are consistent with
the leaf architecture of extant Typha L. (1753) and
Sparganium L. (1753). Because these genera cannot be
distinguished on leaf architecture alone, we place these
leaves in the fossil genus Typhoides. The lack of reproduc-
tive structures or leaf anatomy precludes a more precise
systematic placement. These specimens conform with
Typhoides buzekii from the Bridge Creek flora (Meyer
and Manchester 1997) in having 2-3 orders of parallel
veins, lacking a midrib, and having similar cross vena-
tion (Fig. 2A). The descriptions and discussion for Typha
lesquereuxi Cockerell (1906) leaves found in Metzel
Ranch, Ruby Basin, York Ranch, Beaverhead Basins and
Florissant floras suggests that they may also represent
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Figure 2. A. Typhoides buzekii Meyer and Manchester, UF 256-21228; B, C. Morphotype TRL 01 Monocot leaf fragment with diagonal
cross veins, UF 256-46611. D, E. Morphotype TRL 02, monocot leaf, UF 256-17169. F. Morphotype TRL 03, palm or grass leaf, UF 256-
21229. G. Ribes sp., UF 256-21241. H. cf. Heteropterys H.B.K winged fruit of Malphighiaceae, UF 256-20846. 1, J. Morphotype TRL 10. Pos-
sible legume leaflet with detail of higher order venation, UF 256-21387. K. cf. Gymnocladus hesperia (Brown) MacGinitie, UF 256-21082. L.
Pod of Cercis herbmeyeri Jia and Manchester, UF 256-20676a. M. Leaf of Cercis parvifolia Lesquereux, UF 256-21153 N. Leaf of Gymnocla-
dus dayana (Knowlton) Chaney and Axelrod, UF 256-UF 21073. 0. Morphotype TRL 06, UF 256-21546a. P. Morphotype TRR 01. Pod with
pronounced sutural wing, UF 256-20695a. Q. cf. Acrocarpus sp., legume pod, UF 256-34079a. R. Pod. Morphotype TRR 03, UF 256-20681.
S. Morphotype TRL 05, legume leaflet, UF 256-21441. T. Morphotype TRL 07, legume leaflet, UF 256-20804. U. Morphotype TRR 02,
legume pod, UF 256-34104. V. Morphotype TRR 01. Pod with pronounced sutural wing, UF 256-20695b. W. Paliurus favonii Unger,
winged fruit, UF 256-21060. X. P. favonii Unger, winged fruit, UF 256-34103. Scale bars: A, 0=10 mm; B=2 mm; G, E, J=1 mm; D, F,
G, I, K-N, P-S, U-X=5 mm; H=4 mm; T=3 mm.
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Typhoides (MacGinitie 1953, Becker 1961, 1969, 1972,
1973). Typha sp. (which may instead represent Typhoi-
des) is also found in the Sumner Spring flora (Table 2).

Typha includes 10-40 extant species that are aquatic,
growing in shallow waters, and are cosmopolitan in
distribution (Mabberley 1993, GBIF 2021, PoWO0 2023).
Sparganium includes 12 species, also aquatic, distributed
in North Temperate regions plus Malesia to Australia and
New Zealand (Mabberley 1993).

MORPHOTYPE TRL 01
FIG. 2B, C

Referred specimens—UF 256-46611.

Description—Lamina linear, available incomplete
fragment 14 mm long, 16 mm wide. Margin entire, ve-
nation parallel, apparently without distinct midvein;
having three orders of alternating thickness: stronger,
intermediate and weaker veins; stronger sets of veins
about 2 mm apart; cross veins prominent, running un-
interrupted, diagonally across the sets of parallel veins.

Discussion—Although fragmentary, the pattern of
venation is distinct from that of other monocots in the
Teater Road flora. We have not conducted a thorough
comparative study, but similar venation patterns occur
in some extant genera of Arecaceae and Cyclanthaceae
(S.Y. Smith, pers. comm., March 2024).

MORPHOTYPE TRL 02
FIG. 2D, E

Referred specimens—UF 256-17169,21233,20676b,
84599.

Description—Lamina elongate, incomplete, length >
95 mm, width 5-19 mm (x=11, N=4); venation parallel,
of one order, no differentiated midvein; closely spaced
transverse cross veins connect adjacent longitudinal
veins.

Discussion—Morphotype TRL 2 (Fig. 2D) may be lin-
ear leaves or fragments of much larger leaves torn along
the parallel veins. Similar venation can be found in linear
leaves of extant Poaceae, in larger leaves of some extant
Liliaceae, and extinct Zingiberopsis isonervosa Hickey
(1962) from the late Paleocene of North Dakota, and the
Early Eocene of North Dakota and Wyoming (Hickey and
Peterson 1978). Cuticular characters would be needed to
verify if they are of graminoid affinity (Conwentz 1886,
Litke 1968).

MORPHOTYPE TRL 03

FIG. 2F
Referred specimen—UF 256-21229.

Description—Lamina segment linear, length >38 mm,
width 21 mm; lamina apex and base missing; margin
entire; venation parallel with a well differentiated mid-
vein and two orders of fine parallel veins; cross veins
not evident.

Discussion—This strap-like leaf (Fig. 2F) with a well
defined midvein and parallel venation may belong to the
palm form genus Amesoneuron Goeppert (1852) (Read
and Hickey 1972) but it could alternatively be a species
of grass. Amesoneuron is rarely recorded in extinct floras
of North America (Wilf et al. 1998), possibly due to the
nature of indistinct palm-like leaf fragments; when more
complete leaves are available, they can often be attrib-
uted to other genera (Read and Hickey 1972).

CERATOPHYLLACEAE GRraAy, 1822
CERATOPHYLLUM SP.

FIG. 1G

Referred specimen—UF 256-21041.

Description—Elliptical fruit with long terminal spine,
closely spaced lateral spines and regularly spaced short
facial spines; fruit length 5.8 mm, width 3.5 mm; stylar
spine length 2.2 mm, width 1.0 mm; apex and base of
endocarp rounded; distinct ; surface with faint, closely
spaced longitudinal striations and random indentations
marking spine bases.

Discussion—This fruit closely resembles that of the
aquatic angiosperm, Ceratophyllum L. (1753). Extant C.
murcatum Chamisso (1829) can produce very similar
fruits (Les 1988). Fruits of this genus have also been
recognized from the Late Eocene Whitecap Knoll site
(Manchester 2000) as well as the Green River Formation
(Table 2, Herendeen et al. 1990).

RANUNCULALES JUSSIEU EX BERCHTOLD & J. PRESL, 1820
BERBERIDACEAE Jussitu, 1789
MAHONIA NUTTALL, 1818
MAHONIA SIMPLEX (NEWBERRY) ARNOLD, 1936 A

FIG. 1K

Mahonia simplex (Newberry) Arnold, 19364, pro parte,
Univ. Mich. Contrib. Mus. Paleont. 5, p. 58-61.

Berberis simplex Newberry, 1883, U.S. Nat. Mus. Proc. 5,
p. 514.

Referred specimens—UF 256-21124, 21125.

Description—Leaflet subcircular or ovate, asym-
metrical, unlobed, small, length 33-40 mm (x=36, N=2),
width 33-48 mm (x=41, N=2),1/wratio 0.8-1, leaflet area
estimate 717-1289 mm2 (x=1003, N=2), petiolule miss-
ing; lamina apex acute; base rounded to slightly cordate;
margin prominently toothed, with 2-3 triangular spinose



MANCHESTER AND LOTT—Late Eocene Teater Road flora from Oregon, USA  PaleoBios 41(2) 2024 23

teeth per side, 6.6-11.4 mm in length, apical tooth longer,
15 mm in length, apex acute; teeth with a pair of tertiary
veins parallel to margin but merging into margin before
reaching tooth apices; primary venation basal actinodro-
mous, with basal pair of primary veins looping upwards
to greater than %z leaflength and joining secondary veins;
secondary venation pinnate, craspedodromous with
straight to sinuous course, or semicraspedodromous;
tertiary and quaternary venation reticulate; marginal
vein present.

Discussion—The Teater Road specimens conform
to Mahonia simplex a species first recognized based on
compound leaves and leaflets from Bridge Creek and sub-
sequently identified from sites such as Metzel Ranch and
Beaverhead Basins floras (Table 2), the Oligocene site of
Haynes Creek, and Miocene sites including Succor Creek
and Mascall. They share a subcircular leaflet with a sub-
cordate base, palmate basal venation and large teeth (Fig.
1K). These characters indicate that the species belongs
to the Group Orientale of Mahonia which has one extant
species in western North America and many in eastern
Asia (Schorn 1966, Meyer and Manchester 1997, Chen et
al. 2020). The Asian species, Berberis oiwakensis (Hayata)
Laferr. (1997) (syn. Mahonia lomariifolia Takeda, 1917) is
one of the comparable extant species, sharing characters
of palmate venation, and the number and size of the teeth
(Ramirez and Cervallos-Ferriz 2000).

Mahonia has an excellent fossil record in the Northern
Hemisphere that has been summarized by Giliner and
Denk (2012). In their review, Giiner and Denk (2012)
noted that some of the specimens previously attributed
to Newberry’s fossil species, M. simplex, do not conform
strictly to that species, and the name has been used
inadvertently to accommodate specimens that belong
in both the extant groups Orientales and Occidentales.
One of the specimens placed in M. simplex by Meyer and
Manchester (1997, see pl. 6, fig. 7) and some of those il-
lustrated by Arnold (193643, see pl. 1, figs. 6, 7) are now
placed in M. grimmii Gliner and Denk (2012) which are
closely similar to the Group Occidentales because of the
strong midvein, rather than basally palmate primary
veins, and more prominent marginal looping. Although
Mahonia Group Orientales is disjunct today between
western North America and eastern Asia, it was present
in Europe during the Miocene (Giiner and Denk 2012) as
well as Asia (Huang et al. 2016, Hu et al. 2017).

Some of the species formerly placed in Mahonia
(namely the Horridus group) have been transferred to
a separate genus, Alloberberis C.C. Yu and K.F. Chung
(2017), based on molecular data in order to maintain

monophyly of the genera Berberis L. and Mahonia (Yu
and Chung 2017, Chen et al. 2020).

The Teater Road specimens conform to M. simplex
as it is known from the type material. They are also
similar to M. marginata (Lesquereux) Arnold (1936a)
from Florissant (MacGinite 1953: pl. 16, fig. 6), but in M.
marginata the basal actinodromous veins extend closer
to the lamina apex. The distinctly craspedodromous
secondary veins support M. marginata to be close to
Group Occidentales of Mahonia, whereas secondary veins
forming a series of loops are similar to those of species
in Group Orientales.

Mahonia consists of about 100 species of shrubs or
treelets in temperate or chaparral biomes, distributed
from eastern Asia through Sumatra and in North and
Central America (Mabberley 1993, GBIF 2021).

MAHONIA sp.
FIG.10,P

Referred specimens—UF 256-21515,21547,21608,
28837.

Description—Leaflet elliptic, symmetrical, unlobed,
small, length 45-93 mm (x=70, N=3), width 10-23 mm
(x=17,N=3),1/w ratio 4.1-4.5, leaf area 300-1406 mm?
(x=853, N=2); lamina apex acute, base cuneate, asym-
metrical; margin serrate; teeth simple, spinose, usually
irregularly spaced, distant, apex narrowly acute, distal
flank straight or convex, proximal flank straight; sinuses
angular; venation pinnate; midvein moderately thick;
secondary veins festooned semicraspedodromous, seven
pairs in portion preserved, with irregular spacing, decur-
rent attachment, angle of divergence 15-36°, primary
course looping to ~% distance to margin then forking
to sub- and superadjacent secondaries, secondary loops
with tertiary branches to teeth; tertiary veins reticulate;
areoles polygonal; marginal vein present.

Discussion—This species, with its sharp, spinose
teeth, and a marginal vein (Fig. 10, 1P) resembles some
extant species of Quercus L. but the presence of festooned
semicraspedodromous secondary veins excludes these
specimens from that genus (Schorn 1966). These speci-
mens resemble extant Mahonia lanceolata (Bentham)
Fedde (1901) (Giiner and Denk 2012) and the fossil
species M. cuprovallis Axelrod (1966) from the Eocene
Copper Basin flora of Nevada (Axelrod 1966), and M.
subdenticulata (Lesquereux) MacGinitie (1953) from
Mormon Creek, Ruby Basin, Beaverhead Basins and Flo-
rissant floras (Table 2). For spinose teeth on each margin,
Mahonia cuprovallis has 11-17, M. subdenticulata has
5-9, while our specimens have at least eight. Another
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similar example is an unnamed species, “Mahonia sp.”
found in the Whitecap Knoll flora of the John Day For-
mation, Oregon, USA at ca. 38.8 Ma (Manchester 2000:
Fig. 4F M).

PROTEALES JUSSIEU EX BERCHTOLD & J. PRESL, 1820
PLATANACEAE T. LEsTiBouUDOIlS, 1826
PLATANUS LINNAEUS, 1753
PLATANUS cr. EXASPERA MEYER & MANCHESTER, 1997

FIG. 1S

Referred specimens—UF 256-21079, 21248a,21548,
59201, 59202.

Description—Lamina widely ovate, symmetrical,
unlobed, notophyll, length ~78 mm, width 29-60 mm
(x=40,N=5),1/wratio 1.3, leaf area estimate 3145 mm?2,
partial petiole length 7.7 mm; lamina apex acute, base
cordate; margin serrate; teeth simple to sometimes
compound with smaller teeth on proximal flank, falcate,
usually regularly spaced and distant, apex acute and
glandular, distal flank concave to straight, proximal flank
straight to convex; sinus curved to rarely acute; primary
venation short suprabasal actinodromous; agrophic veins
simple; secondary venation pinnate, craspedodromous,
seven pairs, spacing irregular, attachment excurrent
or rarely deflected, angle of divergence 30-47°, course
straight, rarely dividing to margin; secondary veins en-
tering teeth accompanied by a series of decreasing size
loops of higher order veins; tertiary venation alternate
percurrent; higher order venation orthogonal; marginal
vein present.

Discussion—Although unlobed, these specimens
are consistent in leaf architecture with extant Platanus.
Extant Platanus occidentalis L. (1753) can have similar
leaves with actinodromous primary veins, falcate teeth
with glands, rounded sinuses, percurrent tertiaries,
orthogonal higher order venation, and a marginal vein.
These characters are also found in P. exaspera from Bridge
Creek and Badger’s Nose floras (Meyer and Manchester
1997, Myers 2006). Although P. exaspera typically has
prominently trilobed leaves but also have occasional
ovate unlobed laminae like the one figured here (Fig.
1S, Newberry 1898, Meyer and Manchester 1997). We
have not recovered the more typical, prominently lobed,
P. exaspera leaves from Teater Road, however, so we are
hesitant to place these specimens formally in the same
species. Similar unlobed Platanus specimens are found in
Whitecap Knoll flora (Table 2). Specimen UF 21258 has
a marginal vein, and serrate margin with one tooth with
a visible gland, but the tertiary and higher order veins
are not preserved. Another possible platanoid leaf is UF

21071, with curving secondaries, falcate to rounded teeth
and a marginal vein. Silicified wood of Platanaceae is
also represented in the nearby Late Eocene sites of Post
Hammer and Dietz Hill (Wheeler and Manchester 2021,
Wheeler et al. 2023) (Table 3).

Platanus consists of 6-10 extant species of trees found
primarily in temperate to subtropical riparian habitats of
the Northern Hemisphere (Mabberley 1993, Meyer and
Manchester 1997, GBIF 2021, PoWO 2023).

PLATANUS sp. ACHENES
FIG. 1M

Referred specimens—UF 256-20734a, 20750,
20824a.

Description—Isolated achenes; obtriangular in lon-
gitudinal outline, length 4-6 mm (x=5, N=3), width 1-2
mm (x=1.5, N=3) at widest point, persistent curved style
1.8 mm long, with a ventral slit extending full length of
achene; achene subtended by hairs about 3.7-4.4 mm
long (x=4.1, N=3) radiating from the basal portion.

Discussion—These achenes are consistent with those
of extant Platanus (Manchester 1986) in shape and pres-
ence of a basal tuft of dispersal hairs (Fig. 1M). Isolated
fossil Platanus achenes are also found in the Whitecap
Knoll and Bridge Creek floras (Table 2).

SAXIFRAGALES BERCHTOLD & J. PRESL, 1820
HAMAMELIDACEAE R. BRowN, 1818A
CF. PARROTIA C.A. MEYER, 1831

FIG. 3Q

Referred specimen—UF 256-21359.

Description—Lamina symmetrical, elliptic, unlobed,
small, length 24 mm, width 16 mm, l/w ratio 1.5, leaf area
estimate 252 mm?, petiole length 5 mm; lamina apex and
base obtuse, base highly asymmetrical or portion miss-
ing; margin serrate; teeth simple, irregularly spaced, dis-
tant, apex acute, distal flank concave or straight, proximal
flank convex or straight; sinus shallow rounded; venation
pinnate; midvein weak; mid to upper secondaries veins
craspedodromous, three pairs of secondaries, one pair
of weak secondaries near apex, spacing irregular, excur-
rent attachment, angle of divergence 40-70°, decreasing
towards apex, course sinuate to smoothly arching; basal
secondary semicraspedodromous, angle of divergence
40°; intersecondaries 0-2 per intercostal, extending ~%
distance to margin and merging with tertiary vein; 1-2
exmedial tertiary branches of distal portion of second-
aries terminate in teeth; few mixed percurrent tertiary
veins; higher order venation not preserved.

Discussion—This specimen is similar to Parrotia
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brevipetiolata Meyer and Manchester (1997), from the
Bridge Creek and Badger’s Nose floras (Myers 2006), in
shape, venation, and teeth, but the diagnostic feature
of the short swollen petiole remains unknown for this
incomplete specimen. The right portion of the leaf base
is difficult to interpret (Fig. 3Q), is it missing, folded or
is the lamina naturally highly asymmetrical? If the leaf
is naturally highly asymmetrical, then the basal margin
is delimited by the lowermost secondary vein, a key
character for Parrotia (Meyer and Manchester 1997).

Parrotia consists of 2-3 extant species of trees, native
to the mountains of Transcaucasia, Iran (Mediterranean
climate) and China (subtropical climate) (Adroit et al.
2020, GBIF 2021, PoWO0 2023).

GROSSULARIACEAE DE CANDOLLE, 1805
RIBES LINNAEUS, 1753
RIBES sP.

FIG. 2G

Referred specimens—UF 256-21241.

Description—Lamina very widely ovate, symmetrical,
unlobed or possibly shallow tri-lobed, small, length 48
mm, estimated width 50 mm, 1/w ratio 1.0, leaf area es-
timated 1625 mm?, petiole missing; lamina apex obtuse;
base cordate; margin crenate; teeth simple, usually regu-
larly spaced and close, apices rounded, distal and proxi-
mal sides convex; principal vein terminating at tooth
apex, looped major accessory veins present; sinuses
angular, occasionally with narrow extension 1.0 mm into
the lamina; primary venation basal actinodromous, with
simple agrophic veins that terminate in rounded teeth;
lateral primary angle of divergence 40-55°; secondary
venation pinnate, craspedodromous, three pairs, spac-
ing irregular, excurrent attachment, angle of divergence
26-32°, course straight; tertiary venation percurrent;
pair of basal tertiary veins extending into cordate lobes;
quaternary veins pentagonal; lamina with evenly to ran-
domly spaced glands.

Discussion—The margin of this leaf type is only
faintly lobed, with prominent crenations (Fig. 2G). We
compared this with extant Ribes sativum (Reichenbach)
Syme (1865), which is similar in characters of shallow
lobes, palmate venation, rounded teeth, angular sinuses
with narrow extension into the lamina, agrophic veins,
and craspedodromous secondaries. The rounded teeth
with a median principle vein and looped accessory veins
are similar to those of extant R. amarum McClatchie
(1894) but we were unable to confirm that the tooth
apices of the fossil are glandular. The Teater Road
specimens are similar to R. webbii Wolfe (1964) from

the Miocene Stewart Valley flora of Nevada, in shallow
lobing and rounded teeth, but they can differ by having
venation that ranges from actinodromous to slightly pali-
nactinodromous (Hermsen 2005). Unlobed Ribes leaves
also occur in the Bridge Creek flora (Table 2; Meyer and
Manchester 1997).

These specimens are also similar to Fremontodendron
lobatum (Axelrod) Fields (2021) from the Miocene of
California; however, in E lobatum the teeth are malvoid;
crenations if present are not prominent, and there is no
mention of laminar glands (Fields 2021). Specimen UF
256-21095 is a small, presumably juvenile leaf lacking
palmate venation but has rounded teeth with evenly
spaced glands in the lamina.

Ribes consists of 150-192 extant species of low shrubs
found primarily in subarctic to temperate regions and
tropical mountains (Mabberley 1993, GBIF 2021, PoWO
2023).

MALPIGHIALES JUSS. EX BERCHTOLD & J. PRESL, 1820
MALPIGHIACEAE JussiEu, 1789
CF. HETEROPTERYS KuNTH, 1822

FIG. ZH

Referred specimen—UF 256-20846.

Description—Fruit samaroid; curved, with an elon-
gate lateral wing with arching venation resembling
that of Acer, and two smaller “wings” proximal to the
fruit body; fruit length 19 mm, width 8 mm. Major wing
ovate, length 15 mm, width 8 mm, one margin convex,
thickened, opposite margin sinuate basally, then convex
apically; wing apex rounded; venation with numerous
parallel major and minor veins, bifurcating 1-2 times,
anastomosing and curving to one of the lateral margins;
axis of nut at 20° degree angle to wing; two smaller
wings, presumably perianth-derived, originate from
apical portion of nutlet; these secondary wings possibly
oval, length 4.2 mm, width 1.4 mm, distal margin straight,
proximal margin convex, apex acute; nutlet oval, length
3.0 mm, width 2.0 mm, reticulate, nutlet angle 60°; apex
obtuse; attachment scar on distal side of nutlet; attach-
ment angle 35°.

Discussion—Although this samara superficially re-
sembles Acer, it is distinguished by the smaller wings or
appendages arising from the fruit body. Samaras with a
nutlet subtending one major wing and two smaller wings
are found in Luetzelburgia Harms (1922) and Vataireopsis
Ducke (1932) (Fabaceae), but they lack an attachment
scar on the distal side of the nutlet, and the fruits are
nearly five times larger than this specimen (de Lima
1980, Kirkbride etal. 2003, Cardoso et al. 2014). Acer-like
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samaras also occur in some genera of Malpighiaceae
such as Banisteriopsis C.B. Rob. (1910) and Heteropterys
Kunth (1822) (van Roosmalen 1985). In both genera,
wing striation, thickened proximal margin, persistent
structures (i.e., perianth, filaments) and or lobing from
the base of the fruit body, and wing and fruit body size
are similar to our specimen.

Heteropterys consists of 164 accepted species of lia-
nas, shrubs or trees found in Tropical and Subtropical
America, and west Tropical Africa (van Roosmalen 1985,
PoWO 2024). Banisteriopsis, which also has similar sa-
maras, consists of 62 accepted species of shrubs or lianas
found from Mexico to Tropical America (van Roosmalen
1985, PoWO 2024).

SALICACEAE MIRBEL, 1815
MORPHOTYPE TRL 04

FIG. 3R, W

Referred Specimens—UF 256-21254a, 34091.

Description—Lamina elliptic, unlobed, length 55 mm,
width 24-33 mm (x=29, N=2), I/w ratio 2.3, leaf area
984-1874 mm? (x=1429, N=2), petiole length 13.5 mm;
lamina apex acute, base obtuse and asymmetrical; margin
serrate; one order of teeth, angled close to margin, regu-
larly spaced, close, apices rounded and glandular, distal
flank straight, proximal flank basally straight then highly
convex; sinuses rounded or angular; venation pinnate;
midvein moderately thick, sinuous; secondary venation
semicraspedodromous, at least six pairs, spacing irregu-
lar, excurrent attachment, angle of divergence 35-60°,
course curved and sinuous, with exmedial looping near
margin; exmedial branching of tertiary veins entering
teeth from exmedial secondary looping; a few percurrent
and epimedial tertiary veins preserved; higher order
veins not preserved.

Discussion—Leaves with this suite of morphological
characters can be found in Salix L. (1753) and Populus
L. (1753). These specimens conform to Salix, Group 1 of
Buechler (2014), characterized by brochidodromous sec-
ondary veins with two series of loops (Fig. 3R), exmedial
branching of tertiary veins entering teeth from exmedial
looping of secondary veins, and glandular teeth (Fig.
3W). Some fossils of this kind have been treated as Salix
hesperia (Knowlton) Condit (1956) (Becker 1973). These
fossils also resemble Populus payettensis (Knowlton)
Axelrod (1944) in overall shape, slightly asymmetrical
base, sinuous midvein, angle of secondaries, margin, ve-
nation, and long petiole (Knowlton 1898, Axelrod 1944).
Populus payettensis specimens are found in York Ranch
and Beaverhead Basins floras, while S. hesperia is found

in the Metzel Ranch and York Ranch floras (Table 2). We
have not found any fruits or seeds of Populus or Salix in
the Teater Road shales.

FABALES BROMHEAD, 1838
FABACEAE LINDLEY, 1836
CERCIS LINNAEUS, 1753
CERCIS HERBMEYERI J1A & MANCHESTER, 2014

FIG. 2L

Cercis herbmeyeri Jia and Manchester, 2014, Int. ]. Plant
Sci. 175, p. 606, fig. 4.

Holotype—Designated by Jia and Manchester 2014:
UF 256-20675.

Paratypes—UF 256-20678, 20679, 20682, 20683,
20685, 20686, 20687, 20689, 20690, 20691, 20693,
20694.

Additional referred specimens—UF 256-20676a,
20680a, 20681, 20684, 20688, 20696, 20698, 76264.

Description—Fruit, as described by Jia and Manches-
ter (2014).

Discussion—Here we illustrate another pod of Cercis
herbmeyeri (Fig. 2L), supplemental to those already fig-
ured by Jia and Manchester (2014). Fruits of C. maurerae
Meyer and Manchester (1997) from the Bridge Creek
flora are similar but tend to be larger (Table 2).

Cercis consists of 6-10 species of trees, found in mesic
to xeric habitats of temperate to subtropical regions,
Northern Hemisphere (Fritsch et al. 2018, GBIF 2021,
PoWO0 2023).

CERCIS PARVIFOLIA LESQUEREUX EMEND. JIA & MANCHESTER,
2014

FIG. 2M

Cercis parvifolia Lesquereux emend. Jia and Manchester,
2014, Int. J. Plant Sci. 175, p. 603, figs. 2, 3.

Referred specimens—UF 256-21153-21156,21161,
21162,21164,21653,34111, 53983.

Description—Leaf, as described by Jia and Manches-
ter (2014).

Discussion—Here we reillustrate a relatively com-
plete specimen of Cercis parvifolia (UF 256-21164), with
a broadly rounded base, entire margin, three actinodro-
mous primary veins, and agrophic veins (Fig. 2M) (see Jia
and Manchester 2014). Cercis parvifolia specimens are
also found in Metzel Ranch and Beaverhead Basins floras,
as well as the type locality, Florissant flora (Table 2). Jia
and Manchester (2014) suggested that the relatively
small leaf size of C. parvifolia may indicate an adaptation
for dry conditions, but the leaves from Teater Road tend
to be larger than those from Florissant.
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cF. GYMNOCLADUS LAMARCK, 1785
CF. GYMNOCLADUS DAYANA (KNOWLTON) CHANEY & AXEL-
ROD, 1959

FIG. 2N

cf. Gymnocladus dayana (Knowlton) Chaney and Axelrod,
1959, Carnegie Inst. Wash. Publ. 617, pgs. 187-188,
pl. 37, figs. 7-9.

cf. Salix dayana Knowlton, 1902, U.S. Geol. Surv. Bull. 204,
p- 31, pl. 2, fig. 10 only.

Referred specimen—UF 256-21073.

Description—Leaflet elliptic, symmetrical, unlobed,
small, length 44 mm, width 28 mm, 1/w ratio estimate 1.6,
leaflet area estimate 928 mm?2, pulvinus with transverse
striations, 8 mm long, 1.8 mm wide; lamina apex missing;
base rounded and slightly cordate; margin entire; vena-
tion pinnate; midvein moderately thick, straight; second-
ary venation brochidodromous, at least six pairs, spacing
irregular, excurrent attachment, angle of divergence
60-90°, course smoothly curved upwards, sometimes
sinuate; epimedial tertiaries reticulate, proximal course
acute or obtuse to midvein; tertiary and quaternary veins
reticulate.

Discussion—The leaflet morphology of this and the
following species are consistent with extant Fabaceae.
This specimen resembles the fossil species Gymnocladus
dayana (Fig. 2N) (Chaney and Axelrod 1959, see pl. 37,
fig. 8), although the specimens illustrated by Knowlton
(1902) do not have a cordate base. As mentioned in
Chaney and Axelrod (1959), G. dayana bears a close
similarity to extant G. dioicus (L.) Koch (1869), although
G. dioicus does not have a slightly cordate leaf base. At
present, Gymnocladus leaflets have only been found in
Teater Road and Green River floras (Table 2).

Gymnocladus consists of 5-6 extant species of trees
found in eastern North America, eastern Himalayas to
south China and Indo-China (Mabberley 1993, GBIF
2021, PoWO 2023).

CF. GYMNOCLADUS HESPERIA (BROWN) MACGINITIE, 1969
FIG. 2K

Gymnocladus hesperia (Brown) MacGinitie, 1969, Univ.
Calif. Publ. Geol. Sci. 83, p. 109, pl. 13, figs. 1, 3, 6.

Cassia hesperia Brown, 1934, U.S. Geol. Surv. Prof. Pap.
185-C, p. 58, pl. 12, figs. 1, 4.

Referred specimen—UF 256-21082.

Description—Leaflet ovate, symmetrical, unlobed,
small, length 54 mm, width 27 mm, 1/w ratio 2, leaflet
area estimate 964 mm?; lamina apex acuminate; base
cuneate; margin entire, petiolule 5 mm long, 1.7 mm

wide, pulvinus transversely striated; venation pinnate;
midvein stout, straight; higher order venation weak;
secondary venation brochidodromous, ~six pairs, spac-
ing irregular, excurrent attachment, angle of divergence
45-70°, increasing apically, course relatively straight
basally, smoothly arched apically; tertiary veins mixed
percurrent/reticulate; epimedial tertiaries mixed per-
current, proximal course perpendicular to midvein,
distal course basiflex; quaternary veins reticulate; 0-1
intersecondaries per intercostal area, extending to ~%
distance to margin, basiflex.

Discussion—For an example of extant species with
leaflets similar to this specimen, we selected Wisteria
sinensis (Sims) de Candolle (1825). In W, sinensis the
secondaries can sometimes bifurcate near the margin
and intersecondaris are 1-2 per intercosta. This fossil is
also similar to extinct Gymnocladus hesperia of the Green
River flora (see pl. 12, fig. 4 in Brown 1934, and pl. 13,
fig. 3 in MacGinitie 1969) (Table 2). According to Mac-
Ginitie (1969), G. hesperia is similar to extant G. dioicus,
although in G. dioicus, there are 1 or 2 intersecondaries
per intercostal area.

CF. ACROCARPUS R. WIGHT EX ARNOTT, 1838
FIG. 2Q

Referred specimens—UF 256-20674, 34079a.

Description—Fruit a legume, linear, elongate, length
40 to > 77 mm, width 9-14 mm (x=11, N=2); apex acute;
base tending elongate, sides straight; placental suture
winged, width 3-4 mm; non-placental suture winged,
width 2 mm; seed outline transverse to the fruit length;
length 8.3 mm, width 7.0 mm.

Discussion—Oblong or linear fruits with relatively
narrow wings along both sutures (Fig. 2Q) occur in vari-
ous extant genera of Fabaceae including Acrocarpus, Peri-
copsis Thwaites (1864), and Aganope Miquel (1855) (syn.
Xeroderris Roberty (1954), Ostryoderris Dunn (1911)).
Acrocarpus is dehiscent while Pericopsis, Xeroderris, and
Aganope are indehiscent (Gunn 1991, Herendeen 1992,
Kirkbride etal. 2003). The Teater Road fossils are similar
to those that were referred to cf. Acrocarpus from the
Eocene Claiborne Formation of Mississippi in the eastern
USA (Herendeen 1992, Blanchard et al. 2016).

Acrocarpus consists of 1-2 species of large trees found
in the Indo-malaysian region, in tropical forest with wet
and fertile soil (Mabberley 1993, Hou 1994, Blanchard
etal. 2016, GBIF 2021, PoWO 2023).

MILLETTIEAE M1q., 1855/CAESALPINIEAE RcHB., 1832
MORPHOTYPE TRR 01
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FIG. 2P,V

Referred specimens—UF 256-20695a, b.

Description—Fruit a legume, straight, length >32
mm, width 12-15 mm (x=14, N=2); apex rounded and
beaked; base tapered; margins constricted or not con-
stricted; sutures winged along both margins; width of
wings 1-3 mm.

Discussion—These specimens resemble the pods of
extant Derris ]. de Loureiro (1790), 15-45 spp.), and of
Peltophorum pterocarpum (de Candolle) Backer ex. K.
Heyne (1927) in fruit size, shape, noticeable constric-
tions, and winged margins (Fig. 2P, 2V) (Kirkbride et al.
2003). These characters are also shared with extinct fruit
Morphotype 3 of Herrera et al. (2019) from the Middle
to Late Paleocene of Colombia.

GEN. ET SP. INDET.
MORPHOTYPE TRL 05

FIG. 2S

Referred specimens—UF 256-21441, 21635.

Description—Leaflet elliptic, symmetrical, unlobed,
small, length 21-24 mm (x=22, N=2 ), width 10-11 mm
(x=10.5, N=2), 1/w ratio 2.0-2.1, leaflet area estimate
143-173 mm? (x=158, N=2), petiole length 2.5 mm,
pulvinus transversely striated; lamina apex obtuse; base
acute; margin entire; venation pinnate; primary vein
weak, straight; secondary venation brochidodromous,
seven pairs, irregularly spaced, excurrent attachment,
angle of divergence 40-50°, course smoothly curved or
sinuate; 0-1 intersecondaries per intercostal, extend-
ing to tertiary or outer loop of secondary vein; tertiary
venation reticulate; higher order venation not preserved.

Discussion—These specimens appear to have a cov-
ering of trichomes which obscures the preservation of
tertiary and higher order veins (Fig. 25S).

MORPHOTYPE TRR 02
FIG. 2U

Referred specimens—UF 256-34104, 34105.

Description—Fruit a legume, obovate or elliptic,
straight, length 16-30 mm, width 7-8 mm; apex truncate;
base tapered; sutures along both margins.

Discussion—For an example of an extant genus
similar to our specimens, we refer to Behaimia Grisebach
(1866) (Fabaceae: Millettieae) (Kirkbride et al. 2003),
however, the detail of seed orientation is not clear in this
fossil. This fruit type (Fig. 2U) appears to be unique to
the Teater Road flora.

MORPHOTYPE TRR 03
FIG. 2R

Referred specimen—UF 256-20681.

Description—Fruit incomplete; linear and slightly
curved, length >90 mm, width 14 mm; one end acute,
opposite end missing; suture along one side.

Discussion—This fruit (Fig. 2R) resembles those
of Fabaceae, but preservation is too poor for precise
determination.

MORPHOTYPE TRL 06
FIG. 20

Referred specimens—UF 256-21546a, 62699.

Description—Leaflet lanceolate, asymmetrical,
curved, unlobed, mesophyllous, length 26-47 mm (x=36,
N=2), width 11-17 mm (x=14, N=2), 1/w ratio 2.3-2.7,
leaflet area estimate 199-546 mm?2 (x=372, N=2), peti-
olule missing; lamina apex acute; base obtuse; margin
entire; venation pinnate; midvein moderately thick,
curved; secondary venation brochidodromous, ten pairs,
irregular spacing, excurrent attachment, secondary
course of short loops on one side of midvein, angle of
divergence 65-85° longer loops on other side of midvein,
angle of attachment 45-50°; tertiary venation reticulate;
1-2 intersecondaries per intercostal; higher order vena-
tion not preserved.

Discussion—These specimens resemble the un-
identified lanceolate leaflets of Fabaceae in the Eocene
of southeastern North America (Herendeen 1992: fig.
247) but secondary looping is nearly symmetrical on
both sides of the midvein (Fig. 20). This species is also
similar to Parvileguminophyllum coloradensis (Knowlton)
Call and Dilcher (1994) from the Green River flora (Table
2, MacGinitie 1969: pl. 14, fig. 8; Call and Dilcher 1994)
but is distinguished by a greater number of secondary
veins. The Teater Road specimens are also superficially
similar to Quercus but this morphotype lacks a marginal
vein and the lamina is asymmetrical.

MORPHOTYPE TRL 07
FIG. 2T

Referred specimens—UF 256-20804, 78822.

Description—Leaflet elliptic, unlobed, length > 21
mm, width 2-9 mm, leaflet area estimate 19-123 mm?2
(x=71, N=2), petiolule length 0.1 mm; lamina apex acute;
base obtuse and asymmetrical; margin entire; venation
pinnate; midvein distinct; secondary venation poorly pre-
served except for one basal, camptodromous secondary



MANCHESTER AND LOTT—Late Eocene Teater Road flora from Oregon, USA  PaleoBios 41(2) 2024 29

vein; higher order venation not preserved.

Discussion—The presence of an asymmetrical base
with at least one strong camptodromous vein on one
side of midvein at the base, a minute petiolule, small
lamina size and entire margin (Fig. 2T) suggest a leaflet
of Fabaceae. These specimens are similar to Gleditsia lot-
tii Axelrod (1998) from the Oligocene of eastern Idaho
(Axelrod 1998) but preservation of higher order vena-
tion is insufficient in these specimens for confirmation.
Similar shaped leaflets of Mimosites acaciaefolius Berry
(1916) occur in the Beaverhead Basins flora (Table 2).
Specimen UF 256-20904 may also be Fabaceae judging
from the size, shape, and strong asymmetry (midvein
close to one margin) and brochidodromous secondary
venation. Such characteristics can be found in Leucaena
leucocephala (Lamarck) de Wit (1961), although the lat-
ter has much smaller leaflets.

ROSALES BERCHTOLD & J. PRESL, 1820
RHAMNACEAE Jussitu, 1789
PALIURUS MILLER, 1754
PALIURUS FAVONII UNGER, 1847

FIG. 2W, X

Paliurus favonii Unger, 1847, Chloris Protogaea, VIII-X,
p. 147, pl. 50, fig. 6.

Referred specimens—UF256-20906,21060,21573,
34103, 87110.

Description—Fruit with a central endocarp sur-
rounded by a circular wing 13-22 mm in diameter;
receptacle with pronounced rim, receptacle diameter 5
mm; endocarp with ca. ten regularly spaced longitudinal
ribs extending from pedicel to receptacle edge, endocarp,
two-loculed, 2-3 mm in diameter (x=3, N=3); wing with
entire margin, wavy to clefted in one portion, with radi-
ating venation.

Discussion—These specimens (Fig. 2W), some of
which were illustrated previously (Burge and Man-
chester 2008), conform to the fossil species Paliurus
favonii which was common in the Oligocene to Miocene
of Europe and North America. Paliurus, confirmed by
fruits, is known in the Late Eocene of western North
America and Japan, the Miocene of middle latitudes in
the Northern Hemisphere, plus the Pliocene and Pleis-
tocene of Japan (Burge and Manchester 2008). Leaves
described as P, florissantii Lesquereux (1878) are found
in the Metzel Ranch and Ruby Basin floras, while other
Paliurus species occur at Beaverhead Basins and Bridge
Creek floras (Table 2). Although fruits are diagnostic for
the genus, it can be difficult to distinguish the leaves of
Paliurus from those of the related genus Ziziphus Miller

(1754). A species identified as cf. Ziziphus was observed
at Whitecap Knoll (Table 2).

Paliurus consists of 5-8 species of shrubs or trees
found in warm and dry regions of North Africa, southern
Europe, Central and South China, Temperate eastern
Asia, and Japan (Mabberley 1993, Meyer and Manchester
1997, PoWO 2023).

ROSACEAE JussitEu, 1789
AMELANCHIER MEDIKUS, 1789
AMELANCHIER sP.

FIG. 3K, L

Referred specimens—UF 256-21067,21255,21598,
84736.

Description—Lamina elliptic or ovate, symmetrical,
unlobed, small, length 48-55 mm (x=52, N=3), width
25-27 mm (x=26, N=3), 1/w ratio 1.7-2.2, leaf area
estimate 871-935 mm? (x=909, N=3), petiole missing;
lamina apex acute; base rounded, sometimes cordate;
margin serrate; teeth simple, usually regularly spaced,
distant, slightly falcate, distal flank concave, proximal
flank basally straight then convex; sinuses angular or
rounded; venation pinnate; midvein weak, sinuous;
secondary venation semicraspedodromous, ~ seven
pairs, spacing irregular, excurrent attachment, angle of
divergence 40°, course of long loops; secondary veins
with one series of tertiary exmedial loops which enter
the teeth; 1-2 intersecondaries per intercosta, relatively
parallel to secondaries, extending up to %2 distance to
margin before merging into tertiary veins; tertiary veins
percurrent or sometimes reticulate; proximal course
of epimedial tertiaries acute to midvein, distal course
basiflex to subadjacent secondary; quaternary veins
polygonal reticulate.

Discussion—For an example of an extant species simi-
lar to our specimens, we examined Amelanchier laevis
Wiegand (1912), which is similar in leaf shape, serrate
margin with falcate teeth, semicraspedodromous second-
ary veins, mixed percurrent tertiaries, and epimedial
tertiaries that curve down to subadjacent secondaries
(Fig. 3K); however, intersecondary veins are lacking and
the teeth are callus tipped in A. laevis (Jones 1946). The
Teater Road specimens also resemble the fossil species
Amelanchier covea (Chaney) Chaney and Axelrod (1959)
from the Beaverhead Basins and Bridge Creek floras
(Table 2), but A. covea is widely elliptic and has at least
14 secondary vein pairs.

Amelanchier consists of 24-33 extant species of shrubs
and trees, found in forest and dry areas of North America,
Europe, Mediterranean, Caucasus, Central and Eastern
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Figure 3. A. Cedrelospermum sp., leaf, UF256-21107. B. Cedrelospermum lineatum (Lesquereux) Manchester, fruit, UF256-20914. C. Ulmus
chuchuanus (Berry) LaMotte, UF256-21320. D. UImus chuchuanus, UF 256-21282. E. Ulmus okanaganensis Denk and Dillhoff leaf, UF256-
21276. F. Alnus newberryi Meyer and Manchester, UF 256-21368. G. Alnus newberryi, UF 256-34074. H. Morphotype TRL 08, Carpinus-like
leaf, UF 256-21272.1, J. Morphotype TRL 09, Corylus like leaf, UF256-21244. K, L. Amelanchier sp., finely serrate leaf, UF 256-21598. M.
Ulmus okanaganensis Denk and Dillhoff, stipitate fruit with intact perianth, very narrow wing, and two persistent styles, UF 256-20910.
N. Ulmus sp. 1, winged fruit with fimbrial vein and apical stigmatic notch, UF 256-20907. O. Alnus sp. 1, infructescence, UF 256-20915.

P. Carpinus sp., fruit, UF 256-21037. Q. cf. Parrotia, UF 256-21359. R. Morphotype TRL 04, with similarity to Salix, UF 256-34091. S. cf.
Crataegus, UF 256-78823. T. Detail from C. U. Detail from G. V. Detail from H. W. Detail from R. X. Morphotype TRB 01, twig with prickles,
UF 256-34078. Scale bars: A, C-E, H-L, Q, R, U=5 mm; B=1 mm; F, G, X=10 mm; M, N, P, T, V, W=2 mm; O, S=3 mm.
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Chinato Japan (Mabberley1993, GBIF 2021, PoWO0 2023).

CF. CRATAEGUS TOURN. EX. LINNAEUS, 1753
FIG. 3S

Referred specimen—UF 256-78823.

Description—Lamina ovate, symmetrical, unlobed,
nanophyll, length 20 mm, width 10 mm, I/w ratio 1.9,
leaf area estimate 138 mm?, petiole fragmented, 3 mm
long; lamina apex acute, base cordate; margin serrate;
teeth compound, two orders of teeth, one minor tooth
between secondaries, regularly to irregularly spaced, dis-
tant, apex minutely glandular, distal and proximal flanks
straight, proximal longer than distal; sinuses angular;
venation pinnate; midvein sinuate; secondary venation
craspedodromous, five pairs, spacing irregular, angle of
divergence 23-61°, sinuate, arching to straight; basal
pair of secondaries semicraspedodromous; secondaries
with exmedial branching of minor secondaries to teeth;
tertiaries reticulate; higher order veins not preserved.

Discussion—OQvate, unlobed leaves with compound
serrate margins, glandular teeth, and craspedodromous
secondary venation (Fig. 3S) occur in Rosaceae, as in
the genera Crataegus, Malus Miller (1754) and Sorbus L.
(1753). Malusleaves have a cordate base, and sometimes
have deeply lobed margins. In the case of Sorbus, one
would need a complete leaflet to check for the presence
of gland clusters at the point of attachment to the rachis
(Sargent 1933, Robertson et al. 1992). Such clusters are
notevidentin our specimen. To confirm the identification
of Crataegus, one would need more fossil specimens to
document the variation in leaf morphology such as the
degree of leaf incision and the presence or absence of
intersecondary venation (Meyer and Manchester 1997).
We tentatively place this specimen as cf. Crataegus as
there is only one specimen. This specimen shows some
similarity to the leaves treated as Alnus newberryi Meyer
and Manchester (1997) in this paper; however, in cf.
Crataegus the secondary vein course is sinuate, the sec-
ondary vein spacing is irregular and tertiary veins are
reticulate, rather than percurrent. Also, Crataegus has
fairly expanded glands while Alnus has narrowly glan-
dular teeth. This taxon has not been noticed among our
other selected sites of western United States (Table 2).

Crataegus consists of 200-300 species of shrubs or
trees, found in temperate Northern Hemisphere to Cen-
tral America (Mabberley 1993, Meyer and Manchester
1997, GBIF 2021, PoWO 2023).

ROSACEOUS PRICKLY TWIG
FIG. 3X

Referred specimens—UF 256-31408,31409, 34078.

Description—Twig with alternate, broad based per-
pendicular prickles; prickle length 1.5-6.0 mm, width
1.1-4.6 mm. One side straight, other side straight to
convex.

Discussion—The sharp projections on these twigs
represent prickles of the kind found in the rosaceous
genera Rosa L. and Rubus L. Our specimens resemble
those attributed to Rosa hilliae Lesquereux (1883)
(Becker 1969, see pl. 31, figs. 2, 3) from the Metzel
Ranch, Ruby Basin, York Ranch, Beaverhead Basins, and
possibly Whitecap Knoll floras (Table 2). The position of
the prickles in our specimens (Fig. 3X) are different from
what one finds in Paliurus where the spines (modified
stipules) are paired at the nodes (Shahbaz and Shareef
2018, UF 256-0987). Rosa hillae was diagnosed based on
leaves, so due to the absence of leaves, these specimens
are assigned simply to Rosaceae sp.

ULMACEAE MIRBEL, 1815
CEDRELOSPERMUM SAPORTA EMEND. MANCHESTER, 1987A
CEDRELOSPERMUM LINEATUM (LESQUEREUX) MANCHESTER,
1987a

FIG. 3B

Cedrelospermum lineatum (Lesquereux) Manchester,
1987a, Rev. Palaeobot. Palynol. 52, p. 124, pl. |, figs.
5-9, pl. 11, figs. 1-3, 5, 8-10.

Banksites lineatus Lesquereux, 1883, Rep. U.S. Geol. Sur-
vey Terr. 8, p. 165, pl. 32, fig. 21.

Referred specimens—UF 256-5475, 5476, 20912,
20913, 20914.

Description—Fruit samaroid, consisting of an oval or
ovate endocarp atbasal end, with two unequal size wings;
fruitlength 8-16 mm (x=11, N=3), width 3-4 mm (x=3.5,
N=3); fruit apex obtuse; base acute or obtuse; endocarp
length 4-6 mm (x=4.6, N=4), width 2-4 mm (x=2.5, N=4);
primary wing length 6-11 mm (x=9, N=3), width 3-4 mm
(x=3.6, N=3), with straight lateral margins and rounded
apex, with marginal vein around entire wing, with 6-7
well defined bifurcating veins that converge at stigmatic
area located at distal end along flank facing secondary
wing; secondary wing minute, thick, triangular, aligned
with the long axis of the endocarp, ca. 0.8 mm long;
pedicel 0.75 mm long.

Discussion—Samaras from Teater Road were in-
cluded in an earlier article indicating ulmaceous affinity
for the extinct genus Cedrelospermum (PL 2, fig. 8, 10 in
Manchester 1987a). The ulmaceous affinity is supported
by the bicarpellate configuration inferred from the two
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wings, the oval endocarp, together with converging veins
at the distal stigmatic area of the wing, and a marginal
vein surrounding the wing (Fig. 3B) and is supported
also by the vegetative features of leaves and phylotaxy
observed in fossil twigs bearing these fruits from the
Green River and Florissant floras, and by the pollen
retrieved from staminate flowers (Manchester 1989a).
This extinct genus is also known from the Cenozoic of
Europe and Asia (Wilde and Manchester 2003, Jia et al.
2019). The configuration of the two unequal wings, and
fruit and endocarp size, relate these fruits to the species
Cedrelospermum lineatum, which was previously noted
from Florissant, Clarno Formation, and Bridge Creek
floras (Table 2, Manchester 2001).

CEDRELOSPERMUM sP.
FIG. 3A

Referred specimens—UF 256-20703b, 20935,
21103,21104a,21107,21114,211153,21119a, 21121,
21296, 21351, 21546b, 21595, 21616, 21625, 34080,
34115, 34116,59262, 87134, 259-10884.

Description—Lamina elliptic or seldom ovate, un-
lobed, nanophyll or small, symmetrical or asymmetrical,
length 11-42 (49) mm (x=22, N=35), width 4-14 (22)
mm (x=9,N=37),1/wratio 2-6, leaf area estimate 33-322
mm? (x=140, N=34), petiole short, thick, up to 4.2 mm
long; lamina apex acute or acuminate; base rounded,
asymmetrical or symmetrical, or base cuneate, angle
acute and symmetrical; margin serrate; teeth simple,
rounded to widely triangular, regularly spaced, distant,
apex acute or rounded, distal flank flexuous, sometimes
straight or concave, proximal flank flexuous, convex, or
sometimes straight, tooth tip apiculate or attenuate;
sinuses angular; venation pinnate; midvein stout; sec-
ondary venation craspedodromous, 8-12 pairs, spacing
irregular, excurrent attachment, angle of divergence
decreasing from base to apex, basal 43-78°, middle
35-70°, apical 25-49°, course straight to smooth curv-
ing; secondary simple to branched 1-2 per side; exme-
dial branches of minor secondaries or tertiaries mostly
to sinus; less than one intersecondary per intercostal,
parallel to secondaries, bifurcate < to > % distance to
margin; tertiary venation mostly alternate percurrent;
quaternary venation mostly alternate percurrent; free
ending fifth order veins.

Discussion—These specimens do show a range of
variation in terms of width. These specimens conform
to extant Ulmaceae in characters of elliptic and often
asymmetrical leaves, with blunt non-glandular teeth
that are enervated submedially, and short thick petiole

(Manchester 1989b), as seen for example in Hemiptelea
Planchon (1872), Planera ]J.F. Gmelin (1791), Ulmus L.
(1753) and Zelkova Spach (1841). The presence of one
tooth per secondary vein is characteristic for Cedrelo-
spermum, and is also typical for Hemiptelea, Zelkova and
some species of Ulmus, but Cedrelospermum leaves tend
to be narrower, i.e., have a higher length/width ratio.
The Teater Road leaves, with prominent, rounded to
triangular teeth, secondaries with exmedial branching
to sinuses and teeth, intersecondaries present, alternate
percurrent tertiaries (some leaves are reticulate), and
free ending ultimate veins (Fig. 3A) match the extinct
Cedrelospermum, particularly C. nervosum (Newberry)
Manchester (1989b) from the Middle Eocene of Oregon
and Wyoming (Manchester 1989b). Our leaves fit the size
range for those on reproductive branches of C. nervosum
known from the Green River flora (Manchester 1989b).
The leaves differ from C. nervosum, however, because
the secondaries are not all curved, and intersecondaries
extend farther toward the leaf margin. Cedrelospermum
nervosum specimens are also found in the Green River,
Mormon Creek and York Ranch floras (Table 2), although
the specimens from York Ranch need to be reinvestigated.
Some leaves of this genus were previously identified as
Zelkova drymeja (Lesquereux) Brown (1946) (Becker,
1961, 1966, 1969, 1972). A possible fragment of Cedre-
lospermum (UF 256-21104b) is attached to the stem as-
sociated with 21104a. Specimen UF 256-21616 is larger
than average for Cedrelospermum sp. at Teater Road.

ULMUS LINNAEUS, 1753
ULMUS CHUCHUANUS (BERRY) LAMOTTE, 1952

FIG.3C,D, T

Ulmus chuchuanus (Berry) LaMotte, 1952, Geol. Soc. Am.
Mem. 51, p. 347.

Ulmus columbianus Berry (non Penhallow), 1926, Canada
Geol. Surv. Bull. 42, p. 108, pl. 15, fig. 7.

Referred specimens—UF 256-21063,21075,21086,
21116, 21152a,21252,21253a,21263- 21271, 21273,
21275, 21277-21280, 21282, 21285, 21286, 21289,
21291, 21293, 21297, 21300, 21304-21306, 21309,
21310, 21312, 213144, 21315, 21317, 21318, 21320-
21324, 21325a, 21326, 21328-21330, 21331a, 21332,
21333, 21335, 21336, 21339a, 21340, 21342-21345,
21349, 21350, 21353, 21354-21358, 21360-21365,
21478b, 21537a, 21557, 21558, 21560, 21561, 21634,
21646, 31405b, 34072, 59161, 59172-59175, 59177,
59178, 59179a, 59180-59182, 59187, 59188, 59192,
59199, 59200, 59203, 59222, 59284, 59293, 59370Db,
62696, 78155, 78827, 78828, 79035, 84744, 87115.
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Description—Lamina widely or narrowly ovate, rare-
ly elliptic, unlobed, asymmetrical to rarely symmetrical,
nanophyll or small, length 8-65 mm (x=39, N=72), width
5-46 mm (x=21, N=109), I/w ratio 0.9-2.7, leaf area
estimate 27-1655 mm? (x=606, N=69), petiole length
1-7 mm; lamina apex acute, base rounded or slightly
cordate, highly asymmetrical to symmetrical; margin
simple or compound serrate with two orders of teeth,
smaller tooth on proximal flank of primary tooth; teeth
rounded to widely triangular, regularly spaced, close or
distant, apex sometimes apiculate but non-glandular,
distal flank straight, concave to rarely sinuous, proximal
flank convex to sinuous; sinuses angular; venation pin-
nate; midvein weak or moderate, straight; secondary
venation craspedodromous, 12-18 pairs, irregular spac-
ing, excurrent attachment, angle of divergence decreas-
ing from base to apex, basal 60-110°, middle to apical
52-74°, course straight to slightly curved, rarely simple
to frequently branched at 4-9 per side, rarely less than
% to more frequently 34 distance to margin, exmedial
branches of secondaries 1-3, with tertiaries to teeth and
sinus; intersecondaries less than one per intercoastal,
extend <1/2 distance to margin, bifurcates at end or
loops to subadjacent secondary; tertiary venation per-
pendicular to secondaries, mostly alternate percurrent,
sometimes reticulate; quaternary venation reticulate;
areoles polygonal.

Discussion—These leaves are similar to Ulmus, Zel-
kova, and Planera (Ulmaceae). Zelkova, however, usually
has exclusively simple teeth. Compared to Ulmus, Planera
often has more intersecondary veins, and in Zelkova, di-
chotomies of the secondary veins near the margin occur
less than four times per leaf (Burnham 1986) and tertia-
ries are mostly conspicuously branched (Tanai and Wolfe
1977). Ulmus chuchuanus differs from U. okanaganensis
Denk and Dillhoff (2005) in that U. chuchuanus has an
ovate shape, rounded leaf base, basal secondary angle of
attachment 60-110°, and higher number of secondary
vein pairs. Our leaves are similar to U. chuchuanus from
the early middle Eocene of British Columbia and Wash-
ington, in shape, short petiole, base shape, higher number
of secondary vein pairs, and tooth shape (Fig. 3EC, 3D)
(Denk and Dillhoff 2005), but the Teater Road specimens
differ in the number of exmedial branching secondary
veins. This species also resembles Ulmus sp. 2 from the
Bridge Creek flora, but tends to have a greater number
of secondary vein pairs (12-18 vs. 10-14) (Meyer and
Manchester 1997). Some of these leaves possess insect
damage in the form of window feeding. Specimens UF
256-21275 and UF 256-84744 have a relatively long

petiole, 5.3 and 7.4 mm, respectively, compared to all the
other U. chuchuanus specimens. Specimen UF 256-20753
may be an Ulmus, with a very young flower containing
4-5 distinct tepals, in the leaf axil. There are ~30 other
Ulmus-like specimens but the finer venation is not pre-
served for identification to the species level. Ulmusis also
represented by two species of well preserved silicified
woods from the adjacent late Eocene Post Hammer and
Dietz Hill sites (Wheeler and Manchester, 2007, 2021;
Wheeler et al. 2023) (Table 3).

Ulmus consists of 25-37 species of trees found in North
and Central America, temperate Eurasia to Northern
Indo-China, and Northern Africa (Mabberley 1993, GBIF
2021, PoWO 2023).

ULMUS OKANAGANENSIS DENK & DILLHOFF, 2005
FIG. 3E, M

Ulmus okanaganensis Denk and Dillhoff, 2005, Can. J. Bot.
83, p. 1665, figs. 2-5.

Referred specimens—UF 256-20908-20911, 21120,
21141, 21244, 21274, 21276, 21283, 21288, 21292,
21294, 21299, 21303, 21319, 21349, 21535, 21554,
21559,59184, 62697, 78825, 84742.

Description—Lamina elliptic or narrowly elliptic,
unlobed, asymmetrical to symmetrical, nanophyll or
small, length 17-73 mm (x=43, N=12), width 11-47
mm (x=24, N=19), I/w ratio 1.1-2.7, leaf area estimate
136-2000 mm?2 (x=775, N=12), petiole length 1-6
mm; lamina apex acute; base cuneate, symmetrical to
highly asymmetrical; margin compound serrate, with
two orders of teeth; teeth rounded to widely triangular,
regularly spaced, usually distant, sometimes with short
apiculate tip, distal flank sinuous, concave or straight,
proximal flank straight or convex; sinuses angular; ve-
nation pinnate; midvein moderate to stout, straight to
curved; secondary venation craspedodromous, 10-14
pairs, irregularly spaced, excurrent attachment, angle of
divergence basal 45-57°, middle to apical 41-67°, course
straight to slightly curved, simple to frequently branched
of 4-7 per side, rarely % to more frequently 34 distance
to margin, exmedial branches of secondaries 1-3, to teeth
and sinus; intersecondaries less than one per intercostal,
extend rarely to > 1/2 distance to margin, bifurcates at
end or loops to subadjacent secondary; tertiary venation
perpendicular to secondaries, reticulate to mixed percur-
rent; quaternary venation reticulate; areole polygonal.
Fruit stipitate, lacking wing. Endocarp elliptic, length
3.5-4.5 mm (x=4.3, N=4), width 2.5-3.0 mm (x=2.8, N=4),
with persistent style, length 1.5-2.0 mm (x=1.9, N=4);
stipe 1-2.5 mm long (x=1.8, N=3); perianth length 2.5
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mm, width 2.6 mm, situated below endocarp.

Discussion—We have placed isolated fruits and foli-
age specimens in the same species, because they match
those found in mutual connection on twigs from the
Eocene Princeton flora of British Columbia (Manchester
19893, Denk and Dillhoff 2005). The leaves are consis-
tent with Ulmus okanaganensis leaf type 1 (sensu Denk
and Dillhoff 2005) in shape, lower number of secondary
vein pairs, longer petiole, and tooth shape (Fig. 3E). They
are also similar to the fossils assigned by Becker (1961)
to U. paucidentata Smith (1939) from Ruby Basin and
Beaverhead Basins floras (Table 2), except that U. pau-
cidentata leaves are smaller and slender. The leaves are
also similar to those of Ulmus tenuinervis Lesquereux
(1878) from the Florissant flora, except U. tenuinervis
leaves are ovate with an acuminate apex (Table 2). Some
leaves possess insect damage in the form of window
feeding. The associated fruit type, with persistent styles
and lacking a pronounced wing (Fig. 3M), is similar to
extant Ulmus section Chaetoptelea Liebmann (1850)
(Meyer and Manchester 1997, Manchester 1999). These
fruits coincide with U. okanaganensis by a long stipe and
wingless margin (Denk and Dillhoff 2005), and resemble
Ulmus sp. A (sensu Meyer and Manchester 1997) from
the Bridge Creek flora (Table 2).

ULMUS sp.
FIG. 3N

Referred specimen—UF 256-20907.

Description—Fruit stipitate with well-developed
wing surrounding an elliptical endocarp; stigmatic notch
present at apex of wing, with stigmatic arms; fruit body
(minus stipe) 7 mm long, 5 mm wide, elliptical endocarp
4.5 mm long, 2.5 mm wide; stipe 2.8 mm long; wing with
well-developed marginal vein, and prominent veins ra-
diating out to wing margin.

Discussion—This species is distinguished from the
co-occurring fruits of Ulmus okanaganensis, treated
above, by the presence of a well-developed wing. The
wing has a strong marginal vein and apical notch, and it
surrounds an elliptical endocarp (Fig. 3N) as is typical of
many species of extant Ulmus (Manchester 1989a). This
specimen is similar to Ulmus sp. B from Bridge Creek
(minus the persistent calyx), U. tenuinervis from Floris-
sant, as well as the fruit found from the Whitecap Knoll
flora (Table 2).

FAGALES ENGLER, 1892
BETULACEAE GRrAy, 1822
ALNUS MILLER, 1754
ALNUS NEWBERRYI MEYER & MANCHESTER, 1997

FIG.3F G, U

Alnus newberryi Meyer and Manchester, 1997, Univ. Cal.
Pub. Geol. Sci. 141, p. 93, pl. 27, figs. 1-4, pl. 28, figs.
1-3.

Referred specimens—UF 256-21064, 21066,
21068, 21069a, 21072, 21074, 21076-21078, 21080,
21081, 21085, 21087, 21089, 21093, 21097, 21098,
21101a, 21102, 21118, 21157, 21240, 21246, 21249,
21367-21369, 21372, 21413, 21490a, 21533, 21534,
21553, 21579b, 21600, 21601a, 21620, 34074, 34075,
34090,56284,59279a,59280, 59281, 59282a,b, 59283,
59285, 59286, 59291, 59292, 59301, 78148, 78154,
78835-78838, 79031a, 87109, 87126.

Description—Lamina elliptic, widely elliptic, or
slightly ovate, unlobed, symmetrical, small or notop-
hyll, length 19-113 mm (x=47, N=55), width 10-58
mm (x=31, N=56), 1/w ratio 1.1-2.3, leaf area estimate
117-3802 mm?2 (x=1960, N=56), petiole length up to 27
mm, width up to 1.7 mm; lamina apex acute to acuminate;
base acute, obtuse, rounded, truncate, or cordate; margin
compound serrate with 1-3 smaller teeth between sec-
ondaries; teeth regularly spaced, distant, primary teeth
distal flank short, predominantly straight, occasionally
concave, convex or flexuous, proximal flank attenuate,
straight, convex or flexuous, apex broadly to rarely nar-
rowly acute, secondary teeth distal flank predominantly
straight, occasionally convex, proximal flank concave, api-
cesrounded to acute; sinuses angular; venation pinnate;
midvein weak or moderate, straight; secondary venation
simple craspedodromous, basal minor secondaries semi-
craspedodromous; 4-7 pairs, spacing regular, upper sec-
ondaries more acute than lower, angle of divergence basal
43-77°, middle 37-61°, apical 35-48°, course straight to
slightly curved, sometimes near margin abrupt upward
curve to teeth; 1-2 exmedial tertiary branches of distal
portion of secondaries terminate in sinus or teeth, the
lower exmedial tertiary joins at nearly right angles with
tertiary vein nearly parallel to margin and arising from
subadjacent secondaries; one admedial tertiary branch-
ing from distal secondaries terminate in sinus of major
teeth; tertiary venation mixed percurrent, perpendicular
to oblique from secondaries, angle of epimedial tertiaries
43-112°, distal course parallel to intercostal tertiaries;
quaternary venation quadrangular to pentagonal; areoles
well developed, veinlets absent to simple; marginal ulti-
mate venation looped.

Discussion—Although leaves of different betulaceous
genera can overlap in leaf architectural characters, the
co-occurrence of this foliage with the woody infructes-
cence diagnostic of Alnus Miller, described below, gives
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additional confidence in the generic determination.
These specimens are placed in Alnus newberryi, a spe-
cies based on fossils from the Bridge Creek flora (Table
2).Specimen UF 256-21084 may be an aberrant form of
A. newberryi due to the truncate base. A. newberryi also
occurs in the Sumner Spring and Whitecap Knoll floras
(Table 2).

For an example of an extant species similar to our
specimens, we studied Alnus oblongifolia Torrey (1859),
which is similar in its simple craspedodromous venation,
serrate margin, percurrent tertiaries, tertiary vein near
margin forming a loop, and veinlets absent to simple,
but in A. oblongifolia, the secondaries are decurrent a
short distance down the midvein and veinlets are usually
branched. Leaf shape, apex, base, secondary vein end-
ings, and tertiary veins ending in sinuses or teeth (Fig.
3F) are characteristic of Group 1-A of Klucking (1959)
which includes A. japonica (Thunberg) Steudel (1840),
A. trabeculosa Handel-Mazzetti (1922), and A. cordata
(Loiseleur) Loiseleur (1828).

ALNUS SP. INFRUCTESCENCE
FIG. 30

Referred specimens—UF 256-20915, 20916,
20917a,b, 20918.

Description—Cone-like infructescences, nearly or-
bicular to oblong, length 8-14 mm (x=11, N=5), width
5-7 mm (x=6, N=5); pedicel length 5 mm, width 1.1 mm.
Infructescence consisting of helically arranged woody
bracts.

Discussion—These infructescences (Fig. 30) re-
semble those of Alnus spp. from the Bridge Creek flora
(Table 2) that may correspond to the leaves of A. newber-
ryi (Meyer and Manchester 1997). They also resemble
those associated with Alnus clarnoensis Liu, Manchester
et Jin (2014) of the Eocene Clarno Formation (Table 2,
Liu etal. 2014). Alnus infructescence is also represented
in the nearby Late Eocene site of Post Hammer (Wheeler
and Manchester 2021) (Table 3).

CARPINUS LINNAEUS, 1753
CARPINUS SP. FRUIT

FIG. 3P

Referred specimen—UF 256-21037.

Description—Winged fruit, with an ovate nutlet 2.0
mm long, at least 1.75 mm wide (partial width of in-
completely preserved nutlet), borne at base of elongate,
unlobed winglike bract; bract 11.0 mm long, at least 3.7
mm wide (partial width); primary veins four, craspedo-
dromous, radiating from base and one side of bract and

extending to apex and teeth, width of veins decreasing
exmedially; two exterior primary veins bifurcate less
than % distance to apex, and rejoin apically forming cel-
lular pattern; one secondary arising basal and exmedially
to primary veins; two secondary veins arise from base
and second side of bract, bifurcating less than % distance
to apex, and rejoin apically forming cellular pattern; sec-
ondary veins alternate, produced from thickest primary
vein; tertiary veins connecting middle primaries at acute
angles; margin of two preserved distantly spaced teeth,
vascularized by minor primaries; sinus rounded; basal
pedicel 3.2 mm long, 1.4 mm wide.

Discussion—Carpinus fruits are quite rare in the fos-
sil record of western North America (Manchester 1999).
The incomplete nature of this specimen (Fig. 3P) does not
allow for precise determination, but it resembles the ex-
tinct Carpinus perryae Pigg, Manchester and Wehr (2003)
from the Middle Eocene of Republic Washington (Pigg
etal. 2003) and C. stenophylla Nathorst (1883) from the
Middle Miocene to late Pliocene of Japan (Tanai 1961).
Carpinus-like leaves associated with the extinct fruit ge-
nus Asterocarpinus Manchester and Crane (1987), which
have been reassigned to Paracarpinus Manchester and
Crane (1987), are found in the Ruby Basin, York Ranch,
Beaverhead Basins, Bridge Creek and Florissant floras
(Table 2, Manchester and Crane 1987).

Carpinus consists of 26-43 extant species of trees
found in temperate and subtropical Northern Hemi-
sphere (Mabberley 1993, GBIF 2021, PoWO 2023).

CARPINUS/OSTRYA ScopoOLI, 1760
MORPHOTYPE TRL 08

FIG.3H,V

Referred specimens—UF 256-21272,21432,21526.

Description—Lamina narrowly elliptic, symmetric,
unlobed, nanophyll or small, length 16-53 mm (x=35,
N=3), width 6-17 mm (x=12, N=3),1/wratio 2.6-3.1, leaf
area estimate 65-596 mm? (x=317, N=3), petiole miss-
ing; lamina apex attenuate; base acute, cuneate; margin
compound serrate, with 1-2 smaller teeth between
secondaries; teeth regularly spaced, distant, primary
teeth distal flank short, straight to slightly convex or
concave, proximal flank attenuate, sinuous to straight,
apex acute; secondary teeth distal and proximal flanks
straight, apices acute; sinuses angular; venation pinnate;
midvein weak, straight; secondary venation craspedodro-
mous, secondary pairs 15, irregular, angle of divergence
decreasing apically, basal 43-62°, middle 36-57°, apical
32-44°, course slightly curved to sometimes sinuous;
1-2 exmedial minor secondary branches from distal
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portion of secondaries and terminate in teeth; tertiary
venation obscurely percurrent; higher order veins undis-
tinguished; areoles well developed, pentagonal.

Discussion—These specimens are consistent with
extant Betulaceae, particularly Carpinus and Ostrya, in
characters of leaf shape, closely spaced, slightly curved
secondaries and compound serrate margin (Fig. 3H).
Leaves of both of these genera have secondary veins and
agrophic veins terminating in the teeth but in Carpinus
leaves the agrophic veins are confined mainly to the basal
portion of the leaves while in Ostrya they occur also in
the apical portion (Chaney 1927, Klucking 1959). The
Teater Road specimens are poorly preserved in the api-
cal portion, which is important in confirming relations
with Carpinus or Ostrya, but they look especially similar
in shape, teeth size, and secondary vein course to Ostrya
oregoniana Chaney (1927) from the Bridge Creek flora
(Chaney 1927, see plate 9, fig. 11, Meyer and Manchester
1997). The presence of 0. oregoniana in the Beaverhead
Basins flora is in question, as they have venation sugges-
tive of Rosaceae (Table 2, Lielke et al. 2012).

CF. CARPINUS
MORPHOTYPE TRL 09

FIG. 31, ]

Referred specimen—UF256-21244, 87130.

Description—Lamina apparently ovate, unlobed,
partial length 60 mm, partial width 48 mm; 1/w ratio
1.7, petiole missing; apex missing, base angle acute,
shape cuneate; margin simple to compound serrate,
basal portion of lamina with simple teeth of relatively
similar size, upper portion of lamina compound serrate
with 1 to possibly 2 smaller teeth between secondaries;
teeth irregularly spaced, distant, apices acute, distal flank
straight to sometimes shallow concave, proximal flank
straight to shallow convex; sinuses angular; venation
pinnate; midvein straight; secondary venation craspe-
dodromous, secondary pairs at least 7, irregular, angle
of divergence decreasing apically, basal 60-62°, apically
51-54°, course straight to near margin then curved api-
cally; 2-4 exmedial minor secondary branches from dis-
tal portion of secondaries and terminate in teeth; tertiary
venation mixed percurrent; epimedial tertiaries nearly
right angle to midvein; quaternary venation reticulate;
areoles well developed.

Discussion—This specimen is distinguished from the
preceding species in base shape, and prominence of the
teeth. It resembles leaves of Carpinus caroliniana Walter
(1788) in features of marginal serration, and venation.
Asin C. caroliniana, secondary veins near the margin are

deflexed slightly into the tooth.

FAGACEAE DUMORTIER, 1829
QUERCUS LINNAEUS, 1753
QUERCUS BERRYI TRELEASE, 1918

FIG. 4A, B

Quercus berryi Trelease, 1918, pro parte, Brooklyn Bot.
Gard. Mem. 1, p. 499.

Quercus breweri auct. non Engelmann, Lesquereux, 1883,
pro parte, Rept., U.S. Geol. Surv. Terr. 8, p. 246, pl. 54,
fig. 9 only.

Referred specimens—UF 256-20695c¢, 21070,
21374, 21376, 21378-21383, 21385, 21386, 213883,
21389, 21390-21394, 21395, 213964a,b, 21399-21408,
21410,21411,21415,21416a,b,21417a,21419-21421,
21425, 21427-21430, 21436, 21437, 21439, 21440,
21443-21446, 21448, 21449, 21451-21457, 21459,
21461, 21462, 21464, 21466-21472, 214734, 214744,
21476a-21478a, 21481-21488, 21491-21495, 21497,
21498, 21501-21503, 21505, 21506, 21508a, 21509,
21512a, 21513, 21514, 21516-21518a, 215193,
21520-21524, 21527, 21528, 21530, 21532, 21562,
21587, 21604, 21615, 21617, 21624, 34065, 34108,
59360-59365, 59367-59375, 59608, 59609, 5961043,
59611, 59612, 59614-59620, 59621a, 59622-59626,
59628, 59629, 78813-78816, 78819, 78820, 79030,
84738,84752,87124.

Description—Lamina elliptic, narrowly elliptic, or
rarely obovate, symmetrical, unlobed, nanophyll or small,
length 13-98 mm (x=48, N=88), width 6-30 mm (x=13,
N=163), I/w ratio 1.9-6.6, leaf area estimate 49-1498
mm? (x=441, N=88) petiole length 1-5 mm, normal to
inflated at base; lamina apex acute or attenuate, rarely
truncate; base cuneate or slightly rounded; margin ser-
rate, often serrate in upper lamina and entire at basal
% to %2 lamina length, occasionally entire throughout
lamina; teeth regularly spaced, distant, apices acute,
distal flank concave to straight, proximal flank convex
to straight and attenuate; sinus rounded to angular; ve-
nation pinnate; midvein moderate to massive, straight
or slightly curved; secondary venation in entire portion
of leaf brochidodromous to eucamptodromous, in ser-
rate portion craspedodromous, 10-15 pairs, irregularly
spaced, excurrent attachment, angle of divergence basal
36-62°, middle 43-65°, apical 43-53°, course straight
to curved; intersecondaries rare or absent, extending
< 1 distance to margin or near margin before joining
tertiaries; tertiary venation reticulate to rarely alter-
nate percurrent, acute to right angle with secondary
veins; epimedial tertiaries nearly right angle to midvein;
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Figure 4. A. Quercus berryi Trelease, UF 256-21468. B. Q. berryi, UF 256-21439. C. Quercus pollardiana (Knowlton) Axelrod, UF 256-
21377.D. Quercus sp. 1, UF 256-21531b. E. Quercus sp. 2, leaf with craspedodromous secondaries and prominent teeth, UF 256-21529. F.
Decodon sp., UF 256-21499. G. Palaeocarya sp., UF 256-20847. H. Juglandiphyllites cryptatus (Knowlton) Meyer and Manchester, UF 256-
21146.1. Decodon detail from E. J. Juglandiphyllites detail from H. K. Rhus lesquereuxii Meyer and Manchester, UF 256-21540. L. Toxicoden-
dron sp. 1, infructescence, UF 256-20752. M. Toxicodendron sp. 2 leaflet, UF 256-21607. N. Loxopteroides weeksae Manchester and Judd,
UF 256-21048. 0. Acer clarnoense Wolfe and Tanai, UCMP 9010A. P. Acer clarnoense Wolfe and Tanai, UF 256-21127. Q. Acer sp. 1 leaf, UF
256-21128. Scale bars: A-K, M, 0-Q=5 mm; L, N=2 mm.
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quaternary venation reticulate; fimbrial vein present.
Discussion—Serrate leaves with basal portion of
the lamina entire can be found in Fagaceae, such as
Lithocarpus Blume (1825), Castanea Miller (1754), and
Quercus, while a fimbrial vein is found in Quercus and
rarely Castanea (Meyer and Manchester 1997). Also,
secondary veins in Castanea are straight, parallel, and
may be forked before terminating into the teeth while
the course of secondary veins in Quercus are variable
(Smiley and Huggins 1981). For an example of an extant
species similar to our specimens, we selected Q. mohri-
ana Buckley ex Rydberg (1901) of south-central North
America, in which the apical portions of the lamina may
be toothed or can be completely entire, and the tertiary
venation is predominantly reticulate. The difference is
that Q. mohriana has fewer teeth, and teeth orientation
varies from nearly perpendicular to apically pointed. Leaf
architectural characters such as size, shape, margin, small
petiole, number of secondary vein pairs, and reticulate
tertiary venation of these fossil specimens (Fig. 44, 4B)
are similar to Q. berryi Trelease (1918) from the Bridge
Creek flora (Meyer and Manchester 1997). Quercus berryi
is highly variable in size, shape, leaf width and margin,
but in our specimens with serrate margins, are similar
in lower portion of leaf entire, tertiary veins reticulate,
higher order veins form a fine reticulum, rare intersec-
ondaries, and a fimbrial vein on the margin. These leaves
are also similar to Q. scudderi Knowlton (1916) from
the Florissant flora (MacGinitie 1953, see pl. 30, fig. 1,
Manchester 2001) and Q. simulata Knowlton (1898)
from the Beaverhead Basins flora (Table 2). Specimen
UF 256-79029 is similar to Q. berryi except a few per-
current tertiaries near the margin send a branch to the
teeth. Quercus has atleast 26 fossil species spread across
selected sites of western United States (Table 2).
Quercus consists of 400-600 species of trees and
shrubs, is widespread in the Northern Hemisphere and
extends to Malesia and Colombia (Mabberley 1993, Mey-
er and Manchester 1997, Manchester 1999, GBIF 2021).

QUERCUS POLLARDIANA (KNOWLTON) AXELROD, 1940
FIG. 4C

Quercus pollardiana (Knowlton) Axelrod, 1940, J. Wash.
Acad. Sci. 30, p. 171-172.

Chrysobalanus pollardiana Knowlton, 1900, U.S. Geol.
Surv. Ann. Rept. 21, p. 216, pl. 30, fig. 19.

Referred specimens—UF 256-21377,21422,21489,
21591, 78818, 79034.

Description—Lamina obovate or oblanceolate, sym-
metrical or asymmetrical, unlobed, nanophyll or small,

length 13-61 mm (x=32, N=5), width 5-31 mm (x=14,
N=5), 1/w ratio 1.6-3.0, leaf area estimate 46-1280
mm? (x=427, N=5), petiole length 1-4 mm; lamina apex
rounded, sometimes emarginate; base cuneate; margin
entire; venation pinnate; midvein stout, straight; second-
ary venation brochidodromous, 4-8 pairs, irregularly
spaced, excurrent attachment, angle of divergence 42-
56°, curved and slightly sinuous; higher order venation
not preserved.

Discussion—These specimens conform to Quercus
pollardiana in the rounded apices, cuneate base, entire
margin, short and thick petiole (Fig. 4C), and possibly co-
riaceous texture, although rounded apices are relatively
rare in P. pollardiana (Axelrod 1995). These specimens
resemble those that were assigned to Quercus dayana
Knowlton (1902) found in the Beaverhead Basins and
Miocene floras of the Columbia Plateau (Chaney and
Axelrod 1959), but the number of secondary vein pairs
are 7-15 (Table 2).

QUERCUS sp. 1
FIG. 4D

Referred specimens—UF 256-21423,21431,21438,
21475a,21531b, 21602, 59627, 76957.

Description—Lamina narrowly elliptic, symmetrical,
unlobed, small, length 26-37 mm (x=30, N=3), width
7-19 mm (x=11, N=9), I/w ratio 2.5-3.2, leaf area es-
timate 141-291 mm?2 (x=192, N=3), petiole missing;
lamina apex sharply acute to rounded; base acute,
symmetrical to asymmetrical; margin entire; venation
pinnate; midvein stout, straight; secondary venation
brochidodromous, 6-10 pairs, irregularly spaced, ex-
current attachment, angle of divergence basal 65-86°,
middle 32-52°, apical 43-51°, course arching apically
from midvein or nearly perpendicular to midvein be-
fore arching apically; usually 1-2 intersecondaries per
intercosta, extending < %2 distance or to near margin and
merging with subadjacent secondaries, or tertiary veins;
tertiary venation mostly reticulate; occasional epimedial
tertiaries perpendicular to midvein; quaternary venation
reticulate and polygonal; marginal vein present.

Discussion—For examples of extant species similar to
our specimens, we selected Quercus elliptica Née (1801)
and Q. laurifolia Michaux (1801) which are similar in
size, apex and base shape, entire margin, brochidodro-
mous secondary venation, usually one intersecondary
that extends more than half the distance to the margin
before merging with subadjacent secondaries, reticulate
tertiaries, and presence of a marginal vein. Quercus sp.
1 differs from entire-margined Q. berryi in the strength
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and number of intersecondary veins (Fig. 4D). These
specimens seem close to Q. convexa Lesquereux (1878)
in shape, margin, and venation but there is no indica-
tion of intersecondary veins, and the apices are usually
rounded in Q. convexa. Quercus convexa are found in
numerous Neogene floras of western North America
(LaMotte 1952) with good examples in the Ruby Basin
and Beaverhead Basins floras (Table 2).

QUERCUS sp. 2
FIG. 4E

Referred specimens—UF 256-21529, 215553, 84724.

Description—Lamina elliptic, symmetrical or asym-
metrical, unlobed, small, length 34-54 mm (x=44, N=2),
width 13-14 mm (x=13,N=3),1/wratio 2.5-4.3, leaf area
estimate 303-451 mm?2 (x=377, N=3), petiole length
9 mm; lamina apex acute; base acute, asymmetrical;
margin serrate; teeth simple, irregularly spaced, dis-
tant, apices acute or rounded, distal flank straight or
concave, proximal flank straight or slightly convex; sinus
rounded; venation pinnate; midvein moderate to stout,
straight; secondary venation craspedodromous, at least
17 pairs, regular spacing, excurrent attachment, angle
of divergence 40-65°, course straight to slightly curved;
few percurrent tertiary veins preserved.

Discussion—These specimens are similar to Quercus
brooksii Becker (1961) from the Ruby Basin flora (Table
2) with a distinct asymmetrical base, sharp teeth, and
long petiole (Fig. 4E) but Q. brooksii has distinct percur-
rent tertiary veins and a flaring petiole base.

QUERCUS sp. 3
FIG. 7Q

Referred specimen—UF 256-21061.

Description—Mature fruit and immature cupule; nut
widely elliptic, length 6-9 mm, width 4-8 mm; apex ob-
tuse; base truncate and with circular, concave abscission
scar; fruit surface with prominent, basal, longitudinal
striations; immature cupule nearly enclosing fruit, length
4.1 mm, width 4.0 mm.

Discussion—This specimen seems to be an isolated
mature fruit and immature cupule by orientation of the
abscission scar (Fig. 7Q). We tentatively place this speci-
men in Quercus but would need cupule scale characters
to distinguish between Quercus with helically arranged
scales, and Lithocarpus with scales in concentric circles
(Meyer and Manchester 1997). We would also need more
specimens to see if the abscission scar is convex or more
often deeply concave as in Lithocarpus, or are they mostly
convex or flat, rarely deeply concave as in Quercus (Mu

etal. 2015). Quercus acorns have also been found in the
Bridge Creek flora and in the Clarno Formation (Table 2,
Meyer and Manchester 1997, Manchester 1994).

JUGLANDACEAE DE CANDOLLE EX PERLEB, 1818
JUGLANDIPHYLLITES BOULTER & KVACEK, 1989
JUGLANDIPHYLLITES CRYPTATUS (KNOWLTON) MEYER &
MANCHESTER, 1997

FIG. 4H, ]

Juglandiphyllites cryptatus (Knowlton) Meyer and
Manchester, 1997, Univ. Cal. Pub. Geol. Sci. 141, p.
101-102, pl. 33, figs. 3-6, pl. 34, figs. 1, 4.

Juglans cryptata Knowlton, 1902, U.S. Geol. Surv. Bull.
204, p. 35, pl. 6, figs. 4, 5.

Referred specimens—UF 256-20747b, 21137~
21140, 21142-21147,21148a,b, 21149, 21151, 21308,
21597, 34095, 34099, 34100, 34101.

Description—Leaflet ovate, elliptic, narrowly ellip-
tic, or rarely obovate, asymmetrical, unlobed, small or
rarely nanophyll, length 21-62 mm (x=45, N=15), width
11-37 mm (x=20, N=21), I/w ratio 1.4-4.3, leaflet area
estimate 196-1525 mm?2 (x=625, N=15), petiolule length
2-8 mm; lamina apex acute; base cuneate or rounded,
and asymmetrical; margin compound serrate with 1-2
orders of teeth, with 1-3 teeth between secondaries;
teeth usually regularly spaced, distant, apices acute, distal
flank straight to slightly concave, proximal flank straight,
concave, convex or flexuous; sinuses angular or rounded;
venation pinnate; midvein moderate or stout, straight to
curved; secondary venation simple to compound craspe-
dodromous and occasionally semicraspedodromous,
9-12 pairs, irregularly spaced, excurrent attachment,
angle of divergence basal 50-95°, middle 45-90°, apical
42-90°, course curved slightly to distinctly sinuous; 1-2,
rarely four craspedodromous secondaries per leaf fork at
more than %2 distance to margin, entering teeth medially;
semicraspedodromous secondaries lose strength near
margin and loop to superadjacent secondaries as strong
to normal tertiary veins, marginal tertiary veins branch
from these loops and enter teeth medially; occasionally
1-3 successive exmedial tertiary branches of distal sec-
ondaries terminate medially in teeth or sinus; less than
one intersecondary per intercostal, extending mostly < %2
distance to margin before sometimes losing strength and
joining subadjacent secondary, or percurrent tertiaries;
tertiary venation mixed percurrent, right to acute angled
from secondaries, sometimes marginal percurrent ter-
tiary produces a branch to a tooth; epimedial tertiaries
nearly right angle to midvein, distal course parallel to
intercostal tertiaries; quaternary venation composed of
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fine, well developed pentagonal or orthogonal areoles;
one branched free ending veinlets sometimes present.

Discussion—These specimens conform to Juglan-
daceae by their asymmetrical leaflets with craspedo-
dromous to semicraspedodromous venation, strong
percurrent tertiaries, venation entering teeth medially,
and the fine network of quaternary areoles (Fig. 4H).
Within extant Juglandaceae, species of Oreomunnea
Oersted (1856) and Alfaroa Standley (1927) with serrate
margined leaflets, can be distinguished by the course
of the secondary veins as they enter the teeth, often
contacting the sinus and paralleling the apical flank. In
Engelhardia Leschenault ex Blume (1825) leaflets with
serrate margins, the teeth are rounded, and veinlets are
free ending (Manchester 1987b). The leaf architecture
of these fossils resembles that of extant Carya Nuttall
(1818), Juglans L. (1753) and Pterocarya Kunth (1824)
(Manchester 1987b, Meyer and Manchester 1997). In
Juglans, secondary veins are brochidodromous; in some
species (those of subg. Rhysocaryon Dode, 1909) the
tertiary veins enter the apical side of the teeth or end in
the sinuses, whereas in subg. Cardiocaryon Dode (1906)
veins enter the teeth medially. In Pterocarya, secondary
veins loop apically near the margin, joining the superad-
jacent secondary without prominent forking (Meyer and
Manchester 1997). The irregular course of the secondar-
ies near the margin fits with Juglandiphyllites cryptatus
from the Bridge Creek flora (Table 2). Silicified wood of
Pterocaryoxylon Miiller-Stoll and Madel (Wheeler and
Manchester 2021) and Carya (Wheeler et al. 2023) and
fruits of Carya and Juglans occur in the nearby late Eocene
Post Hammer and Dietz Hill sites (Wheeler and Manches-
ter 2021, Wheeler et al. 2023, Manchester and McIntosh
2007; personal observation) (Table 3). At Teater Road,
two compressed fruits, UF 256-21000 and UF 256-21400,
are similar to Juglans clarnensis Scott (1954) (Manchester
1987b) in size and 4-5 longitudinal, shallow, parallel fur-
rows present on one face, butlack of internal characters
precludes precise determination. Whether J. cryptatus
represents Carya, Juglans, Pterocarya or an extinct ge-
nus remains uncertain. Fruits and foliage of Carya are
confirmed from the Florissant flora (Table 2, MacGinitie
1953, Manchester 1987b). In addition, possible foliage
and/or nuts attributed to Carya and Juglans are found
in Whitecap Knoll, York Ranch, Beaverhead Basins, and
Bridge Creek floras (Table 2).

PALAEOCARYA SAPORTA, 1873 EMEND. MANCHESTER 1987B
PALAEOCARYA sP.

FIG. 4G

Referred specimen—UF 256-20847.

Description—Fruit a winged nutlet with tri-lobed
wings, wing lobes lanceolate; central lobe length 18 mm
(incomplete due to edge of specimen), width 2.5 mm,
lateral lobe length 15 mm, width 2.5 mm; lobes with
primary and atleast one lateral, parallel, ascending veins;
primary and lateral veins with interior secondaries veins
atright to acute angles, with straight, ascending tertiary
veins and also sinuous tertiary veins at right angles en-
closed by interior secondaries and primary/lateral veins;
lateral vein with exmedial loops of secondary veins, and
marginal loops of tertiary veins; prophyllum, entire,
ovate, length 5 mm, width 2.75 mm; nutlet oval, length
3.8 mm, width 3.1 mm; pedicel missing.

Discussion—The tri-lobed bract of this fruit (Fig. 4G)
is diagnostic of Juglandaceae, Tribe Engelhardieae, gen-
era Engelhardia and Oreomunnea (Manchester 1987b).
The incompleteness of this specimen makes precise
identification difficult, but characters of the wings, pro-
phyllum and nutlet suggest Palaeocarya Section Palaeo-
carya Manchester (1987) (Manchester 1987b, Meyer and
Manchester 1997). Palaeocarya fruits are also found in
the Clarno Formation, Sumner Spring, Whitecap Knoll,
and Bridge Creek floras (Table 2).

Engelhardia and Oreomunnea are distributed within
tropics regions, Engelhardia from India to New Guinea,
and Oreomunnea from Mexico to Colombia (Meyer and
Manchester 1997, GBIF 2021, PoWO 2023).

MYRTALES JUSSIEU EX BERCHTOLD & J. PRESL, 1820
LYTHRACEAE ]. SAINT-HILAIRE, 1805
DECODON ].F. GMELIN, 1791
DECODON sk.

FIG. 4F I

Referred specimens—UF 256-21409, 21460, 21480,
21499, 34106, 78832a, 84600.

Description—Lamina lanceolate to linear, symmetri-
cal to asymmetrical, unlobed, small, estimated length
43-69 mm (x=55, N=5), width 10-26 mm (x=14, N=7),
1/w ratio 4-7, leaf area estimate 340-501 mm? (x=410,
N=5); petiole length 6-13 mm (N=2); lamina apex miss-
ing; base cuneate; margin entire; venation pinnate;
midvein moderate to stout, straight; secondary venation
brochidodromous such that the exmedial loops form a
slightly wavy intramarginal vein, ~13 pairs, irregularly
spaced, excurrent attachment, angle of divergence 60-
90°, course straight to near margin or straight to nearly
% distance to margin then curve apically; usually one
intersecondary per intercosta, sometimes extending to
near intramarginal vein before branching at right angles
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and joining adjacent secondaries; tertiary venation
poorly preserved.

Discussion—The architecture of this leaf type re-
sembles that of extant Decodon verticillatus (L.) Elliott
(1821), characterized by brochidodromous venation,
an intramarginal vein formed by a series of arches of
the secondary veins, and intersecondaries that extend
to near the intramarginal vein before branching at right
angles and joining adjacent secondaries (Wolfe and Ta-
nai 1980). Our specimens are also similar to D. brownii
Meyer and Manchester (1997) from the Bridge Creek
flora characterized by a slightly wavy intramarginal vein
(Table 2, Meyer and Manchester 1997), but the tertiary
venation is too poorly preserved for specific assignment
(Fig. 4F). Decodon leaves have also been observed in
Sumner Spring, Whitecap Knoll (Table 2), and Badger’s
Nose floras (Myers 2006). The genus is also confirmed
by permineralized fruits from the Clarno Nut Beds (Table
2, Manchester 1994).

Decodon consist of one extant species, found in
swamps of Eastern Canada to Central and Eastern United
States (Mabberley 1993, GBIF 2021, PoWO 2023).

SAPINDALES JUSSIEU EX BERCHTOLD & J. PRESL, 1820
ANACARDIACEAE R. BROwN, 1818B
RHUS LINNAEUS, 1753
RHUS LESQUEREUXII MEYER & MANCHESTER, 1997

FIG. 4K

Rhus lesquereuxii Meyer and Manchester, 1997, Univ.
Cal. Pub. Geol. Sci. 141, p. 129, pl. 51, figs. 5, 6, pL.
52, figs. 1-5.

Referred specimens—UF 256-21088,21477,21540-
21543,21614a, 34123, 78149.

Description—Lamina lanceolate, asymmetric, un-
lobed, small or notophyll, estimated length 58-92 mm
(x=79, N=3), width 16-37 mm (x=25, N=10), I/w ratio
2.5-2.7, leaf area estimate 861-2241 mm?2 (x=1632,
N=3), petiole missing; lamina apex acute; base cuneate,
asymmetrical; margin serrate in upper 2/3 leaf length,
simple, teeth large, irregularly spaced, distant, apices
rounded, distal flank slightly convex, proximal flank con-
vex to straight and attenuate; sinuses acute, usually fed by
an exmedial branch of the secondary vein; venation pin-
nate; midvein moderately thick, curved; secondary vena-
tion craspedodromous and eucamptodromous, ~11-13
pairs, irregularly spaced, excurrent attachment, angle of
divergence basal 42-72°, middle 46-66°, apical 46-52°,
course straight to more than % distance to margin then
curved apically in basal portion of lamina, curved in api-
cal portion of lamina, sometimes branched and joining

superadjacent secondary; less than one intersecondary
per intercosta, extending about 1/2 distance to margin;
tertiary venation free ramified to occasionally percur-
rent; quaternary venation irregular reticulate and closely
spaced; free ending veinlets mostly absent.

Discussion—These specimens conform to Anacar-
diaceae; for example, resembling Rhus glabra L. (1753),
characterized by relatively large teeth, sinuses usually
fed by abaxial branching of secondaries, and transversely
free ramified to occasionally percurrent tertiaries. These
specimens conform to R. lesquereuxii Meyer and Man-
chester (1997) from the Bridge Creek flora (Table 2,
Meyer and Manchester 1997, see pl. 52, fig. 1) in lamina
size, tooth shape, base symmetry, exmedial branching
to sinuses, and transverse tertiaries (Fig. 4K). Rhus
lesquereuxii from the Florissant flora (Table 2, MacGinitie
1953) has sharp pointed teeth. Additional Rhus species
have been found including an endocarp from the Clarno
Nut Beds and leaflets from Bridge Creek, Beaverhead
Basin, Badger’s Nose (Myers 2006), Metzel Ranch, York
Ranch, Green River, and Florissant floras (Table 2). Some
of these specimens are superficially similar to lobed
Quercus leaves, but they lack a marginal vein usually
found in Quercus, and Quercus seems to lack transversely
free ramified tertiary veins (Luo, Y. and Z-K. Zhou. 2002).

Rhus includes 35-54 species of shrubs and small
trees, found in warm and temperate regions throughout
the world (Mabberley 1993, Yi et al. 2004, GBIF 2021,
PoWO0 2023).

TOXICODENDRON MILLER, 1754
TOXICODENDRON sp. 1

FIG. 4L

Referred specimens—UF 256-20752, 84754, 84755.

Description—Fragment of aracemose infructescence,
length 8 mm, with alternate arranged pedicellate fruits;
pedicel length 1-1.2 mm, width 0.3-0.4 mm; fruits cir-
cular or oblate, length 2.8-5.6 mm, width 2.0-3.8 mm,
with persistent calyx base and stigma; outer wall thin;
fruits appear to be glabrous; endocarp with longitudinal
grooves.

Discussion—These specimens conform to Toxicoden-
dron, characterized by the presence of a racemose infruc-
tescence, small fruits with a thin outer wall, longitudinal
grooved endocarps, with persistent calyx base and stigma
(Fig. 4L). Similar fruits are found in Rhus but they arein a
paniculate arrangement, and the stigma can sometimes
be divided into two lobes. Toxicodendron is also found in
the Bridge Creek and Green River floras (Table 2).

Toxicodendron consists of 15-28 species of shrubs
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and climbers, found in Canada to southwestern South
America, Pakistan to Eastern Asia and to Sumatra (Mab-
berley 1993, Meyer and Manchester 1997, GBIF 2021,
PoWO 2023).

CF. TOXICODENDRON MILLER, 1754
FIG. 4M

Referred specimen—UF 256-21607.

Description—Lamina ovate, small, unlobed, length
37 mm, width 20 mm, 1/w ratio 1.8, leaf area estimate
494 mm?, petiole missing; lamina apex and base acute;
margin entire; venation pinnate; midvein moderately
thick; secondary venation cladodromous and extend-
ing to margin; tertiary venation transversely ramified,
sometimes reaching margin, some alternate percurrent;
higher order venation not preserved; surface punctate.

Discussion—This specimen is similar to Toxicoden-
dron wolfei Meyer and Manchester (1997) from the
Bridge Creek flora (Table 2), characterized by an entire
margin leaf with cladodromous secondary veins and
transversely ramified to percurrent tertiary veins (Fig.
4M). The difference is that the Teater Road specimen
is quite small and the surface is punctuate (Meyer and
Manchester 1997). While leaves of extant species of Rhus
and Toxicodendron lack punctate leaf surfaces, Garcinia
livingstonei T. Anderson (1867) (Clusiaceae) does have a
punctate surface, entire margin and mixed brochidodro-
mous/cladodromous venation, although the leaf shape is
elliptic to obovate and are typically about twice as large
as our specimen.

LOXOPTEROIDES MANCHESTER & JUDD, 2022
LOXOPTEROIDES WEEKSAE MANCHESTER & JuDD, 2022

FIG. 4N

Loxopteroides weeksae Manchester and Judd, 2022, Acta
Palaeobot. 62, p.3, Pl. 1, figs. A-O.

Referred specimen—UF 256-21048.

Discussion—A single samara (Fig. 4N) in the Teater
Road collection represents the youngest known occur-
rence of the extinct anacardiaceous genus Loxopteroides
which was initially described based on specimens from
the Middle Eocene of Oregon and California (Table 2,
Manchester and Judd 2022). In addition to the three rep-
resentatives of Anacardiaceae treated here, the distinc-
tive wood of Pistachia has been identified among silicified
woods from the nearby late Eocene Post Hammer site
(Wheeler and Manchester 2023) (Table 3).

MELIACEAE Jussitu, 1789
CEDRELA P. BROWNE, 1756

CEDRELA MERRILLII (CHANEY) BROWN, 1937

FIG. 6U
Cedrela merrillii (Chaney) Brown, 1937, Wash. Acad. Sci.
].27,p.511-512.
Rhus merrillii Chaney, 1927, Carnegie Inst. Wash. Publ.
346, p. 125, pl. 16, figs. 1, 2.

Referred specimens—UF 256-20807,20808,21044,
21050.

Description—Winged seed, elliptic, length 9-16 mm
(x=12,N=4), width 4.1-5.5 mm (x=5, N=4), wing extend-
ing laterally from seed body; apex acute or obtuse; base
acute; proximal margin straight, distal margin shallow
convex; wing base sometimes extending around seed
body in narrow strip; wing with single vein emerging
from distal side of seed body, then arching upward to
near apex along proximal margin, then sometimes loop-
ing back down just inside of distal margin; wing with
distinct polygonal cells; seed body oval, length 4.1-5.2
mm (x=4.8, N=3), width 2.9-3.2 mm (x=3.0, N=3).

Discussion—The aforementioned characters are
similar to the extant genus Cedrela Browne and conform
to the fossil species Cedrela merrillii from the Bridge
Creek flora. Leaflets of Cedrela lancifolia (Lesquereux)
Brown (1937) are present in Ruby Basin, Beaverhead
Basins, and Florissant floras. Cedrela pteraformis (Berry)
Brown (1935), a winged seed with a hooked shaped distal
margin (Brown 1935), is present in Metzel Ranch and
Beaverhead Basins floras, and C. trainii Arnold (1936),
a lanceolate leaflet, is present in the Sucker Creek flora
(Arnold 1936b) (Table 2).

Cedrela includes 19 extant species of shrubs and trees,
found in Mexico to tropical America (GBIF 2021, PoWO
2023).

RUTACEAE Jussitu, 1789
RUTASPERMUM CHANDLER EMEND. GREGOR, 1975
RUTASPERMUM sP.

FIG. 6E

Referred specimen—UF 256-21051, 21053, 21054,
62694, 84911.

Description—Seed oval, length 3.4-4.6 mm (x=3.8,
N=5), width 3-3.2 mm (x=3.1, N=5); hilar surface with
numerous pits, non-hilar surface marked with a reticu-
lum of longitudinal and smaller rugulae, interspersed
with numerous pits; hilar scar elongate.

Discussion—We tentatively placed these distinctive
specimens in the form genus Rutaspermum due to the
overlap among seeds of different modern genera. These
specimens are similar to extinct Rutaspermum mes-
selense Collinson and Gregor (1988) and Zanthoxylum
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rhabdospermum (Lesquereux) Tiffney (1980) (Collinson
and Gregor 1988, Tiffney 1980). The Teater Road species
(Fig. 6E) is very similar to that designated as “Rutasper-
mum undetermined B” from the Middle Eocene Messel
flora of Germany (Pl. 37, figs g-i in Collinson et al 2012).

SAPINDACEAE JussiEu, 1789
ACER LINNAEUS, 1753

Wolfe and Tanai (1987) recognized seven species of
Acer from the Teater Road locality, which they called
Sheep Rock Creek, based on leaves and fruits: Acer
beckii Wolfe and Tanai, A. crookense Wolfe and Tanai),
A. meyeri Wolfe and Tanai, A. ovipetrinum Wolfe and
Tanai, A. sinuofluviatilis Wolfe and Tanai, A. clarnoense
Wolfe and Tanai, and A. postense Wolfe and Tanai. Here
we review those species with the benefit of some ad-
ditional specimens collected subsequent to Wolfe and
Tanai’s work. We conclude that Acer beckii and A. meyeri
are synonyms, for which we retain the name A. meyeri.
Some of Wolfe and Tanai’s species included both fruits
and leaves under the same epithet, but without clear
evidence. Herein we recognize eight species, two based
only on leaves and six based only on fruits. We lack clear
evidence to determine which fruit species belong to the
species known from leaves. Acer is widespread within
our selected sites of western North America (Table 2).
Aceris also represented by two species of silicified wood
from the nearby Late Eocene Post Hammer site (Wheeler
and Manchester 2021) (Table 3).

Acer consists of 100-153 extant species of trees,
found in temperate areas and tropical mountains of the
Northern Hemisphere (Mabberley 1993, GBIF 2021,
PoWO0 2023).

ACER CLARNOENSE WOLFE & TANAI, 1987 EMEND. LOTT &
MANCHESTER
FIG. 40, P

Basionym—Acer clarnoense Wolfe and Tanai, 1987,
pro parte, ]. Fac. Sci., Hokkaido Univ. 22, p. 78-79, pl. 14,
figs. 5-7 only.

Holotype—UCMP 9010A.

Paratypes—UCMP 9011, 9012.

Referred specimens—UF 256-21127,21259, 21260,
21261, 34071a.

Emended description—Lamina widely to very wide-
ly ovate, mostly shallowly trilobed, small or notophyll,
length 29-63 mm (x=45, N=5), width 24-62 mm (x=38,
N=5), I/w ratio 0.9-1.6, leaf area estimate 476-2286
mm? (x=1243, N=5), petiole missing; lamina apex acute;
base round to truncate; lobe apices acute, lobe sinuses
angular, angle between primary lobes 47-75°, incisions

29-57% from lobe apex to midvein; margin serrate;
teeth mostly simple, some relatively large, mostly one
per secondary, irregularly spaced, distant, apices acute,
distal flank concave or straight, proximal flank convex,
flexuous, or straight, principal veins present, terminate
at apex of tooth; sinus acute; primary venation basal
actinodromous; three primary veins, weak, straight,
lateral primary veins parallel to divergent from medial
secondary veins; basal veins three; secondary venation
pinnate within each lobe, craspedodromous and a few
camptodromous, spacing irregular, medial secondary
pairs ~ six, excurrent attachment, angle of divergence
basal 51°, middle 30-35°, apical 30-37°; lobal sinal brac-
ing formed by bifurcation of a medial secondary vein;
tertiary venation reticulate; areoles moderate develop-
ment, ~4-5 sided.

Discussion—We have amended the description
provided by Wolfe and Tanai (1987) because they indi-
cated five primary veins in the leaf, but the holotype and
paratypes show only three primary veins, and we have
included additional specimens. Also, we restrict our
concept to the leaves (the holotype is a leaf), whereas
the fruits hypothesized by Wolfe and Tanai to have been
conspecific are treated here as “Acer sp. 2” (See Wolfe and
Tanai 1987), Pl. 14, figs. 3, 4). Acer clarnoense has shal-
lowly trilobed leaves with some camptodromous external
secondary veins (Fig. 40). [talso has acutely angled lobal
sinus bracing (Fig. 4P), closely spaced tertiary veins and
polygonal areoles with veinlets branching two or three
times. The margin is serrate with some of the subsidiary
teeth enervated by branches from external secondary
veins (rather than directly by the secondary veins) (Wolfe
and Tanai 1987, p. 79). This set of features is character-
istic of the extant Macrantha Pax (1885) group of Acer
according to Wolfe and Tanai (1987).

ACER CROOKENSE WOLFE & TANAIL 1987
FIG.5C, D

Basionym—Acer crookense Wolfe and Tanai, 1987, ].
Fac. Sci., Hokkaido Univ. 22, p. 116, pl. 10, figs. 1, 2, 5, 6.

Holotype—UCMP 9020A, B.

Referred specimens—UF 256-20845,59035,59039.

Description—Fruit samaroid, with elongate lateral
wing in plane of symmetry adjoining a rounded-triangu-
lar nutlet; samara length 17-24 mm (x=19, N=3), width
4.5-5.7 mm (x=5.1, N=3); apex obtuse-rounded; base
truncate; with at least four veins coalesced along straight
proximal margin, distal margin shallow convex; wing
base forming a wide to narrowly concave sulcus with
nutlet; wing vein angle of divergence 11-49°, veins gently



44 MANCHESTER AND LOTT—Late Eocene Teater Road flora from Oregon, USA  PaleoBios 41(2) 2024

N

Figure 5. Sapindales. A-K. Acer samaras. A. Acer meyeri Wolfe and Tanai, Holotype UCMP 9028. B. A. meyeri (synonym: published as A.
beckii Wolfe and Tanai, Holotype UCMP 9304. C. A.meyeri, UF 256-20860. D. A. crookense Wolfe and Tanai, Holotype UCMP 9020. E. Acer
ovipetrinum Wolfe and Tanai, Holotype, UCMP 9107. F. A. postense Wolfe andTanai, UF 256-20841. G. A. postense, Holotype UCMP 9184.
H. Acer sinuofluviatilis Wolfe and Tanai, Holotype UCMP 9044. 1. Acer sinuofluviatilis, UF 256-20856. J. Acer sp. 2, UF 256-20857. K. Acer
sp. 2, attributed to A. clarnoense by Wolfe and Tanai (1987), UCMP 9014. L. Dipteronia brownii McClain and Manchester, UF 256-20862.
M. Morphotype TRR 09, indet. samaroid fruit with stylar projection and distal notch in the wing, UF 256-21012". N. cf. Elattostachys, UF
256-21622. 0. Koelreuteria allenii (Lesquereux) Edwards, UF 256-20740. P. Ailanthus confucii Unger, UF 256-34121. Q. Chaneya tenuis
(Lesquereux) Wang and Manchester, calyx, UF 256-20828. Scale bars: A-Q=5 mm; M=2 mm.
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Figure 6. A, B. Morphotype TRL 12, Rosaceae, UF 256-21552. C. Florissantia ashwillii Manchester, UF 256-31404. D. Florissantia speirii
(Lesquereux) Manchester, UF 256-31405a. E. Rutaspermum sp., endocarp, lateral view, UF 256-21054. F. Craigia oregonensis (Arnold)
Kvacek, Blizek and Manchester, UF 256-20927. G. Plafkeria sp., virtually unfolded leaf, UF 256-34107. H. Same, detail of venation. I. Hy-
drangea sp., sepal, UF 256-21005. J. cf. Ailanthus, leaflet with rounded teeth, UF 256-21065. K, L. Flectorivus sp., UF 256-21424. M. Mor-
photype TRL 11, cf. Rhamnaceae, UF256-21133a. N, 0. Morphotype TRL 13, serrate lamina, UF 256-21545". P. Fraxinus sp., samara, UF
256-20919. Q. Deviacer wolfei Manchester, UF 256-20852. R. Morphotype TRR 19, Cedrela like seed, UF 256-21049. S, T. Morphotype TRR
04, winged seed, UF 256-21013. U. Cedrela merrillii (Chaney) Brown, UF 256-21044. V. Davidia sp., endocarp, UF 256-20923. Scale bars:
A CD,GH,J,K M,N,P=5mm; B=3 mm; E,E I, Q-S, U, V=2 mm; L, 0=1 mm; T=500 pm.
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Figure 7. A. Antholithes sp., pedicellate flower, UF 256-20738. B. Morphotype TRR 20, indet. flower, UF 256-21008. C. Morphotype TRR
11, samaroid fruit resembling Fabaceae, UF 256-20921. D, E. Morphotype TRR 07, two sessile infructescences, UF 256-20737a. F, G. Mor-
photype TRR 12, paniculate infructescence, UF 256-20735. H. Morphotype TRR 13, cf. Mastixia, UF 256-20814. 1. Morphotype TRR 06,
bract with overlapped margin (arrow), UF 256-20928". J. Morphotype TRR 14, infructescence with overlapping triangular bracts, UF 256-
20751. K. Morphotype TRR 05, winged seed, UF 256-20809. L. Beckersoperma ovalicarpa (Becker) Meyer and Manchester, winged seed,
UF 256-21031. M. Morphotype TRR 15, possible cone scale, UF 256-21574. N. Morphotype TRR 08, pedicellate drupe, UF 256-21010. O.
Morphotype TRR 16, pedicellate fruit, UF 256-21009. P. Morphotype TRR 17, pyriform woody structure, UF 256-21016. Q. Quercus sp.

3, nut, UF 256-21061. R. Morphotype TRR 10, wide-elliptic fruit, UF 256-21027. S. Morphotype TRR 18, ellipsoidal seed/fruit, UF 256-
21052. Scale bars: A, G, H, L, N, 0, S=1 mm; B, C,E,F I, ], M, Q=2 mm; D, P, R=5 mm; K=500 um.
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to sharply curving and bifurcating at least three times,
numerous anastomosing veins trending perpendicular
to distal margin; nutlet length 5.2-6.8 mm (x=5.8, N=4),
width 2.3-4.4 mm (x=3.3, N=4), apex narrowly rounded,
proximal margin straight, distal margin convex or hooked
shaped, nutlet with a medial, curved groove, broad at
base, narrows upward; attachment scar 2-4 mm, attach-
ment angle 20-59°, nutlet angle 6-19°.

Discussion—Acer crookensis is distinguished by fre-
quent anastomosing of the venation, and nutlets with a
pronounced medial groove. According to Wolfe and Tanai
(1987), the nutlet flange (medial groove) observed in
these fossils is characteristic of an extinct section of Acer
they referred to as Glabroidea.

ACER MEYERI WOLFE & TANAI, 1987
FIG. 5A-C

Basionym—Acer meyeri Wolfe and Tanai, 1987, ]. Fac.
Sci., Hokkaido Univ. 22, p. 134, pl. 11, figs. 11, 16

Synonymy—Acer beckii Wolfe and Tanai, 1987, ]. Fac.
Sci., Hokkaido Univ. 22, p. 115, pl. 10, figs. 10, 11.

Holotype—UCMP 9028.

Referred specimens—UCMP 9304 (holotype of A.
beckii), UF 256-20860, 59034, 59036.

Description—Fruit samaroid, with elongate lateral
wing in plane of symmetry adjoining an elliptic nutlet;
samara length 20-21 mm, width 5-6 mm; apex rounded;
base truncate; with at least six veins coalesced along
straight proximal margin, distal margin convex; wing
base forming a V to U- shaped sulcus with nutlet; wing
vein angle of divergence 22-44°, sharply curving and
bifurcating up to three times, tending acute or perpen-
dicular to distal margin; nutlet length 6 mm, width 4
mm, apex rounded, proximal and distal margin straight
or convey, surface with two distinct flanges, bordering
longitudinal furrow thatis v-shaped at both ends; attach-
ment angle ~40°, nutlet angle 31°.

Discussion—We did not discern significant differ-
ences between the holotypes of A. meyeri (Fig. 5A) and
A. beckii (Fig. 5B) as designated by Wolfe and Tanai
(1987). Although the former shows venation trending
perpendicular to the distal margin and the latter has
veins oriented acute to the distal margin, they appear
to be identical in nutlet morphology. The nutlet has two
distinct flanges that form a V-shaped configuration (Fig.
5A, B) area at the nutlet top, and the proximal margin
is markedly convex (Fig. 5A). Acer meyeri (including A.
becki) conforms to the extinct section of Acer named as
Glabroidea (Wolfe and Tanai 1987).

ACER OVIPTRINUM WOLFE & TANAI, 1987
FIG. 5E

Basionym—Acer oviptrinum Wolfe and Tanai, 1987, ].
Fac. Sci., Hokkaido Univ. 22, pgs. 83-84, pl. 20, figs. 4, 6.

Holotype—UCMP 9107.

Discussion—This species is known only by its holo-
type although several uncited specimens were mentioned
by Wolfe and Tanai (1987). The samare is characterized
by a nutlet with a conspicuous basal beak. The nutlet
also has eightlow ridges and nearly twice the number of
thin veins paralleling the ridges. The wing forms a deep
and broad U-shaped sulcus with the nutlet, has ten veins
coalesced along the proximal margin;wing veins diverge
at 10-30° (Fig. 5E). According to Wolfe and Tanai (1987),
the elongated nutlet outline, several subparallel nutlet
veins, and sinuous proximal margin of the nutlet, are
features that link this species with Acer section.

ACER POSTENSE WOLFE & TANAL 1987
FIG. 5F G

Basionym—Acer postense Wolfe and Tanai, 1987, ].
Fac. Sci., Hokkaido Univ. 22, p. 172, pl. 17, figs. 12-14.

Holotype—UCMP 9184.

Referred specimens—UF 256-20841, 20844, 20848-
20850, UCMP 9186, 9230.

Description—Fruit samaroid, with elongate lateral
wing in plane of symmetry adjoining an elliptic, ovate,
or oblate nutlet; samara length 18-22 mm (x=20, N=5),
width 2.7-7.2 mm (x=5.3, N=5); apex obtuse; base
truncate; with 5-6 veins coalesced along nearly straight
proximal margin, distal margin deeply convex; wing base
extending along apex of nutlet, also forming a U- to V-
shaped sulcus with nutlet; wing vein angle of divergence
20-35°, sharply curving and bifurcating 1-3 times, some
anastomoses, veinlets reticulate; nutlet length 4.7-7.3
mm (x=5.6, N=5), width 2.5-5.4 mm (x=3.8, N=5); apex
rounded; proximal margin shallow convex, sometimes
expanded beyond proximal margin of wing, distal mar-
gin deeply convex; attachment scar 2.5-4 mm; nutlet
with some distinct parallel lines at apex, and venation a
reticulum; attachment angle 26-80°, nutlet angle 4-17°.

Discussion—The original description for Acer
postense indicates the nutlet shape as elliptic to narrowly
ovate, but nutlet shape in UCMP 9230 (Wolfe and Tanai
1987, PL. 17, fig. 13) is widely ovate. We note a distinc-
tive inverted U-shape to the outline of the nutlet (figs.
5F, G). According to Wolfe and Tanai (1987), A. postense
conforms to extant Acer section Acer in having a strongly
inflated nutlet with obscurely reticulate venation, and
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bifurcating wing veins with reticulate veinlets.

ACER SINUOFLUVIATILIS WOLFE & TANAI, 1987
FIG.5H, 1

Basionym—Acer sinuofluviatilis Wolfe and Tanai,
1987, J. Fac. Sci., Hokkaido Univ. 22, p. 100, pl. 17, figs.
4,7,10-12.

Holotype—UCMP 9044.

Referred specimen—UF 256-20856.

Description—Fruit samaroid, with elongate lateral
wing in plane of symmetry adjoining an ovate nutlet;
samara length 26 mm, width 5.3 mm; apex acute; base
truncate; with ~five veins coalesced along straight proxi-
mal margin, distal margin broadly convex; wing base
extending to % distance of nutlet, forming a U-shaped
sulcus with nutlet; wing vein angle of divergence 16-22°,
veins smooth curving and bifurcating at least two times,
some anastomoses; nutlet length 9 mm, width 4 mm,
narrowly rounded apex, proximal margin shallow convex,
distal margin angular, attachment scar 4.7 mm, nutlet
with atleast three veins extending from attachment scar
apically into the wing, one stronger than others; attach-
ment angle 50°, nutlet angle 10°.

Discussion—The presence of veins extending from
the attachment scar and entering the wing, where one
is stronger than the others (Fig. 5H, 51), is unique to this
species compared to all other Acer fruit species in the
Teater Road flora. Itis similar to A. cranei of the Bridge
Creek flora and considered likely to belong to Acer sec-
tion Negundo (Wolfe and Tanai, 1987).

ACER SP. 1 LEAF
FIG. 4Q

Referred specimen—UF 256-21128.

Description—Lamina ovate, deeply trilobed, small,
estimated length 34 mm, estimated width 43 mm, 1/w
ratio 0.8, leaf area estimate 962 mm?, petiole 8 mm long;
lamina apex acute; base truncate; one lateral lobe apex
acute, lobe sinuses angular, angle between primary lobes
45-74°,incisions around 60% from lobe apex to midvein;
margin serrate; teeth simple, sometimes falcate, regularly
spaced, distant, apex acute, distal flank concave, straight,
or sinuate, proximal flank convex; sinuses angular or
rounded; primary venation basal actinodromous; three
primary veins, stout, straight, angle of divergence be-
tween adjacent primary veins 55°; few secondary veins
preserved, craspedodromous, one per tooth; higher order
venation not preserved.

Discussion—This specimen has characters similar
to the Platanoidea Group, Section Manchesteria Wolfe

and Tanai (1987), with a deeply three lobed leaf, three
primary veins, and teeth simple (Fig. 4Q), but the distal
flank of the teeth in UF 256-21128 is variable. Specimen
UF 256-21388b is a partial lobed leaf with falcate teeth,
angular sinus, and sinus angle similar to 21128, but the
lobe incision length is unknown. Within this section, Acer
axelrodi Wolfe and Tanai (1987), from the late middle
Eocene of northeastern Nevada, is close to Acer sp. 1
but the lack of well-preserved secondaries precludes
confirmation (Wolfe and Tanai 1987).

ACER SP. 2 FRUIT
FIG. 5], K

Prior citation. Acer clarnoense Wolfe and Tanai, 1987, pro
parte (fruits only), J. Fac. Sci., Hokkaido Univ. 22, p.
78-79, pl. 14, figs. 3, 4 only.

Referred specimens—UF256-20842,20853,20854,
20857,20861, UCMP 9014.

Description—Fruit samaroid, with elongate lateral
wing in plane of symmetry adjoining an oblong or el-
liptical nutlet; samara length 16-32 mm (x=24.0, N=7),
width 4-11 mm (x=6.0, N=7); apex obtuse; base truncate;
with 2-3 veins coalesced along straight proximal mar-
gin, distal margin broadly convex or straight, wing base
extending to expanded portion of distal margin, forming
shallow and broad to rarely deep and short U-shaped sul-
cus to nutlet; wing vein angle of divergence basal 8-40°,
middle 20-40°, apical 16-37°, smoothly to sharply curv-
ing and bifurcating 1-3 times, some anastomoses; nutlet
length 4-12 mm (x=8, N=8 ), width 1.4-6 mm (x=4, N=8);
narrowly or broadly rounded apex; proximal margin
shallow convex, distal margin asymmetrically angular;
attachment scar 1-5 mm, sometimes with poorly defined
distal keel; nutlet smooth, some with parallel veins run-
ning along distal side of nutlet; attachment angle 20-60°,
nutlet angle 5-16°.

Discussion—Acer clarnoense was described on the
basis of leaves and fruits but Wolfe and Tanai (1987)
selected a leaf as the holotype. Here, we treat the fruits
separately as Acer sp. 2. These specimens also resemble
A. sinuofluviatilis, except in that A. sp. 2 the nutlet surface
is smooth and apically rounded (Figs. 5], K).

DIPTERONIA BROWN EMEND. MCCLAIN & MANCHESTER, 2001
DIPTERONIA BROWNII McCLAIN & MANCHESTER, 2001
FIG. 5L

Dipteronia brownii McClain and Manchester, 2001, Am.
J. Bot. 88, p. 1320, figs. 10-34.

Referred specimens—UF 256-20862, 21046.
Description—Fruit a samara, nearly circular, with a



MANCHESTER AND LOTT—Late Eocene Teater Road flora from Oregon, USA  PaleoBios 41(2) 2024 49

flat scar of detachment from schizocarp; length 11 mm,
width ~11 mm; seed nearly circular, length 4.8 mm, width
4.2 mm, centrally positioned within fruit wing, linked
with a curved funicle; wing with striations radiating from
seed; seed body faintly reticulate.

Discussion—As discussed in McClain and Manchester
(2001), Dipteronia brownii closely resembles extant D.
sinensis Oliver (1889). Dipteronia brownii samaras have
also been noted in Sumner Spring, Whitecap Knoll, Ruby
Basin, and Florissant floras, and Dipteronia sp. in the
Bridge Creek flora (Table 2).

Dipteronia consists of two species of trees found in
temperate forests of China (PoWO 2023). The genus has
also been confirmed by fruits from the Late Eocene and
Oligocene of China (Manchester 1999, Ding et al. 2018).

CF. ELATTOSTACHYS (BLUME) RADLKOFER, 1879
FIG. 5N

Referred specimens—UF 256-21539,21622,21648,
78833.

Description—Lamina ovate, asymmetrical, unlobed,
small or notophyl], length 58-104 mm (x=81, N=2), width
25-47 mm (x=33, N=4), |/w ratio 2.2-2.3, leaf area es-
timate 967-3269 mm? (x=2118, N=2), petiole missing;
lamina apex acute; base rounded and highly asymmetri-
cal; margin serrate; teeth simple, one order of large to
small teeth, irregular, distant, apices acute; teeth distal
flank straight and slightly sinuous, proximal flank con-
vex to straight, tooth apex rounded to sometimes acute;
sinuses angular; venation pinnate; midvein moderately
thick, straight; secondary venation with alternate pairs of
craspedodromous secondaries, other pairs brochidodro-
mous, 14 pairs, irregularly spaced, excurrent attachment,
angle of divergence basal 53-88°, middle 64-90°, apical
54-71°, course curved and sinuous; brochidodromous
secondaries with exmedial tertiary vein to sinus; in-
tersecondaries frequent, extending up to %2 distance to
margin before merging with tertiaries; tertiary venation
sparsely percurrent; quaternary venation reticulate.

Discussion—These leaflets resemble those assigned
to Dipteronia insignis (Lesquereux) Brown (1937) from
the Florissant, Beaverhead Basins, and Metzel Ranch
floras (MacGinitie 1953, Becker 1969, 1972). As noted
in McClain and Manchester (2001), the systematic affin-
ity of this foliage remains elusive because similar kinds
of leaflets can be found in various genera of Sapindales,
such as Koelreuteria and Dipteronia. Given that the Teater
Road flora includes verified fruits of both Dipteronia
and Koelreuteria we considered both of these genera as
potential candidates for the identity of this foliage. In

the extant species, Koelreuteria elegans (Seemann) A.C.
Smith (1952), the leaflets have predominantly simple
teeth whereas K. paniculata Laxmann (1772) leaflets
have predominantly compound teeth. In K. elegans, the
secondary veins are predominantly cladodromous-like
with the veins bifurcating near the margin, with one
branch extending to the tooth, and the other to to the
sinus, while in K. paniculata the secondaries are craspe-
dodromous, lacking brochidodromous venation. In
Dipteronia sinensis Oliv. (1889), the percurrent tertiary
veins along the margin merge with the sinus, while in
D. dyeriana A. Henry (1903), exmedial branches of the
craspedodromous secondaries enter the tooth and/or
sinus. Extant Elattostachys verrucosa (Blume) Radlkofer
(1933) (Sapindaceae) shows numerous morphological
similarities to our fossil specimens, such as asymmetrical
leaf and base, simple, one order of large to small teeth,
craspedodromous alternating with brochidodromous
secondaries, percurrent tertiaries; reticulate quaterna-
ries, and frequent intersecondary veins. However, in E.
verrucosa there are semicraspedodromous mixed with
craspedodromous secondaries and the teeth are occa-
sionally compound. We tentatively place these specimens
near Elattostachys.

Elattostachys consists of 14-20 species of trees found
in Malaysia to Australia, and Polynesia (Delaude 1993,
GBIF 2021, PoWO 2023).

KOELREUTERIA LAXMANN, 1772
KOELREUTERIA ALLENII (LESQUEREUX) EDWARDS, 1927

FIG. 50

Koelreuteria allenii (Lesquereux) Edwards, 1927, J. Nat
Hist. 20, p. 109-110.

Referred specimens—UF 256-20739-20748a,21015,
34097, 34098.

Description—Fruit with elliptic capsular valves;
length 24-37 mm (x=32, N=8), width 13-24 mm (x=19,
N=9); apex mucronate; base narrowly cuneate, usu-
ally symmetrical (one specimen asymmetrical); margin
entire; valves with sinuous lateral veins, extending to
fimbrial vein at the margin, veins branched, connected
into quadrilateral to pentagonal areoles that are irregular
and elongate, transverse to longitudinal freely ending
veinlets unbranched to once branched; seeds ellipsoidal,
attached to the midvein, midway between base and apex
of valve; seed diameter 2.0-5.4 mm, smooth to faintly
ridged; septa extend approximately 1/3 to 2/3 of valve
length; valve texture membranous.

Discussion—Characters that place these fruits
in Sapindaceae, specifically Koelreuteria, are elliptic
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membranous valves greater than 20 mm long, with an
elongated reticulum (Fig. 50). An incomplete septum
extending about halfway from base toward the apex of the
valve, with two seeds at a single level within each valve
is another important character, but only one seed per
specimen is preserved (Wang etal. 2013). Along with the
aforementioned characters, a cuneate base places these
specimens into Koelreuteria allenii which is also found in
the Florissant and Green River floras. Other Koelreuteria
species with fruits have been recognized in the Mormon
Creek, Metzel Ranch, Ruby Basin and Beaverhead Basins
floras (Table 2, Wang et al. 2013).

Koelreuteria consists of 3-4 species of trees, found in
temperate forests of China, North Vietnam and Lorea,
Taiwan and Fiji (Wang et al. 2013, PoWO 2023).

SIMAROUBACEAE DE CANDOLLE, 1811
AILANTHUS DESFONTAINES, 1788
AILANTHUS CONFUCII UNGER, 1850

FIG. 5P

Ailanthus confucii Unger, 1850, Denkschriften der Kaiser-
lichen Akademie der Wissenschaften. Mathematisch-
Naturwissenschaftliche Classe 2.

Referred specimens—UF 256-20701, 20703a-
20708, 20710a-20712, 20715-20718, 20720-20722,
20724a-20733, 20736, 20820, 21143b, 21584, 21586,
34112, 34119-34121, 47239, 60441, 60442, 60445-
60448, 76956.

Description—Samaroid mericarp, with a centrally
placed oval to rounded seed surrounded by a narrowly
elliptic wing that tapers to both ends; mericarp length
12-36 mm (x=24, N=30), width 4.3-11 mm (x=6, N=40);
attachment end acute, apical end rounded and sometimes
twisted; ventral margin sometimes forms a v-shape
above the seed; venation of ~15 parallel veins that radi-
ate from a reticulum over the seed body and extend out
to the ends of the samara; a strong ventral vein arising
from the attachment end extends along the margin to
near the fruit midsection, then arches inward to the seed;
seed body length 3.7-7 mm (x=5, N=36), width 2.8-6
mm (x=4, N=37).

Discussion—These specimens conform to Ailanthus,
characterized by shape, size, venation pattern, and seed
placement (Fig. 5P). The fossil record of Ailanthus is
easily recognized on the basis of such distinctive winged
fruits. Due to morphological homogeneity of fossil fruits
found in Europe, North America, and Asia, nearly all have
been synonymized under the name of Ailanthus confucii
(Corbett and Manchester 2004). The Teater Road fruits

were mentioned and figured previously as Ailanthus sp.
in Manchester (1999, Fig. 13B)) and Corbett and Man-
chester (2004, see Fig. 5L and 5M). Ailanthus fruits are
also found in Green River, Sumner Springs, Whitecap
Knoll, Florissant, Metzel Ranch, Ruby and Beaverhead
Basins floras (Table 2).

Ailanthus consists of 5-6 species of trees, found in
tropical and subtropical regions of Asia to Northern
Australia, and naturalized in North America, Central
and Southern Europe (Mabberley 1993, Corbett and
Manchester 2004, GBIF 2021, PoWO 2023).

cF. AILANTHUS
FIG. 6]

Referred specimens—UF 256-21065, 21234, 34073.

Description—Lamina ovate to lanceolate, symmetri-
cal, unlobed, small, length 63-71 mm (x=68, N=3), width
22-29 mm (x=26,N=3),1/w ratio 2.5-2.9, leaf area esti-
mate 911-1329 mm?2 (x=1179, N=3), petiolule missing;
lamina apex acute; base cuneate; margin mostly entire,
with single large tooth at base of lamina and 1-2 smaller
irregularly spaced teeth below midsection of lamina, apex
rounded; venation pinnate; midvein weak or moderate,
curved; secondary venation rarely craspedodromous,
mostly brochidodromous, ~eight pairs, spacing irregular,
excurrent or decurrent attachment, angle of divergence
40-70°, course straight to arching upward; 1-2 intersec-
ondaries extending > %2 distance to margin then merging
with tertiary veins; tertiary venation reticulate; quater-
nary venation reticulate.

Discussion—For an example of an extant species
similar to our specimens, we selected Ailanthus altissi-
mus (Miller) Swingle (1916), characterized by one or
a few large teeth near the base of the lamina, and few
irregular spaced teeth below midsection of lamina (Fig.
6]). However, the Teater Road specimens lack prominent
circular glands at the teeth apices as in A. latissimus and A.
excelsus Roxburgh (1795) (Corbett and Manchester 2004,
see Figs. 3C, D, G, H). We are uncertain whether the lack
of glandular tips on the teeth is a preservational differ-
ence or a fundamental distinction that would preclude
placement of these specimens in Ailanthus.

MALVALES JUSSIEU EX BERCHTOLD & J. PRESL, 1820
MALVACEAE Jussieu, 1789
CRAIGIA W.W. SMITH & W.E. EvANs, 1921
CRAIGIA OREGONENSIS (ARNOLD) KVACEK, BUZEK, MANCHES-
TER, 1991

FIG. 6F

Craigia oregonensis (Arnold) Kvacek, Blizek, Manchester,
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1991, Bot. Gaz. 152, p. 522.
Koelreuteria oregonensis Arnold, 1952, The Paleobotanist
1, p. 77, figs. 1-3.

Referred specimens—UF 256-21001,21003,20863,
20927.

Description—Membranous fruit valves, half-elliptical
with a straight proximal margin of detachment and con-
vex distal margin, length 10-12 mm (x=10.4, N=2), est.
width 12-16 mm (x=14, N=3); secondary veins radiating
from edge of the septum, which is about 2 mm thick, veins
mostly straight; secondary and tertiary veins dichotomiz-
ing and anastomosing, ultimately joining into a fimbrial
vein; areoles elongate.

Discussion—Only partial fruit valves are present (Fig.
6F) but they are very similar, morphologically, to those of
Craigia oregonensis from the Bridge Creek flora (Table 2,
Meyer and Manchester 1997). The few specimens from
Teater Road are, however, significantly smaller than those
from the Bridge Creek flora (10-12 vs 18-30 mm long)
Craigia fruits have also been found in Whitecap Knoll,
Mormon Creek, Ruby Basin, Beaverhead Basins and
Green River floras (Table 2). The extensive fossil record
of this genus in western North America, Europe and Asia,
was reviewed by Kvacek et al. (2005).

Craigia consists of two extant species of trees, found
primarily in wet tropical biomes of Tibet, Southern China
to Vietnam (Kvacek et al. 2005, Ding et al. 2019, GBIF
2021, PoWO 2023).

PLAFKERIA WOLFE, 1977
PLAFKERIA sp.

FIG. 6G, H

Referred specimens—UF 256-21126,21630, 21650,
34107.

Description—Lamina ovate or widely ovate, asym-
metrical, small or notophyll, length 25-80 mm (x=53,
N=2), width 22-61 mm (x=42, N=3), 1/w ratio 1.2-1.7,
leaf area estimate 364-2376 mm? (x=1370, N=2), petiole
missing; lamina apex acute; base asymmetrical, obtuse or
acute; margin entire, undulate basally; primary venation
basal actinodromous; simple agrophic veins; secondary
venation pinnate, brochidodromous, ~four pairs, spac-
ing irregular, excurrent attachment, angle of divergence
17-55°; tertiary veins opposite percurrent; epimedial
tertiaries opposite percurrent, proximal course perpen-
dicular to midvein, distal course basiflex; higher order
veins orthogonal reticulate.

Discussion—These specimens are similar to Plafkeria
obliquifolia (Chaney) Wolfe (1977) from Bridge Creek
and Badger’s Nose flora (Meyer and Manchester 1997,

Myers 2006) but because the petiole is not preserved
in the Teater Road specimens, we cannot confirm that
it was inflated as in P. obliquifolia. Aside from Teater
Road and Bridge Creek floras, Plafkeria has not been
observed in our selected sites of western United States
(Table 2). Plafkeria is a fossil genus that accommodates
leaves with characters found in more than one modern
genus of Malvaceae (which includes former Sterculiaceae
and Tiliaceae, Soltis et al. 2018) such as Burretioden-
dron Rehder (1936), Tilia L. (1753), and Pterospermum
Schreber (1791), and to a lesser extent the cornalean
genus Alangium Lamarck (1783) (Alangiaceae) due to the
configuration of quaternary and higher order venation
(Meyer and Manchester 1997).

FLORISSANTIA KNOWLTON EMEND. MANCHESTER, 1992
FLORISSANTIA ASHWILLII MANCHESTER, 1992

FIG. 6C

Florissantia ashwillii Manchester, 1992, Am. ]. Bot. 79, p.
1005, figs. 33-42, 48-50.

Holotype—UF 256-11740 (figs. 35, 48-50 in Man-
chester 1992)

Referred specimens—UF 256-11739,11741,11742,
11749,20865,20866a,b,20868-20874,20876-20883,
20885-20893, 20895, 20897-20899, 20902, 20903,
21473b, 31404, 34068, 34076, 34117, 78150, 78829,
78830.

Description—Fruits with calyx diameter 9-31 mm
(x=20, N=39), gamosepalous, deeply campanulate, five-
parted; sepals acute to rounded, with radiating primary
venation; calyx incision 28-40%, each sepal has 3-5 pri-
mary veins diverging from pedicel scar and extendingin a
straight to slightly sinuous course to near margin, some-
times dividing near upper margin, then looping to join
adjacent primary vein; fruit body rounded pentagonal,
sepals with three primary veins and usually two strong
veins that extend % sepal length; basal prominent vein
of sepal branches to form sinal bracing; primary veins
joined by secondary reticulate veins; androgynophore
forming a circular disk.

Discussion—The extinct genus Florissantia (Malva-
ceae) is recognized by its campanulate, five-lobed per-
sistent calyx (Fig. 6C), accompanied by a pentacarpellate
gynoecium and ten stamens (Manchester 1992, Meyer
and Manchester 1997). Two species of Florissantia are
recognized in the Teater Road assemblage; Florissantia
ashwillii (Manchester 1992) is the more abundant one
at this site. It has relatively small calyces. Some of the
Teater Road specimens preserve stamens that yielded
well-preserved pollen with features distinctive of tilioid
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Malvaceae (Figs. 48 to 50 in Manchester 1992). This spe-
cies is also found in Sumner Spring and Whitecap Knoll
floras (Table 2).

FLORISSANTIA SPEIRII (LESQUEREUX) MANCHESTER, 1992
FIG. 6D

Florissantia speirii (Lesquereux) Manchester, 1992, Am.
J. Bot. 79, p. 1003-1004, figs. 1-22.

Porana speirii Lesquereux, 1883, Rept. U.S. Geol. Surv.
Terr. 8, p. 172, pl. 28, fig. 15.

Referred specimens—UF 256-20884, 31405a.

Description—Fruit incomplete; calyx estimated
diameter 26-39 mm (x=33, N=2), gamosepalous, shal-
lowly campanulate; apparently five-parted; calyx lobes
rounded, with primary radiating venation; calyx inci-
sion 15%; each sepal has 5-6 primary veins diverging
from base and extending in a straight course to near
the margin then looping to join adjacent primary vein;
exmedial branching of primary vein leading to sinuses
forming sinal bracing; primary veins joined by secondary
reticulate veins.

Discussion—These specimens are distinguished from
the aforementioned species by the larger calyx size and
shallower sinuses of the calyx (Fig. 6D). They resemble
those known from more complete specimens, including
some with intact stamens and in situ pollen from the
Bridge Creek and Florissant floras (Manchester 1992).
The lack of a whorl of small petals distinguishes these
specimens from Florissantia quilchenensis (Mathewes
and Brooke) Manchester (1992) found in the Eocene of
British Columbia and northeastern Washington. Floris-
santia speirii is also found in the Florissant, Ruby Basin,
Beaverhead Basins, and the Clarno West Branch Creek
floras, and extends to the Oligocene Bridge Creek flora
(Table 2).

CORNALES LINK, 1829
HYDRANGEACEAE DUMORTIER, 1829
HYDRANGEA LINNAEUS, 1753
HYDRANGEA sP.

FIG. 61

Referred specimens—UF 256-21005-21007.

Description—Sepal; obovate, asymmetrical or sym-
metrical, length 11-15 mm (x=13, N=3), width 10-16
mm (x=13, N=3); apex rounded, obtuse; base obtuse or
acute with pointed attachment scar; margin entire; pri-
mary venation actinodromous; secondary and tertiary
venation reticulate and forming two or more rows of
marginal loop; fimbrial vein lacking.

Discussion—Theseisolated sepals (Fig. 61) correspond

in shape, size, and venation to those found intact in com-
plete calyces of four (occasionally three-) sepals at other
Eocene to Miocene sites. Unlike Florissantia, these sepals
are completely free from one another rather than con-
nate. These sepals resemble those of extant species of
Hydrangea with palmately veined calyces and resemble
the figures of Hydrangea florissantia Cockerell (1908)
(MacGinitie 1953) from Florissant, H. knowltonii Man-
chester (2015) from the Clarno Formation (Manchester
et al. 2015), and Hydrangea sp. from the Bridge Creek
flora (Table 2, Meyer and Manchester 1997). As noted in
Meyer and Manchester (1997), itis difficult to distinguish
extant species of Hydrangea based only on calyx mor-
phology, hence we do not provide a specific assignment
for the Teater Road specimens. Hydrangea fruits and
calyces are also found at sites of Clarno Formation, and in
Whitecap Knoll, Mormon Creek and Beaverhead Basins,
and Bridge Creek floras (Table 2), and were recognized
from the Eocene Chuckanut Formation of Washington
(Mustoe 2002).

Hydrangea consists of 23-80 extant species of shrubs
and occasional lianas, found in Eastern Asia to New
Guinea, Eastern United States to northwestern South
America, southern South America, Kuri and Hawaiian
Islands (Mabberley 1993, GBIF 2021, PoWO 2023).

NYSSACEAE JUSSIEU EX DUMORTIER, 1829
DAVIDIA BAILLON, 1871
DAVIDIA sP.

FIG. 6V

Referred specimen—UF 256-20923.

Description—Fruit stone elliptic; length 15 mm,
width 9 mm, with multiple longitudinal ribs, a thinner
rib between each pair of thicker ribs.

Discussion—An elliptic fruit with a thinner rib be-
tween each pair of thicker ribs (Fig. 6V) is similar to
extant Davidia involucrata Baillon (1871), except fruits
of the latter are nearly twice as large. Well preserved
silicified fruits of similar size and external morphology
were confirmed as Davidia by their internal morphology
from the nearby Dietz locality, UF 279 (figs. 65-69 in
Manchester and Mclntosh 2007). A fruit with possible
thick ribs is indicated as cf. Nyssa L. (1753) in the Bea-
verhead Basins flora (pl. 42, fig. 15a in Becker 1969,).

Davidia consists of one extant species of tree endemic
to central China (Ying etal. 1993, Manchester etal. 2009,
PoWO 2023).

ERICALES BERCHTOLD & J. PRESL, 1820
STYRACACEAE DE CANDOLLE & SPRENGEL, 1821
FLECTORIVUS MEYER & MANCHESTER, 1997
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FLECTORIVUS sP.
FIG. 6K, L

Referred specimens—UF 256-21375,21424,21550,
21654.

Description—Lamina elliptic or narrowly elliptic,
asymmetrical, unlobed, nanophyll or small, length 22-39
mm (x=29, N=3), width 9-32 mm (x=16, N=4), 1/w ratio
1.5-3.8,leaf area estimate 148-273 mm? (x=214.0, N=3),
petiole missing; lamina slightly rounded; base cuneate
and asymmetrical; margin serrate; teeth simple, with
small, regularly spaced, distant, glandular teeth, with
rounded or acute apices; venation pinnate; midvein
stout, slightly curved; secondary venation semicraspe-
dodromous, ~eight pairs, irregular spacing, excurrent
attachment, angle of divergence basal and middle 48-90°,
apical 38-57°, course slightly sinuous to % distance to
margin, then arching apically and parallel with margin;
intersecondaries less than one per intercostal; tertia-
ries reticulate; marginal tertiaries forming a uniseriate
series of exmedial brochidodromous loops, giving rise
to tertiary branches that enter the teeth; higher order
venation indiscernible.

Discussion—Flectorivus is an extinct genus possess-
ing foliage similar to extant Styrax L. (1753), Mellioden-
dron Handel-Mazzetti (1922) and Pterostyrax Siebold
and Zuccarini (1839) (Styracaceae, Meyer and Manches-
ter 1997). For an example of an extant species that is
similar to our specimens, we selected Styrax americanus
Lamarck (1783), with characters of marginal tertiaries
forming a uniseriate series of exmedial brochidodro-
mous loops, and tertiary branches from these exmedial
loops terminating in small apically oriented glandular
teeth (Fig. 6K). The venation entering the teeth of S.
americanus is complex, with tertiary veins originating
from tertiary vein looping, and minor secondary veins
originating from secondary vein looping. These speci-
mens are also similar to Flectorivus microdontos Meyer
and Manchester (1997) from Bridge Creek (Table 2)
and Badger’s Nose floras (Meyer and Manchester 1997,
Myers 2006) with small glandular teeth close into the
margin (Fig. 6L) but F microdontos is nearly 2.5x larger
than our specimens, and higher order venation is not
sufficiently well-preserved in our specimens for specific
assignment. Styrax transversa MacGinitie (1969) from
the Green River flora is distinguished from the Teater
Road material by its acuminate apex and craspedodro-
mous secondary venation (MacGinitie 1969). Both S.
curvatus Potbury (1935) from the Late Eocene La Porte
flora of California and S. laramiensis Lesquereux (1888)

from the Denver flora have entire margins (Lesquereux
1888, Potbury 1935). Styrax crenatus MacGinitie (1937)
from the Miocene Weaverville flora of California seems to
be similar in margin, secondary venation and marginal
tertiary venation, but the intercostal venation is not well-
preserved in the Teater Road specimens for confirmation
(MacGinitie 1937). Specimen UF 256-34109 has apically
directed glandular teeth preserved only in the apical sec-
tion, while tertiary venation is percurrent.

GARRYALES LINDLEY, 1846
EUCOMMIACEAE ENGLER, 1907
EUCOMMIA OLIVER, 1890
EUCOMMIA MONTANA BROWN, 1940

FIG. 1L

Eucommia montana Brown, 1940, J. Wash. Acad. Sci. 30,
p. 349-350, fig. 3.

Referred Specimens—UF 256-11051,20813,20927,
34102.

Description—Samaras obovate or elliptic; stipitate,
length 8-11 mm (x=9, N=3), width 4.4-5.7 mm (x=5.2,
N=3); apex acute, stigmatic cleft subapical; base acute;
seed body elliptic, surface reticulate, length 3.5-6 mm
(x=5, N=3), width 1.7-2.5 mm (x=2.2, N=3).

Discussion—A more complete description and dis-
cussion of the distinctive fossil fruits of Eucommia mon-
tana can be found in Call and Dilcher (1997). Eucommia
montana also occurs at the Metzel Ranch (Becker, 1972)
and Whitecap Knoll floras (Manchester, 2000). Fruits of
the genus are also known from the Sumner Spring, Ruby
Basin and Florissant floras (Table 2).

Eucommia consists of one extant species of tree, found
in mixed mesophytic forests of China (Mabberley 1993,
Call and Dilcher 1997, PoWO 2023), but during the Ce-
nozoic it was distributed in North America as far south
as southern Mexico, and in Europe and Asia (reviewed
in Manchester et al. 2009).

LAMIALES BROMHEAD, 1838
OLEACEAE HOFFMANNSEGG & LINK, 1809
FRAXINUS LINNAEUS, 1753
FRAXINUS sP.

FIG. 6P

Referred specimens—UF 256-20919, 20920, 78831.

Description—Fruit with a thin, short pedicel; sa-
maroid, bilaterally symmetrical, with elongate lateral
wing in plane of symmetry adjoining a seed; fruit length
16-24 mm (x=20, N=2), width 1.3-2.9 mm (x=2.1, N=3);
apex and base acute; peduncle length 0.7 mm; margins
straight; wing ensiform, length 12-24 mm (x=18, N=2),
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width 1.3-2.2 mm (x=1.8, N=2); venation consisting of
numerous fine, parallel veins, and presence of a midvein,
extending from seed to wing apex; wing base extending
down lateral margin to ¥z seed length; seed body elliptic,
length 4.2-11 mm (x=6, N=3), width 1.9-4.8 mm (x=3.1,
N=3).

Discussion—These specimens (Fig. 6P) conform to
extant Fraxinus, the samaras of which are found in the
Eocene to Miocene floras of North America, Oligocene
to Pliocene floras of Europe, and Miocene to Pliocene
floras of Asia (Call and Dilcher 1992, Manchester 1999,
Mathewes et al. 2021). Fraxinus fruits are also confirmed
from Mormon Creek, Metzel Ranch, Ruby, Beaverhead
Basins and Bridge Creek floras (Table 2).

Fraxinus consists of 58-65 species of trees, found in
North and Central America, Cuba, temperate Eurasia to
Central and Southern Malesia (Macoboy 1991, Mabberley
1993, GBIF 2021, PoWO0 2023).

INCERTAE SEDIS
ANGIOSPERMAE LINDLEY, 1830
DEVIACER MANCHESTER EMEND. MYERS & ERWIN, 2015
DEVIACER WOLFEI MANCHESTER, 1994

FIG. 6Q

Deviacer wolfei Manchester, 1994, Palaeontogr. Am. 58,
p. 85, pl. 39, figs. 1-6, text-figure 17B.

Referred specimens—UF 256-20852, 20858, 34124,
87100.

Description—Fruit samaroid, with elongate lateral
wing in plane of symmetry adjoining an elliptical nutlet;
wing length 16-18 mm, width 4-7 mm; wing dorsal mar-
gin straight to slightly convex, rounded apically, ventral
margin straight or concave basally forming a sulcus
adjacent to the nutlet, convex, deep to shallow rounded
apically; venation parallel, dichotomizing, running par-
allel to dorsal margin in increasing apical distance from
ventral to dorsal margins, then arching towards ventral
margin, veins closer together along dorsal margin of
wing; nutletlength 4-7 mm, width 1.5-3.5 mm; rounded
apically with a flat edge on dorsal margin; attachment
angle 30-46°, nutlet angle 6-17°.

Discussion—Deviacer can be distinguished from Acer
by the lack of a ventral attachment scar on the nutlet
(Manchester 1994). Although the relatively flat margin on
the dorsal margin of the nutlet was originally interpreted
as ascar from schizocarpic detachment, we have not seen
sufficient evidence to indicate these were not solitary
fruits. Aside from Teater Road, this species has not been
noted within our selected sites of western United States
but is common in the Middle Eocene Clarno localities of

Oregon (Table 2, Manchester 1994). The familial affinity
of Deviacer remains, in our opinion, uncertain.

MORPHOTYPE TRL 10

FIG. 21, ]

Referred specimen—UF 256-21387.

Description—Lamina elliptic, symmetrical, unlobed,
small, estimated length 41 mm, width 13 mm, 1/w ratio
3.2, leaf area estimate 349 mm?, petiole length 2 mm;
lamina apex missing; base cuneate; margin entire; vena-
tion pinnate; midvein stout, straight; secondary vena-
tion brochidodromous, ~11 pairs, irregularly spaced,
excurrent attachment, angle of divergence basal 33-42°,
middle 32-47°, apical 51-53°, course straight to curved
and slightly sinuous; secondaries occasionally divide ~ 2
distance to margin before joining adjacent secondaries;
usually one intersecondary per intercosta, extending >
2 to margin before splitting and joining both super and
subadjacent secondaries, or curving upward to join with
superadjacent secondaries; tertiary and quaternary veins
irregularly reticulate, forming quadrangular to pentago-
nal cells; free ending veinlets mostly one branched; occa-
sional circular structures at confluence of tertiary veins.

Discussion—This entire-margined leaf with bro-
chidodromous secondary veins, irregularly reticulate
tertiary and quaternary veins and free ending ultimate
veins (Fig. 21) is unique among the morphotypes from
this flora. However, this set of characters is found in ex-
tant Fabaceae, Magnoliales Bromhead (1838), Laurales,
Fagaceae, and many other angiosperm taxa. The lack of
cuticular characters make it almost impossible to identify
this specimen even to a family level. Our fossil specimen
is similar to entire-margined leaves of Lithocarpus coat-
sii Axelrod (1966) from the Eocene of Nevada (Axelrod
1966), but L. coatsii is in need of re-examination accord-
ing to Manchester and Crane (1983).

PROTEALES JUSSIEU EX BERCHTOLD & J. PRESL, 1820
cF. PROTEACEAE Jussitu, 1789
MORPHOTYPE TRR 04

FIG. 6S, T

Referred specimen—UF 256-21013.

Description—Seed winged; elliptic, length 14 mm,
width 8 mm; one wing extending laterally from seed
body; apex obtuse; base acute; proximal and distal shal-
low convex; wing base extend along seed body apex;
wing with vein along both proximal and distal margins,
extending to %2 wing length, vein thick when emerging
from seed body apex; wing surface pattern of distinct
round cells; seed body obovate, length 3.6 mm, width
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3.6 mm, in-line with wing mid-line.

Discussion—We conducted a survey of numerous
extant angiosperm winged seeds with a similar overall
shape, having an elliptical seed body at one end and
a single elongate wing that lacks prominent venation
(Fig. 6S) (Lott and Manchester, unpublished data). This
specimen conforms to extant Lomatia R. Brown (1810),
characterized by an elliptic, single winged seed, with a
vein running alongside the margins, thicker near seed
body apex proximally, wing surface with evident cellular
pattern (Fig. 6T), and obovate seed body. However, in
Lomatia the vein extends along the entire margin, and
the wing cells are pentagonal and oblong. This specimen
is only tentatively placed in Proteaceae because we have
only one specimen, and if so, is unique in the Eocene/Late
Oligocene of western North America. Lomatia lineata
(Lesquereux) MacGinitie (1953) leaves were recognized
at Florissant, Green River and Ruby Basin floras (Mac-
Ginitie 1953, Becker 1961) but its validity since been in
question because the fruits that MacGinitie considered
to be conspecific were subsequently found attached to
a branch with ulmaceous leaves, now considered as Ce-
drelospermum (Manchester 1989b).

Lomatia consists of 11-12 species of shrubs or trees
found in Australia and South America (Mabberley 1993,
GBIF 2021).

ROSALES BERCHTOLD & ]. PRESL, 1820
CcF. RHAMNACEAE Jussitu, 1789
MORPHOTYPE TRL 11

FIG. 6M

Referred specimen—UF256-21133a.

Description—Lamina ovate, symmetrical, unlobed,
nanophyll, estimated length 34 mm, width 16 mm, 1/w
ratio 2.1, leaf area estimate 371 mm?, petiole length 2
mm; lamina apex missing; base rounded; margin ser-
rate, teeth compound, with two orders of teeth, 1-2
inconspicuous teeth on proximal flank of primary tooth,
usually regularly spaced, distant, apex rounded or acute,
distal flank straight to concave, proximal flank broadly
convex; sinuses angular to rounded; primary venation
basal acrodromous, one pair of strong lateral primaries,
curving upward toward middle of leaf; one pair of basal
secondary veins, exmedial of lateral primary veins, run-
ning close to leaf margin and curving upward toward leaf
apex; higher order venation not preserved.

Discussion—The presence of actinodromous vena-
tion with two strong lateral primaries arching towards
the leaf apex, and serrate margin are features common
in Rhamnaceae (Meyer and Manchester 1997), and is

consistent with Paliurus foliage, a genus which is con-
firmed from fruits at Teater Road, but our assignment
is tentative due to poor preservation of secondary and
tertiary venation (Fig. 6M). The presence of three ac-
rodromous primaries and one pair of basal secondary
veins arching towards the leaf apex can be found in
extant Ziziphus inerma Merrill (1905) where the basal
secondaries are slightly wavy, and Talguenea quinque-
nervia (Gillies and Hooker) .M. Johnston (1929) where
one secondary vein extends to the apex or the pair of
secondaries extend to near %z leaf length, although both
species have entire margins. This specimen is similar in
shape, venation, and margin to the fossil species Paliurus
blakei (Chaney) Meyer and Manchester (1997) from
the Bridge Creek flora (Meyer and Manchester 1997).
Unfortunately, morphological features of Paliurus and
Ziziphus leaves can be indistinguishable. Ziziphus floris-
santii (Lesquereux) MacGinitie (1953) is found in the
Florissant flora, and a small Rhamnaceae leaf occurs in
the Whitecap Knoll flora (Table 2).

cF. ROSACEAE JussIEu, 1789
MORPHOTYPE TRL 12

FIG. 6A, B

Referred specimen—UF 256-21552.

Description—Lamina elliptic, symmetrical, unlobed,
small, length 32 mm, width 27 mm, 1/w ratio 1.1, leaf area
estimate 575 mm?, petiole missing; lamina apex round;
base round; margin serrate, teeth compound, with two
orders of teeth, 1-2 on proximal side and one on distal
side of major teeth, close, regularly spaced, apices acute
and sometimes glandular; sinuses angular; venation
pinnate; midvein moderately thick, straight; secondary
venation semicraspedodromous, spacing regular, excur-
rent attachment, angle of divergence 56-67°, course
slightly curved towards apex; secondaries with exmedial
branching of tertiary veins that enter major teeth; usu-
ally one intersecondary per intercostal extending <% to
margin before merging with tertiary vein; tertiary vena-
tion mixed percurrent; higher order venation reticulate.

Discussion—The presence of small, closely spaced
teeth, tooth apices rounded and glandular (Fig. 6A), and
semicraspedodromous secondaries (Fig. 6B) suggest
Rosaceae (Meyer and Manchester 1997). This leaf differs
from Amelanchier by its relatively straight secondary
course, and purely reticulate tertiary veins.

SAPINDALES JuSSIEU EX BERCHTOLD & J. PRESL, 1820
cr. MELIACEAE Jussitu, 1789
MORPHOTYPE TRR 05

FIG. 7K
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Referred specimen—UF 256-20809.

Description—Winged seed with elongate lateral wing
in plane of symmetry adjoining an elliptical seed body;
length 4.4 mm, width 2.4 mm; apex obtuse; base acute;
proximal convex, distal irregular; wing base extends to
near seed body base on distal side; wing veinless, surface
possibly punctate; nutlet length 2 mm, width 1.3 mm,
markedly oblique (41°) to wing mid-line, apex obtuse.

Discussion—This specimen (Fig. 7K) is similar to
extant Chukrasia A. Jussieu (1830) (Meliaceae), in shape,
margin, seed body angle and surface texture but it is
about half as big, the apex is acute and proximal margin
of the wing is not as thickened as in Chukrasia. This speci-
men is similar to fossil Cedrela merrillii but it lacks the
marginal vein. Itis distinct from the unidentified winged
seeds in the Whitecap Knoll flora (figs. 8 P, Q in Manches-
ter 2000). The meliaceous genus Cedrela is found in the
Sumner Spring flora (Table 2, Smith et al. 1998).

RUTACEAE/SIMAROUBACEAE
CHANEYA WANG & MANCHESTER, 2000
CHANEYA TENUIS (LESQUEREUX) WANG & MANCHESTER,
2000

FIG. 5Q

Chaneya tenuis (Lesquereux) Wang and Manchester,
2000, Int. J. Plant Sci. 161, pgs. 169-173, figs. 2, 3.

Basionym— Porana tenuis Lesquereux, 1883, Rep. U.S.
Geol. Surv. Terr,, p. 173.

Referred specimens—UF 256-20825-20837, 20839,
20840, 34081, 34082, 34084.

Description—Fruits with accrescent five-lobed, hy-
pogynous calyx; diameter 1.4-2.5 cm (x=2, N=15); sepals
entire-margined, elliptical to obovate, apex rounded,
with glands or resin bodies; sinus between sepals acute,
incised to near central disk; sepals with primary radiat-
ing venation, each with three primary veins, midvein
stronger than successively weaker outer pairs; primary
veins diverging from central disk and extend in a straight
course, sometimes dichotomizing near upper margin,
forming loops with adjacent primary veins; primary veins
joined by secondary arched cross veins; occasional sepals
with two extra primary veins extend >%: length of sepal;
central thickened disk with globose fruit body.

Discussion—A formal description of these fruits as
Chaneya tenuis was presented by Wang and Manchester
(2000), with half the number of Eocene North American
specimens in that article being from Teater Road. These
fruits (Fig. 5Q) have likely affinities with Simaroubaceae
(Wang and Manchester 2000) or the closely related fam-
ily Rutaceae (Teodoridis and Kvacek 2005). Chaneya can

also be found in Ruby Basin, Beaverhead Basins, and
Florissant flora (Table 2) as well as Eocene and Miocene
sites in China (Wang and Manchester 2000) and Miocene
of Europe (Manchester and Zastawniak 2007, Teodoridis
and Kvacek 2005).

UNKNOWN DICOTYLEDONEAE Ray, 1686-1704
INDET. ORDER
MORPHOTYPE TRR 06

FIG. 71

Referred specimens—UF 256-20925,20926,20928-
20934, 20936-20942, 20944, 20945, 20947-20949,
21407b, 21568a, 21570, 21571, 34087, 34093, 34110.

Description—Thin textured bracts or bracteoles,
ovate, elliptic, circular or obovate, asymmetrical or sym-
metrical, length 5-10 mm (x=8, N=26), width 3-7 mm
(x=5,N=27),1/wratio 1-2.5,lamina area estimate 11-43
mm? (x=27, N=25); apex acute or obtuse; base obtuse,
cuneate, or truncate, symmetrical or asymmetrical,
sometimes with slightly overlapping margins; margin
entire; primary veins campylodromous, 9-11, sometimes
branching; interconnecting veins are acute angled and
join adjacent primary vein; surface sometimes with
circular structures.

Discussion—These little laminae appear to be bracts
or budscales, sometimes with an overlapping margin
(Fig. 71), but we have been unable to determine their
affinity. There is a superficial resemblance to the bladder-
like fruit of Humulus L. (1753), but these are flat, rather
than tubular structures (Tembrock et al. 2016). Ostrya
virginiana (Mill.) K. Koch (1873) also has similar size
fruit involucre with campylodromous primary veins but
the interconnecting veins are usually at right angles to
primary veins and there is no evidence for a nutlet in
our fossils.

INDET. FAMILY
ANTHOLITHES SCHLOTHEIM EX BRONGNIART, 1822
ANTHOLITHES SP.

FIG. 7A

Referred specimens—UF 256-20738, 21579b.

Description—Flower pedicellate, length 7-8 mm,
width 2.8-4 mm; hypanthium subtending five sepaloid
structures; sepaloid structures punctate, length ~2.1-2.4
mm; pedicel 4.1-4.7 mm long.

Discussion—The presence of a five-parted pedicellate
flower with a hypanthium (Fig. 7A) suggests Rosaceae
and Rhamnaceae (Judd et al. 1999). These characters,
along with glandular sepals (punctuate in the fossil
specimen) suggest Rosaceae (Rydberg 1921), while in
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Rhamnaceae, the sepals lack glands, but the flowers do
have a nectariferous disk (Brizicky 1964) not observed
in our specimens. Until a thorough investigation is per-
formed that might allow better resolution of the affinities
of these specimens, we prefer to assign them in the form
genus Antholithes (Becker 1961).

BECKEROSPERMA MEYER & MANCHESTER, 1997
BECKERSOPERMA OVALICARPA (BECKER) MEYER & MAN-
CHESTER, 1997

FIG. 7L

Referred specimens—UF 256-21030-21033,21035.

Description—Winged seed; elliptic; length 7-11 mm
(x=8, N=5), width 1.3-6 mm (x=5, N=5); apex rounded
or truncate; base rounded; margin entire; central body
pyriform or oval, length 2.7-4.5 mm (x=3.8, N=3), width
2.4-3.1 mm (x=2.8, N=3); apex acute; base rounded,
oblique (25°) to wing midline; wing veinless.

Discussion—This winged seed type (Fig. 7L), of un-
known familial affinity, is particularly common in the
Bridge Creek flora (Meyer and Manchester 1997), and is
found in the Sumner Spring, Whitecap Knoll,and Mormon
Creek floras (Table 2, Becker 1960).

INDET. GEN ET SP.
MORPHOTYPE TRR 07

FIG. 7D, 7E

Referred specimens—UF 256-20737a.

Description—Branched system with two sessile
infructescences; infructescence length 6-7 mm (x=6.5,
N=2), width 5-5.5 mm (x=5.2, N=2); fruits elliptic, length
3.7-5.5mm (x=4.7,N=3), width 2.2-4.4 mm (x=3.2, N=3);
apex sharply acute; base rounded.

Discussion—This structure (Fig. 7D) is superficially
similar to Ostrya virginiana, but infructescences of 0. vir-
giniana are pedunculate, and each fruit has longitudinal
veins converging to a sharply acute apex. Each infruc-
tescence in our specimen consists of a solid structure
subtending disaggregating bract-like structures or seeds.

MORPHOTYPE TRR 08
FIG. 7N

Referred specimen—UF 256-21010.

Description—Pedicellate drupe; fruit body wide-
elliptical, with a hard elliptical endocarp, surrounded by
flattened remains of a fleshy mesocarp/exocarp; length
4 mm, width 3.6 mm; apex retuse; base cuneate; pedicle
length 1.4 mm; endocarp with atleast two, single seeded
locules.

Discussion—A fruit of similar size, shape, and two

locules was attributed to Amelanchier grayi Chaney
(1927) (Chaney 1927, pl. 14 fig. 5), without a descrip-
tion, and is considered as indeterminate (Meyer and
Manchester 1997). The drupes of Amelanchier are usu-
ally similar in size and shape (Fig. 7N), and hold 4-10,
single seeded locules, as exemplified by A. laevis Weigand
(1912) (Jones 1946).

MORPHOTYPE TRR 09
FIG. 5M

Referred specimens—UF 256-21011, 21012.

Description—Samara; asymmetrical, with a single
lateral wing, length 10-13 mm (x=12, N=2), width 5.1-6
mm (x=5.8, N=2); distal margin of wing with two rounded
lobes separated by a broad v-shaped notch, base acute
and cuneate; lateral margins of wing concave on pedicel
side, convex on stylar side. Wing margins thickened with
a fimbrial vein; wing with subparallel sinuous longitu-
dinal vein; wing length 9 mm (N=2), width 6 mm (N=2).
Seed body obpyriform, length 4.3-6.4 mm (x=5.4, N=2),
width 3.2-4.2 mm (x=3.7, N=2); apex rounded; proximal
margin nearly straight, with persistent style about 0.5
mm long; seed body axis forming 15° angle to the long
axis of the wing; pedicel or stipe length ~3.5 mm.

Discussion—The distinctive features of this samara
include the straight proximal margin, prominent distal
margin, and small persistent style (Fig. 5M). The nearly
straight proximal margin suggests that this is a mericarp
of a schizocarpic fruit, as occurs in many Sapindaceae.
The narrow basal extension resembles a pedicel, but
there is no indication of perianth scar at base of the
nutlet, so it may instead represent a stipe. Mirle and
Burnham (1999) surveyed asymmetrical samaras of
extant angiosperms with particular attention to the
New World, but this fossil does not conform to any of
the genera they treated.

MORPHOTYPE TRL 13
FIG. 6N, 60

Referred specimen—UF 256-21545.

Description—Lamina lanceolate, symmetrical, un-
lobed, small, length 72 mm, width 19 mm, I/w ratio 3.7,
leaf area estimate 905 mm?, petiole missing; lamina
apex attenuate; base acute; margin serrate; teeth simple,
irregularly spaced, distant, apices acute, distal flank con-
cave, proximal flank straight or convex; sinuses rounded;
venation pinnate, midvein weak, straight; secondary
venation semicraspedodromous, ca. ten pairs, spacing
irregular, with excurrent attachment, angle of diver-
gence 32-72°, course broadly looping; tertiary venation
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alternate percurrent; epimedial tertiaries obtuse on one
side of midvein, acute on other side of midvein, distal
course basiflexed; quaternary veins reticulate.
Discussion—The presence of semicraspedodromous
venation, percurrent tertiaries, and size of the teeth (Fig.
60) suggest Juglandaceae, but weak preservation of this
specimen does not allow for confident assignment.

MORPHOTYPE TRR 10
FIG. 7R

Referred specimens—UF 256-21026-21029,20748b,
21576.

Description—Fruit widely elliptic; length 11-20 mm
(x=14, N=6), width 8-15 mm (x=11, N=6); apex rounded
with small protuberance; base rounded; surface reticu-
late, with transverse to oblique partitions; pedicel length
4.5 mm, width 4.3 mm, striated.

Discussion—These fruits appear to have a longi-
tudinal furrow on one surface (Fig. 7R). Specimen UF
256-21576 shows striations near the apex thatlead to a
small protuberance.

MORPHOTYPE TRR 11
FIG. 7C

Referred specimens—UF 256-20921, 20922.

Description—Fruit samaroid; elliptic, straight, length
atleast 17 mm, width 4.2-5.5 mm (x=4.9, N=2); apex and
base acute; margins shallow convex, one of the lateral
margins thickened. Wing with faint transverse veins.
Seed body fusiform with longitudinal grooves, with its
long axis forming an obtuse angle with the long axis of
the wing.

Discussion—This specimen (Fig. 7C) may be a one-
seeded fabaceous fruit with the greater portion forming
a wing for wind dispersal, somewhat similar to extant
Mora Bentham (1839) (Gunn 1991).

MORPHOTYPE TRR 12
FIG. 7F, G

Referred specimen—UF 256-20735.

Description—Infructescence paniculate; 13 mm long,
10 mm wide, bearing fusiform fruits, 2.1 mm long, 1.0
mm wide; infructescence stems with alternate, reduced
leaves.

Discussion— Preliminary discussions suggest that
this specimen (Fig. 7F) might represent Podostemaceae
(W. Judd, personel communication, 2024).

MORPHOTYPE TRR 13
FIG. 7H

Referred specimen—UF 256-20814.

Description—Fruit; elliptic, length 6 mm, width 2.5
mm; rounded at one end, pointed at the other; a broad
conical “cap” with a different texture from the rest of the
fruit culminates in the pointed end; longitudinal furrow
along one margin.

Discussion—This fruit (Fig. 7H) impression bears
a strong resemblance to extant Mastixia (Cornales).
Comparable fruits of extant Mastixia are illustrated by
Manchester and Collinson (2019, Pl. 1, figs. 1, 6).

MORPHOTYPE TRR 14
FIG. 7]

Referred specimen—UF 256-20751.

Description—Infructescence; elliptic, length 9 mm,
width 5.2 mm, composed of overlapping bracts; bracts
triangular, apex acute, one bract length 2.4 mm, width
1.2 mm; pedicel overlapping infructescence, length 8
mm, width 1.5 mm.

Discussion—An infructescence with overlapping tri-
angular bracts, attached to a pedicel (Fig. 7]), is similar
to the fossil Joffrea Crane and Stockey (1985), although
the size of UF 256-20751 is half that of Joffrea (Crane
and Stockey 1985). Presently, there are no cercidiphyl-
laceous types of leaves in the Teater Road locality. There
is some similarity with extant Ostrya virginiana but the
infructescence size of 0. virginiana is 3x of UF 256-20751,
bract size is 5-8x of 20751, and the bracts are apiculate
in 0. virginiana. Specimen UF 256-21039 is of a similar
size and shape and may contain overlapping bracts as
in 20751.

MORPHOTYPE TRR 15
FIG. 7M

Referred specimen—UF 256-21574.

Description—Scale; oblong, length 6.2 mm, width 4.3
mm; apex truncate, with thickened margin of possible
ventral protuberance; base truncate; margins straight;
scale with medial line, possibly degraded showing lon-
gitudinal striations.

Discussion—This may be the impression of the dorsal
side of a coniferous scale (Fig.7M).

MORPHOTYPE TRR 16
FIG. 70

Referred specimen—UF 256-21009.

Description—Pedicellate fruit; fruit body elliptic,
length 5 mm, width 3 mm; stigma persistent; surface
tuberculate; pedicel striate, length 11 mm, width 1 mm,
with slightly enlarged node.
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MORPHOTYPE TRR 17
FIG. 7P

Referred specimen—UF 256-21016.

Description—Pyriform structure, length 23 mm,
width 12 mm, 1/w ratio 1.9; apex acute, base truncate.

Discussion—This specimen has depth and transverse
fractures suggesting a woody nut-like structure (Fig. 7P).

MORPHOTYPE TRR 18
FIG. 7S

Referred specimen—UF256-21052.

Description—Ellipsoidal seed/fruit, length 2.6 mm,
width 4.2 mm; apex round, base asymmetrically cordate;
structure with three concentric arcs, with radiating stria-
tions extending from base to first arch.

MORPHOTYPE TRR 19
FIG. 6R

Referred specimen—UF256-21049.

Description—Winged seed, elliptic, length 15 mm,
width 4 mm, wing extending laterally from seed body;
apex obtuse; base acute; proximal and distal straight;
wing base extends to Y3 of seed body on distal side;
wing with striations extending upward along proximal
margin from seed body apex; seed body oval, length
6 mm, width 3 mm; striations evident near seed body
apex, base arched.

MORPHOTYPE TRR 20
FIG. 7B

Referred specimen—UF 256-21008.

Description—Flower pedicellate, diameter 4.0 mm,
height 3.0 mm, with two 2-merous, hypogynous perianth
whorls; calyx two, persistent, boat shaped, length 1.8 mm,
borne on receptacle, height 0.7 mm; petals two, oblong,
length 2.3 mm, width 0.6 mm; ovary ovate, length 2.2 mm,
width 1.0 mm, with thick style and capitate stigma; 12
stamens, filamentlength 7.8 mm, anther ellipsoid, length
0.5 mm, width 0.3 mm, dorsifixed; pedicel length 2.7 mm.

FAUNA
CYCLOID FISH SCALE

Referred specimens—UF 256-20706b, 20812,
20815, 20819b, 20951d, 21119b, 21403b, 34119b,
59621b, ¢, 79031b, 78153b, Fish Scale 1-3, 5.

Description—Scale; elliptic to oval, length 3-7 mm,
width 2.5-3.2 mm; scale with tightly packed ridges in a
circular pattern.

Discussion—Disarticulated cycloid-like fish scales are

found at Beaverhead Basins (Becker 1969), and various
fish scales are known from Whitecap Knoll, Ruby Basin
and York Ranch (Becker 1961, 1973, Manchester 2000,
Retallack et al. 2000).

CTENOID FISH SCALE

Referred specimen—Fish Scale 4.

Description—Scale; elliptic, length >6.0 mm, width
6.0 mm; scale with relatively wide, semi-circular ridges
interspersed among numerous, thinner, tightly packed
semicircular ridges.

TRICHOPTERA KIrBY, 1813
TERRINDUSIA sp.

Referred specimen—UF 256-20749.

Description—Elongate larval case; length 14.0 mm,
width 6.0 mm; case composed of large stones basal to
smaller stones apically, and organic material.

Discussion—The use of sand grains and organic
material (Fig. 6S) is similar to Terrindusia Vialov (1973)
in Dilcher and Lott (2005). To date, this is the only Tri-
choptera Kirby sample discovered at Teater Road, or any
other Late Eocene site of Central Oregon (Retallack et al.
2000). Trichoptera have also been found at Ruby Basin
and Beaverhead Basins (Becker 1969). Other insect parts
found at Teater Road include wings, an abdomen, and a
beetle elytra.

DISCUSSION

The Teater Road plant assemblage represents a pond
deposit including the floating aquatic plants Salvinia,
and Ceratophyllum, and marginal wetland plants such
as Typhoides and Decodon, but the assemblage is domi-
nated by non-aquatic trees and shrubs. Conifers include
Pinaceae and possibly Cupressaceae. Deciduous trees
and shrubs include members of Platanaceae, Rosaceae,
Ulmaceae, Betulaceae, Fagaceae, Juglandaceae, Fabaceae,
and Sapindaceae. Lianas are represented by the leaves
of Smilax and Toxicodendron. Only a few broad-leaved
evergreen plants, such as Mahonia and possibly Laura-
ceae were identified. Monocots include possible Poaceae,
Typhoides (cf. Typha or Sparganium) and Smilax. Only a
single moss specimen was observed (Archaeomnium).
The flora is dominated by temperate taxa that conform
to the category of mixed Mesophytic Forest (Wang 1961,
Wolfe 1979), such as Acer, Alnus, Cercis, Craigia, Dip-
teronia, Fraxinus, Hydrangea, Koelreuteria, and Ulmus.
Extant genera in the Teater Road flora that are no longer
native in North America today include Ailanthus, Craigia,
Dipteronia, Koelreuteria, and Paliurus. Other items found
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in the Teater Road shales include occasional remains of
fish, insects, and bird feathers.

Similar warm temperate or subtropical vegetation
is suggested by taxonomic composition of nearby Late
Eocene petrified woods, which include Platanus, Quer-
cus and Ulmus (Wheeler et al. 2006, 2023; Wheeler and
Manchester 2007, 2021).

Comparison with other western North American
Eocene to Oligocene floras

For a comparison of the Teater Road floristic composi-
tion, the following western North American floras were
selected: Middle Eocene: Clarno Nut Beds, Oregon (Man-
chester 1981, 1994), Green River Formation (Parachute
Creek Member, as known from sites in Colorado and
Utah, Brown 1934, MacGinitie 1969); Late Eocene: Gray
Butte, Oregon (Ashwill 1983, McFadden 1986, Smith et
al. 1998), Whitecap Knoll, Oregon (Manchester 2000),
Mormon Creek, Montana (Becker 1960), Metzel Ranch,
Montana(Becker 1972), Ruby, Montana (Becker 1961),
Florissant, Colorado (Britton and Hollick 1907, MacGini-
tie 1953, Manchester and Crane 1983, 1987, Manches-
ter 2001, Meyer 2003); Early Oligocene: York Ranch,
Montana: Becker (1973), Beaverhead Basins, Montana
(Becker 1969), and Bridge Creek, Oregon (Chaney 1927,
Meyer and Manchester 1997) (Table 2).

Of particular interest are the assemblages of regional
proximity to Teater Road, i.e., the Gray Butte (Sumner
Spring), Whitecap Knoll and Bridge Creek floras. Among
these, the number of shared species or morphotypes
ranges from 16 to 19 in the Late Eocene floras (Gray
Butte and Whitecap Knoll, respectively), with examples
including Dipteronia brownii and Florissantia ashwil-
lii. A greater number (32) are shared with the more
diverse Early Oligocene Bridge Creek flora. Twelve taxa
are shared among the Teater Road, Whitecap Knoll and
Bridge Creek floras, i.e., Daphnogene, Mahonia, Platanus,
Alnus, Quercus, Paleocarya, Decodon, Acer, Dipteronia,
Florissantia, Ulmus, and Beckerosperma. The Middle
Eocene Nut Beds flora also includes some genera in
common with the Teater Road flora, including Pinus,
Daphnogene, Platanus, Quercus, Palaeocarya, Rhus, Hy-
drangea, Deviacer and Cedrelospermum. Expanding out
to all our selected western North American sites, we find
Typha-like leaves are shared widely across Teater Road,
Sumner Spring, Metzel Ranch, Ruby Basin, York Ranch,
Beaverhead Basins, Bridge Creek, and Florissant. Maho-
nia is shared across all the sites except for York Ranch.
Angiosperms unique to Teater Road and the Late Eocene
of western United States are cf. Acrocarpus, cf. Crataegus,

Rutaspermum, and Davidia (Table 2). These observations
may provide a record of floral transition in midlatitude
western North America during the Late Eocene time,
from subtropical to predominantly temperate character.

Comparison with other floras near Post, Oregon

Other fossil floras near Teater Road include the Oli-
gocene Crooked River assemblage (Chaney 1927) about
4 km to the southwest, which is considered part of the
broader Bridge Creek flora (Meyer and Manchester 1997)
and the Late Eocene silicified fruit, seed and wood as-
semblages about 13-15 km to the west, near the town
of Post. Although the Teater Road flora is limited to im-
pression fossils in shale, the Post Hammer (UF loc. 279)
and Dietz Hill (UF loc. 278) sites include 3-dimension-
ally preserved silicified fruits and seeds, many of which
have been identified to the generic level (Manchester
and McIntosh 2007), and anatomically preserved si-
licified woods, many of which also have been described
taxonomically (Wheeler and Manchester 2007, 2021;
Wheeler et al. 2023). The fossil wood assemblages from
these two sites are consistent with warm temperate to
possibly subtropical vegetation (Wheeler and Manches-
ter 2021; Wheeler et al. 2023). Table 3 lists the silicified
fruits and woods identified from localities 278 and 279
for comparison with the Teater Road impression fossils.
These floras are likely to be similar in age but they reflect
different taphonomic biases.

Extinct vs extant taxa

The Teater Road flora includes many genera that are
still extant today, namely Salvinia, Pinus, Picea, Smilax,
Mahonia, Platanus, Parrotia, Ribes, Cercis, Gymnocladus,
Acrocarpus, Paliurus, Amelanchier, Crataegus, Ulmus,
Alnus, Carpinus, Quercus, Decodon, Rhus, Toxicodendron,
Cedrela, Acer, Dipteronia, Koelreuteria, Ailanthus, Craigia,
Hydrangea, Davidia, Eucommia and Fraxinus. However,
at this time in the Late Eocene there were also many
genera that are now extinct. Examples include Cedrelo-
spermum, Paleocarya, Rutaspermum, Deviacer, Plafkeria,
Florissantia, Flectorivus, Chaneya and Beckerospermum.
There are still other taxa that could not be confidently
identified relative to extant genera, due to convergence in
leaf form across unrelated taxa today. Examples include
Laurophyllum, Daphnogene and Typhoides.

Biogeographic considerations: exotic vs endemic
taxa

Several of the Teater Road genera are east Asian in their
distribution today: Dipteronia, Ailanthus, Koelreuteria,
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Eucommia and Craigia. Trochodendron, known locally
from silicified wood (Wheeler and Manchester 2021),
also fits this pattern (Wheeler and Manchester 2021).
Decodon is endemic to eastern North America today,
while Mahonia and Hydrangea are found today both in
eastern Asia and North America. Paliurus is no longer
present in North America, but is shared today between
Europe and Asia. These fit the pattern of many taxa that
were formerly widespread in the northern hemisphere
whose geographic ranges have been reduced to refu-
gial areas in response to late Cenozoic climate change
(Manchester 1999, Manchester et al. 2009, Donoghue
and Smith 2004).

Climatic interpretations

We base our inferences about the climate of Teater
Road on comparisons with extant angiosperm relatives
and on leaf physiognomy. The Nearest Living Relative
approach infers paleoclimate based on the modern-day
climates where related taxa live today (e.g., Peppe et al.
2011). The Teater Road assemblage has 26 taxa that can
tolerate a temperate climate, four that are tropical, two
that are mediterranean, and one that is cosmopolitan
(Table 1).

For estimates of Mean Annual Temperature (MAT)
based on foliar physiognomy, we tabulated propor-
tions of entire-margined leaves among the 40 species/
morphotypes of dicotyledonous foliage from Teater
Road (Appendix 2). Of these, 14, or 35%, are entire-
margined whereas the others are serrate-margined.
Using the regressions for mean annual temperature
(MAT) provided by Wolfe (1979) and Wing and Green-
wood (1993) i.e.,, MAT=0.306(35)+1.14, Wilf (1997)
i.e., MAT=0.286(35)+2.24, Miller et al. (2006) i.e.,
MAT=0.2899(35)+1.32, and Peppe et al. (2011) i.e.,
MAT=0.204(35)+4.6 we obtained estimates of 11.9,
12.3,11.5 and 11.7°C respectively; the average of these
estimates is 11.9 °C (53.4 °F). Using the CLAMP meth-
odology (Wolfe 1971, Spicer 2011-2024) we obtained a
cooler MAT estimate of 10.4 °C (50.7 °F). By contrast, the
modern-day mean annual temperature for Bend, Oregon
(~87 km from Teater Road) for the period of 1990-2016
is 8.3 °C (47.0 °F), with extreme maximum temperature
reaching 38.3 °C (101.0 °F) and extreme minimum tem-
perature reaching -27.8 °C (-18.0 °F) (NOAA, 2021).

Surprisingly, the more inland floras of Ruby, and Metzel
Ranch, Montana, which were presumably at higher eleva-
tion, were calculated by CLAMP methodology to have
warmer MAT of 12.2 and 13.1 °C, respectively (Lielke et
al. 2012). Out of curiosity, we recomputed MAT for Ruby,

using the proportions of entire vs serrate dicotyledon-
ous morphotypes indicated in Table 1 of Lielke et al.
(2012). Based on our calculation of (7/49=12 % entire-
margined, and using the same regressions applied for
the Teater Road analysis presented above, we obtained
significantly cooler values of 4.8, 5.7, 4.8, and 7.0°C. For
Metzel Ranch, applying the same methodology with ref-
erence to Table 1 of Lielke et al. (2012) and the source
monograph of Becker (1972), lead us to MAT estimates
of 8.6, 9.4, 8.6, and 9.7°C. These results suggest that the
analyses of Lielke et al. (2012) need to be repeated with
more care in examining the original material and using
the improved CLAMP modern comparative dataset now
available (Spicer 2011-2024).

To infer Mean Annual Precipitation (MAP) for the
Teater Road flora, we calculated the average leaf blade
area (mm?, length x width x 2/3) and mean of the natural
logarithms (MInA) for the 39 dicotyledonous leaf species
that were sufficiently complete for estimating lamina
area (one species was excluded due to having only the
lower portion of the lamina) (Supplemental Table 2). Fol-
lowing the direct measure equation of Wilf et al. (1998),
In (MAP)=0.548 - MInA + 0.768, we obtained an MAP es-
timate of 71 cm per year (+30/-20 cm). The recent mean
annual average precipitation for Bend, Oregon, from
1990-2018 is 26.9 cm (NOAA 2021). The relatively low
mean leaf area for Teater Road may indicate adaptation
for a dry climate, as earlier suggested in reference to the
study of Cercis leaves and fruits by Jia and Manchester
(2014).

During the transition from Middle to Late Eocene
floras in Oregon, the taxonomic composition in this re-
gion shifted from subtropical (Clarno Nut Beds) to warm/
cool temperate taxa including dry-adapted components
at we see in the Teater Road flora, consistent with prior
observations on other Paleogene western North Ameri-
can floras (Chaney 1948, Wolfe 1979, Manchester 1994,
DeVore and Pigg 2010, Wheeler et al. 2023). This shift
agrees with the inferred MAT of Teater Road (11.9°C) as
temperate, while Sumner Springs (7.6°C) and Whitecap
Knoll (9.0°C) would be considered paratemperate as
defined by Wolfe (1979).
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APPENDIX 1. Extant material used in comparisons.

Missouri

. Collector . Collection| Specimen
Species Collector no. Location date 0. Notes
gﬁﬁgf altissiima (Miller) TA. Lott Unil'g‘?gr%ites: 5/13/2019 UF 6832
Alnus oblongifolia Torr. Harde Le Sueur 1304 |Mexico: Chihuahua| 6/22/1937 UF 4100
. s . United States: Det. Mark
Amelanchier laevis Wiegand Mark Whitten 5329 Massachusetts 7/6/2016 | FLAS 265668 Whitten
f/[cg;itsotrelriopsis caapi (Soruce) |p A & E.S. Howard| 20847 UniIt;le(()ir?Ctiaates: 1/15/1992 | FLAS 184538
ﬁfs’;";’tg; topsis pubipetala (Adr Ferreira 9744 | Brazil: Obidos |12/4/1987 | FLAS 173935
Castanea pumila () Mill. V. Call 1548 | Unifed States: UF1548
: . : United States:
Cedrela sinensis A. Juss. D.L. Dilcher Pennsylvania 11/5/1974 UF 2356
Decodon verticillatus (L.) Ell. M.W. Morris 3323 Uni(t;,i?)fg?;%: 9/24/1988 | FLAS 183950
Dioscorea bulbifera L. D.L. Dilcher United States: | yay 2005 | UF6173 | Det. TA. Lott
, , , . NYBG
Dipteronia dyeriana A. Henry A. Henry 11352 China 00337738
Dipteronia sinensis Oliv. J. Richard Abbott | 25906 Ur%ietggesstj‘etgsz 9/22/2011 | FLAS 236695
[E{;a(;ltl(()stachys verrucosa (Blume) Wing 760 | Leaf clearing
Gymnocladus dioica (L) Koch. | R.Dale Thomas | 19971 | UnitedStates: 7,14,1970 | pras 109207
. United States:
Heteropterys brachiata (L.) DC. Frank 734 Florida 6/26/2005 | FLAS 266858
f-lllitseropterys laurifolia (L.) A. Menninger Unilt:?(()iritlztes: 1/11/1954 | FLAS 66336
Heteropterys macradena (DC.) | pijjer g Hauk | 9332 g‘llpr;‘f;vr?rfl 2/4/1998 | FLAS 240221
Heteropterys nervosa A. Juss. McDoniel etal. | 32865 Peru: Loreto 3/15/1995 | FLAS 192280
Heteropterys purpurea (L.) Ahles 70611 | PuertoRico | 3/31/1968 | FLAS 230858
Heteropterys subhelicina vel sp. E | 3377 Surinam: 6/1/2003 | FLAS 240222
AFF. Nied. RS S L Sipaliwini 1/
Heteropterys syringifolia Gris. Howard 1948 | Unifed States: 1y 7/1945 | FLAS 43495
Humulus lupulus var. lupuloides | v, o grympach | 739.32 | UmitedStates: 1 »)) 193 | FLAS 130057 | Det. W.C.B.
E. Small Pennsylvania
. United States:
Hydrangea arborescens L. J. Richard Abbott | 25824 Minois 10/4/2010 | FLAS 236133
f"celsr;“ter ia elegans (Seem.) L.E. Urbatsch Ur:gi?j;i‘:& 9/15/1976 | FLAS 127929
. . . United States:
Koelreuteria paniculata Laxm. | ]. Richard Abbott | 20827 5/4/2006 | FLAS 221302
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APPENDIX 1 (cont.). Extant material used in comparisons.

1914

. Collector . Collection| Specimen
Species Collector no. Location date 0. Notes
Leucaena leucocephala . United States: Det. S.E
(Lamarck) de Wit S.F. Brockington 39 Florida 10/6/2002 | FLAS 220373 Brockington
Macroptilium lathyroides (L.) United States: Det. Taylor S.
Urban Taylor S. Sprenkle| 239 Florida 12/14/2003| FLAS 214393 Sprenkle
Igekemias arborea (L.) ]. Wen & TA. Lott United States: 5/9/2019 UF 6831
oggan Florida
L . United States: Det. S.R.
Ostrya virginiana (Mill.) K. Koch| S.R. Manchester Florida August 1986 UF 4104 Manchester
Paliurus ramosissimus (LoUr) - Ipjjcper g Kokouja Japan UF 0987
Peltophorum pterocarpum (DC.) United States: Det. Beckner
Back Erdman West Florida 9/8/1947 | FLAS 47478 1968
Platanus occidentalis L. T.A. Lott United States: 7/7/2005 UF 5843
Florida
, United States,
Pinus bungeana Zucc. ex Endl. Washington, DC UF 0917
, L . United States: September
Pinus elliottii Engelm. D.L. Dilcher Florida 1998 UF 0990
Quercus hemispherica Bartr. ex United States:
Willd. Ann George 36 Florida 8/18/2004 | FLAS 218616
Quercus laurifolia Michx. Cathleen Kabat 535 Uniﬁ;ﬂﬁéz;tes: 6/2/2002 | FLAS 210970 |Det. C. Kabat
Quercus mohriana Buckl. Muller 8667 Unit%SXSatsates: 1945 UF 3156
Quercus elliptica Nee C.H. Muller 1951 Mexico: Oaxaca |March 1939 UF 645
Rhus copallinum L. M.Whitten | 4269 | UnitedStates: | 549015 FLAS244300
Alabama
United States:
Rhus glabra L. T.A. Lott Florida 5/18/2001 UF 6323
: United States:
Ribes amarum McClat. D.F. Howe California 3/8/1970 | FLAS 114384
Ribes sativum Syme W.C. Muenscher United %gz;tg:s: New 5/20/1950 | FLAS 79595
Styrax americanus Lam K.A. Heuberger 57 Unié?gr?éitey 4/19/1997 | FLAS 205528
]Tg’}’l%‘s’i“e“ quinquenervia LM. 1 o46 7oliner | 9042 Chile 10/5/1975 | UF 3042
Toxicodendron radicans (L.) TA. Lott & A. Lott United States: 9/3/2000 UF 1010
Kuntz Florida
Toxicodendron radicans (L.) S. Barry Davis 681 United States: 3/31/2003 | FLAS 211507
Kuntz Florida
Wisteria sinensis (Sims) Sweet | Mark Whitten | 4095 | UMted States: 145,79 5014 prAs 242130
Zizyphus inermis Merrill M. Ramos 1960 | Phillipines: Luzon November UF 2413
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APPENDIX 2: Leaf data for foliar physiognomy estimates of MAT and MAP.

Leaf Margin Analysis
Species Margin | Avg. Leaf area mm?2 Species Margin | Avg. Leaf area mm2
Laurophyllum eocenicum E 896.8 Morphotype TRL 11 S 371
Daphnogene knowltonii E 764 Morphotype TRL 12 S 575
Mahonia simplex S* 1002.6 Morphotype TRL 13 S 905
Mahonia sp. 2 §* 853 # Morphotypes 40 39
Platanus exaspera S 3144.8 # untoothed 14
cf. Parrotia S 252 % entire 35
Ribes sp. S 1625
Morphotype TRLO4 S 1429 *the spiny teeth of Mahonia are treated as “no teeth” in
protocol for CLAMP, but are scored as teeth present for leaf
Cercis parvifolia E 793 margin analyses.
cf. Gymnocladus dayana E 928.2
cf. Gymnocladus hesperia E 963.8
Morphotype TRL 05 E 158.1
Morphotype TRL 06 E 372.5
Morphotype TRL 07 E 71
Amelanchier sp S 908.5
cf. Crataegus S 138.5
Cedrelospermum sp. S 140
Ulmus chuchuanus S 606.5
Ulmus okanaganensis S 775.1
Alnus newberryi S 1960
Carpinus/Ostrya S 316.8
c¢f Carpinus S N.A.
Quercus berryi S 441.1
Quercus pollardiana E 426.5
Quercus sp. 1 E 192.3
Quercus sp. 2 S 377
Juglandiphyllites cryptatus S 625.3
Decodon sp. E 409.7
Rhus lesquereuxii S 1631.8
cf. Toxicodendron E 493.5
Acer clarnoense S 1242.7
Acersp. 1 S 961.6
cf. Elattostachys S 2118
cf. Ailanthus S 1178.5
Plafkeria sp. E 1369.8
Flectorivus sp. S 213.5
Morphotype TRL 10 B 349




