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ABSTRACT. The plant fossils of Alum Bluff, northwestern Florida, provide a unique insight into the rarely pre-
served Miocene flora of the eastern United States. A century has passed since the introductory treatment on
the fossil leaf flora of Alum Bluff. More specimens have accumulated over the past two decades, allowing for an
updated evaluation of the megafossil flora following a recent study of the palynoflora. The strata consisting of
poorly consolidated sand and siltstones with intervening clay layers, here recognized as the Fort Preston Formation
of the Alum Bluff Group, are considered to be of Barstovian age (16.3—13.6 Ma), based on co-occurring mammalian
remains. Here we recognize 36 kinds of leaves and 10 kinds of fruits and seeds, giving a minimum estimate of at
least one fungus, one fern, one gymnosperm, 38 angiosperms and 7 unknowns. We also report one new species
and two new combinations. These taxa augment those already reported based on pollen from the same strata,
allowing us to portray the vegetation as elm-hickory-cabbage palm forest occurring near the coastline in a deltaic,
pro-deltaic, or intertidal shore face environment. The results of a climate analysis of the Alum Bluff flora, using leaf
margin and leaf area, give estimates of 19.0°C mean annual temperature and 116.0 cm mean annual precipitation.

KEYWORDS: Alum Bluff, Miocene, seed, leaf, cuticle, Fort Preston Formation

INTRODUCTION

Ten to fifteen million years ago, broad-
leaved deciduous forests were widespread in
the Northern Hemisphere, but relatively little
is known of the Miocene vegetation in eastern
North America, because sediments of this age
are rarely available (Graham 1999). Among
eight Miocene plant megafossil sites in eastern
North America, six are middle Miocene to late
Miocene (Tab. 1). This stands in stark contrast
with the numerous Miocene sites found else-
where in the Northern Hemisphere, including
western North America, Europe and Asia. The
following Gulf and Atlantic coastal plain sites
contain both megafossil and microfossil plants:
the early Miocene of the Catahoula sandstone,
Louisiana, Mississippi (Wrenn et al. 2003,
Dockery & Thompson 2016), and the Brandon
lignite, Vermont (Tiffney 1976, 1977, 1994,
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Traverse 1955); the middle Miocene of the Hat-
tiesburg Fm., Mississippi (Ufnar 2007, Dock-
ery & Thompson 2016, Stults et al. 2016), and
the Calvert Fm., Virginia/Maryland/Delaware
(Berry 1916b, 1936a, Andrews 1988, Groot
1992); and the late Miocene of the Gray Fos-
sil Site, Tennessee (Liu & Jacques 2010, Zobba
et al. 2011), Brandywine flora (McCartan et al.
1990), Bridgeton Fm. (Hollick 1892, 1896, 1897)
and Pennsauken of New Jersey (Berry 1940,
Greller & Rachele 1983) (Tab. 1). There are also
some middle to late Miocene palynological sites
in eastern North America (Tab. 1).

In addition to these, the middle Miocene
of the Fort Preston Fm. (formerly Alum Bluff
Fm.) in the Panhandle of northwestern Florida
has yielded both megafossils and pollen (Berry
1916¢, Corbett 2004, Jarzen et al. 2010). Alum
Bluff (30.4595°N, -84.9859°W, WGS84) is
a topographic high point ca 52.6 m in elevation,
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Fig. 1. Location of Alum Bluff fossil site. A. State of Florida,
River, Liberty County, Florida. C. Alum Bluff outcrop

incised by the Apalachicola River. It is ca
7640 m upriver (north) of the Apalachicola
bridge of State Road 20, town of Bristol, Lib-
erty County, Florida (Fig. 1). The cutbank on
the east side of the river exposes an excellent
stratigraphic succession of marginal marine
strata ca 25.7 m thick. The site is within the
Apalachicola Bluffs and Ravines geomorphic
province (Bryan & Means 2014).

Plant macrofossils have been noted from
Alum Bluff since the late 1880s, starting with
paleontological surveys by Langdon (1889) and
Burns (1889), followed by various geological
surveys (Dall & Stanley-Brown 1894, Sellards
& Gunter 1909, Puri & Vernon 1964). The first

systematic treatment of plant macrofossils, by
Berry (1916¢), described 12 plant species and
one fungal species. More recently a thesis by
Corbett (2004) recognized 16 megafossil plant
species and 30 pollen types; this was followed
by a more detailed palynological treatment
by Jarzen et al. (2010) recognizing 40 taxa of
fungi, spores and pollen. Before Corbett (2004),
the megafossil flora had not been examined in
detail for nearly a century (Berry 1916¢). The
latter considered the Alum Bluff fossil flora to
represent a flora with both tropical and temper-
ate elements, while Corbett (2004) and Jarzen
et al. (2010) inferred a subtropical to warm-
temperate climate. The discovery of Paliurus



Table. 1. Floristic comparison of Alum Bluff and other Miocene macrofossil and palynological floras of eastern North America

Early Miocene Middle Miocene Late Miocene
Species %
Order/Family Genus :fn;ipgglnr:::;fsr) Local Habitat (?Eihlsfsl)a h]g?gigc%%r}r ) Hatgzgt))urg Alum Bluff (FL) O}gé(gee (VA(??\}[‘ST';) 5 Coﬁgg)sey Marthzz ;/I X;neyard Gray (TN) Bra(rll&%‘;flne Bry(rﬁ/[ D]SI)awr S?]\il]lja)ry Brl((li\lgc;e;:on Pensauken (NJ) Reference
Melanconiaceae Pestalozzites <1% (3) Spot Spot 2,3
Salviniaceae Azolla water L (Salvinia) P 20
Schizaeaceae Lygodium non-native P 1, 11, 20
Pteridiaceae Ceratopteris absent P 1, 20
Pteridiaceae Pityrogramma absent P 1, 20
Pteridiaceae Pteris shaded slopes P 11, 20
Pteridiaceae cf. Adiantum <1% (1) floodplain L This report
Polypodiaceae widespread P 20
Ephedraceae Ephedra absent: edaphic aridity P 1, 20
Pinaceae Pinus widespread P P P P S,C,P P P,C P P P C, P S,P 4-6, 7, 10, 12a, 13, 20, 22, 22a, 23, 25, 27, 32, 34, 35
Pinaceae conifer cone axis <1% (1) C This report
Podocarpaceae/Pinaceae Podocarpus/Cathaya non-native P 1, 20
Taxodiaceae Sequoia/Metasequoia/Cryptomeria absent P 1, 20
Taxodiaceae Taxodium water P L P P L P L,F,S,P 4, 20, 22, 25, 27, 34
Lauraceae Laurophyllum & Daphnogene 2% (9) widespread W L L LP P 3,9, 13, 17, 28a, 31
Liliaceae widespread P P P P 10, 20, 27, 34
Arecaceae Sabalites 37% (160) Sabal: floodplain, slope, sandhill (juvenile) L L L? 2,3, 8,11, 17, 19, 26
Arecaceae Palmacites <1% (1) unknown P L LP P P 10, 20, 27, 28a, 34
Cyperaceae Scirpus <1% (1) wet F 8, 11
Cyperaceae Carex <1% (3) floodplain, bluff F (Cyperus) F P? 8,9, 10, 11, 28a
Poaceae widespread P P P P P 20, 25, 27, 32, 34
Platanaceae cf. Platanus <1% (2) Platanus: floodplain L L L P L LF 4, 9a, 11, 12a, 22, 27, 28a
Hamamelidaceae Liquidambar uplands P P P P L 10, 11, 17, 20, 22, 32
Vitaceae Morphotype AB1 3% (13) widespread S,P L P S L,S L? S 6, 12b, 17, 22, 27, 29, 31, 32
Euphorbiaceae Alchornea absent P 1, 20
Malpighiaceae absent P 11, 20
Salicaceae Salix 2.5% (11) wet P, L? L L P LP P P LP P 2-4,9, 13, 22, 23, 27, 28a, 33, 34
Fabaceae Leguminosites 3.9% (17) widespread L? P? L L L P L LF 2-4, 16, 18, 22, 28a, 32, 35
Rhamnaceae Paliurus 2.5% (11) Paliurus: absent L P (Rhamnus) LF L S 1-4, 6, 32
Ulmaceae Ulmus/ AB 36 25.5% (110) floodplain, bluff P P L L,P P L,P P P P L,P P P L,P 24,9, 10, 11, 13, 19, 20, 22, 23, 25, 27, 32, 33, 35
Fagaceae Morphotype AB5 <1% (2) widespread L F,W.p L LP P LFP P P FLP LFP P P LP F.P 3,4,6,7,9,9a, 10, 17, 19, 20-25, 27, 28a, 31, 32, 35
Juglandaceae Carya 16.4% (71) widespread p F.W.P F LFP P 14 14 14 FP LFP P P LP P 9, 10, 12a, 20, 2224, 27, 28a, 31, 32, 34, 35
Juglandaceae Engelhardia group absent P P P P 14, 20, 25, 32
Myricaceae Myrica swamp, sandhill P F,P P P P 11, 14, 20, 27, 32, 34
Onagraceae nr. Ludwigia widespread P P 11, 20, 25
Oleaceae Morphotype AB16 <1% (1) widespread L P 35
Adoxaceae Sambucus <1% (1) floodplain, bluff L L F? 9, 11, 22, 28a
Loranthaceae parasitic P 20
Theaceae Gordonia ravine botton, swamp F,W.,p P P P 11, 14, 20, 25
Aquifoliaceae Ilex widespread P S,P P P L,P P P L,S,F,P L 4,10, 11, 14, 17, 20, 22, 25, 27, 31, 32, 34
Asteraceae widespread P P S,P 20, 22, 34
Incertae sedis
Magnoliales Morphotype AB54, AB11 1.4% (6) widespread L S L P P L 2,3, 17, 22, 27, 30, 31, 32
?Ranunculaceae Morphotype AB48 <1% (1) bluff S P 8,9,11, 34
ca. Chrysobalanaceae Morphotype AB7 <1% (2) circular leaf: absent L? L 11
Rosales Morphotype AB21, AB20 <1% (3) widespread S,P LP P LSP P P P P, F P LP 5, 10, 13, 14, 17, 20, 22, 23, 25, 27, 31, 32, 33, 35
?Moraceae Morphotype AB29 <1% (3) Artocarpus: absent F P L L L LP 1-4, 13, 17, 28a, 32
Asterids Morphotype AB59 <1% (2) wet P L, P P P P LP P LP P 13, 14, 17, 20, 22, 23, 27, 32
Climate mild/cool temperate tropical subtropical to warm warm warm mild subtropical to warm | warm to cool cool temperate mild warm warm mild 10, 20, 22, 23, 27, 28, 29, 31, 34
‘ warm temperate temperate temperate? temperate temperate temperate temperate temperate temperate temperate temperate
Total 432

C = Cone, F = Fruit, L = Leaf, P = Pollen, S = Seed, W = Wood.

Atlas 2016 (1), Berry 1916a (3), b (4), c (2), 1936a (5), 1940 (6), 1941 (7), Clewell 1983 (8), 1985 (9), Dockery & Thompson 2016 (9a), Frederiksen 1984 (10), FSU Herbarium (11), Godfrey 1988 (12a), Gong et al. 2010 (12b), Greller & Rachele 1983 (13), Groot 1992 (14), Herendeen & Dilcher 1991 (16), Hollick 1892 (17), 1896 (18), 1897 (19), Jarzen et al. 2010 (20), Liu 2011 (21), McCartan et al. 1990 (22), Miller 1978 (22a), Pazzagalia et al. 1997 (23), Per. obs. (24),
Rachele 1976 (25), Read & Hickey 1972 (26), Rich et al. 2002 (27), Shunk et al. 2006 (28), Stults et al. 2016 (28a), Tiffney 1976 (29), 1977 (30), 1994 (31), Traverse 1955 & 1994 (32), Wallace & Wang 2004 (33), Wrenn et al. 2003 (34), Zobaa et al. 2011 (35)
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(Rhamnaceae), which is now restricted to Eur-
asia, indicates that some elements of the flora
are no longer native to North America (Man-
chester 1999, Burge & Manchester 2008). Here
we provide an overview of the Alum Bluff meg-
afossil flora based on fossil leaves, fruits and
seeds recovered in the past few decades.

Today this area consists of floodplain, bluff
and sandhill communities. Taxa specific to the
floodplain include Azolla, Taxodium, Scirpus,
Platanus, Salix and Gordonia. The extant bluff
flora is a continuation of the southern Appala-
chian flora and includes Pteris and Liquidam-
bar (Clewell 1983) (Tab. 1).

GEOLOGY

Alum Bluff received its name from the efflo-
rescence of ferrous sulphate (Langdon 1889).
Geologically, the name has been applied as Alum
Bluff beds (Dall & Harris 1892), Alum Bluff Fm.
(Matson & Clapp 1909) and Alum Bluff Group
(Gardner 1926) (sensu Cooke & Mossom 1929).
The exposed section at Alum Bluff consists of
four or five lithologic units; in ascending order
they are the lower Miocene Chipola Fm., the

middle Miocene Fort Preston Fm., the Pliocene
Jackson Bluff and Citronelle fms., and overlying
surficial clastics (Berry 1916¢,d, Schmidt 1986,
Johnson 1989, Bryant et al. 1992, Otvos 1998,
2004, Means 2002, Stults et al. 2010, Dockery
& Thompson 2016) (Fig. 2). The Chipola Fm. is
rich in marine invertebrates, including as many
as 1100 molluscan species (Huddlestun 1984,
Schmidt 1983, 1986, Vokes 1989), and has been
dated at 18.3—18.9 Ma based on biostratigraphy
and isotopic data (Bryant et al. 1992) (Fig. 2).
The plant-bearing strata were included in
the original description of the Alum Bluff Fm.
(Matson & Clapp 1909) but the nomenclatu-
ral status of these beds was altered when the
underlying shell-rich beds were reassigned to
the Chipola Fm. The Chipola Fm. and overly-
ing beds were upgraded to group status, that
is, the Alum Bluff Group (Gardner 1926, Cooke
& Mossom 1929, Braunstein et al. 1988), but
the more cumbersome term “Alum Bluff Group
undifferentiated” has been applied to the strata
that overlie the Chipola Fm. This unit has also
been informally called the Fort Preston sands
(Puri & Vernon 1964) and alternatively been
assigned to the Hawthorne Fm., which has its
type area 264 km to the east-southeast (Dall

undifferentiated sediments
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& Harris 1892, Vaughan & Cooke 1914, Cooke
& Mossom 1929, Schmidt 1984). We adopt the
name “Fort Preston Formation”, according to the
North American Commission on Stratigraphic
Nomenclature (2005), for this well-established
lithostratigraphic unit. This formation consists
of non-marine clastic sediments found at the
type locality at Alum Bluff near the former mili-
tary installation of Fort Preston, which was ca
1.6 km northwest of State Road 20 and County
Road 12 in Bristol on the east side of the Apala-
chicola River (Drew 1856). This horizon is com-
posed of very light orange, gray to yellow and
white clayey sands, with sandy limestone con-
taining occasional mammalian fossils as well
as leaf remains. This horizon has also been
recognized in nearby cores at 30°27'29.3"N,
84°58'49.4"W (NAP 1983, Alum Bluff Core #1)
and at 30°28'12"N, 84°59'05"(WGS 1984, Alum
Bluff Core #2) (Johnson 1986, FGS 2018). The
Alum Bluff Group, consisting of the Chipola
Fm. and the unconformably overlying Fort
Preston Fm. is considered to be a deltaic, pro-
deltaic, or intertidal shore face (Huddlestun
1984, Schmidt 1986, Johnson 1989, Bryant
et al. 1992) with a high-energy riverine deposi-
tional environment (Jarzen et al. 2010).

The mammalian fossils from the Fort Pres-
ton Fm. at the same level as the fossil plant
beds include a small anchitherine horse, a rhi-
nocerotid, Prosynthetocras texanus and “Mery-
chippus” gunteri. These vertebrate taxa indicate
a late early or early middle Miocene age (late
Hemingfordian or early Barstovian) (Bryant
et al. 1992, Richard Hulbert pers. comm. 2016).

MATERIAL AND METHODS

MATERIAL

The collection site is on property of the Nature Con-
servancy of Florida known as the Apalachicola Bluffs
and Ravine Preserve. Over 450 plant macrofossils
(impressions and compressions) from Alum Bluff were
examined for this investigation, which are housed in
the Paleobotany Division at the Florida Museum of
Natural History (UF). The original specimens of Berry
(1916¢) were examined at the U.S. National Museum of
Natural History (USNM). Comparative Miocene mate-
rial from other Miocene sites including the Catahoula
Fm., Bridgeton Fm. and Gray fossil site were examined
at USNM, the Yale Peabody Museum of Natural His-
tory (YPM), Florida Museum of Natural History (UF),
East Tennessee State University (ESTU) and the East
Tennessee State University and General Shale Brick
Natural History Museum Fossil Collections (ETMNH).

Paleobotanical collections from Alum Bluff were
made during multiple visits in the 1990s through 2018
with the help of Florida Museum of Natural History
staff, Florida Paleontological Society members, and
various paleobotanical/geological classes led by David
Dilcher, Steven Manchester, and Roger Portell from
the University of Florida, and Guy Harley Means from
the Florida Geological Survey.

METHODS

Macrofossil photographs were obtained with
a Canon Rebel XSi digital camera fitted with Nikon
55 mm and Canon MP-E 65 mm lenses under trans-
mitted and reflected light, employing Canon EOS Util-
ity software. Stacked images were processed using
Helicon Focus, with subtle contrast adjustments
made with Adobe Photoshop. Epidermal anatomy was
analyzed using digital images from light and epiflo-
rescence (wavelength 546 nm) microscopy of in situ
cuticle, and prepared cuticle slides. Photomicrographs
of fossil cuticle were made with a Canon Rebel T3i
digital camera mounted on a Zeiss Axiophot transmit-
ted light microscope, employing Canon EOS Utility
software. X-ray data were obtained by micro-CT scan-
ning at the College of Engineering Nanoscale Research
Facility (NRF), University of Florida, with a GE Phoe-
nix V|tome|xm240 CT Scanner, using a tungsten
reflection target and 0.1 mm copper filter, with volt-
age of 100 kV and current of 50 pA, with 844 images
of a single specimen for 5 pm voxel size. Fossil cuticle
was pried from the matrix and separated from the
remaining matrix by immersion in 49% hydrofluoric
acid for 12—-16 hours or soaked in Sparkleen detergent
for ca 30 minutes. Cuticle fragments were soaked in
Jefferey’s solution (50% nitric acid/50% of 10% chromic
acid) to remove the mesophyll. The cuticle then went
through a dehydration series of 50%, 95% and 100%
ethanol, staining with 1% Safranin-O in 100% ethanol,
then a series of 100% ethanol, 10%Etoh/ 90%HemoDe
(or Citrisolv) and finally 100% HemoDe (or Citrisolv).
The cuticle was then mounted in a drop of synthetic
resin or Canada Balsam in HemoDe (or Citrisolv) on
a microscope slide, placed on a slide warmer with
a lead weight over the cover slip, and later sealed with
nail polish. Highly fragmented cuticle was prepared
by the collodion peel method. Two layers of collodion
(Pyroxylin 40 g), ether (750 ml) and alcohol (250 ml)
were applied to the cuticle, air-dried and then removed
just before curling. The peel was placed in Sparkleen
detergent, using a paintbrush to remove debris. The
peel was flushed with distilled water, macerated in Jef-
frey’s solution until the cuticle was light orange/brown,
further flushed with distilled water and stained with
1% Safranin-O, then flushed with 50% ethanol until
excess stain was removed. The cuticle was mounted
on a microscope slide in glycerin jelly with a cover slip
and a weight overnight, then sealed with nail polish.
Specimens are housed in the Paleobotany/Palynology
Collection at the Florida Museum of Natural History,
University of Florida, Gainesville, Florida. Terminol-
ogy for leaf descriptions follows Hickey (1973, 1979),
Dilcher (1974) and Ellis et al. (2009), and classification
follows Soltis et al. (2018) (Tab. 2). We reject the use
of the character “primary vein pinnate” in reference to
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leaves or leaflets with one major vein. Such leaves or
leaflets should be characterized as “primary vein sin-
gle”. Properly identified modern leaves from herbaria
were used for subsequent fossil/modern comparisons
when deemed necessary (Appendix 1), with data labels
standardized. All fossil specimen numbers are given
in Appendix 2. The number of extant species and the
modern-day distribution of plant families are from
Mabberley (1997) unless otherwise noted, and cited
in Table 1. Laminar size, symmetry and leaf classes
follow Raunkiaer (1934), Webb (1959) and Ellis et al.
(2009). Where appropriate, incomplete leaf measure-
ments have been extrapolated to those of complete
leaves by length and width estimation. Leaf fragment
measurements are based on apical, basal and/or mar-
ginal leaf sections that show distinct characters, and
are not extrapolated to those of complete leaves due
to insufficiency of material. Unless otherwise noted,
leaf area is calculated as length x width x 2/3 (Cain
& Castro 1959) and is based on complete or estimated
leaf size. Climate inferences for Alum Bluff are based
on comparisons with living relatives and on analy-
ses of leaf physiognomy. Leaf physiognomy analyses
include leaf margin (Wolfe 1979, Wing & Greenwood
1993, Wilf 1997, Kowalski & Dilcher 2003, Miller et al.
2006, Peppe et al. 2011) for mean annual temperature
(MAT), and leaf area (Wilf et al. 1998, Gregory-Wod-
zicki 2000, Jacobs 2002, Peppe et al. 2011) for mean
annual precipitation (MAP), which together comprise
a quantitative measure of climate.

SYSTEMATICS

Order: Polypodiales Link 1833

Family: Pteridaceae Kirchn. 1831

Genus: cf. Adiantum

Morphotype AB46
Pl 1, figs 1, 2

Description. Leaf complete, possibly flabel-
late, crenate, microphyll. Length 2.6 cm, width
2.6 cm, I/w ratio 1, leaf area 450.66 mm? (n=1).
Apex obtuse; base concave, margin with shal-
low rounded lobes, crenations slightly enrolled
at margin. Petiole length 5 mm, width 1 mm.
Venation closely spaced, bifurcating twice
before reaching margin, lacking cross veins.
Cuticle lacking.

Material examined. UF 18049-48377

Discussion. Patchy preservation prevents
following the venation from the petiole to
lobe apices. The general leaf shape, size, lob-
ing (PL 1, fig. 1), dichotomous venation (Pl. 1,
fig. 2) and crenations of Morphotype AB46 are

similar to those of extant Ginkgo biloba L.
However, the recurved nature of the crena-
tions and the lobing near the base are not nor-
maly found in modern Ginkgo. Cuticle is not
preserved on this specimen, so we are unable
to determine whether the epidermal anatomy
is that of a fern and not Ginkgo. The enrolled
margins of some lobes of the leaves resem-
ble the structure of fertile Adiantum, but sori
and sporangia are not preserved in this spec-
imen. We compared Morphotype AB46 with
Pteridaceae such as Adiantum tenerum Sw.,
and Schizaeaceae such as Lygodium japoni-
cum (Thunb.) Sw., but they are readily dis-
tinguished. In A. tenerum the leaves are quite
small and the lobes are minutely toothed, but
the lobes in fertile leaves are recurved, simi-
lar to our fossil. In L. japonicum each lobe
has a midvein, similar to fossil L. kaulfussi
Heer (Manchester & Zavada 1987). Overall,
the fossil is similar to extant Adiantum in
size (upper limit), dichotomous venation and
enrolled leaf margins, and the lack of cuti-
cle is unusual for fossil Ginkgo. Adiantum
capillus-veneris L. can be found on limestone
ledges along the Apalachicola River (FSU
Herbarium 2018) (Tab. 1).

Ginkgo adiantoides (Unger) Heer from the
Miocene of the western United States has simi-
lar shape and venation but lacks the marginal
lobing of Morphotype AB46 (Chaney & Axelrod
1959). Adiantum does not appear at other Mio-
cene sites of the eastern United States. This may
be a new species of fossil Adiantum, but fertile
material would be required for confirmation.

Gymnospermae

Order: Pinales Lindley 1836
Family: Pinaceae Lindley 1836
Conifer cone axis

Morphotype AB30
Pl 1, figs 3, 4

Description. Woody cone scale with stalk.
Scale length 1.7 cm, width 1.1 cm, stalk 5 mm
(n=1). Scale convex, margins entire, apex
rounded and incurved, base cuneate. Surface
with longitudinal wrinkles out from stalk.

Material examined. UF 18049-48376,

48376’
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Table 2. List of megafossil taxa from Alum Bluff, with families in phylogenetic sequence according to Soltis et al. (2018), giv-

ing percentages of total number of specimens

ASCOMYCOTA
MELANCONIALES
Melanconiaceae
Pestalozzites sabalana Berry (fungus) (<1%)
Polypodiales
Pteridaceae
cf. Adiantum (leaf) (<1%)
GYMNOPSERMAE
PINALES
Pinaceae
Conifer cone axis (<1%)
ANGIOSPERMAE
MAGNOLIIDS
LAURALES
Lauraceae (2%)
cf. Laurophyllum pseudovillense Kvaéek (leaf)
cf. Laurophyllum pseudoprinceps Weyland et Kilpper (leaf)
Daphnogene sp. 1 (leaf)
Daphnogene sp. 2 (leaf)
COMMELINIDS
ARECALES
Arecaceae
Sabalites apalachicolensis Berry (leaf/infructescence) (37%)
Palmacites (leaf) (<1%)
POALES
Cyperaceae (<1%)
Scirpus L. (fruit)
Carex sp. 1 (fruit)
Carex sp. 2 (fruit)
EUDICOTS
PROTEALES
Platanaceae
cf. Platanus (leaf) (<1%)
ROSIDS
VITALES
Vitaceae
Morphotype AB1 (leaf) (3%)
FABIDS
MALPIGHIALES
Salicaceae (2.5%)
cf. Salix varians Goepp. (leaf)
Salix sp, 1 (leaf)
FABALES
Fabaceae (3.9%)
Leguminosites apalachicolensis (Berry) n. comb. (leaflet)
Leguminosties sellardsii (Berry) n. comb. (leaflet)
Leguminosites sp. 1 (leaflet)
Leguminosites sp. 2 (leaflet)
ROSALES
Rhamnaceae (2.5%)
Paliurus sp. (leaf)
Paliurus favonii Unger (fruit)

Ulmaceae (25.5%)
Ulmaus prestonia sp. nov. (leaf)
Ulmaus sp. 1 (leaf)
Ulmus sp. 2 (fruit)
Morphotype AB36 (leaf)
FAGALES
Fagaceae
Morphotype AB5 (leaf) (<1%)
Juglandaceae (16.4%)
Carya cf. serraefolia (Goepp) Kriusel (leaflet)
Carya sp. (nut)
LAMIALES
Oleaceae
Morphotype AB16 (leaf) (<1%)
DIPSACALES
Adoxaceae
Sambucus sp. (leaf) (<1%)
Incertae Sedis (each type is <1% unless noted)
Lauraceae/Cannabaceae
Morphotype AB54 (leaf)
MAGNOLIALES
cf. Magnoliaceae/Annonaceae
Morphotype AB11 (leaf) (1.2%)
EUDICOTS
RANUNCULALES
?Ranunculaceae
Morphotype AB48 (seed)
ROSIDS
VITALES
?Vitaceae
Morphotype AB6 (leaf)
FABIDS
MALPIGHIALES
cf. Chrysobalanaceae
Morphotype AB7 (leaf)
FABALES
?Fabaceae
Morphotype AB19 (leaflet?)
Rosales
Morphotype AB21 (leaf)
Morphotype AB20 (leaf)
?Moraceae
Morphotype AB29 (leaf)
ASTERIDS
Morphotype AB59 (leaf)
Unknown
Morphotype AB12 (leaf)
Morphotype AB64 (leaf)
Morphotype AB28 (fruit)
Morphotype AB53 (seed?)
Morphotype AB63 (leaf)
Morphotype AB56 (leaf)
Morphotype AB65 (leaf)

Discussion. Morphotype AB30 is tenta-
tively identified as a conifer scale with attach-
ment for a centralized cone axis (PL. 1, figs 3, 4)
but we lack shoot and leaf characters and the

branching system to distinguish among extant
Pinaceae genera. Differences in cone scales are
helpful to distinguish among extant genera.
Pinus cone scales have a raised protuberance
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(umbo) and usually a spine on the apophysis
(exposed surface of the scale). Picea, Cathya,
Cedrus and Pseudolarix have small subtending
bract scales, with cone scale shape flabellate
for Cedrus and deltoid-triangular for Pseudola-
rix. Abies have small to large subtending bract
scales, sometimes exserted, and the cone scale
shape is usually cyathiform. Nothotsuga have
large included subtending bract scales, while
Pseudotsuga and Keteleeria have large, some-
times exserted, subtending bract scales. Tsuga
have small bract scales, the cone scales have
more or less auriculate bases, and the scales
can be reflexed (Farjon 1990). In Picea, the
scales near the top of the cone are more convex
than those at the mid to basal axis, and the
intraspecific variability of cone scale size and
shape in Picea is considerable (LePage 2001).
Morphotype AB30 characters are similar to
those of modern Picea sp. except that there is
no evidence of a bract scale, perhaps due to
taphonomic processes or to the rudimentary
nature of the bract scale in this particular spe-
cies. Among the modern species that we com-
pared, similarities were found with Picea mar-
tana (Mill.) Britton, Sterns & Poggenb. except
that the scales are too small and the apex is
denticulate, and with Picea glauca (Moench)
Voss except that the apex is not incurved.
Picea is not known in the Miocene of the
eastern United States, but Pinus pollen is wide-
spread at all early to late Miocene sites except
Bridgeton. Pinus seeds are found at Calvert
and Pensauken, and Pinus cones at Calvert,
Martha’s Vineyard and St. Mary (Tab. 1).

Angiospermae
Magnoliids

Order: Laurales
Juss. ex Bercht. & J.Presl 1820

Family: Lauraceae Juss. 1789

Genus: Laurophyllum Goeppert
emended Hill 1986

cf. Laurophyllum pseudovillense Kvacek
PL 1, figs 5-10

Description. Leaves incomplete or frag-
ments, elliptic, unlobed, microphyll, with firm

light brown cuticle, darker on midvein. Length
5.0-7.0 cm, width 2.0-3.0 cm, I/w ratio 1.8-3,
leaf area 799.2-1258.7 (avg. 1045) mm? (n=5).
Apex missing; base acute with cuneate flanks,
margin entire. Petiole 3.5-8 mm. Primary
venation single, straight, weak to moderate.
Secondary venation brochidodromous, at inter-
vals of 5-21 mm, spacing irregular, angle of
divergence 23—40° basal, 24-42° midsection,
40° apical. Secondaries arching smoothly or
undulate, becoming less pronounced upward,
loop length decreasing upward. Secondary
attachment slightly decurrent to excurrent.
A few intersecondary veins in lower portion
of leaf, extending ca 1/2 the distance to mar-
gin, proximal course parallel to subadjacent
secondaries, distal course intersecting inter-
costal tertiaries. A few percurrent tertiaries
preserved. Adaxial epidermal cells random,
elongate to isodiametric, 4—6-sided, anticlinal
cell walls straight to arcuate, no ornamenta-
tion, 14.2-28.3 x 8.2-19.7 uym. Spherical meso-
phyll secretory bodies 22.3—44.3 pm. Abaxial
epidermal cells random, elongate to isodia-
metric, 4-6-sided, anticlinal cell walls straight
to arcuate, 14.8-38.5 x 8.9-23.4 nm. Stomata
brachyparacytic, with squared subsidiary
cells. Guard cells 8.8-21.4 x 2.6-8.3 pm, with
inner thickened rim. Subsidiary cells 6.0-22.6
x 6.6-20.0 pm, sometimes barely exceeding
guard cells. Isolated trichome bases.

Material examined. UF 18049-43523,
61113, 61114b, 68894, 68913, USNM 38284
(Holotype, Berry 1916c¢, PL. 9, fig. 3.).

Discussion. Species determinations for fos-
sil leaf fragments of this type are based on
cuticle characters as compared with those of
more complete leaf samples. Among the micro-
morphological characters of cf. Laurophyllum
pseudovillense, the presence of spherical secre-
tory bodies with solidified oil content (P1. 1, figs
5, 8) is distinctive. The secretory bodies are
probably from the mesophyll because they are
not connected to the epidermis. Spherical secre-
tory bodies lightly embedded in the mesophyll
are found mainly in extant lauralean families
such as Monimiaceae (Hedycarya arborea J.R.
Forst. & G. Forst.) and Siparunaceae (Glosso-
calyx longicuspis Benth.), and are characteris-
tic in Lauraceae as oil cells (Metcalfe & Chalk
1950). The relatively large size (>60 pm) of
these bodies eliminates Monimiaceae and Sipa-
runaceae from consideration. Entire margins,
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Plate 1. 1, 2. cf. Adiantum, 1 — lobed lamina with cuneate base, 2 — venation dividing twice (arrows) in lobe, UF18049-48377;
3, 4. Conifer scale, 3 — scale, UF18049-48376, 4 — surface rendering from CT scan data of specimen in adaxial view show-
ing longitudinal wrinkles (arrows), UF18049-48376’; 5-10. cf. Laurophyllum pseudovillense Kvacek, 5, 8 — adaxial cells with
spherical bodies, UF18049-61114b, UF18049-68894, respectively, 6, 7 — leaves with brochidodromous venation, UF18049-
43523, UF18049-61113, respectively, 9 — brachyparacytic stomata with inner ledges (top arrow), and isolated trichome base
(bottom arrow), 10 — brachyparacytic stomata, UF18049-61114b; 11-14. cf. Laurophyllum pseudoprinceps Weyland et Kilpper,
11 — brochidodromous vein (top arrow at junction of sub- and superadjacent secondaries), 12 — adaxial epidermis with multicel-
lular trichome bases, 13 — abaxial cells with knobby projections (bottom arrow), brachyparacytic stomata and stomatal ledges
(top arrow), UF18049-61196, 14 — brachyparacytic stomata, stomatal ledge (arrow) and sinuate anticlinal cell walls, UF18049-
68916; 15, 16. Daphnogene sp. 1, 15 — leaf with acrodromous secondary vein (arrows), 16 — abaxial cells with brachyparacytic
stomata and stomatal ledge (arrow), UF18049-56767; 17, 18. Daphnogene sp. 2, 17 — leaf with acrodromous venation to apex
(arrows), UF18049-43575, 18 — adaxial, sinuate anticlinal cell walls, UF18049-69001. Scale bars: 1, 7, 15, 17 = 10 mm; 24, 6,
11 = 5 mm; 10, 12, 13, 16 = 20 pm; 8, 9 = 40 um; 5, 14, 18 = 50 ym
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brochidodromous venation (Pl. 1, figs 6, 7) and
epidermal characters such as secretory bodies
and guard cell size, inner rim thickenings and
straight anticlinal cell walls (P1. 1, figs 5, 8-10)
are similar to characters of Lauraceae such as
Litsea sp.

The assignment of a fossil leaf taxon to
any one Lauraceae genus is very difficult due
to morphological and anatomical similarities
with extant species in different genera such as
Ocotea Aubl., Nectandra Rol. ex Rottb., Beils-
chmiedia Nees, Litsea Lam. and Cryptocarya
R.Br. (Kvaéek 1971, Worobiec 2003). Thus, the
morphogenus name Laurophyllum Goeppert is
used for lauraceous leaves with pinnate vena-
tion (Kvacek 1971).

Well-preserved leaves of Lauraceae are
found in Cenozoic floras across the globe and
are widely accepted as indicators of warm and
wet conditions (Carpenter et al. 2007). Our
leaves are similar to those of Laurophyllum
sp. 1 from the Miocene of Iceland (Denk et al.
2005) in shape, size and the presence of meso-
phyll secretory bodies. The leaf shape, vena-
tion, adaxial cell wall shape, paracytic sto-
mata, abaxial trichome bases (Pl. 1, fig. 9) and
mesophyll bodies of our leaves are similar to
those of Laurophyllum pseudovillense Kvacek
of Knobloch & Kvadek (1976, see Plate IV,
fig. 12, Plate XII, fig. 7, Plate XXV, figs. 3, 4)
but the lower cuticle is very faint in Knobloch
& Kvacek (1976) and no trichomes were noted
on the adaxial surface of our leaves. Similar-
size secretory glands have also been noted in
Laurophyllum pseudovillense Kvacek from
the Miocene of Austria (Kovar-Eder & Hably
2006). Berry (1916c) described Nectandra
apalachicolensis Berry (USNM 38284) from
Alum Bluff but the fragmentary nature of the
holotype precludes verification. Elsewhere in
the Miocene of the eastern United States, lau-
raceous leaves are found in Hattiesburg and
Bridgeton, Lauraceae pollen in Bridgeton and
Pennsauken, and Persea wood in the Brandon
lignite (Hollick 1892, Greller & Rachele 1983,
Tiffney 1994, Stults et al. 2016) (Tab. 1).

cf. Laurophyllum pseudoprinceps
Weyland et Kilpper

Pl 1, figs 11-14

Description. Leaves incomplete or fragmen-
tary, elliptic, with firm dark brown cuticle, micro-
phyll. Length 4.5 cm, width 2.0 cm, l/w ratio

2.3, leaf area 599.4 mm? (n=1). Apex and base
missing, margin entire. Primary venation sin-
gle, curved, weak. Secondary venation weakly
brochidodromous, intervals of 13 mm, angle
of divergence 25-30°, looping length decreas-
ing upward. Adaxial epidermal cells random,
elongate to isodiametric, 4-5-sided, anticlinal
cell walls seldom beaded, mostly straight, some
arcuate, 16.2—29.4 x 10.0-23.9 ym. Sporadic tri-
chome bases. Abaxial epidermal cells random,
elongate to isodiametric, slightly domed, 4-6-
sided, anticlinal cell walls distinctly beading,
straight to sinuate, 16.5-31.0 x 13.5-23.2 pm.
Sporadic trichome bases. Stomata brachypara-
cytic, not sunken, with unequal to nearly equal-
sized subsidiary cells. Guard cells stain mostly in
inner ledges, cells 14.3—20.1 x 5.1-7.4 ym. Sub-
sidiary cells evidently winged (butterfly-shaped)
to sometimes barely exceeding guard cell width,
rounded to square ends, with anticlinal cell wall
beading, cells 10.2-27.4 x 6.6-19.0 pm.

Material examined. UF 18049-61196,

68916.

Discussion. Elliptical leaves with brochido-
dromous venation (Pl. 1, fig. 11) are found in
numerous angiosperm families, but the pres-
ence of trichome bases, anticlinal cell walls
with knobby projections (Christophel & Rowett
1996) and brachyparacytic stomata with sto-
matal ledges (Pl. 1, figs 12-14) (Bandulska
1926, Dilcher 1963, Hill 1986) is fairly distinc-
tive for Lauraceae. Within extant Lauraceae,
bead-like thickening of the anticlinal cell walls
is found in Litsea, Beilschmiedia, Endiandra
and Cryptocarya, although sometimes they
are associated with papillae (Kvacek 1971).
Unfortunately, the lack of well-preserved sec-
ondaries in the middle and upper portion of
the lamina makes it difficult to determine pre-
cisely the secondary vein framework, which
would be useful for resolving its relationships
to particular extant genera of Lauraceae.
These leaves differ from the aforementioned
cf. Laurophyllum pseudovillense in the pres-
ence of butterfly-shaped stomata and straight
to sinuate abaxial anticlinal walls with dis-
tinct beading. Instead, these fossils are similar
to Laurophyllum pseudoprinceps Weyland et
Kilpper from the Tertiary of Bohemia in guard
cell size, unequal size development of subsidi-
ary cells, the butterfly-shaped stomatal appa-
ratus (PL. 1, figs 13, 14), abaxial anticlinal cell
walls straight (Pl. 1, fig. 13) to sinuate (PI. 1,
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fig. 14) and beading (Pl. 1, fig. 13) (Knobloch
& Kvacek 1976), and sporadic trichome bases
(P1. 1, fig. 12) (Kvacéek 1971). The differences
of our fossil from L. pseudoprinceps of Kvacek
(1971) are that the adaxial anticlinal cells are
seldom beaded, secondary preservation is poor,
and no stomata were found to be amphibrachy-
paracytic (Kvacek 1988). Our fossils are differ-
ent from L. pseudoprinceps of Austria, whose
secondaries are distinctly brochidodromous
and the anticlinal walls for both adaxial and
abaxial cells are sinuate (Kovar-Eder & Hably
2006). Elsewhere in the Miocene of the eastern
United States, Laurus leaves (YPM 147071)
are found in Bridgeton (Hollick 1892) (Tab. 1),
possibly with basal acrodromous and upper
eucamptodromous venation.

Genus: Daphnogene Unger 1845

Daphnogene sp. 1
Pl 1, figs 15, 16

1916c Cinnamomum scheuchzeri Heer. Berry, pg. 51,
Pl 10, fig. 4.

Description. Leaves incomplete, elliptic,
unlobed, with firm dark brown cuticle, micro-
phyll. Length 5.0 cm, width 2.0 cm, I/w ratio
2.5, leaf area 666 mm? (n=1). Apex obtuse, base
missing. Margin entire, thick. Primary vena-
tion single, straight, weak. Secondary venation
eucamptodromous, basal pair extending more
than 1/2 of leaf length and becoming less pro-
nounced on approaching the margin, angle of
divergence 21-35°. Brochidodromous secondary
veins preserved above basal pair of eucampto-
dromous veins. Interconnecting veins at acute
angle to midvein, exmedial tertiary veins at
right angles to secondary acrodromous veins.
Adaxial cuticle lacking. Abaxial epidermal cells
random, elongate to isodiametric, 4-5-sided,
anticlinal wall mostly straight, some arcuate,
27.1-91.8 x 21.1-43.1 pm. Stomata mostly
brachyparacytic to paracytic, a few are anomo-
cytic. Guard cells 25.1-35.6 x 8.3-12.6 pm.
Subsidiary cells 1-3, equal to unequal size,
41.0-54.9 x 15.0-21.0 pm. Possible resinous
substances in mesophyll.

Material examined. UF 18049-56767,
USNM 38285 (Plesiotype, Berry 1916¢, P1. 10,
fig. 4).

Discussion. The basal eucamptodromous
venation of Daphnogene sp. 1 can also be found

in numerous extant angiosperm families such
as Lauraceae, Menispermaceae, Ranuncu-
laceae, Coriariaceae, Rhamnaceae, Urticaceae,
Ulmaceae, Ericaceae, Melastomataceae, Myrt-
aceae, Oleaceae, Loganiaceae, Compositae
and Caprifoliaceae. Characters that differen-
tiate Daphnogene sp. 1 from the aforemen-
tioned families include eucamptodromous
venation extending to the leaf tip in Rham-
naceae (Ziziphus, Lasiodiscus), Melastomata-
ceae, Urticaceae (Pouzolzia) and Cannabaceae
(Celtis); agrophic venation, sinuate anticlinal
cell walls in Menispermaceae (Cocculus) and
Ranunculaceae (Clematis); number of subsidi-
ary cells in Menispermaceae (Cocculus); nar-
row stomata in Coriariaceae (Coriaria); the
presence of trichomes in Myrtaceae (Myrtus)
and Oleaceae (Jasminum); sunken stomata in
Loganiaceae (Strychnos); thickened cell walls
in Caprifoliaceae (Viburnum); and conspicuous
secondary veins and serrate margins in Com-
positae (Eupatorium mikanioides Chapm.) (see
supplemental material for in-depth discus-
sion). Overall, characters of Daphnogene sp. 1,
such as elliptic shape with entire margins,
acrodromous veins extending more than half
of leaf length and becoming less pronounced
(Pl. 1, fig. 15), upper part of leaf with brochi-
dodromous veins, persistent cuticle, anticlinal
cell walls mostly straight, some arcuate, and
brachyparacytic stomata with an inner ledge
(Pl. 1, fig. 16) fit well with Lauraceae. The
one difficulty is the lack of secretory glands
in the fossil leaf. Such glands are diagnostic
for Lauraceae but may not appear in cuticle
preparations such as extant Cinnamomum
camphora (L.) J. Presl., Laurus officinale Nees
and Litsea glaucescens Kunth. Daphnogene
sp. 1 is unique among Alum Bluff specimens
in having numerous minute holes in the dark
brown cuticle while lacking holes in the light
brown cuticle. Under epifluorescence there are
fluorescent amorphous substances surround-
ing the guard cells in the light brown cuticle,
which may represent products of the break-
down of the stomatal complex under tapho-
nomic processes.

The fossil genus Daphnogene Ung. (syn.
Cinnamomophyllum Kr. & WId.) is used to
accommodate leaves with features conforming
to Lauraceae but which cannot be assigned
to a particular extant genus (Kvacek 1971).
Daphnogene leaves have acrodromous basal
secondary veins, whereas Laurophyllum
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accommodates leaves with normal pinnate
venation. Daphnogene sp. 1 resembles Daph-
nogene lanceolata Unger (syn. Cinnamomo-
phyllum scheuchzeri (Heer) Kriausel & Wey-
land) in leaf shape, acrodromous venation
with similar angle of divergence, tertiary veins
at right angle to acrodromous veins, abaxial
anticlinal cell walls straight, and paracytic sto-
mata. The differences are the lack of trichome
bases and defined mesophyll bodies in Daph-
nogene sp. 1 (Mai & Walther 1978). The afore-
mentioned characters of Daphnogene sp. 1 are
also similar to those of the trichome-absent
variety Daphnogene polymorpha (A. Braun)
Ettingshausen of Kovar-Eder & Hably (2006,
see plate 4, fig. 1) and of Knobloch & Kvacek
(1976), and are common in early to middle Mio-
cene floras of Europe. Again, the difference is
the lack of defined mesophyll bodies in Daph-
nogene sp. 1. The lack of defined mesophyll
bodies in Daphnogene sp. 1 may be similar to
the lack of secretory glands in cuticle preps
of certain extant lauraceous genera. Within
the Miocene of the eastern United States, an
incomplete leaf of Cinnamomum scheuchz-
eri Heer (= Cinnamomophyllum scheuchzeri
(Heer) Kriusel & Weyland) (USNM 38285)
was described from Alum Bluff (Berry 1916¢),
which is similar to our fossil in having acro-
dromous secondary venation and well-formed
areoles. Along with these characters, the leaf
described by Berry (1916¢) does show tertiary
veins at right angles to the midvein, similar to
C. camphora. Elsewhere in the Miocene of the
eastern United States, two unidentified acro-
dromous-veined leaves are noted from Bridge-
ton (YPM Collection, pers. obs.).

Daphnogene sp. 2
Pl 1, figs 17, 18; PL. 2, figs 1-3

Description. Leaves incomplete, ellip-
tic to ovate, symmetrical, unlobed, micro-
phyll. Length 5.4-8.5 cm, width 2.0-2.7 cm,
I/w ratio 2.7-3.1, leaf area 719.3-1528.5 (avg.
1123.9) mm? (n=2). Apex obtuse; base missing.
Margin entire. Primary venation acrodromous,
3, weak, extending to leaf apex. Number of
basal veins 3. Few preserved interior second-
aries, at 30-60° angle from midvein or exme-
dial acrodromous veins. Higher-order veins not
preserved. Leaf surface with minute polygonal
pattern. Trichomes lacking. Adaxial cells ran-
dom, rectangular, anticlinal cell walls sinuate,

38.6-57.3 x 24.9-36.1 pnm. Abaxial cells ran-
dom, rectangular, anticlinal cell walls arcuate
to mostly sinuate, 27.5-48.2 x 15.0-29.5 pum.
Stomata random, paracytic, 18.6-24.2 x 17.9—
23.6 ym, with stomatal ledge, subsidiary cell
walls thin.

Material
69001.

examined. UF 18049-43575,

Discussion. Shared characters of Daph-
nogene sp. 2 and extant angiosperm families
such as Dioscoreaceae, Stemonaceae, Alstro-
emeriaceae, Petermanniaceae, Trilliaceae,
Ripogonaceae, Smilacaceae, Rhamnaceae,
Melastomataceae, Lauraceae, Adoxaceae and
Ericaceae include an ovate to elliptic leaf with
entire margins, and acrodromous venation to
the leaf apex. However, the diagnostic feature
of paracytic stomata rules out most of these
families

Characters that differentiate Daphnogene
sp. 2 from all of the aforementioned families
except Lauraceae include nonsinuate anti-
clinal cell walls in Dioscoreaceae, stomata
aligned transverse to the leaf axis in Ste-
monaceae (Croomia, Stemona, Stichoneuron)
and Philesiaceae (Philesia), stomata aligned
parallel to the leaf axis in Alstroemeriaceae
(Behnia), Petermanniaceae (Petermannia)
and Trilliaceae, stomatal ledges lacking in
Ripogonaceae (Ripogonum) and Smilacaceae,
anomocytic stomata in Rhamnaceae, complex
trichomes in Melastomataceae (Tetrazygia,
Graffenrieda, Leandra scabra), serrate mar-
gins near the apex in Adoxaceae (Viburnum),
and two acrodromous secondary veins in Eri-
caceae (Thibaudia) (see supplemental mate-
rial for in-depth discussion).

Overall, characters of Daphnogene sp. 2
such as three acrodromous veins extending to
the leaf tip (Pl. 1, fig. 17), interior veins (P1. 2,
fig. 3), sinuate anticlinal cell walls (Pl. 1, fig. 18;
PL 2 fig. 1), paracytic stomata with a stoma-
tal ledge, and thin subsidiary cell walls (Pl. 2,
fig. 1) are found in Lauraceae such as Cinna-
nomum Schaeff. and Cryptocarya R. Br. The
stomatal size in our fossil is similar to that in
Cinnanomum and Cryptocarya but the epider-
mal cells in the latter taxa are smaller than
in Daphnogene sp. 2 (Christophel & Rowett
1996). Specimen 43575 is provisionally placed
in Daphnogene sp. 2 due to similarity of vena-
tion with 69001 but the lack of cuticle makes
its identification equivocal.
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Plate 2. 1-3. Daphnogene sp. 2, 1 — abaxial, cell wall of guard cells and subsidiaries barely discernible, 2 — leaf with acrodromous
veins, 3 — enlargement of 2 with interior secondary vein (right arrow) extending between midvein (upper arrow) and acrodro-
mous vein (bottom arrow), UF18049-69001; 4-12. Sabalites apalachicolensis Berry, 4 — infructescence fragment found among
S. apalachicolensis leaves, UF18049-61083b, 5 — line drawing of stomata and anticlinal cell walls from faint cuticle preparation,
UF18049-43549, 6 — leaf segments with prominent midvein, UF18049-53778, 7 — costapalmate leaf that does not divide to inser-
tion point, UF18049-29137, 8 — outline of hastula at apex of petiole (arrow), UF18049-29143, 9 — cells of adaxial epidermis in
rows, UF18049-53803, 10 — leaf segment with longitudinal secondary veins, UF18049-48368, 11 — S. apalachicolensis leaf with
Pestalozzites sabalana Berry, UF18049-68863, 12 — costapalmate leaf with unarmed petiole, UF18049-29135; 13. Scirpus sp.,
3-angled seed with prominent ridge, UF18049-43597; 14. Carex sp. 1, veinless perigynium with acuminate teeth, UF18049-43511;
15. Carex sp. 2, veinless perigynium with possible stipitate structure (arrow), UF18049-43538; 16. Palmacites, palmate leaf lack-
ing costa, UF18049-29139; Scale bars: 1, 5 = 20 um; 2, 4, 6-8, 10, 12, 16 = 10 mm: 3, 11, 14, 15 = 5 mm; 9 = 40 pm; 13 = 1 mm
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Order: Arecales Bromhead 1840

Family: Arecaceae Bercht. & J.Presl 1820

Genus: Sabalites Saporta
(emended Read & Hickey) 1972

Sabalites apalachicolensis Berry 1916
PL 2, figs 4-12

1916¢ Sabalites apalachicolensis Berry; Profess. Pap.
U.S. Geol. Surv., 98-E, pg. 46, Pl. 8, figs 1-5,
Pl 9, fig. 9.

Description. Leaf blade plicate, palmately
veined, prominently costapalmate with rela-
tively short costa. Lamina up to 62 c¢cm long
(n=9). Rays incomplete, linear, single-folded,
with prominent midrib, straight to curved and
fused at base, free near upper length, 2—4.1 cm
wide. Secondaries numerous, longitudinal,
parallel, no transverse veinlets evident. Costa
(n=23) bordered with crowded pinnae at leaf
base, curved to sinuate towards petiole, ca
10-23 strands per 2 cm. Small symmetrical
obtuse hastula present near apex of petiole
(n=6) on abaxial surface. Petiole up to 80 cm
long and 2.3 cm wide, with straight unarmed
edges, striated and lacking transverse veinlets,
with lanceolate acumen, abaxial side 7-9.5 cm,
adaxial side ca 4.5 cm. Leaf fragments strap-
like, with parallel straight-sided margins, with
distinct midrib. Infructescence fragments,
2.7-3.5 mm long, 1 mm wide axis, with spi-
ral, spicate, rounded buds (n=2). Stomata and
epidermal cells not well preserved. Abaxial
epidermal cells loosely aligned, elongate, some
with tapering ends, anticlinal cell wall straight
and 4-5-sided, 5.8-21.1 x 2.7-5.6 pym (n=10).
Stomata 12-12.2 x 7.7-8.6 um (n=2).

Material examined. UF 18049-29135,
29137, 29143, 43549, 48368, 53778, 53803,
61083b, 68863, USNM 38281b, 38276,
175739a,b, 175738, 175740 (Lectotype: USNM
38277, Berry 1916¢, pl. 8, fig. 2 [designated in
Read & Hickey 1972, pg. 136]).

Discussion. Costapalmate palm leaves with
unarmed petioles, and blades not divided to
the insertion point in Sabalites apalachicolen-
sis can also be found in extant genera of Bis-
marckia Hildebrandt & H. Wendl., Livistona
R. Brown and Sabal Adanson (Dransfield et al.
2008, Zhou et al. 2013). In Bismarckia the
hastula is large and distinctly lopsided, and in
Livistona the petiole can be armed to unarmed,

interfold areas are sometimes with filaments
(secondary veins), transverse veinlets are
obscure to conspicuous, and the costa is rela-
tively short (Dransfield et al. 2008). A short
costa (3.5 cm) was figured in Berry (1916c,
see PL. 8, fig. 5) for S. apalachicolensis, sug-
gesting that there may be two different Saba-
lites species, related to Sabal and Livistona.
Sabalites apalachicolensis characters such as
a costapalmate leaf, unarmed striated petiole
that lacks transverse veinlets (Pl. 2, fig. 12),
hastula (P1. 2, fig. 8), lanceolate acumen, rays
with prominent midvein (Pl. 2, fig. 6) and lon-
gitudinal secondary veins (Pl. 2, fig. 10), and
leaf blades that are not divided to the inser-
tion point (Pl. 2, figs 7, 8, 12) show similarity
to extant Sabal Adanson except for an obtuse
hastula apex on the abaxial side of the fossil
leaf. An infructescence fragment (Pl. 2, fig. 4)
with spiral, spicate arrangement of putative
pedicels is similar to that of Sabal palmetto.
Small oval fruits (UF 18049-43539, 43571a,
48382, 70190), one with a granular interior,
were occasionally found next to leaves of
S. apalachicolensis, and are somewhat similar
to those of S. palmetto, but the preservation is
poor. Few stomata are preserved (Pl. 2, fig. 5),
and the adaxial epidermal cells are elongate
and 4-sided (Pl. 2, fig. 9), whereas in extant
Sabal palmetto the cells in this position are
elongate to equilateral and 5—6-sided. These
differences support the placement of this fos-
sil in the fossil genus Sabalites rather than in
extant Sabal. Modern Sabal includes tree-sized
palms found in scrub, savanna, hammock and
swamps from the southeastern United States
to South America (Mabberley 1997, Wunderlin
1998) in tropical to warm-temperate regions
(USDA 2016). Adjacent to Alum Bluff, Sabal
is found in floodplains and on slopes, with only
juveniles on the sandhills (Clewell 1985, FSU
Herbarium 2016) (Tab. 1).

The morphological characters of Sabalites
apalachicolensis fit well with fossil palms and
specifically Sabalites (Lesquereux 1878a, Read
& Hickey 1972, Daghlian 1978), but distinct
stomatal characters are lacking for compari-
son with Eocene fossil Sabal in the Claiborne
Group (Daghlian 1978), which contains six
subsidiary cells, of which the polar cells over-
lap the guard cells. For most representatives
of fossil Sabal the leaves have deeply dissected
leaf segments (Kvacek & Herman 2004). The
abaxial cell arrangement, size and shape of
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S. apalachicolensis are similar to the correspond-
ing characters in Sabalites robustus Jin et Zhou
from the Eocene of Hainan Island, China (Zhou
et al. 2013). Sabalites grayanus Lesquereux
(Eocene) and S. vicksburgensis Berry (Eocene)
have a long, narrow acumen and conspicuously
veined rays, with transverse veinlets evident in
S. vicksburgensis (Berry 1916a, Daghlian 1978),
whereas S. apalachicolensis lacks transverse
veinlets (Pl. 2, fig. 10). Within the Miocene of
the eastern United States, fragments of Sabal-
like rays were noted by Dall and Stanley-Brown
(1894) and Foerste (1894), but the first system-
atic treatment was published by Berry (1916¢)
as Sabalites apalachicolensis Berry. Elsewhere
in the Miocene of the eastern United States,
leaves of Sabalites are found in Catahoula (Berry
1916a), while Amesoneuron bridgetonensis (A.
Hollick) Read and Hickey (YPM 14702’, 147002,
147004) has been described from Bridgeton (Hol-
lick 1892, 1897, Read & Hickey 1972) (Tab. 1).

Genus: Palmacites Brongniart 1828

Palmacites sp.
Pl 2, fig. 16

Description. Leaf blade plicate, palmate,
lacking costa. Petiole incomplete, slightly
rounded, 7 mm wide, margin smooth; remnant
of hastula. Rays with single-folded segments
and prominent midrib. Numerous secondary
veins, longitudinal, parallel, no transverse
veinlets. Rays straight to curved at base. No
cuticle preserved.

Material examined. UF 18049-29139.

Discussion. Palmacites sp. differs from
Sabalites apalachicolensis Berry by the lack
of a costa. Characters of Palmacites sp. such
as a palmate leaf with a hastula, an unarmed
petiole and the lack of a costa (Pl. 2, fig. 16)
can be found in numerous extant palm spe-
cies (Dransfield et al. 2008). One would need
characters of apical separation and transverse
veinlets for a more refined species determina-
tion (Dransfield et al. 2008), plus a complete
petiole in reference to the question of entire or
toothed margins. Some teeth can be sloughed
off, while minute teeth may be difficult to iden-
tify. An example would be Serenoa, which have
petioles with teeth (Dransfield et al. 2008), but
the upper portions of some petioles can have
smooth margins or very minute teeth.

The fossil genus Palmacites is used for fos-
sil palmate palm leaves that lack a costa or an
extension of the petiole into the blade (Read
& Hickey 1972). Within the Miocene of the east-
ern United States, palmate Arecaceae leaves
(with spines on petiole) have been collected in
Hattiesburg (Stults et al. 2016), while palm pol-
len has been noted in the Catahoula sandstone
(Wrenn et al. 2003), Alum Bluff (Jarzen et al.
2010), Ohoopee (Rich et al. 2002) and Martha’s
Vineyard (Frederiksen 1984) (Tab. 1).

Order: Poales Small 1903
Family: Cyperaceae Juss. 1789
Genus: Scirpus L. 1753

Scirpus sp.
Pl 2, fig. 13

Description. Achene ovate, flat, 3-angled,
with prominent ridge along full length, length
3 mm, width 1.29 mm. Apex acute, base cune-
ate. Not subtended by hyaline scales.

Material examined. UF 18049-43597.

Discussion. The aforementioned characters
of Scirpus sp. can be found in extant Scirpus
achenes for the size range of 0.8—-4.5 mm long
by 0.8-3.5 mm wide (Koyama 1958). Scir-
pus has 200 species, found predominantly in
cold regions, with only a few species such as
Scirpus cyperinus (L.) Kunth and S. lineatus
Michx. reaching subtropical regions (Britton
& Brown 1913, Wunderlin 1998, Institute for
Systematic Botany 2016, USDA 2016). Scir-
pus are found in wet areas adjacent to Alum
Bluff (Clewell 1983, FSU Hebarium 2016)
(Tab. 1).

Scirpus fruits described from the Miocene of
Central Europe are questionable (Kirchheimer
1957), with some found to be Cyclanthaceae
(Smith et al. 2008). Within the Miocene of the
eastern United States, Corbett (2004) was the
first to note this fruit type at Alum Bluff.

Genus: Carex L.

Carex sp. 1
Pl 2, fig. 14

Description. Ovate veinless perigynium,
3-angled, length 7 mm, width 2 mm. Apex
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acuminate with 1 mm teeth; base truncate and
slightly cordate, surface with one suture.

Material examined. UF 18049-43511.

Discussion. The aforementioned characters
of Carex sp. 1 are somewhat similar to the
veinless perigynium of extant Carex having
a combination of features from sections Palu-
dosae and Stellulatae, for size (2.5-8 mm x
1.2-3.5 mm), ovate shape, acuminate apex
with 2 teeth, cordate base, and one surface
suture (Pl. 2, fig. 14) (Mastrogiuseppe 1993,
Ball & Reznicek 2002). This suture may
also be the ridge of an underlying 3-angled
achene. Carex have ca 1000 species found pre-
dominantly in cold regions, with only a few
species such as Carex lupuliformis Sartw. ex.
Dewey reaching subtropical regions (Britton
& Brown 1913, Wunderlin 1998). Carex are
found adjacent to Alum Bluff on floodplains
and bluffs (Clewell 1983, 1985, FSU Herbar-
ium 2016) (Tab. 1).

Early Carex fruits described from the Mio-
cene of Central Europe lack any proof for
placement within this genus (Kirchheimer
1957). Within the Miocene of the eastern
United States, questionable Cyperaceae pollen
is found in Martha’s Vineyard (Frederiksen
1984), while Cyperus fruits are found in Hat-
tiesburg (Stults et al. 2016) (Tab. 1).

Carex sp. 2
Pl 2, fig. 15

Description. Elliptic veinless perigynium,
3-angled, length 3-9 mm, width 2 mm. Apex
acute, teeth missing; base cuneate with trans-
verse indentations, surface with suture.

Material examined. UF 18049-43538.

Discussion. This specimen is different from
Carex sp. 1 in that it lacks apical teeth and the
base is cuneate with transverse indentations.
The aforementioned characters are somewhat
similar to the veinless perigynium of extant
Carex having a combination of features of sec-
tions Infatae and Nardinae, for size (4-10 mm
x ca 2 mm), elliptic shape, acute apex lacking
teeth, cuneate base, and one surface suture
(Pl. 2, fig. 15) (Ball & Reznicek 2002).

Carex paucifloroides Wieliczkiewicz from
the Miocene of Germany (Mai 2004) is similar
to our fossil in shape, size and base, although
in C. paucifloroides the apex is apiculate.

Order: Proteales
Juss. ex Bercht. & J.Pres] 1820

Family: Platanaceae T. Lestib 1826

Genus: cf. Platanus

Morphotype AB17
PL 3, figs 1, 2

Description. Leaves incomplete or frag-
mented, broadly ovate, lobed, sinus shallow
and running ca 1/3 the distance to midrib.
Length 16 cm, width 11.2 cm, I/w ratio 1.4,
leaf area 11934.7 mm? (n=1). Apex acute,
shape acuminate; base missing. Margin ser-
rate. Basal and apical side of tooth convex to
straight, tooth apex acute to sharply acute.
Principal vein attenuate towards but slightly
wider at tooth apex, with higher-order lateral
vein terminating at tooth margin. Primary
venation palmate, one lateral primary run-
ning straight to slightly curved to lateral lobe
apex. Secondary venation craspedodromous to
possibly eucamptodromous, spacing irregular,
attachment excurrent. Two major secondary
veins diverging at 35-42° in mid to upper por-
tion of lamina, curving slightly upward towards
margin and into tooth. Agrophic veins present.
One pair of eucamptodromous minor second-
ary veins at leaf apex, diverging at 56-65°,
running sharply curved upwards, then paral-
lel to margin. Intercostal tertiary venation not
well preserved for overall pattern. Epimedial
tertiaries possibly opposite percurrent, with
distal course basiflex. Cuticle not preserved.

Material examined. UF 18049-53308.

Discussion. The fragmentary nature of
the leaves precludes a precise determination,
but the general leaf shape, palmate venation
(Pl. 8, figs 1, 2) and tooth venation (Pl. 3, fig. 2
insert) of Morphotype AB17 suggest affinity
with extant Platanus L. (Platanaceae) (Hickey
& Wolfe 1975, Schwarzwalder 1986), although
Hedera L. (Araliaceae) also bears a resem-
blance. For generic determination, abaxial
cuticular characters such as papillose epi-
dermal cells, candelabra trichomes on the
veins (which usually break, leaving trichome
bases), and capitate glands (Meyer & Meola
1978) would be needed. Platanaceae, with one
genus Platanus (7 species), are trees occurring
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Plate 3. 1, 2. cf. Platanus sp., 1, 2 — palmately veined leaf, 2 — venation diagram of fig. 1, with one lateral primary running
to lateral lobe fragment. Insert, composite line drawing with close-up of tooth venation. UF18049-53308; 3-5. Morphotype
AB1, leaves widely ovate, crenate margins, 3, 5 — cordate base, basal actinodromous venation, UF18049-43520a, UF18049-
53164a, respectively, 5 — agrophic venation (arrow), UF18049-53164a, 4 — obtuse apex, UF18049-43522; 6-8. cf. Salix varians
Goepp., 6, 8 — linear serrate margin leaves with semicraspedodromous secondaries, UF18049-43567, 43547, respectively,
7 — enlargement of fig. 6 showing glandular teeth depressed against margin (arrows); 9. Salix sp. 1, wide leaf with compressed
glandular teeth, UF18049-69542; 10, 11. Leguminosites apalachicolensis, 10 — leaflet, 11 — line drawing of adaxial cells from
epifluorescence, UF18049-43527; 12, 13. Leguminosites sellardsii, narrowly elliptic leaflets with highly asymmetrical base,
UF18049-43534, UF18049-53760, respectively; 14. Leguminosites sp. 1, elliptic, brochidodromous leaflet, UF18049-43512;
15. Leguminosites sp. 2, ovate, basal brochidodromous leaflet with obtuse base, UF18049-43533; 16-19. Paliurus sp., 16, 17 —
leaves with simple agrophic venation and toothed margins, UF18049-43514, UF18049-43557, respectively, 18 — line drawing,
UF18049-43543, 19 — percurrent tertiaries and reticulate quaternary veins, UF18049-43557; 20. Paliurus favonii Unger, disk-
winged drupe, UF18049-26117; 21. Ulmus sp. (fruit), UF18049-71312. Scale bars: 1, 2 = 35 mm; 3, 6, 14-16, 18, 21 = 5 mm;
4,5,8,10,17= 10 mm; 7, 12, 13, 19, 20 = 2 mm; 9 = 20 mm; 11 = 50 pm
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in the Northern Hemisphere, and Platanus
occidentalis L. occurs in the floodplains adja-
cent to Alum Bluff (Godfrey 1988, FSU Her-
barium 2016) (Tab. 1). This leaf looks similar
in morphology to that of Platanus leucophylla
(Unger) Knobloch of Austria, which is common
in the late Miocene (Kovar-Eder & Hably 2006,
see Pl. 2, fig. 3). Elsewhere in the Miocene of
the eastern United States, Platanus leaves
have been identified from Catahoula (Dockery
& Thompson 2016), Hattiesburg (Stults et al.
2016), Calvert (Berry 1916b) and Brandywine
(McCartan et al. 1990), fruits from Brandy-
wine (McCartan et al. 1990), and pollen from
Ohoopee (Rich et al. 2002) (Tab. 1).

Rosids

Order: Vitales
Juss. ex Bercht. & J. Presl 1820

Family: Vitaceae Juss. 1789

Morphotype AB1
Pl 3, figs 3-5

Description. Leaves incomplete or frag-
mented, very widely ovate, symmetrical,
microphyll to notophyll. Length 4.2-8.5 cm,
width 4.4-7.6 cm, I/w ratio 1.1-1.2, leaf area
1399-4302.4 (avg. 2482.8) mm? (n=3). Apex
obtuse with rounded flanks; base shallow cor-
date. Margin of broad rounded teeth. Teeth
1-1.5 per cm, spacing regular, sinuses rounded.
Primary venation basal actinodromous,
5 basal veins present, entering teeth. Midvein
straight, weak, and terminates at apex. Lat-
eral primary veins progressively decrease in
thickness towards margin, angle of divergence
40-80°. One pair of upper pinnate secondaries
visible, angle of divergence 30°. Secondaries
craspedodromous. Agrophic venation, at least
2-3 exmedial curving secondaries departing
from lateral primaries, angle of divergence
30-60°. Tertiaries mixed opposite/alternate
percurrent. Cuticle fragmentary, adaxial cells
pentagonal, random, straight-sided, 12.3-37.0
x 10.6-20.3 pm. Numerous glands present,
19.8 pym (avg.). Trichomes absent.

Material examined. UF 18049-43520a,
43522, 53164a.

Discussion. For Morphotype AB1, the
characters of ovate lamina with cordate base,

rounded crenate teeth, basal actinodromous
venation with five primary basal veins, and
agrophic venation (Pl. 3, figs 3-5) are found
in extant families of Malvaceae, Menisper-
maceae, Moraceae and Vitaceae. In Malvaceae
(e.g. Abutilon, Pavonia) the teeth are smaller
and the apex is acute to acuminate (Kearney
1958, Fryxell 1999, Shu Q 2007). The adaxial
surface contains stomata, stellate and/or glan-
dular trichomes in Abutilon (Shaheen et al.
2009), and stellate and/or glandular trichomes
in Pavonia (Fryxell 1999). The broad teeth in
our specimens match those of Hibiscus rosa-
sinensis L. but the base and apex in the lat-
ter do not match our specimens. The venation
is similar to Menispermaceae except that the
margins are predominately entire (except in
Sinomenium acutum (Thunb.) Rehder & E.H.
Wilson which have a few teeth), and Cissampe-
los hirta Klotzsch and Pericampylus glaucus
(Lamk.) Merr. which can have shallowly cre-
nate margins (Forman 1988, De Wit 2008).
In Moraceae (e.g. Ficus palmeri S. Watson,
F. religiosa L.) the secondaries are brochidodro-
mous. In Vitaceae, (e.g. Vitis aestivalis Michx.)
the leaf shape, teeth and venation match but
the base is deeply cordate, not widely cordate
as in our specimens. The presence of numer-
ous glands, the absence of trichomes and the
polygonal cells with straight to arched walls
of V. aestivalis (Ren et al. 2003) are similar to
the morphology of specimen UF 18049-43522.

Within the Miocene of the Northern Hemi-
sphere occur Vitis teutonica A. Braun and
V. subintegra Sap. of Europe, V. alia Hollick
and V. washingtonensis (Knowlton) Brown
of the western United States (Hollick 1927,
Brown 1936). Kirchheimer (1939) suggests
that the western United States species are
either poorly preserved or lack sufficient char-
acters to prove affinity with Vitis. Elsewhere
in the Miocene of the eastern United States,
Vitaceae leaves are found at Brandywine
(McCartan et al. 1990) and possibly Bridgeton,
where Viburnum bridgetonense Hollick (YPM
74684, 74680, 74650, 147094) has numerous
leaf forms under this name (Hollick 1892),
leaving open the systematics of this species
as Vitis or Viburnum. Vitaceae seeds occur at
Brandon (Tiffney 1976, 1994), the Gray Fossil
Site (Gong et al. 2010), Brandywine (McCa-
rtan et al. 1990) and Pensauken (Berry 1940),
and pollen at Brandon (Traverse 1955, 1994)
and Ohoopee (Rich et al. 2002) (Tab. 1).
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Fabids

Order: Malpighiales
Juss. ex Bercht. & J.Pres]l 1820

Family: Salicaceae Mirb. 1815
Genus: Salix L. 1753

cf. Salix varians Goepp. 1855
PL 3, figs 6-8

Description. Leaves incomplete or frag-
mented, narrowly elliptic, symmetrical,
unlobed, microphyll. Length 7.0-11 ¢m, width
1.5-2.6 cm, l/w ratio 3.2—4.7, leaf area 699.3—
1904.8 (avg. 1268.3) mm? (n=5). Extreme apex
missing but tending acute, straight flanks;
base missing. Margin serrate to rarely entire
towards leaf base. Teeth inconspicuous, spac-
ing regular, one tooth order, 2-3 teeth per
cm, compressed against margin, basal side
longer than apical side, basal side convex, api-
cal side straight, tooth sinus rounded. Tooth
apex possibly glandular. Primary venation sin-
gle, straight, stout. Secondary venation semi-
craspedodromous, at least 10 pairs, at intervals
of 5-10 mm, spacing irregular, angle of diver-
gence 30—44°. Secondary attachment slightly
decurrent, secondary course straight and
slightly to gently curving up and out towards
margin, then arching back to subadjacent sec-
ondaries. 1-2 intersecondaries per intercostal,
proximal course mostly parallel to secondary
vein and running more than 1/2 the distance to
margin, distal course merging into percurrent
tertiary vein. Tertiary veins mixed percurrent.
Exmedial tertiaries branching from secondar-
ies near leaf margin and extending into teeth.
Quaternary and higher-order venation not
well preserved, areoles poorly developed. Tri-
chomes and cuticle not preserved.

Material examined. UF 18049-43547,

43567.

Discussion. This species is distinguished by
the narrowly elliptic lamina, serrate to entire
leaf margin (Sargent 1933) with semicraspe-
dodromous secondaries (Pl. 3, figs 6, 8), sec-
ondary vein attachment slightly decurrent,
intersecondaries running more than half the
distance to the margin, and glandular teeth
(Pl. 8, fig. 7). These features are shared with

extant genera of Salix L. and Casearia Jacq.
(Salicaceae). Casearia corymbosa Kunth differs
slightly by having numerous intersecondar-
ies which terminate at an adjacent secondary
vein. Overall, this fossil fits well with extant
Salix and is consistent with Group 1 (subgen-
era Salix and Vetrix) of Buechler (2014). Leaf
shape in extant Salix can vary from circular to
obovate, ovate, lanceolate and narrowly ellip-
tic (Buechler 2014). Salicaceae has 435 spe-
cies, with Salix (400 sp.) found predominantly
in cold regions, with only one species (Salix
caroliniana Michx.) extending to subtropical
regions (Britton & Brown 1913, Wunderlin
1998), and near Alum Bluff they are found in
wet areas (Clewell 1985) (Tab. 1).

Buechler (2014) noted that Miocene leaves
reveal no systematic differences in venation
pattern between modern and fossil Salix of the
same general morphotypes (e.g. Group 1), and
no examples of leaves with intramarginal veins
have been found. Miocene Salix leaves are
found throughout the Northern Hemisphere
(Tidwell 1998, Collinson 1992); many of those
species are generally similar to our fossils, such
as S. venosiusula Smith of Idaho, S. varians
Goepp. of Switzerland, S. k-suzukii Tanai of
Japan, and S. miosinica Hu & Chaney of China
(Heer 1856, Hu & Chaney 1940, Smith 1941,
Uemura 1988). The leaf size, apex, shape, vena-
tion, angle of divergence and teeth characters
of our fossils seem closer to the morphology of
S. varians (including syn. S. lavateri Heer) of
Mai & Walther (1978) and Knobloch & Kvacek
(1976). One problem is the lack of a base in our
fossils, preventing us from confirming whether
the basal secondaries extend a quarter of the
leaf length as in S. varians (Mai & Walther
1978). Salix varians is common in Europe
and East Asia in the Miocene and Oligocene
(Heer 1856, Mai & Walther 1978, Collinson
1992, Worobiec et al. 2008). At Alum Bluff,
Dall & Stanley-Brown (1894) first noted leaves
resembling willows. Elsewhere in the Miocene
of eastern North America, Salix leaves have
been reported from Hattiesburg (Stults et al.
2016), Catahoula (Berry 1916a, questionable),
Calvert (Berry 1916b) and Brandywine (McCa-
rtan et al. 1990). Salix pollen has been found
in the Catahoula (Wrenn et al. 2003), Ohoopee
(Rich et al. 2002), Calvert and Cohansey (Greller
& Rachele 1983), Gray (Wallace & Wang 2004),
Brandywine (McCartan et al. 1990) and Bryn
Mawr (Pazzagalia et al. 1997) sites (Tab. 1).
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Salix sp. 1
Pl 3, fig. 9

Description. Leaves incomplete, elliptic,
microphyll to notophyll. Length 8.0-10 cm,
width 3.0-5.4 cm, I/w ratio 1.9-2.7, leaf area
1498.5-3596.4 (avg. 2597.4) mm? (n=2). Apex
and base missing. Margin serrate. Teeth spac-
ing regular, one tooth order, 4-5 teeth per cm,
compressed against margin, basal side longer
than apical side, basal side convex, apical
side straight, tooth sinus angular. Tooth apex
rounded and glandular. Primary venation
single, straight, moderate. Secondary vena-
tion semicraspedodromous, at least 10 pairs,
at intervals of 10—20 mm, spacing irregular,
angle of divergence 50-65°. Secondary vein
attachment excurrent, course gently curv-
ing up and out towards margin, then arching
back to superadjacent secondaries in a series
of lessening vein width. 1-2 intersecondaries
per intercostal area, proximal course mostly
parallel to secondary vein and running more
than 1/2 the distance to margin, distal course
merging into percurrent tertiary vein. Tertiary
veins mixed percurrent. Exmedial tertiaries
branching from secondaries near leaf margin
and extending into apical side of teeth. Qua-
ternary venation reticulate. Cuticle not pre-
served.

Material examined. UF 18049-69542.

Discussion. The lamina of Salix sp. 1 is
much wider than that of cf. Salix varians. The
size and venation of Salix sp. 1 (PL. 3, fig. 9) are
close to those of extant S. appendiculata Vil-
lars (Buechler 2014) and S. floridana Chapm.
but those species have rounded sinuses, unlike
the fossil. The shape, size and direction of the
teeth resemble Prunus serotina Ehrh. but
P. serotina has alternate percurrent tertiaries
and the exmedial tertiaries near the margin
are reticulate.

Salix sp. 1 somewhat resembles Salix hespe-
ria (Knowlton) Condit. from the Miocene of the
western United States, due to its larger size,
serrate margin and numerous intersecondary
veins (Chaney & Axelrod 1959). This species
also closely resembles S. hausruckensis Kovar-
Eder from the Miocene of Austria (Kovar-Eder
& Wojcicki 2001) in venation (especially the
intersecondary veins), size, teeth shape, and
finer venation running into the apical portion
of the teeth, but more Alum Bluff specimens

with a preserved base and cuticle are needed
for confirmation.

Order: Fabales Bromhead 1838
Family: Fabaceae Lindl. 1836
Genus: Leguminosites Bowerbank 1840

Leguminosites apalachicolensis
(Berry) n. comb.

Pl 3, figs 10, 11

1916¢ Pisonia apalachicolensis Berry; Profess. Pap.
U.S. Geol. Surv., 98-E, pg. 49, pl. 10, fig. 1.

Description. Leaflets complete or frag-
mented, elliptic, slightly asymmetrical, unlo-
bed, microphyll. Length 4.5-7.0 cm, width
2.6-4.0 cm, l/w ratio 1.7-2.0, leaf area 779.2—
1864.8 (avg. 1305.2) mm? (n=4). Apex acute
breviacuminate; base convex to cuneate. Mar-
gin entire. Petiolule wider than midvein, 2 mm
long, 1 mm wide. Primary venation single,
straight, weak. Secondary venation basally
eucamptodromous, others brochidodromous.
At least 9 pairs of secondary veins at inter-
vals of 4-34 mm, spacing irregular, angle of
divergence 45-53° basal, 40-42° midsection,
38-43° apical. Secondary attachment excur-
rent, secondary course predominantly straight,
towards apex curving upwards and out to mar-
gin. Intersecondary veins at least one per inter-
costal, proximal course parallel to secondary
vein and running 1/2 the distance to margin,
distal course joining percurrent tertiary vein.
Tertiary venation mostly alternate percurrent.
Cuticle poorly preserved, characters from epi-
fluorescence. Adaxial cuticle lack trichomes.
Epidermal cell shape 4-6-sided, anticlinal cell
walls straight, 15-37.7 x 12.2-26.4 pm.

Material examined. UF 18049-43527,
USNM 38280 (Holotype, Berry 1916¢, P1. 10,
fig. 1).

Discussion. We reject the designation of
Pisonia apalachicolensis by Berry (1916¢), due
to poor preservation of the original specimen’s
venation. Higher-order venation is important
for a Pisonia designation; for example, Piso-
nia aculeata L. and P. rotundata Griseb. have
intersecondary veins that extend to the outer
secondary loops and sometimes branch adme-
dially. Leguminosites apalachicolensis is some-
what similar to Morphotype AB11 (which we
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attribute to Magnoliaceae/Annonaceae) but in
AB11 the base is obtuse to cordate, the sec-
ondaries are gently curving, and the angle of
divergence is broader. Numerous extant angio-
sperm families such as Magnoliaceae, Fagaceae
and Leguminosae share characters of L. apa-
lachicolensis such as an elliptic leaf with an
entire margin, short acuminate apex, cuneate
base, at least nine pairs of proximal eucampto-
dromous to distal brochidodromous secondaries
that are mostly straight (Pl. 3, fig. 10), at least
one intersecondary per intercostal, and percur-
rent tertiaries. In Magnoliaceae (e.g. Michelia
sp.) there are numerous intersecondary veins,
and in Magnolia fordiana (Oliv.) Hu there are
simple trichomes on the adaxial surface. For
Fagaceae (e.g. Castanopsis acuminatissima
(Blume) A. DC.) the base shape is concave and
the acuminate apex is twice larger than in
L. apalachicolensis, and for C. tonkinensis See-
men the intersecondaries are obscure and the
tertiaries are mixed percurrent to reticulate (Yu
& Chen 1991). In the Leguminosae, Ormosia
Jacks seems very close to L. apalachicolensis in
size, shape and venation. The distance apart and
divergence of the secondary veins (Yu & Chen
1991) and glabrate adaxial surface in Ormosia
panamensis Benth. (Rudd 1965) are similar to
L. apalachicolensis. The adaxial cells of Ormosia
calavensis Azaola ex Blanco are similar in size
to those of L. apalachicolensis but in O. cala-
vensis the anticlinal walls are 4-5-sided and
are predominately sinuate, some straight-sided
and knobby. Polygonal cells with straight-sided
anticlinal walls occur in a few Ormosia species
(Herendeen 1992, Luo & Zhang 2004). Better-
preserved cuticle is needed for L. apalachicolen-
sis (Pl. 3, fig. 11), especially for the abaxial sur-
face, since inflated trichomes are found in most
extant Ormosia species (Herendeen 1992) while
some have only regular simple trichomes (Luo
& Zhang 2004, Duarte et al. 2012). This cuticle
is different from other cuticle from Alum Bluff
in that it lack glands or trichomes, the cells are
straight or arched, and there are size differ-
ences such as are found in Morphotype AB7.

Leguminosites sellardsii (Berry) n. comb.
Pl 3, figs 12, 13

1916¢ Caesalpinia sellardsi Berry; Profess. Pap. U.S.
Geol. Surv., 98-E, pg. 49, pl. 9, fig. 1, 2.

Description. Leaflets complete, narrowly
elliptic or ellipticc medial asymmetrical,

leptophyll to nanophyll. Length 0.5-1.5 cm,
width 0.2-0.5 cm, l/w ratio 2-4.1, leaf area
6.7-50 (avg. 17.3) mm? (n=10). Apex obtuse or
acute, with rounded flanks; base obtuse, lobed
on one side, convex on other, highly asymmetri-
cal. Margin entire. Petiolule 0.3-0.5 mm long.
Primary venation single, straight. Secondaries
brochidodromous.

Material examined. UF 18049-43534,
53760, USNM 38281 (Holotype, Berry 1916c,
Pl 9, fig. 1, 1a)

Discussion. Caesalpinia sellardsi Berry
(USNM 38281) is unique at Alum Bluff due to
its small size and asymmetrical base (Berry
1916¢; PlL. 3, figs 12, 13); it is similar to
a few caesalpinoid and numerous mimosoid
genera (Herendeen 1992, see Figs 318, 319).
We found additional specimens that appear
to be conspecific with Berry’s specimen. Alt-
hough it may represent Leguminosae, there
are not enough characters to confirm the
identification to Caesalpinia. Elsewhere, in
the Miocene of the eastern United States,
caesalpinoid fruits have been described from
the Bridgeton Fm. as Mezoneuron bridge-
tonense Hollick (YPM 147068), although
anatomical characters are needed for gene-
ric determination (Hollick 1896, Herendeen
& Dilcher 1991).

Leguminosites sp. 1

Pl 3, fig. 14
Description. Leaflet complete, elliptic,
symmetrical, unlobed, microphyll. Length

3.0 cm, width 2.0 cm, 1/w ratio 1.5, leaf area
399.6 mm? (n=1). Apex obtuse, with rounded
flanks; base acute, with rounded to straight
flanks and slightly asymmetrical. Margin
entire. Petiolule 2.0 mm long, 1 mm thick. Pri-
mary venation single, straight, weak. Second-
ary venation brochidodromous, at least three
pairs, angle of divergence 43-52°. Secondary
course straight to near margin, then looping
upwards to superadjacent secondary. One pair
of minor basal secondaries. Intersecondaries
1-2 per intercostal, extending ca 1/2 the dis-
tance to margin, proximal course parallel to
secondaries, distal course splits, joining sub-
and superadjacent secondaries. At least 3—4
distinct epimedial tertiaries per intercostal,
angle of divergence 44—60°. Tertiary venation
not well preserved.
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Material examined. UF 18049-43512.

Discussion. The affinity of Leguminosites
sp. 1 is uncertain because there is only one
specimen. The general shape, apex and base,
venation (Pl. 3, fig. 14) and distinct epimedial
tertiaries can be found in extant genera of
Fabaceae (e.g. Abarema, Swartzia). In Abarema
glauca (Urb.) Barneby & J.W. Grimes the
number of secondary vein pairs, their course
and angle of divergence are very similar. Leaf
morphology in Swartzia is diverse and would
need cuticular characters for precise determi-
nation of species (Herendeen 1992). Thus, we
have assigned morphotype status to this fossil
specimen until better-preserved specimens are
discovered. Fabaceae has 16 400 species and is
cosmopolitan and widespread (Tab. 1).

Our specimen is similar to Leguminosites
sp. 1 of the Miocene of Greece in shape, size,
apex and base, and secondary venation, but
there is no mention of intersecondary veins
(Mantzouka et al. 2015). Elsewhere in the Mio-
cene of the eastern United States, fabaceous
leaflets are found at Hattiesburg (Stults et al.
2016) and Catahoula as Pithecolobium oligo-
caenum Berry but the leaflets are diamond-
shaped (Berry 1916a). At Calvert, leaves of
Cassia toraformis Berry seem relatively close
to the Alum Bluff specimen in shape and vena-
tion, but they are half the size of the Alum
Bluff specimen (Berry 1916c). Gleditsia and
Sophora leaves are reported from Brandywine
(McCartan et al. 1990), and Leguminosites
phaseolites Heer leaves (YPM74645, 74644)
from Bridgeton. Pollen is found at Gray (Zobba
et al. 2011) and questionably from Brandon
(Traverse 1955, 1994) (Tab. 1).

Leguminosites sp. 2
Pl 3, fig. 15

Description. Leaflet complete, curved, ovate,
symmetrical, unlobed, nanophyll. Length 2 cm,
width 1.3 em, I/w ratio 1.5, leaf area 173.2 mm?
(n=1). Apex acute, with straight flanks; base
obtuse, with rounded flanks, asymmetrical.
Margin entire. Petiolule 1.7 mm long. Primary
venation single, curved. Secondary venation at
base brochidodromous.

Material examined. UF 18049-43533.

Discussion. Leguminosites sp. 2 differs from
Leguminosites sp. 1 of Alum Bluffin its curved,

ovate shape, and is similar to fossil Sophora
species of Herendeen (1992, see Fig. 179)
except for the curved shape of our specimen
(PL 3, fig. 15).

Rosales
Family: Rhamnaceae Juss. 1789
Tribe: Paliureae Reiss. ex Endl.
Genus: Paliurus Mill. 1754

Paliurus sp.
Pl. 3, figs 16-19

Description. Leaves incomplete or frag-
ments, ovate to elliptic, unlobed, symmetrical,
microphyll to mesophyll. Length 5.0-12.5 cm,
width 2.6-7.0 cm, 1/w ratio 1.7-2.3, leaf area
865.8-5594.4 (avg. 3210.3) mm? (n=5). Peti-
ole slender, 5 mm long. Apex acuminate; base
obtuse, with rounded flanks. Margin crenate/
serrate. Tooth spacing irregular, one order of
teeth, 4-6 teeth per cm, basal side convex,
apical side flexuous to straight, sinus shape
angular. Principal vein of tooth terminates
at tooth apex (glands not observed). Primary
venation single, straight to slightly sinuate,
moderate. Secondaries craspedodromous with
one pair of simple agrophic veins. Basal major
secondary angle of divergence 25-55°, curving
upwards ca 1/2 of leaf length, gradually thin-
ning and running close to margin. 3—4 major
secondaries diverging 28-60° from midvein
at mid-portion of lamina, curving upward
and becoming parallel to lateral secondaries.
Major secondary spacing irregular, 22—-27 mm
apart, attachment excurrent. Two minor sec-
ondaries below basal secondaries, angle of
divergence 40-45°. Minor secondary veins
craspedodromous, diverging exmedially from
lateral secondaries, at least 10 pairs, run-
ning straight to curving upward, sometimes
branching before reaching margin. Minor
secondary angle of divergence predominately
acute (avg. 62° at mid-portion of lateral pri-
mary), with occasional obtuse angle. Inter-
secondaries 2-3, proximal course usually par-
allel to subadjacent secondaries, extending
ca 1/2 the distance to margin, distal course
merging with intercostal tertiaries. Tertiary
veins mixed percurrent, angle in respect to
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midvein obtuse. Epimedial tertiaries present,
proximal course mostly acute to midvein, dis-
tal course parallel to intercostal tertiaries.
Quaternary veins reticulate. Cuticle not pre-
served.

Material examined. UF 18049-43514,
43543, 43557.

Discussion. Characters of this leaf type,
including simple agrophic venation, toothed
margins (Pl. 3, figs 16—18), branching of sec-
ondaries from the midvein at or below the
middle of the lamina (Pl. 3, fig. 18), and per-
current tertiary veins (Pl 3, fig. 19) are found
in extant genera of Rhamnaceae, specifically
Paliurus orientalis (Franch.) Hemsl. (Schi-
rarend & Olabi 1994), Ziziphus obtusifolia
(Hook. ex Torr. & A. Gray) A. Gray, Frangula
sphaerosperma (Sw) Kartesz & Gandhi (syn.
Ceanothus pubescens Ruiz & Pav.) and Colu-
brina asiatica (L.) Brongn. These characters
are also found in extant Salicaceae, such as
some leaves of Populus monticola Brandegee,
but the lower third of the leaves is entire or
with minute teeth. Anatomical characters
would be needed for verification of Salicaceae,
such as paracytic stomata with lateral thick-
ened margins of the stomatal pore, and tri-
chomes on the veins of the adaxial surface
(Mai & Walther 1978). In Rhamnaceae (e.g.
Paliurus/Ziziphus/Ceanothus group) the
stomata are anomocytic, and distinguishing
between these three genera based on ana-
tomical characters is very difficult (Knobloch
& Kvacek 1976). Leaf architectural features
of Paliurus Mill. and Ziziphus Mill. overlap,
which bears out the relationship of Paliurus
nested within Ziziphus (Islam & Simmons
2006), or Paliurus and Ziziphus placed within
the tribe Paliureae (Schirarend & Olabi 1994,
Richardson et al. 2000). On the basis of leaves
alone it would be very difficult to distinguish
Paliurus, Ziziphus and some species of Cean-
othus (Johnston 1963, Buzek 1971). We place
the Alum Buff leaves tentatively in Paliu-
rus based on the presence of the distinctive
co-occurring winged fruit (Manchester 1999,
Burge & Manchester 2008). Leaves of Paliurus
hemsleyanus Rehder ex Schirarend & Olabi
of eastern China are similar in shape, size,
apex, base and margin, plus the adaxial and
abaxial surfaces are glabrous (Shu M 2007).
Shrubs and trees of Paliurus (5 species) occur
in Asia and Southern Europe in a wide range

of habitats (Schirarend & Olabi 1994) but are
no longer native to North America (Tab. 1).

The general shape, size, toothed margin,
acrodromous and agrophic venation of Popu-
lus zaddachii Heer from the Oligocene of
Germany (Mai & Walther 1978) and Paliu-
rus tiliaefolius Unger from the Miocene of
the North-Bohemian Basin (Buzek 1971) are
strikingly similar to our leaves. Leaves of P.
tiliaefolius described by Knobloch & Kvacek
(1976) are rounder than our fossil leaves.
Paliurus protonipponicus K. Suzuki from
the middle-late Miocene of Central Honshu,
Japan, are also strikingly similar to our
leaves, except that in P. protonipponicus the
quaternary veins are percurrent, rather than
reticulate (Ozaki 1991). Fossil Paliurus leaves
are abundant in the Tertiary of the Northern
Hemisphere (Hu & Chaney 1940, Knobloch
& Kvacéek 1976, Ozaki 1991, Meyer & Man-
chester 1997, Burge & Manchester 2008, Li
et al. 2014). Elsewhere in the Miocene of
the eastern United States, rhamnaceous fos-
sils include leaves of Paliurus catahoulensis
Berry from Catahoula (similar in shape and
venation but the margins are entire) (Berry
1916a), and Berchemia priscaformis Berry
from Calvert (Berry 1916b) (Tab. 1).

Paliurus favonii Unger
PlL. 3, fig. 20

Description. Fruit an indehiscent disk-
winged drupe; endocarp diameter 4 mm, wing
diameter 16.5 mm; receptacle with evidence of
rim. Wing 4.8 mm wide, oriented perpendicu-
lar to main axis of fruit, with fine, radiating,
dichotomizing and anastomosing venation.

Material examined. UF 18049-26117.

Discussion. The general form and wing
venation of fossil Paliurus fruit (Pl. 3, fig. 20)
are similar to extant Cyclocarya Lljinsk. How-
ever, the presence of a receptacular rim in
Paliurus, which is absent in Cyclocarya, sup-
ports the identification of this fossil (Manches-
ter 1999, Burge & Manchester 2008). Fossil
fruits of Paliurus described from North Amer-
ica fall within the range of variation known for
P. favonii from Europe and Asia (Corbett 2004,
Burge & Manchester 2008).

Paliurus fruits are known from Miocene
deposits of western North America, Europe,
Asia and Kazakhstan (Manchester 1999, Burge
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& Manchester 2008). Elsewhere in the eastern
United States, rhamnaceous seeds have been
noted from Pensauken (Berry 1940), and pollen
from Brandon (Traverse 1955, 1994) (Tab. 1).

Family: Ulmaceae Mirb. 1815
Genus: Ulmus L. 1753

Ulmus prestonia sp. nov. (leaf)
Pl 4, figs 1-4

1916¢ Ulmus floridana Berry; Profess. Pap. U.S. Geol.
Surv., 98-E, pg. 47, pl. 9, figs 5-7.
Holotype. One of the syntypes of Berry’s
U. floridana (mon U. floridana Chapm.),
USNM 38278b, is here designated holotype.
Specimens USNM 38278a and c, treated previ-
ously among the syntypes of Berry 1916¢, are
here designated as paratypes. These are stored
at the Department of Paleobiology, National
Museum of Natural History, Washington, DC.

Additional significant specimens.
UF18049-43510, 43513, 56769, deposited in
the Division of Paleobotany, Florida Museum
of Natural History, Gainesville, Florida.

Etymology. This species is named for the
historic army post of Fort Preston, near Alum
Bluff, Florida.

Diagnosis. Lamina elliptic-ovate, apex
acute; base acute-obtuse, slightly asymmetri-
cal to symmetrical. Petiole short. Margin sim-
ple serrate to occasionally doubly serrate with
minute subsidiary teeth. Primary venation
single, straight, moderate to stout. Secondary
venation craspedodromous. Minor secondaries
branching near margin. Intersecondaries few,
tertiaries mostly reticulate with occasional
percurrent veins. Exmedial tertiaries usually
terminating at sinuses. Quaternary venation
polygonal reticulate.

Description. Leaves complete to incomplete,
elliptic to ovate, unlobed, symmetrical, nano-
phyll to microphyll. Length 1.4-6.3 ¢cm, width
0.9-3.4 cm, I/w ratio 1.7-3.8, leaf area 83.9—
1426.6 (avg. 482.3) mm? (n=54). Apex acute,
with straight flanks; base acute or obtuse, with
rounded, convex, cuneate to subcordate flanks,
slightly asymmetrical to symmetrical. Margin
serrate to occasionally compound serrate with
one minute subsidiary tooth. Tooth spacing
irregular, 3—10 teeth per cm, asymmetrical to

symmetrical, shallow triangular. Tooth basal
side convex to straight, apical side straight,
flexuous to concave, sinus shape angular. Prin-
ciple vein central to tooth and terminates at
tooth apex, 2 pairs of tertiary accessory veins
present, upper pair crossing principal vein at
acute to obtuse angle, lower pair crossing at
right angles. Tooth apex lacks features. Peti-
ole 2-9 mm, mostly wider than basal portion
of midvein. Primary venation single, straight,
moderate to stout, with evident striations.
Secondary venation craspedodromous, up to
10 pairs, at intervals of 1.5-10 mm, spacing
irregular, angle of divergence 20—65°, mostly
20-35° near apex. Secondary veins originat-
ing from midvein slightly decurrent to excur-
rent; secondary vein course straight or curv-
ing upward to margin; all major secondaries
terminating in a tooth. Minor secondaries
craspedodromous, branching 2—4 per leaf at or
less than 1/2 the distance from margin. Inter-
secondary veins none or one per leaf, rarely 2,
extending at or less than 1/2 the distance from
margin, proximal course parallel to secondary,
distal course intersects tertiary. Tertiary vena-
tion reticulate, less often alternate percurrent,
vein angle obtuse relative to midvein. Epi-
medial tertiaries present. Straight exmedial
tertiaries from secondaries that terminate at
sinus, or looped tertiaries that merge with
sinus and then join adjacent secondary vein,
or exmedial quaternaries from tertiaries ter-
minate at sinus. Quaternary venation irregu-
lar polygonal reticulate. Areolation well devel-
oped. Cuticle not preserved.

Material examined. UF 18049-43510,
43513, 43555a, 56769, USNM 109206b,
38278a—c.

Discussion. We reject the previous assign-
ment to Ulmus floridana by Berry (1916c¢)
because U. floridana Chapman (1860) is an
extant species (syn. of Ulmus americana L.)
that takes priority, and the leaf characters of
this fossil are dissimilar to U. americana. Also,
Berry’s description of an acuminate apex and
doubly compound teeth do not match his illus-
trations of an acute apex and only occasional
doubly compound teeth.

The Ulmus prestonia characters of major and
prominent minor craspedodromous venation,
and serrate leaf margin with one to occasion-
ally 2 orders of teeth (Pl. 4, figs 1-4) are found
in Ulmaceae (e.g. Ulmus L., Zelkova Spach,



98 T.A. Lott et al. / Acta Palaeobotanica 59(1): 75-129, 2019

Plate 4. 1-4. Ulmus prestonia, leaves with serrate margins and slightly asymmetrical to symmetrical base, 1, 2 — line drawings,
UF18049-43555a, UF18049-56769, respectively, 3, 4 — UF18049-43510, UF18049-43513, respectively; 5, 6. Ulmus sp. 1, serrate
margin leaves with highly asymmetrical base, UF18049-43531, UF18049-29132, respectively; 7, 8. Morphotype AB36, 7 — serrate
margin leaf with craspedodromous major and minor secondary veins, 8 — intersecondary vein terminating at percurrent tertiary
(arrow), UF18049-43556; 9, 10. Morphotype AB5, 9 — curved shape with incurved lamina and coriaceous texture, UF18049-43573,
10 — distal serrations (arrows), UF18049-61184; 11-13. Carya cf. serraefolia (Goepp.) Kréusel, 11, 12 — craspido- to semicraspe-
dodromous leaves, UF18049-43504a, UF18049-43588a, respectively, 13 — embedded glands, UF18049-53703; 14-18. Carya sp.,
14 — dehiscent husk, UF18049-43528a, 15 — nut valve, UF18049-43528b, 16, 17 — locule cast, UF18049-43526, UF18049-43500,
respectively, 18 — surface rendering from CT scan data of 4-valved nut, with three ridges showing (arrows), UF18049-53716a;
19-21. Morphotype AB16, 19 — camptodromous venation, 20 — gland, 21 — brachyparacytic stomata with sinuate to sinuolate
anticlinal cell walls, UF18049-53309; 22. Sambucus sp., asymmetrical leaf with serrate margin and acuminate apex, UF18049-
43521; 23. Morphotype AB54, ovate leaf with acuminate apex, UF18049-69528. Scale bars: 1, 4-6, 9, 14-17 = 5 mm; 2, 3, 7,
10-12, 18, 22 = 10 mm; 8 = 2 mm; 13 = 50 um; 19 = 15 mm; 20 = 20 pm; 21 = 40 um; 23 = 20 mm
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Planera Giseke) and Betulaceae (e.g. Ostrya
Scop). In Ostrya virginiana (Mill.) K. Koch
the tooth apices are usually longer and much
narrower than in Ulmus. Within Ulmaceae
the number of intersecondaries distinguishes
Planera from Ulmus (Burnham 1986). Plan-
era aquatica Walt. ex J.F. Gmel. can have more
than five intersecondaries per leaf, and the sec-
ondaries readily branch 2—6 per leaf side. Leaf
venation in Ulmus and Zelkova is very similar
but there is a difference in the tertiary vena-
tion pattern and secondary branching (Tanai
& Wolfe 1977, Burnham 1986, Wang et al. 2001).
In Zelkova schneideriana Hand.-Mazz. and Z.
sinica C.K. Schnied. the tertiary veins are con-
spicuously alternate percurrent and secondary
branching occurs at three fourths the distance
from the margin. Our specimens show a serrate
margin, tertiary veins reticulate and sometimes
alternate percurrent, and secondary branching
at up to half the distance from the margin in
the mid-portion of the lamina (Pl. 4, figs 1, 2),
characters also found in extant Ulmus. Spe-
cies very similar to Ulmus prestonia are Ulmus
pumila L. and U. crassifolia Nutt., except that
they predominantly have compound teeth and
the exmedial tertiaries branch near the margin
and terminate at the sinuses, whereas the fossil
has predominantly simple teeth and the exme-
dial tertiaries may join the sinus or loop to the
sinus and then join the superadjacent second-
ary. In North America, Ulmus has 18 species
ranging from north temperate regions (Radford
et al. 1968) to the fringe of subtropical regions
in Mexico (Britton & Brown 1913, Wunderlin
1998). Adjacent to Alum Bluff, today Ulmus
alata Michx. and U. americana are found in
floodplain and bluff habitats, while U. rubra is
restricted to the bluff (Clewell 1985, FSU Her-
barium 2016) (Tab. 1).

Berry (1916¢) noted that his fossil species
from Alum Bluff is similar to U. longifolia
Unger (U. pyramidalis Goeppert) of Europe,
but the latter seems to have more secondar-
ies (Buzek 1971). Unfortunately the preserva-
tion of the Alum Bluff specimens is not good
enough for the marginal ultimate venation
to be identified. Leaves similar to our speci-
mens include the smaller form of Ulmus spe-
ciosa Newberry from the Miocene of western
North America, although subsidiary teeth are
more common in that taxon (Newberry 1898,
Tanai & Wolfe 1977, Burnham 1986), and
the slightly asymmetrical leaves of Ulmus

protoparvifolia Hu and Chaney from the Mio-
cene of China (Hu & Chaney 1940). Elsewhere
in the Miocene of the eastern United States,
Ulmus leaves are reported from Hattiesburg
(Berry 1916a), Calvert (Berry 1916b), Bran-
dywine (McCartan et al. 1990) and Bridgeton
(YPM 147057, Hollick 1897). Ulmus pollen is
found from several Miocene sites, but not Hat-
tiesburg and Pensauken (Traverse 1955, 1994,
Greller & Rachele 1983, Frederiksen 1984,
McCartan et al. 1990, Pazzagalia et al. 1997,
Rich et al. 2002, Wallace & Wang 2004, Jarzen
et al. 2010, Zobba et al. 2011) (Tab. 1).

Ulmus sp. 1 (leaf)

Pl 4, figs. 5, 6

Description. Leaves incomplete to com-
plete, ovate, unlobed, symmetrical, micro-
phyll. Length 4.1-8.0 cm, width 1.7-3.4 cm,
I/w ratio 1.8-2.4, leaf area 464.2-1811.5 (avg.
1122.1) mm? (n=3). Apex acute, with straight
flanks; base acute or obtuse, with cuneate to
convex flanks, highly asymmetrical, one side
with rounded base. Petiole 0.7-1.0 cm, width
same as basal portion of midvein. Margin ser-
rate to sometimes compound serrate with one
large subsidiary tooth, 3—4 teeth per cm, basal
shape straight to convex, apical shape straight,
sinus shape angular. Principle vein central to
tooth and terminating at tooth apex. Primary
venation single, straight, moderate, with stria-
tions. Secondary venation craspedodromous,
up to 7 pairs, at intervals of 3-10 mm, spac-
ing irregular, angle of divergence 52—60° basal,
37-44° mid and apical portion of lamina. Sec-
ondary attachment excurrent, secondary course
straight or curving slightly upward to margin.
All major secondaries terminate in a tooth.
Minor secondaries craspedodromous, branch-
ing ca 2 per leaf at or less than 1/2 the distance
from margin. Intersecondary veins 0-1 per leaf,
proximal course parallel to secondary, distal
course merging with percurrent tertiary vein.
Tertiary venation inconspicuously percurrent
and reticulate. Epimedial tertiaries mostly per-
pendicular or acute to midvein. Curved exme-
dial tertiaries from secondaries that terminate
at sinus, or tertiary from percurrent tertiary
that terminate at sinus. Quaternary venation
and cuticle not preserved.

Material examined. UF 18049-29132,

43531.
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Discussion. Ulmus sp. 1 is distinguished
from Ulmus prestonia by the former’s highly
asymmetrical base and relatively large sub-
sidiary teeth. In Ulmus sp. 1 the highly asym-
metrical base, inconspicuous percurrent tertiar-
ies, and exmedial tertiaries terminating at the
sinuses (Pl. 4, figs 5, 6) are similar to those of U.
americana L., U. glabra Hudson and U. procera
Salisbury, except that the teeth in these extant
species are mostly to strictly doubly compound
with 1-3 subsidiary teeth. There are over 40
specimens (Appendix 2) in the collection that
appear to represent Ulmus, but due to incom-
plete preservation it is difficult to determine
whether they conform to one or multiple species.

Ulmus paucidentata H.V. Smith from the
Miocene of the western United States is simi-
lar to our specimens, except that its subsidiary
teeth are small (Tanai & Wolfe 1977).

Ulmus sp. 2 (fruit)
Pl 3, fig. 21

Description. Fruit stipitate, with well-
developed wing surrounding the elliptical body
but without free stigmatic arms. Fruit body
(minus stipe) length 8 mm, width 4 mm, ellip-
tical central body length 6 mm, width 3 mm,
stipe length 3 mm. Wing with prominent mar-
ginal vein and laterally deflected axial vein
extending from stipe to fruit body.

Material examined. UF 18049-71312.

Discussion. A stipitate winged fruit with
a marginal vein and an axial vein extending
from the stipe to the fruit body are characteris-
tic of the genus Ulmus (Manchester 1989). The
fossil is similar to Ulmus pseudo-fulva from the
Eocene of western North America but our fossil
lacks a persistent calyx (Manchester 1989). At
present, no fruits of Ulmus have been described
from the Miocene of the eastern United States.

Morphotype AB36 (leaf)
Pl 4, figs 7, 8

Description. Leafincomplete, ovate, unlobed,
mesophyll. Length 13.5 cm, width 6.1 cm,
I/w ratio 2.2, leaf area 5484.5 mm? (n=1). Apex
acute, with straight flanks; base missing. Mar-
gin serrate. Tooth spacing irregular, 1-2 orders
of teeth, 3-5 teeth per cm, basal shape convex,
straight to flexuous, apical shape straight to
concave, sinus shape angular. Principle vein

central to tooth and terminating at tooth apex,
tooth apex lacking features. Primary venation
single, straight, weak, with evident striations.
Secondary venation craspedodromous, 12 pairs
at intervals of 5-18 mm, spacing irregular,
angle of divergence 42—70°, decreasing apically.
Secondary attachment mostly excurrent, some
slightly decurrent, secondary course straight to
curved slightly upward to margin, all major sec-
ondaries terminate in a tooth. Minor secondaries
craspedodromous, dividing at 1/2 the distance
from margin. Intersecondaries at least 5, length
at or less than 1/2 the distance from margin,
proximal course parallel to secondary, distal
course perpendicular to subadjacent major sec-
ondary or terminating at percurrent tertiary.
Tertiaries predominantly alternate percurrent.
Epimedial tertiaries present. Straight exmedial
tertiaries from secondaries that terminate at
sinus. Cuticle not preserved.

Material examined. UF 18049-43556.

Discussion. Based on a single leaf it is diffi-
cult to determine where Morphotype AB36 falls
between extant Ulmus and Planera. The distal
course of the intersecondaries and the predomi-
nantly alternate percurrent tertiaries (Pl 4,
figs 7, 8) are similar to those of Planera aquatic
Walt. ex J.F. Gmel. and Ulmus palmetta, while
its size is similar to that of U. palmetta. The
number and thickness of U. palmetta inter-
secondaries come closer to those of any other
Ulmus species than to Planera, but Planera
intersecondaries are still more pronounced.

Ulmus speciosa Newberry from the Miocene
of the western United States is similar in size
and shape but has 1-4 subsidiary teeth and
lacks intersecondaries, unlike Morphotype AB36
(Chaney & Axelrod 1959). Within the Miocene of
the eastern United States, Planera leaves have
been noted from Calvert (Berry 1916b), and pol-
len from Cohansey (Rachele 1976) (Tab. 1).

Order: Fagales Engl. 1892
Family: Fagaceae Dumort 1829
Gen. et sp. indet.

Morphotype AB5
Pl 4, figs 9, 10

Description. Leaves incomplete, obovate,
asymmetrical, unlobed, microphyll. Length
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6.2-6.4 cm, width 3.4—4.0 cm, I/w ratio 1.6—
1.9, leaf area 1449.2-1651.7 (avg. 1150.5)
mm? (n=2). Apex missing; base acute with
cuneate flanks. Margin entire proximally,
sometimes serrate distally. Petiole 5 mm long.
Tooth basal side concave, apical side convex,
tooth apex simple, tooth sinus angular. Pri-
mary venation single, curved, weak to moder-
ate. Secondary venation brochidodromous to
craspedodromous, at least 8 pairs, at inter-
vals of 3.5—7 mm, spacing decreasing slightly
basally, irregular, angle of divergence rather
consistent, averaging 51°. Secondary attach-
ment excurrent, secondary course straight up
and out towards margin. Higher-order vena-
tion and cuticle not preserved.

Material examined. UF 18049-43573,

61184.

Discussion. Theincurved lamina and curved
shape, suggesting a coriaceous texture, along
with asymmetry, straight secondaries, obovate
shape and short petiole of UF 18049-43573
(Pl 4, fig. 9) suggest an affinity with Fagaceae.
The obovate shape, asymmetry, parallel craspe-
dodromous secondaries and distal serrations
of UF 18049-61184 (Pl. 4, fig. 10) also suggest
an affinity with Fagaceae (e.g. some species of
Quercus L.). This morphology can be found in
four subgenera of Quercus: Cyclobalanopsis,
Lepidobalanus (= Quercus), Protobalanus and
Erythrobalanus (Jones 1986). Unfortunately,
the specimens lack cuticle, which precludes
the use of trichome type and stomatal shape,
important characters for confirming a Quercus
affiliation. Better-preserved specimens may
help to determine whether these two differ-
ent morphotypes should be distinguished
within Fagaceae. Fagaceae has 1050 species,
is cosmopolitan, and is locally widespread for
Quercus (Clewell 1985) (Tab. 1).

The obovate leaf shape, distal serrations
and straight secondary veins of Morphotype
ABS5 are superficially similar to Quercus deper-
dita (Ung.) Iljinskaja from the Miocene of Swo-
szowice, Poland (Iljinskaja 1964). Elsewhere in
the Miocene of eastern North America, Quercus
leaves are found at Hattiesburg (Stults et al.
2016, both lobed and entire), Calvert (Berry
1916b, 1941, lobed), Gray (pers. obs., lobed),
Brandywine (McCartan et al. 1990) and Bridge-
ton with entire-margined Quercus klipstenii
Etts. and Quercus imbricaria Michx. (YPM
147078) (Hollick 1897). Quercus fruits are

found at Brandon (Tiffney 1994, plus wood),
Calvert (Berry 1916b), Gray (Liu 2011), Bran-
dywine (McCartan et al. 1990), and Pensauken
(Berry 1940). Quercus pollen is relatively com-
mon at Alum Bluff and at all Miocene sites
in the eastern United States except for Hat-
tiesburg and Catahoula (Traverse 1955, 1994,
Rachele 1976, Frederiksen 1984, Pazzagalia
et al. 1997, Rich et al. 2002, Jarzen et al. 2010,
Zobaa et al. 2011) (Tab. 1).

Family: Juglandaceae DC. ex Perleb 1818
Genus: Carya Nutt. 1818

Carya cf. serraefolia (Goepp.) Kriusel
Pl 4, figs 11-13

Description. Leaflets incomplete or frag-
mented, elliptic or obovate, unlobed, asym-
metrical, microphyll to notophyll. Length 4.5—
11 cm, width 2—6 cm (n=27), 1/w ratio 1.5-3.0,
leaflet area 200.1-2953.4 (avg. 1576.8) mm?.
Apex acute, with straight flanks; base acute,
with cuneate to rounded flanks, symmetrical to
asymmetrical. Margin serrate in upper 2/3 of
leaf. Tooth spacing irregular, 1-2 orders of teeth,
3-5 teeth per cm, basal side convex, straight to
flexuous, apical side concave, straight to flexu-
ous, sinus angle acute. Prominent vein central
to tooth but sharply curved towards apex, one
pair of opposite accessory veins at base of tooth,
extending out to margin. Tooth apex lacks
features. Primary venation single, straight
or curved, weak to stout. Secondary venation
craspedodromous to semicraspedodromous, up
to 12 pairs, at intervals of 2-10.0 mm, spacing
irregular, angle of divergence 58-90° basally,
48-74° mid-lamina, 42-68° apically. Secondar-
ies running straight to near margin, then arch-
ing abruptly upwards, near apex secondaries
arching upward to margin. A few secondaries
dividing near midvein into 2 major branches.
Secondaries have 1-3 successive exmedial
branched minor secondaries at or more than
1/2 the distance from midvein, each branch
entering a successive tooth. Occasionally one
intersecondary per intercostal, extending up to
1/2 the distance to leaf margin, proximal course
parallel to secondaries, distal course basiflex.
Tertiary veins mostly opposite percurrent,
rarely alternate percurrent, straight, rarely
sinuous, parallel to each other. Tertiary angle
obtuse and decreasing exmedially. Quaternary
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veins not well preserved. Marginal ultimate
venation looped. Glands ca 0.1 mm diameter,
embedded in cuticle.

Material examined. UF 18049-43504a,
43588a, 53703.

Discussion. The asymmetrical base, craspe-
dodromous to semicraspedodromous secondary
veins having successive exmedial branches
that enter the teeth (Pl. 4, figs 11, 12), and
opposite percurrent tertiary veins of Carya
cf. serraefolia are consistent with characters
of extant juglandaceaous leaflets, particularly
Carya Nutt. (Sargent 1933), Pterocarya Kunth
and Cyclocarya 1ljinsk. In Cyclocarya paliurus
(Batalin) Iljinsk. the opposite percurrent ter-
tiaries run in a sinuous pattern and the teeth
are simple. The assignment to Carya is sup-
ported by its predominantly craspedodromous
secondaries, the secondaries having 1-3 exme-
dial branches that successively enter the teeth,
and tertiaries that are percurrent, straight and
parallel to each other, as in extant C. glabra
(Mill.) Sweet. The spherical dots embedded in
the cuticle (Pl. 4, fig. 13) are interpreted as
glands, sometimes called “resin dots” (Hardin
1992), that are also characteristic of Carya.
Fasciculate trichomes and peltate scales are
common in Carya but can be sloughed off on
mature leaves such as Carya glabra (Mill.)
Sweet (Hardin & Stone 1984). The lack of this
trichome type and scales on Carya cf. serraefo-
lia may be due to this process. The size of the
fossil leaflet is within the range of Carya flori-
dana Sarg. Hence we hypothesize that these
leaflets represent Carya, which has 17 species,
extending from eastern North America to Cen-
tral America as well as Eastern Asia (Radford
et al. 1968), preferring higher latitudes but
which can extend to the fringe of subtropical
regions (Britton & Brown 1913, Wunderlin
1998). Adjacent to Alum Bluff, Carya (5 spe-
cies) is widespread (Godfrey 1988, Clewell
1985) (Tab. 1).

Within the Neogene, fossil leaflets and pol-
len of Carya are widespread, with occurrences
in, for example, the Miocene of Clarkia, Idaho,
USA (Smiley & Rember 1985), Shandong
Province, China (Hu & Chaney 1940), Bohe-
mia, Czech Republic (C. serraefolia (Goepp.)
Kriusel; Knobloch 1961, Buzek 1971, Teodor-
idis 2003) and central Honshu, Japan (Ozaki
1991). Characters shared with Carya cf. serrae-
folia (Goepp.) Kriusel include serration type,

asymmetrical leaf base and cuneate shape,
and predominately craspedodromous second-
aries that sometimes divide into two major
branches near the midvein, secondaries giving
off three successive exmedial minor veins at
three fourths the distance to the margin and
entering the teeth, and occasionally one inter-
secondary per intercostal, extending up to half
the distance to the leaf margin (Krausel 1921,
Worobiec 2003). Elsewhere in the Miocene of
the eastern United States, Carya leaflets are
found at Brandywine (McCartan et al. 1990)
and Bridgeton (YPM 147072), and Carya pol-
len at all the Miocene sites except for Hat-
tiesburg (Traverse 1955, 1994, Rachele 1976,
Frederiksen 1984, Pazzagalia et al. 1997, Rich
et al. 2002, Wrenn et al. 2003, Jarzen et al.
2010, Zobaa et al. 2011) (Tab. 1).

Carya sp.
Pl 4, figs 14-18

Description. Fruit ovate, dehiscent,
4-valved, with 4 longitudinal ridges, surface
smooth. Apex acute; base unknown, 1.6-2.9
x 1.2-1.9 ecm (n=4). Nut ovoid, 4-valved, uni-
locular, single-seeded, surface smooth, apex
and base rounded; length 1.8-2.7 cm, equato-
rial width 1.1-2.2 cm wide (n=8). Nut valves
1.7-2.6 cm long, 1.0-1.8 cm wide (n=8). Locule
cast (mold) ovoid to globose, 1.5-2.5 cm long,
1.0-1.8 cm wide, 0.4-1.1 cm thick (n=15),
4-lobed. Primary septum ca 0.75 mm, second-
ary septum ca 0.5 mm.

Material examined. UF 18049-43500,
43526, 43528a,b, 53716a.

Discussion. The fruit with a dehiscent husk
(PL. 4, fig. 14), nut valves (PL. 4, fig. 15) and the
general outline of the locular casts (Pl 4, figs
16, 17) of Alum Bluff Carya sp. are also found
in extant Carya (Sargent 1933, Stone 1997).
The general shape, acute apex and four longi-
tudinal ridges of the Alum Bluff Carya sp. nuts
(PL. 4, fig. 18) are similar to those of extant
Carya illinoinensis (Wangenh.) K. Koch but
C. illinoinensis is twice the size of our fossils.
Within the Neogene, fossil fruits of Carya
are widespread, such as in the Miocene of
western North America, Europe and Asia (Hu
& Chaney 1940, Gregor 1978, Smiley & Rem-
ber 1985, Manchester 1987, Van der Burgh
1987). Elsewhere in the Miocene of the east-
ern United States, Carya fruits are found
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at Hattiesburg (Stults et al. 2016), Brandon
(Tiffney 1994), Gray (Per. obs.) and Brandy-
wine (McCartan et al. 1990) (Tab. 1).

Order: Lamiales

Family: Oleaceae

Gen. et sp. indet.

Morphotype AB16
Pl 4, figs 19-21

Description. Leaf incomplete, elliptic,
mesophyll. Length 16.0 cm, width 6.4 cm,
I/w ratio 2.5, leaf area 6819.8 mm?2 (n=1).
Apex and base missing. Margin poorly pre-
served, with entire margin visible at middle
to lower portion on one side. Upper portion
of primary venation single, straight, weak.
Secondary venation eucamptodromous, upper
venation possibly brochidodromous, angle of
divergence 36—40°. One intersecondary vein
extending more than 1/2 of leaf width, possibly
merging into tertiary vein. Tertiary venation
not well preserved, some percurrent. Areoles
tetragonal, predominantly closed. Abaxial
epidermal cells random, oblong, 3-4-sided,
anticlinal cell walls sinuate to sinuolate,
sometimes straight, 26.5-51.4 x 7.1-20.5 pm.
Stomata brachyparacytic, guard cells 10.5—
14.1 x 2.1-3.8 pm, subsidiary cells 13.9-22.4
x 3.3-8.1 pym. Glands sessile, 41.8-66.0 ym
diameter (epifluorescence).

Material examined. UF 18049-53309.

Discussion. The cuticle description of Mor-
photype AB16 is based on light microscopy and
epifluorescence. The general shape, size, mar-
gin, camptodromous venation, intersecondary
veins (Pl. 4, fig. 19) and glands (PL. 4, fig. 20)
of Morphotype AB16 can be found in numerous
extant families such as Myristicaceae (Osteo-
phloeum platyspermum (Spruce ex A. DC.)
Warb.; Smith 1937), Oleaceae (Osmanthus
americanus (L.) A. Gray; Hardin 1992) and
entire-margin Lamiaceae (e.g. Aegiphila;
Moldenke 1934). In Aegiphila [hotskiana
Cham. the stomata are anomocytic (Bieras
& Sajo 2009). In O. platyspermum the anticli-
nal cell walls are straight to round and the sto-
mata are barely visible, anomocytic, and not
on the same plane as the epidermal cells. The
sinuate to sinuolate anticlinal cell walls and

brachyparacytic stomata of Morphotype AB16
(Pl. 4, fig. 21) are close to those of Oleaceae. In
numerous Osmanthus species the abaxial anti-
clinal cell walls are sinuolate to sinuate; the
stomata are usually anomocytic to rarely cyclo-
cytic but have been noted as brachyparacytic,
while the glands have radial striations (Xu
et al. 2007, Chang et al. 2008). Oleaceae has
900 species and is subcosmopolitan. Osman-
thus has 1-2 species in the southern United
States.

Within the Miocene of the eastern United
States, pollen of Oleaceae is found at Gray
(Zobba et al. 2011) (Tab. 1).

Order: Dipsacales
Juss. ex Bercht. & J. Presl 1820

Family: Adoxaceae E. Mey. 1839
Genus: Sambucus L.

Sambucus sp.

Pl 4, fig. 22
Description. Leaflet complete, ovate,
unlobed, symmetrical, microphyll. Length

6.2 cm, width 2.2 cm, I/w ratio 2.8, leaf area
909.8 mm? (n=1). Apex acuminate, with
straight flanks; base acute, with straight and
concave flanks, highly asymmetrical. Margin
serrate. Tooth spacing irregular, one order
of teeth, 4 teeth per cm, proximal and distal
shape of teeth straight, sinus angle angu-
lar. One tertiary vein exmedial of secondary
vein loop entering each tooth medially and
terminating at tooth apex. Exmedial veins
from secondary loop entering sinuses. Tooth
apex sharply acute. Primary venation single,
curved, moderate. Secondary venation semi-
craspedodromous, at least 7 pairs, at intervals
of 3.5-4.0 mm basally, 9.0 mm at midsection
of lamina, and 2.5-5.0 mm apically, angle of
divergence 52-57° at basal and midsection,
65-70° at apical section. Secondary course
gently arching outward and upward to near
margin, then arching admedially to superadja-
cent secondary, with exmedial branching send-
ing tertiary vein to teeth. Intersecondaries 1-2
per intercostal, short to long, with long inter-
secondaries traversing ca 1/2 the distance to
margin. Tertiary and quaternary veins regular
polygonal reticulate. Few percurrent tertiaries
present. Cuticle not preserved.
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Material examined. UF 18049-43521.

Discussion. The basal veins being closer to
one margin than the other suggest asymmetry
of the leaflet rather than a simple leaf. Char-
acters of an elliptic leaflet with an asymmet-
rical leaf base, acuminate apex, one order of
serrate teeth (Pl. 4, fig. 22), secondary veins
semicraspedodromous, 1-2 short and long
intersecondaries, exmedial veins from sec-
ondary loops entering both teeth and sinuses,
tertiary veins reticulate and a few percur-
rent tertiaries are similar to characters of
extant Sapindaceae (e.g. Koelreuteria elegans
(Seem.) A.C. Sm.) and Adoxaceae (e.g. Sam-
bucus canadensis L.). The difference is that
leaflets of K. elegans have one entire side
toothed and the opposite side with teeth only
near the apex, and the teeth apices in K. ele-
gans are sometimes hooked towards the apex.
The only difference from S. canadensis is that
the angle of divergence is 35-40° throughout
the leaflet. Sambucus has 20 species and can
tolerate cold to subtropical climates, as in
Sambucus nigra L. (Institute for Systematic
Botany 2016, USDA 2016). Adjacent to Alum
Bluff, Sambucus nigra L. is found on the
floodplains (Clewell 1985, FSU Herbarium
2016) (Tab. 1).

In Sambucus sp. of Alum Bluff there is
a superficial similarity to Rhus lesquereuxi
Knowlton and Cockerell from the Eocene
Florissant Beds of Colorado, except for the
craspedodromous venation as opposed to sem-
icraspedodromous venation in Sambucus sp.
(MacGinite 1953). Within the Miocene of the
eastern United States, Sambucus leaves are
common at Hattiesburg (Stults et al. 2016),
and possibly fruit at Brandywine (McCartan
et al. 1990) (Tab. 1).

Incertae Sedis
Lauraceae/Cannabaceae

Morphotype AB54
Pl 4, fig. 23

Description. Leavesincomplete, ovate, noto-
phyll. Length 10.5-14.0 cm, width 4.0—4.5 cm,
I/w ratio 2.6-3.1, leaf area 2797.2-4195.8 (avg.
3496.5) mm? (n=2). Apex acuminate, angle
acute; base missing. Margin entire. Primary
venation single, curved, stout. Secondary

venation eucamptodromous, alternate, spac-
ing 10-12 mm, excurrent to midvein, running
straight then curving upwards and thinning
towards margin. Secondary angle of diver-
gence 40-48° midsection, 30-35° apically. Few
percurrent tertiaries preserved.

Material examined. UF 18049-69528.

Discussion. Morphotype AB54 seems to be
a unique leaf type within the Alum Bluff flora.
Numerous angiosperm species have acumi-
nate apices and entire margins, such as Dio-
spyros virginiana L., Cinnamomum camphora,
Licaria triandra (Sw.) Kosterm., Nectandra
sp., Wisteria sinensis (Sims) Sweet (Godfrey
1988), Trichilia sp., Sapindus saponaria L.
and Aphananthe monoica (Hemsl.) J.-F. Leroy.
There are very few characters for Morphotype
AB54, but the acuminate apex, general leaf
shape, angle of divergence of the secondaries,
the secondaries curving upward and thinning
towards the margins, and percurrent tertiaries
(Pl. 4, fig. 23) are close to features of Laura-
ceae and Cannabaceae (A. monoica).

Order: Magnoliales
Juss. ex Bercht. & J. Presl 1820

cf. Magnoliaceae/Annonaceae

Morphotype AB11
Pl 5, fig. 1

Description. Leaves incomplete to frag-
mentary, elliptic, symmetrical, unlobed, micro-
phyll to notophyll. Length 7.5-10.5 ¢cm, width
4.0-5.0 cm, l/w ratio 1.9-2.1, leaf area 1998—
3496.5 (avg. 2747.3) mm? (n=4). Leaf surface
clearly evident, with well-defined primary and
secondary veins. Apices missing; base obtuse
with rounded to slightly cordate flanks, mar-
gin entire. Primary venation single, straight,
stout. Secondary venation basally eucamp-
todromous, otherwise brochidodromous. At
least 9 pairs of secondary veins, at intervals
of 3.56-10 mm, spacing irregular, angle of
divergence decreasing apically: 60-84° basal,
54-74° middle and 48-53° apical portion of
lamina. Secondary attachment excurrent to
slightly flared, course gently curving upward
and out towards margin. 0-2 intersecondary
veins per intercostal, traversing from 3/4 to 1/4
distance to margin, proximal course parallel to
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secondaries, distal course merging with a few
weak percurrent tertiaries or looping down to
subadjacent secondaries. Tertiary veins per-
current, quaternary veins reticulate. Cuticle
not preserved.

Material examined. UF 18049-43551.

Discussion. The Morphotype AB11 charac-
ters of an entire leaf margin, brochidodromous
venation (Pl. 5, fig. 1), intersecondaries that
extend from 3/4 to 1/4 distance to margin and
then join an intercostal tertiary or the sec-
ondary vein are found in extant Magnoliales
(Hickey & Wolfe 1975), Laurales, Theaceae
and many other angiosperm taxa. In Magno-
liales we have six families, of which Annon-
aceae and Magnoliaceae come close to match-
ing our fossils. Since our fossils lack cuticle,
identification to species would be futile since
trichome types are very important in dis-
cerning genera of Annonaceae and Magnoli-
aceae (Baranova 1972, Baranova et al. 2000,
Roth 1981). For Annonaceae such as Rollinia
exsucca (DC.) A. DC. the secondary angle of
divergence, one series of exmedial loops, and
intersecondaries that merge into percurrent
tertiaries or loop to subadjacent secondaries
match Morphotype AB11 (Klucking 1986). For
Magnoliaceae such as Magnolia poasana (Pit-
tier) Dandy and Magnolia liliifera (L.) Baill.
all the aforementioned characters match Mor-
photype AB11, but these extant species have
tertiaries that are mostly reticulate, and
cuneate leaf bases. Morphotype AB11 has
a few weak percurrent tertiaries. For Degene-
riaceae such as Degeneria vitiensis L.W. Bai-
ley & A.C. Sm. the angle of divergence is too
steep and the tertiaries are reticulate. For
Eupomataceae such as Eupomatia laurina R.
Br. the angle of divergence is too steep. For
Himantandraceae such as Galbulimima bel-
graveana (F. Muell.) Sprague there are 1-3
intersecondaries per intercostal, and they
sometimes extend to the brochidodromous
loop. For Myristicaceae the angle of diver-
gence is too steep and there are zero to few
intersecondary veins. For Lauraceae such as
Beilschmiedia recurva B. Hyland the angle of
divergence, intersecondaries and weakly per-
current tertiaries match Morphotype AB11
but there are two series of exmedial loops in
B. recurva (Christophel & Rowett 1996). For
Theaceae such as Cleyera pachyphylla Chun

ex H.T. Chang the apical portion of the leaf is
denticulate (Yu & Chen 1991). Magnoliaceae
has 220 species regionally distributed from
eastern North America to Central America
(Stevens 2001), and Annonaceae has ca 2440
species regionally distributed from the north-
ern United States to the tropics (Klucking
1986). Adjacent to Alum Bluff, both families
are widespread.

The vast majority of Miocene fossil records
for Magnoliaceae and Annonaceae are based
on leaf venation, a character of limited diag-
nostic value. One can point to the conver-
gent evolution of leaf venation traits in other
families such as Lauraceae (Ferguson 1971).
Putative fossil Magnolia leaves are abundant
throughout the Northern Hemisphere (Les-
quereux 1878b, Berry 1938, Uemura 1988),
among which Morphotype AB11 is most simi-
lar to M. miocenica Hu & Chaney from the
Miocene of China, although the apex differs
(Hu & Chaney 1940). Magnolia leaves with
higher identification certainty due to the
inclusion of cuticular characters include M.
latahensis (Berry) Brown from the Miocene of
Idaho (Baranova & Figlar 2000), Magnolia sp.
from the Miocene of Iceland (Grimsson et al.
2007) and M. kristinae Knobloch and Kvacek
from the Miocene of Bohemia (Knobloch
& Kvacek 1976); of those, Morphotype AB11
most resembles the last two species. Fos-
sil Annonaceae leaves are found in the West
Indies, Central and South America (Berry
1918, 1923, Hollick 1928); among them, Mor-
photype AB11 resembles Anona guppyi Berry
from the Miocene of Columbia and Venezuela
except for the cuneate base (Berry 1922,
1936b). Within the Miocene of the eastern
United States, Magnolia leaves have been
noted at Bridgeton (Hollick 1892) but the sec-
ondary veins are straight and the secondary
angle of divergence is steeper than in Mor-
photype AB11. Magnolia seeds are reported
from Brandon (Tiffney 1977, 1994), pollen
from Ohoopee (Rich et al. 2002) and Magno-
liaceae pollen from Brandywine (McCartan
et al. 1990). Annonaceae leaves are noted
from Catahoula as Anona texana Berry (Berry
1916a), and Asimina triloba (L.) Don (YPM
746'75) from Bridgeton (Hollick 1892) (Tab. 1).
In A. triloba the secondary angle of divergence
is steeper and the exmedial looping is much
broader than in Morphotype AB11.
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Plate 5. 1. Morphotype AB11, elliptic leaf with slightly cordate base (lower arrow) and brochidodromous venation (upper arrow),
UF18049-43551; 2, 4, 5. Morphotype AB6, 2 — ovate leaf with wide tooth (arrow), 4 — anomocytic stomata with at least three
anticlinal cell walls perpendicular to oblique to guard cell (arrows), 5 — adaxial rectangular cells, UF18049-43553; 3. Morpho-
type AB48, oval seed with thickened margin, UF18049-69389; 6-9. Morphotype AB7, 6, 7 — orbicular shape leaves with entire
margins and brochidodromous venation, UF18049-43501, UF18049-43574, respectively. 8 — adaxial anticlinal cell walls straight
and sinuate, 9 — paracytic stomata with symmetrical to asymmetrical subsidiary cells (arrows), UF18049-43574; 10. Morphotype
AB19, USNM 38282; 11. Morphotype AB21, ovate leaf with curved eucamptodromous secondary venation, UF18049-56766; 12.
Morphotype AB20, ovate leaf with serrate margin, UF18049-62093; 13. Morphotype AB29, line drawing, basal section of oblong
leaf, USNM 38279c; 14. Morphotype AB59, ovate leaf with eucamptodromous secondary venation, UF18049-70099; 15. Morpho-
type AB12, elliptical leaf with brochidodromous venation, UF18049-43589; 16. Morphotype AB64, round leaf with crenate to
serrate teeth, UF18049-56765; 17. Morphotype AB28, endocarp with radially aligned ridges, UF18049-53157; 18. Morphotype
AB53, shield-shaped structure with numerous pits, UF18049-62239; 19. Morphotype AB63, line drawing of degraded leaf, USNM
38287; 20. Morphotype AB56, line drawing of pinnately lobe leaf with small teeth, UF18049-70108; Scale bars: 1, 6, 7, 10, 13-16,
19 =10 mm; 2, 11, 12 = 5 mm; 3 = 2 mm; 4, 5, 9 = 50 ym; 8 = 25 pm; 17 = 3 mm; 18 = 2.5 mm, 20 = 15 mm
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Eudicots

Order: Ranunculales Juss.
ex Bercht. & J. Presl

?Ranunculaceae Juss. 1789

Morphotype AB48
Pl 5, fig. 3

Description. Seed elliptic, 4 mm long, 2 mm
wide (n=1). Apex asymmetrical, shortly acute
proximally; base cuneate and finely striate.
Margins thickened, proximal slightly sinuate,
distal deeply convex. Surface with rounded
indentations.

Material examined. UF 18049-69389.

Discussion. The surface of this specimen
has numerous rounded indentations, which
indicate possible protuberances on the opposite
side. This small seed with thickened margins,
a shortly acute asymmetrical apex, cuneate
finely striated base, and possible protuber-
ances is similar to Ranunculus pusillus Poir.,
R. platensis A. Spreng and R. trilobus Desf.

Rosids
Order: Vitales Juss. ex. Bercht. J. Presl. 1820
?Vitaceae Juss. 1789

Morphotype AB6
PL 5, figs 2,4, 5

Description. Leaf incomplete, ovate,
symmetrical, unlobed, microphyll. Length
4.5 cm, width 3.7 cm, l/w ratio 1.2, lamina
area 1108.9 mm? (n=1). Apex folded over; base
cuneate with slightly concave flanks, slightly
asymmetrical. Margin with a few wide teeth.
Tooth proximally and distally convex, sinus
narrowly acute. Petiole 5 mm long. Primary
venation single, curved, weak. Secondary
venation craspedodromous, at least 3 second-
ary veins, at intervals of 7-12 mm, angle of
divergence 42-53°. Secondary attachment
excurrent, course wide, looping up and out-
ward. One secondary vein with one exmedial
branching to tooth apex, just proximal to mid-
tooth. Tertiary veins not well-preserved except
for a few exmedial looping tertiary veins from

basal secondary veins, and a few percurrent
epimedial tertiary veins. Marginal vein pre-
sent. Adaxial cells rectangular with straight
to slightly sinuate anticlinal walls. Abaxial
cells random, triangular to rectangular, anti-
clinal cell walls 3-4-sided, straight, 11.4-29.5
x 10.3—-24.2 pym, stomata anomocytic, 20.1 x
5.2 pm.

Material examined. UF 18049-43553.

Discussion. Morphotype AB6 differs from
Morphotype AB1 in base shape, pinnate vena-
tion and adaxial cell characters. Morphotype
AB6 characters such as shape, venation and
tooth type (Pl. 5, fig. 2) are also seen in extant
Caprifoliaceae such as Viburnum dentatum L.
and in extant Rosaceae such as Crataegus aes-
tivalis (Walt.) Torr. & A. Gray except for the
numerous exmedial branching of the secondar-
ies to the teeth and sinuses. Exmedial branch-
ing of the secondary vein extends to the tooth
tip just proximal to mid-tooth, but for Mor-
photype AB6 no other venation is preserved,
which is crucial for rosoid tooth type confirma-
tion (Hickey & Wolfe 1975). The Morphotype
ABG6 characters of craspedodromous venation,
exmedial branching from the secondary vein
entering the tooth, marginal veins, slightly
asymmetrical acute base with tissue extending
down the petiole, wide convex teeth and nar-
rowly acute sinus can be found in extant Vita-
ceae such as Ampelopsis arborea (L.) Koehne
except for the apiculate teeth. Cuticle prepa-
ration yielded only adaxial rectangular cells
(Pl. 5, fig. 5) with poorly preserved trichome
bases and few stomata (PL. 5, fig. 4). The Mor-
photype AB6 characters of an adaxial surface
with rectangular cells and straight anticlinal
cell walls, and anomocytic stomata with at
least three anticlinal cell walls perpendicular
to one guard cell are similar to those of Parthe-
nocissus (Ren et al. 2003, see figs. 4, 17).

Ampelopsis sp. from the Oligocene Weillel-
ster Basin of Germany has a similar shape,
venation, adaxial and abaxial cell shape, anti-
clinal wall structure and anomocytic stomata,
although there are striations on the cells and
stomata (Mai & Walther 1978). Ampelopsis
populifolia Hu and Chaney from the Miocene
of China (Hu & Chaney 1940) and Populus
heliadum Unger (considered close to A. popu-
lifolia) from the Miocene of the Czech Republic
and Italy have cordate to truncate leaf bases
(Unger 1850, Gaudin & Strozzi 1862).
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Fabids

Order: Malpighiales
Juss. ex. Bercht. & J. Presl 1820

Family: cf. Chrysobalanaceae R.Br. 1818

Morphotype AB7
Pl 5, figs 6-9

Description. Leaves incomplete, circular,
symmetrical, unlobed, microphyll. Length
3.5-4.0 cm, width 3.0-3.4 cm, l/w ratio 1.2,
leaf area 699.3-905.8 (avg. 802.5) mm? (n=2).
Apex obtuse with rounded flanks; base miss-
ing. Margin entire. Primary venation single,
straight, weak. Secondary venation brochi-
dodromous, at least 4 pairs, at intervals of
6—14 mm from base to midsection of lamina,
reducing to 4 mm apically, angle of divergence
46—-64° basal to midsection of lamina, reducing
to 25° apically. Secondary attachment excur-
rent to decurrent basally, course gently loop-
ing up and outwards close to margin before
looping back to superadjacent vein. Tertiary
and higher-order veins not preserved. Adax-
ial cells random, straight to sinuate, 4-sided,
10.5-32.3 x 7.5-17.8 pm. Abaxial cells ran-
dom, anticlinal cell walls straight to sinuate,
4-sided, 15.8-31.3 x 16.2-26.4 pm. Stomata
paracytic, guard cells 26.4-39.4 x 5.0-9.7 um,
subsidiary cells symmetrical to asymmetrical
that overlap the guard cells or even with ends
of guard cells, 41.1-47.0 x 12.7-20.7 pm.

Material examined. UF 18049-43501,

43574.

Discussion. Although the apex is missing
in UF18049-43501, all other macromorphology
characters are similar to those of UF18049-
43574. Morphotype AB7 is somewhat similar
to Leguminosites sp. 1 but in sp. 1 the shape
is elliptic, the secondaries are straight, and
1-2 intersecondaries and epimedial tertiar-
ies are present. Morphotype AB7 characters
such as circular shape, entire margin and
brochidodromous venation (Pl. 5, figs 6, 7)
are found in numerous extant families such
as Rutaceae (Zanthoxylum eliasii D.M. Por-
ter; Porter 1976), with leaf size close to that
of Z. pittieri P. Wilson (Woodson et al. 1979),
Burseraceae (Bursera simaruba (L.) Sarg.) and
Chrysobalanaceae (Chrysobalanus icaco L.). In

Rutaceae, numerous pellucid secretory cavities
occur in the mesophyll of Zanthoxylum fagara
(L.) Sarg.; they are not found in Morphotype
AB7. Also, the stomata of Morphotype AB7 are
paracytic (Pl. 5, fig. 9), while in Zanthoxylum
martinicense (Lam.) DC. they are cyclocytic. In
B. simaruba the leaf base can be asymmetri-
cal and short intersecondary veins are evident,
and the stomata do not match those of Mor-
photype AB7. The C. icaco characters (Espi-
nosa-Osornio et al. 2002) of guard, subsidiary
and epidermal cell size, paracytic stomata,
subsidiary cells symmetrical to asymmetrical,
and abaxial epidermal cells rectangular with
straight anticlinal cell walls are similar to
features of Morphotype AB7 (Pl. 5, figs 8, 9).
The difference is that in C. icaco the adaxial
epidermal cells are only straight-sided and it
is uncommon for the subsidiary cells to have
a distinct overlap of the guard cells, while in
Morphotype AB7 the adaxial anticlinal cell
walls are sinuate and straight (Pl 5, fig. 8).
Chrysobalanaceae has 460-533 species (Mab-
berley 1997, Christenhusz & Byng 2016) in
tropical to warm-temperate regions; adjacent
to Alum Bluff, circular-shaped chrysobala-
naceous leaves are absent (FSU Herbarium
2016) (Tab. 1).

The Morphotype AB7 characters of shape,
size and venation are similar to those of
Fagara catahoulensis Berry (Berry 1916a) of
Catahoula but cuticular samples would be
needed to verify whether the Catahoula leaves
are really Fagara (syn. Zanthoxylum). Sub-
sequent extant phylogenetic studies placed
Fagara in Zanthoxylum (Waterman 1975).
Specimen 18049-53805 may be another speci-
men similar to Morphotype AB7 but only the
base is preserved, showing a decurrent second-
ary vein at the base.

Fabales

Morphotype AB19
Pl 5, fig. 10

1916c Fagara apalachicolensis Berry; Profess. Pap.
U.S. Geol. Surv., 98-E, pg. 50, pl. 9, fig. 2.

Description. Possible leaflet, complete,
elliptical, unlobed, microphyll. Length 2.7 cm,
width 1.7 em, I/w ratio 1.6, leaf area 305.7 mm?
(n=1). Apex missing; base shallow convex and
asymmetrical. Margin entire, petiole 4 mm. Pri-
mary venation single, curved, weak. Secondary
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venation of 3 pairs, brochidodromous, straight
to curved, spacing ca 7 mm, angle of divergence
40-50°. Tertiary venation of polygonal mesh
preserved only near apex. Cuticle not preserved.

Material examined. USNM 38282 (Holo-
type, Berry 1916c¢, P1. 9, fig. 2).

Discussion. Morphotype AB19 is somewhat
similar to Leguminosites sp. 1, except sp. 1
has intersecondary veins and a complete apex.
Leaf shape and venation (Pl. 5, fig. 10) in Mor-
photype AB19 are common in dicotyledons and
are almost impossible to identify without ana-
tomical characters. Berry (1916c) described
Fagara apalachicolensis as in the family Ruta-
ceae but also noted that it could be confused
with entire-margined Quercus sp.

Rosales

Morphotype AB21
Pl. 5, fig. 11

1916¢ Rhamnus apalachicolensis Berry; Profess. Pap.
U.S. Geol. Surv., 98-E, pg. 50-51, pl. 9, fig. 8.

Description. Leaves incomplete, ovate,
unlobed, symmetrical, microphyll. Length
3.5-7.3 cm, width 2.0-4.0 cm, I/w ratio 1.8,
leaf area 466.2-1944.7 (avg. 1205.5) mm?
(n=2). Apex missing; base acute with slightly
convex flanks, margin entire. Primary vena-
tion single, curved, stout, thickened near base,
thinning upwards but still thicker than upper
secondaries. Secondary venation eucampto-
dromous, at least 4 pairs, parallel, excurrent
basally, bent near midvein at mid to apical
region of leaf, angle of divergence at base of
leaf 45-50°, then angle decreasing to less than
40° towards upper portion of leaf. Secondary
course at base of leaf straight, then strongly
arched distad near margin, course at middle
and upper portion of leaf arching upward, then
strongly arched distad near margin. Tertiary
venation and cuticle not preserved.

Material examined. UF 18049-56766,
USNM 38283 (Holotype, Berry 1916¢, PI. 9,
fig. 8).

Discussion. Morphotype AB21 seems to be
a unique leaf type in the Alum Bluff flora. The
Morphotype AB21 characters of ovate leaf with
entire margins and uniformly curved eucamp-
todromous secondary venation (Pl. 5, fig. 11)
are found in extant Rhamnaceae (Berchemia

Neck ex DC., Karwinskia Zucc.) and Cornaceae
(Cornus). In Rhamnaceae the angle of diver-
gence increases towards the lamina base, and
prominent closely spaced percurrent tertiary
veins are perpendicular to the midvein (Correa
et al. 2010). In Cornus the widely spaced per-
current tertiary veins are perpendicular to the
midvein, and in many species the width of the
midvein and secondaries in the upper half of
the leaf are not the same (Meyer & Manches-
ter 1997). The lack of preserved tertiary vena-
tion in Morphotype AB21 makes it impossible
to distinguish between Rhamnaceae and Cor-
naceae, and from the form genus Cornophyl-
lum (Newberry 1895). Also, the lack of well-
preserved cuticle makes precise determination
difficult, since T-shaped hairs are diagnostic
for many Cornaceae species (Eyde 1988, Man-
chester et al. 2009).

Fossil leaves of Cornus and Rhamnaceae
are difficult to differentiate, and numerous fos-
sil Cornus leaves are of uncertain placement
(Kirchheimer 1938). A few may be Cornus or
Berchemia; examples include Cornus rhamni-
folia Weber, C. sanquinea L. and Berchemia
multinervis (A. Braun) Heer, all from the Mio-
cene of Europe (Kirchheimer 1938). The mor-
phological characters of Morphotype AB21 are
superficially similar to those of Cornus ovalis
Lesqx. from the Miocene of the western United
States (Brown 1936) and C. miowalteri Hu
and Chaney from the Miocene of China (Hu
& Chaney 1940). Cornus ovalis has been noted
as being similar to Viburnum sp. or Nyssa
knowltoni Berry (N. hesperia Berry) (Kirch-
heimer 1938). Rhamnus apalachicolensis Berry
(USNM 38283) described by Berry (1916¢) has
curving secondaries that are subparallel to
the margins, plus intersecondary and percur-
rent tertiary veins, similar to Cornus amomum
Miller. Elsewhere in the Miocene of the eastern
United States, Cornus fruits are found at Bran-
dywine (McCartan et al. 1990), Cornaceae pol-
len at Ohoopee (Rich et al. 2002) and Martha’s
Vineyard (Frederiksen 1984), and Berchemia
pollen at Calvert (Greller & Rachele 1983)
(Tab. 1).

Morphotype AB20
Pl 5, fig. 12

Description. Leaf incomplete, ovate,
unlobed, microphyll. Length 4.5 cm, width
2.4 cm, I/w ratio 1.9, leaf area 719.3 mm? (n=1).
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Apex missing; base obtuse with straight flanks.
Margin serrate. Teeth of 2 orders, acute, spacing
irregular, basal side convex and long, sometimes
sinuate near tooth apex, apical side straight,
convex or sinuate, apex sometimes apiculate,
sinus angular. Petiole fragmented. Primary
venation single, straight, moderate. Secondary
venation craspedodromous, at least 6 pairs, at
intervals of 4-8 mm, spacing irregular, angle
of divergence 50-75°. Secondary course slightly
arching, dividing into 2 prominent veins each
entering a tooth, plus one exmedial vein enter-
ing a tooth. Intercostal tertiary veins reticulate.
Cuticle not preserved.

Material examined. UF 18049-62093.

Discussion. Morphotype AB20 characters
such as toothed margin with two tooth sizes,
teeth with convex sides, craspedodromous
venation (Pl. 5, fig. 12) and secondaries giving
off 1-2 exmedial veins that enter the teeth are
found in extant Betulaceae and Rosaceae. The
teeth and on rare occasions the base of Bet-
ula alleghaniensis Britt. look similar to those
of Morphotype AB20. Within Betulaceae it is
often difficult to determine genera based on the
macromorphology of a fragmentary leaf (Woro-
biec & Szynkiewicz 2007); well-preserved are-
ole veinlets that branch more than twice would
be needed to distinguish Betula from Carpi-
nus and Ostrya (Wolfe 1966, Uemura 1988).
In Rosaceae (e.g. Rosa palustris Marsh.) some
secondaries do divide into two prominent veins
each entering a tooth, but there are prominent
short intersecondary veins.

Morphotype AB20 is similar to Type LXX
of Ferguson (1971) from the Miocene of Ger-
many, except for the double serration in Type
LXX. Within the Miocene of the eastern United
States, Betulaceae pollen has been identified
from Alum Bluff (Corbett 2004, Jarzen et al.
2010), Ohoopee (Rich et al. 2002), Calvert (Groot
1992), Martha’s Vineyard (Frederiksen 1984)
and Gray (Zobaa et al. 2011), and Betulaceae
and Rosaceae pollen from Cohansey (Greller
& Rachele 1983), Brandywine (McCartan et al.
1990) and Bryn (Pazzagalia et al. 1997). A Bet-
ulaceae leaf was noted from the Catahoula Fm.
of Mississippi (Dockery & Thompson 2016).
Rosaceae seeds are at Brandon (Tiffney 1994),
possibly at Calvert (Berry 1936a), leaves pos-
sibly at Bridgeton (Hollick 1892), and pollen at
Brandon (Traverse 1955, 1994) and Bridgeton
(Greller & Rachele 1983) (Tab. 1).

?Moraceae

Morphotype AB29
Pl 5, fig. 13

1916¢ Artocarpus lessigiana floridana Berry; Profess.
Pap. U.S. Geol. Surv., 98-E, pg. 48 pl. 10, figs.
5-17.
Description. Leaf fragments, oblong, pin-
nately lobed, notophyll. At least 9.4 c¢cm long
by 6 cm wide, leaf area 3761.9 mm?. Apex and
base missing, margin entire. Primary vena-
tion single, sinuate to straight, weak. Second-
ary venation angle of divergence 35-62°. Major
secondaries possibly one to each lobe, minor
secondaries to margin, some to sinus with
sinal bracing. Intercostal tertiaries alternate
percurrent.

Material examined. USNM 38279a—c.

Discussion. Morphotype AB29 seems to
be a unique leaf type within the Alum Bluff
flora in terms of size and lobing, and was ini-
tially described as Artocarpus lessigiana flori-
dana (Berry 1916c¢). In this study the venation
description is supplemented by Berry’s (1916¢)
diagram, since the surviving original specimens
(USNM 38279a—c) have very few discernable
veins (Pl. 5, fig. 13), and no other specimen of
this type has been found since Berry’s publica-
tion. Thus, we question the validity of Artocar-
pus at Alum Bluff. Extant genera with lobed
leaves and sinal bracing include Artocarpus
altilis (Parkinson ex F.A. Zorn) Fosberg, Acer
sp. (Wolfe & Tanai 1987) and Quercus austrina
Small. Sinal bracing is an important character
for confirmation, for in Artocarpus this brac-
ing is closely adjacent to the sinus, while in
Acer sp. and Q. austrina there are tertiary and
quaternary veins between the fork and sinus.
Elsewhere in the Miocene of the eastern United
States, Moraceae leaves are at Hattiesburg
(Stults et al. 2016), possibly at Calvert (Berry
1916b) and Bridgeton (Hollick 1892), and pollen
at Brandon (Traverse 1955, 1994) and Bridge-
ton (Greller & Rachele 1983) (Tab. 1).

Asterids

Morphotype AB59
PL 5, fig. 14
1916¢ Diospyros brachysepala Alex. Braun; Berry,

Profess. Pap. U.S. Geol. Surv., 98-E, pg. 52
pl. 10, figs. 3.
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Description. Leaf incomplete, possibly
ovate, symmetrical, unlobed, mesophyll.
Length 14.5 cm, width 9.0 em (n=1), leaf to
width ratio 1.6, leaf area 8704.4 mm?2. Apex
and base missing. Margin entire. Primary
venation single, straight, weak. Secondary
venation eucamptodromous, at least 7 pairs,
3 mm apart basally, then 12-24 mm apart,
angle of divergence basally 75°, then 45-60°,
basal veins decurrent, excurrent otherwise,
course gently curving to margin. A few per-
current tertiary veins preserved near margin.
Cuticle not preserved.

Material examined. UF 18049-70099,
?USNM 38288 (Plesiotype, Berry 1916¢, PI. 10,
fig. 3).

Discussion. Morphotype AB59 seems to be
a unique leaf type in the Alum Bluff flora in
terms of leaf size. Entire-margined Nyssa-like
leaves can be found in numerous extant fami-
lies such as Annonaceae, Moraceae, Juglan-
daceae, Fagaceae, Magnoliaceae, Lauraceae,
Sapindaceae, Apocynaceae, Cornaceae and
Ebenaceae (Kirchheimer 1938, Eyde & Barg-
hoorn 1963). The Morphotype AB59 characters
of eucamptodromous secondary venation being
alternate at the lamina midsection, and oppo-
site percurrent tertiaries (Pl. 5, fig. 14) can be
found in Cornaceae (e.g. Nyssa ogeche Bar-
tram ex Marshall), including the decrease in
angle of divergence apically, and in Ebenaceae
(e.g. Diospyros virginiana L.). The one differ-
ence that may be applicable is that the basal
secondaries are decurrent in Nyssa and excur-
rent in Disopyros (Yu & Chen 1991). Cuticu-
lar characters would be needed to improve the
systematic placement of Morphotype AB59.
For example, spatulate glands characterize
Nyssa (Kvacek & Buzek 1972) but not Cornus
and Davidia.

We reject the designation Diospyros brach-
ysepala Alex by Berry (1916¢), due to poor
preservation of the original specimen. The
preservation of Morphotype AB59 is poor, but
it is an ovate leaf with eucamptodromous sec-
ondary veins that are decurrent (basally) and
excurrent, and percurrent tertiaries near the
margin are similar to Nyssa haidingeri (Ett.)
Kvacek & Buzek from the Miocene of Europe
(Kvacek & Buizek 1972) and N. hesperia Berry
from the Miocene of the western United States
(Chaney & Axelrod 1959). Diospyros brachy-
sepala A. Braun and D. lotoides Ung. from

the Miocene of Europe do not match our fos-
sil (Ettinghausen 1868). Within the Miocene
of the eastern United States, Nyssa pollen
is found at Brandon, Alum Bluff, Ohoopee,
Calvert, Cohansey, Brandywine, Bryn Mawr,
Bridgeton and Pensauken (Greller & Rachele
1983, Groot 1992, McCartan et al. 1990, Paz-
zagalia et al. 1997, Rich et al. 2002, Jarzen
et al. 2010). Nyssa leaves have been reported
at Brandywine (McCartan et al. 1990), and N.
uniflora Wangenheim at Bridgeton (Hollick
1892, Kirchheimer 1938).

Unknown

Morphotype AB12
Pl 5, fig. 15

Description. Leaf complete, elliptic, sym-
metrical, unlobed, microphyll. Length 4.0 cm,
width 2.1 em, I/w ratio 1.9, leaf area 559.4 mm?
(n=1). Apex missing; base acute. Margin entire.
Petiole ca 0.3 cm. Primary venation single,
straight, stout. Secondary venation brochido-
dromous, at least 3 pairs, extending ca 1/3 of
leaf length in shallow loops, angle of diver-
gence 20-25°. Tertiary venation and cuticle
not preserved.

Material examined. UF 18049-43589.

Discussion. Morphotype AB12 possesses
characters of size, shape, brochidodromous
venation and angle of divergence (Pl. 5,
fig. 15) similar to those of cf. Laurophyllum
pseudoprinceps of this study, cellular details
such as beading of anticlinal cell walls would
be needed for confirmation. Also, these char-
acters can be found in numerous angiosperm
families.

Morphotype AB64
Pl 5, fig. 16

Description. Leafincomplete, circular, sym-
metrical, unlobed, microphyll. Length 4.2 cm,
width 3.5 em, I/w ratio 1.2, leaf area 979.0 mm?
(n=1). Apex missing; base obtuse. Margin cre-
nate to serrate, lower margin of disorganized
smaller rounded to acute teeth, upper margin
of larger crenate teeth. Petiole 6 mm. Primary
venation single, curved, weak. Secondary
venation craspedodromous, opposite, straight,
excurrent, spacing irregular, 5—7 mm, angle
of divergence 55-65°. Secondaries with 2
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exmedial branchings of weaker secondaries
entering successive teeth. Tertiaries reticu-
late. Cuticle not preserved.

Material examined. UF 18049-56765.

Discussion. Morphotype AB64 is somewhat
similar to Morphotype AB20, except in AB20
the secondaries divide into two prominent
branches and the width of AB20 is slightly less
than that of AB64.

Morphotype AB28
Pl 5, fig. 17

Description. Fruit fragmented, possibly
4-winged, 5.3 mm long, 3.0 mm wide. Major
veins parallel, ca 15, transverse over central
locular region and fanning outward. Two rows
of ventral spines or wing veins, 9 preserved in
one row.

Material examined. UF 18049-53157.

Discussion. Micro-CT shows the ventral
side with two rows of spines or wing veins.
The size, number of putative wings, and the
presence of prominent parallel veins over the
locular region and fanning outward are similar
to features of Polygalaceae (Monnina philip-
piana Chodat) and Polygonaceae (Calligonum
leucocladum (Schrenk) Bunge) (Manchester
& O’Leary 2010). Unfortunately the fragmen-
tation of this singular specimen precludes
determination even to family level.

Morphotype AB53
Pl 5, fig. 18

Description. Triangular ovate seed, 2.75 mm
long, 2.5 mm wide. Apex acute; base rounded
and abbreviated cordate. Surface with numer-
ous minute indentations surrounding ovate
central depression.

Material examined. UF 18049-62239.

Discussion. Morphotype AB53 is similar
in shape, size and surface indentations to
the pronotum of the beetle Papusus andrewsi
Okeefe, but the pronotum lacks an abbrevi-
ated cordate base and ovate central depression
(Okeefe 2003). Morphotype AB53 (Pl. 5, fig. 18)
resembles Aristolochiaceae in its shape, size,
cordate base and verrucose surface (Gongalez
& Poncy 1999, Phuphathanaphong 2006).

Morphotype AB63
Pl 5, fig. 19

1916¢ Sapotacites spatulatus Berry; Profess. Pap.
U.S. Geol. Surv., 98-E, pg. 52, pl. 10, fig. 2.

Description. Leaf incomplete, obovate, sym-
metrical, unlobed, microphyll. Length 6.4 cm,
width 2.9 ecm, I/w ratio 2.2, leaf area 1241.9 mm?
(n=1). Apex obtuse; base fragmented but tend-
ing cuneate. Margin entire. Primary venation
single, straight, weak. Secondaries obscure,
but one pair with angle of divergence 26-38°.
Cuticle not preserved.

Material examined. USNM 38287 (Holo-
type, Berry 1916¢, PI. 10, fig. 2).

Discussion. Morphotype AB63 is highly
degraded and the secondary veination is
obscure. Berry (1916¢) placed this specimen
(PL. 5, fig. 19) in the form genus Sapotacites for
undeterminable specimens in the family Sapo-
taceae, with USNM 38287 near Mimusops L.
and Sideroxylon (Bumelia). The obovate spe-
cies of Mimusops (e.g. Mimusops balata (Aubl.)
C.F. Gaertn., M. coriacea (A. DC.) Miq.) have
the secondary angle of divergence nearly at
right angles to the midvein, and the second-
ary looping is very close to the margin, while
USNM 38287 has steep-angled secondaries,
but secondaries near the margin are obscure.
Most species in Sideroxylon have elliptic leaves.
The general shape and angle of divergence do
seem to be close to those of Sapotacites bilini-
cus Ettingshausen (Hably et al. 2001) from the
Eocene of Europe. The lack of distinct venation
makes it very difficult to determine the family.

Morphotype AB56
Pl 5, fig. 20
Description. Leaf incomplete, lobed,
ovate, mesophyll. Length 12.0 cm, width

11.0 cm, l/w ratio 1.1, leaf area 8791.2 mm?
(n=1). Apex and base missing. Margin ser-
rate. Teeth small, thin, sinus angular. Pri-
mary venation unknown. Secondary venation
eucamptodromous and craspedodromous. One
major vein entering fragmented lobe. At least
6 pairs of secondary veins in central lobe, spac-
ing 10-20 mm, angle of divergence 42-60°,
decreasing upward. Interior veins angled,
one forked near sinus with one exmedial ter-
tiary to sinus and merging into marginal vein.
Tertiary veins mixed percurrent. Epimedial
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tertiaries at nearly 90° to midvein. Exmedial
tertiary vein enters minor tooth. Cuticle not
preserved.

Material examined. UF 18049-70108.

Discussion. The possibly lobed leaf with
craspedodromous secondaries, an exmedial
tertiary vein entering a minor tooth, and
a marginal vein suggest Acer sp., but the
fragmentary nature of Morphotype AB56 pre-
cludes a precise determination. Morphotype
AB56 is somewhat similar to Menispermites
latahensis Berry from the Miocene of Washing-
ton, except that in M. latahensis the venation
at the sinuses is not forked as in Morphotype
AB56 (Berry 1931).

Morphotype AB65

1916¢ Bumelia apalachicolensis Berry, Profess. Pap.
U.S. Geol. Surv., 98-E pg. 51, pl. 9, fig. 4.

Description. Leaf complete, obovate,
unlobed, microphyll. Length 3.7 cm, width
1.9 cm, I/w ratio 1.9, leaf area 465.7 mm? (n=1).
Apex obtuse; base concave. Margin entire. Pet-
iole 4 mm. Primary venation single, curved,
stout. Secondary venation obscure near mar-
gin, 10-12 pairs, straight, subparallel, spacing
1.8-3.2 mm, angle of divergence 38-42°. Sec-
ondaries sometimes branch at or less than 3/4
the distance from margin. Cuticle fragments
preserved.

Material examined. USNM 38286a,b
(part [Holotype, Berry 1916¢, Pl. 9, fig. 4],
counterpart).

Discussion. Berry (1916¢c) placed this
specimen as an intermediate between extant
Bumelia tenax (L.) Willdenow (syn. of Sider-
oxylon tenax L.) and B. lanuginosa Persoon
(syn. of Sideroxylon lanuginosum Michx.). We
question the previous assignment to Bume-
lia apalachicolensis by Berry (1916c) because
the preservation of the original specimen is
too poor for generic assignment, which would
require characters such as the strength of sec-
ondary venation near the margin. Also, promi-
nent intersecondary and reticulate tertiary
veins, important characters in S. tenax and
S. lanuginosum, are lacking or not preserved.
The one character that is relevant to S. tenax
and S. lanuginosum is branching of the sec-
ondaries at or less than 3/4 the distance from
the margin.

DISCUSSION

FLORISTIC COMPOSITION

In this study we recognized 46 morpho-
logically distinct species or morphotypes; 26 of
them are assigned to genera or species, 9 are
placed at or near family level, 5 show similari-
ties to multiple families, and 7 are of unknown
affiliation (Tab. 2). This assemblage is predom-
inately angiospermous, with one conifer frag-
ment, and fossil fungal damage. The fungal
damage found on Sabalites apalachicolensis
Berry was identified as Pestalozzites sabalana
Berry (Berry 1916¢) (Pl. 2, fig. 11), similar to
extant Pestalozzia sp. on extant palm leaves
(Edgerton 1912) and Pestalotiopsis sp. known
to occur on at least 39 extant palm species
including Sabal palmetto (Walter) Lodd. ex
Schult. & Schult.f. (Elliott et al. 2004). Table 2
lists the taxonomically determined leaf/fruit/
seed taxa, organized according to the phyloge-
netic sequence of Soltis et al. (2018). We exam-
ined over 450 specimens representing Sabalites
(87%), Ulmus (25.5 %) and Carya (16.4%), with
Fabaceae (3.9%), Lauraceae (2%), Vitaceae
(8%), Salicaceae (2.5%), Rhamnaceae (2.5%)
and Magnoliaceae/Annonaceae (1.2%); and all
other taxa were represented by three or fewer
specimens accounting for less than 1% of the
total (Tab. 2). Overall, palm (Sabalites), elm
(Ulmus) and hickory (Carya) dominate the
fossil assemblage. Their actual abundance in
the original vegetation probably was different,
due to taphonomic bias. For example, larger
leaves are more difficult to collect as complete
specimens in friable sediment than small ones
are, and deciduous leaves are likely over-rep-
resented as compared to evergreens.

CLIMATIC INTERPRETATIONS

We base our inferences about the climate
of Alum Bluff on comparisons with living
relatives and on leaf physiognomy. The taxa
identified with the most confidence, includ-
ing Sabal, Ulmus and Carya, are helpful as
climate indicators. Many of these taxa range
from warm to cool-temperate conditions (e.g.
Scirpus, Carex, Salix, Carya, Ulmus) but
Sabal stands out because even the most frost-
tolerant palm species (Trachycarpus fortunei
(Hook.) H. Wendl.) are physiologically limited
to warmer climates, generally being confined to
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habitats with minimum temperature warmer
than —-10°C (14°F) (Wing & Greenwood 1993).

Among the megafossil remains, we recog-
nized 34 species/morphotypes of dicotyledon-
ous foliage. Of these, 18 or 53% are entire-mar-
gined, while the others are serrate-margined.
Using the regressions provided by Wolfe
(1979), Wing & Greenwood (1993), Wilf (1997),
Kowalski & Dilcher (2003), Miller et al. (2006)
and Peppe et al. (2011) for mean annual tem-
perature (MAT), we get an estimate range of
16.2-22.9°C (61.2-73.2°F) with an average of
19.0°C (66.2°F). Mean annual temperature for
Marianna Municipal Airport, Florida (50.2 km
from Alum Bluff) for the period 1981-2010 is
19.7°C (67.4°F) (NOAA 2018). Using the leaf
area formulas of Wilf et al. (1998), Gregory-
Wodzicki (2000), Jacobs (2002) and Peppe
et al. (2011), we get mean annual precipitation
(MAP) of 99.5-134.3 (avg. 116.0) cm, which is
close to the average of Gainesville, Florida, in
2010 (110.31 cm) (NOAA 2018).

The climate of the eastern United States
during the Miocene underwent numerous
changes. During the early Miocene (ca 20
Myr.), Central America was separated from
North America by the narrow Culebra Strait,
and from South America by the Atrato Seaway
(Kirby et al. 2008, Montes et al. 2012). At this
time, rising global temperatures and sea lev-
els promoted poleward migration of equatorial
megathermal vegetation (Feng et al. 2013).
During the beginning of the middle Miocene
(15 Myr.), the Culebra Strait closed and the
Atrato Seaway was greatly restricted (Montes
et al. 2012), allowing exchange of fauna and
flora (Cody et al. 2010). This coincided with the
Miocene Climatic Optimum (MMCO, 17-14.5
Ma), when deep oceans were warmer and tem-
peratures at mid to high latitudes were higher
than at present (Meller et al. 2015). Also,
increased siliciclastic sediment from the north
was filling the Florida Platform, and sea level
rose to its maximum (Scott 1997). Rainfall was
moderately low for middle-latitude temperate
regions, except for moisture from low-pres-
sure systems in the Gulf of Mexico (Graham
2011). The landscape hosted temperate forests
extending from the eastern United States to
Mexico, bordered by shrubland/chaparral-
woodland-savanna and Neotropical lowlands of
Mexico, and lower-elevation grassy woodlands
of the North American midcontinental region
(Graham 2011). The deciduous forests of the

eastern United States had a number of East
Asian exotics (Wen 1999) such as Paliurus,
with vertebrate fossils also showing faunistic
affinities with East Asia (Shunk et al. 2006).
The macro- and microfossil data indicate that
the climate in the eastern United States dur-
ing the Miocene varied from tropical to warm
temperate in the early Miocene, subtropi-
cal to mild temperate in the middle Miocene,
and warm to cool temperate in the late Mio-
cene (Tab. 1). The Miocene sites ranged from
the Catahoula Fm. in Louisiana to the Bran-
don lignite in Vermont. Macrofossils shared
between Alum Bluff and other Miocene sites
in the eastern United States include Sabal,
Salix, Paliurus, Ulmus and Carya (Tab. 1)
The Alum Bluff fossil flora was considered
by Berry to represent “an endemic tropical
flora gradually becoming invaded by members
of a temperate flora as a result of changing cli-
mate condition.” (Berry 1916¢c, p. 44). He also
envisioned three components of source veg-
etation: semi-swamp palmetto-brake, sandy
strand, and low hammock. This hypothesis
was also based on the underlying Chipola
Fm., which represented a near-shore shallow
marine environment under tropical conditions
(Vaughan 1910, Randazzo & Jones 1997). We
have not been able to confirm truly tropical ele-
ments such as the Artocarpus that Berry identi-
fied. Based on pollen from the same sediments
as the macrofossils considered here, Corbett
(2004) and Jarzen et al. (2010) inferred that
the Alum Bluff flora included both subtropical
and warm-temperate elements, set in a flood-
plain with elements of upland forest flanking
a river. Our study corroborates the interpre-
tation of a warm-temperate climate with win-
ter temperatures sufficiently warm to allow
the survival of marginally subtropical plants
such as Sabalites. In this study we found that
the pollen and leaf taxa of Alum Bluff include
plants that can tolerate a wide range of cli-
matic conditions from cold to subtropical, such
as Sambucus, Carya and Ulmus. Some species
of Scirpus, Carex and Salix reach into subtrop-
ical regions (Britton & Brown 1913, Wunder-
lin 1998, Institute for Systematic Botany 2016,
USDA 2016). Subtropical to warm-temperate
elements include Azolla, Ceratopteris, Taxo-
dium, Gordonia, Sabal, Abutilon, Alchornea,
representatives of Moraceae and Chrysobala-
naceae, and cool-temperate elements such as
Adiantum. The presence of Ephedra pollen
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suggests a xeric habitat within the Alum Bluff
region. Low-lying areas in the region may have
supported Azolla, Ceratopteris, Taxodium,
Gordonia, Sabal, Scirpus, Carex, Salix, Carya,
Ulmus, Platanus and Sambucus. Higher-
elevation areas may have supported Pinus,
Carex, Carya and Ulmus. Fossil taxa that are
presently absent from the modern flora include
Paliurus and Artocarpus(?) (Tab. 1).
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Supplementary Material

Genus: Daphnogene Unger 1845

Daphnogene sp. 1
Pl 1, figs 15, 16

Material examined. UF18049-56767

Discussion. The basal eucamptodromous
venation of Daphnogene sp. 1 can also be found
in numerous extant angiosperm families such
as Lauraceae, Menispermaceae, Ranuncula-
ceae, Coriariaceae, Rhamnaceae, Urticaceae,
Ulmaceae, Ericaceae, Melastomataceae, Myr-
taceae, Oleaceae, Loganiaceae, Compositae and
Caprifoliaceae. In Lauraceae (e.g. Cinnamo-
mum camphora (L.) J. Presl) the stomata are
paracytic (Baruah & Nath 1997). In Menisper-
maceae (e.g. Cocculus heterophyllus Hemsl. et
E.H. Wilson) the stomata have 4-8 subsidiary
cells, while in C. laurifolius DC. the anticlinal
cell walls are sinuate (Ferguson 1971, 1974). In
Loganiaceae (e.g. Strychnos spinosa Lam.) the
paracytic stomata are sunken, and in Ranuncu-
laceae (e.g. Clematis reticulata Walt.) the vena-
tion is highly pronounced to the fourth order,
the stomata are anomocytic and the anticlinal
cell walls are highly sinuate. In Coriariaceae
(Coriaria) the stomata are narrow (Ferguson
1971). In Rhamnaceae (e.g. Ziziphus chloro-
xylon (L.) Oliv., Z. inermis Merr., Lasiodiscus
gillardinii Staner) the eucamptodromous veins
extend to the leaf tip and the stomata are ano-
mocytic, paracytic to amphibrachyparacytic. In
Urticaceae (e.g. Pouzolzia zeylanica (L.) Benn.)
the eucamptodromous veins extend to the leaf
tip, with hooked or conical trichomes (Gangad-
hara & Inamdar 1977). In Cannabaceae (e.g.
entire-margined Celtis) the eucamptodromous
veins are accompanied by agrophic veins. In
Myrtaceae (e.g. Myrtus) there are trichomes
and a second pair of weaker veins that are sinu-
ate along the leaf margin (Ettinghausen 1886,
Ferguson 1971). In Oleaceae (e.g. Jasminum)
there are characteristic unicellular, glandular
to peltate trichomes (Upadhyay et al. 1989). In
Caprifoliaceae (e.g. Viburnum) the subsidiary
cells are separated from the epidermal cells by
a thickened cell wall (Ferguson 1971). In Com-
positae (e.g. Eupatorium mikanioides Chapm.)
the secondary veins are conspicuous and the
margin is serrate. Overall, Daphnogene sp. 1
characters such as elliptic shape with entire

margins, acrodromous veins extending more
than 1/2 leaf length and then becoming less pro-
nounced (Pl. 1, fig. 15), the upper part of the leaf
with brochidodromous veins, persistent cuticle,
anticlinal cell walls mostly straight, some arcu-
ate, and brachyparacytic stomata with an inner
ledge (PL. 1, fig. 16) fit well with features of Lau-
raceae. The one difficulty is the lack of secre-
tory glands in the fossil leaf. Such glands are
diagnostic for Lauraceae but may not appear
in cuticle preparations such as those of extant
Cinnamomum camphora, Laurus officinalis
and Litsea glaucescens Kunth.

Daphnogene sp. 1 is unique among Alum
Bluff specimens in having numerous minute
holes in its dark brown cuticle, while lacking
holes in its light brown cuticle. Under epifluo-
rescence there are fluorescent amorphous sub-
stances surrounding the guard cells in the light
brown cuticle that may lead to the breakdown
of the stomatal complex under the action of
taphonomic processes.

Daphnogene sp. 2

PL 1, figs 17, 18, P1. 2, figs 1-3

Material examined. UF18049-43575,69001

Discussion. Characters of Daphnogene sp. 2
shared with extant angiosperm families such as
Dioscoreaceae, Stemonaceae, Alstroemeriaceae,
Petermanniaceae, Trilliaceae, Ripogonaceae,
Smilacaceae, Rhamnaceae, Melastomataceae,
Lauraceae, Adoxaceae and Ericaceae include
an ovate to elliptic leaf with entire margins,
and acrodromous venation to the leaf apex. In
Dioscoreaceae the leaf base is cordate, with
non-sinuate anticlinal walls (Ding et al. 2011);
Dioscorea has multicellular club-shaped tricho-
mes (Ferguson 1971), Trichopus has crescent-
shaped multicellular glands on short unicellu-
lar stalks (Ayensu 1966), and Rajania ovata Sw.
has numerous resin cells on the abaxial surface,
along with scattered single trichomes. In Stemo-
naceae (Croomia, Stemona, Stichoneuron) and
Philesiaceae (Philesia) the stomata are aligned
transverse to the leaf axis (Conran & Clifford
1985, Conover 1991, Conran et al. 2009, Ding
et al. 2011). In Croomia pauciflora (Nutt.) Torr.
the leaf base is cordate, and in Lapageria (Phile-
siaceae) the stomata are exclusively anomocytic
(Conover 1991). In Alstroemeriaceae (Behnia),
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Petermanniaceae (Petermannia) and Trilliaceae
the stomata are aligned parallel to the leaf axis
(Ding et al. 2011). Also, in Alstroemeriaceae (e.g.
Alstroemeria pulchella L. f., Bomarea acutifolia
(Link & Otto) Herb.) there are more than ten
parallel major and minor acrodromous veins.
In Ripogonaceae (Ripogonum) the stomata are
paracytic to brachyparacytic and lack a stoma-
tal ledge (Pole 2007, Conran et al. 2009. Ding
et al. 2011). In Smilacaceae the vegetative and
epidermal characters are similar in Smilax and
Heterosmilax (Ferguson 1971), and the num-
ber of acrodromous veins can vary from three
to seven (Ding et al. 2011). Sinuate anticlinal
cell walls and paracytic stomata are found in
S. glaucochina Warb. ex Diels, S. hayatae T.
Koyama and S. ocreata A.DC., and stomata
size in our fossil is similar to that of S. ocreata
(Ding et al. 2011), but extant Smilacaceae lack
a stomatal ridge. In Rhamnaceae, Trevoa quin-
quenervia Gillies & Hook. has trichomes, while
the ovate leaves of Ziziphus chloroxylon and Z.
inermis have interior secondaries at 68-80°,
straight anticlinal cell walls and anomocytic sto-
mata. In Melastomataceae, Tetrazygia discolor
(L.) DC., Graffenrieda jucunda (DC.) Mart. and
Leandra scabra DC. (Ettinghausen 1886) have
acrodromous veins extending to the leaf tip,
but the surfaces are covered with various and
often complex trichomes. In Lauraceae the dis-
tinctive feature is the stomatal ledge, and the
species with three acrodromous veins to the
apex include Cinnamomum corneri Kosterm.,
C. javanicum Koorders., C. wilsonii Gamble
and Cryptocarya isonerua Kosterm. (Klucking
1987). In Adoxaceae, Viburnum davidii Franch.
has three deeply impressed acrodromous veins
to the apex, and the margin has teeth near
the apex (Dirr 2007). In Ericaceae, Thibaudia
costaricensis Hoer. has three primary and two
secondary acrodromous veins, the surface has
a minute polygonal pattern and the stomata
are paracytic, but the abaxial surface has scat-
tered single trichomes and the subsidiary cells
are distinct from the guard cells. Overall, char-
acters of Daphnogene sp. 2 such as three acro-
dromous veins to the leaf tip (Pl. 1, fig. 17),
interior veins (Pl. 2, fig. 3), sinuate anticlinal
cell walls (PL 1, fig. 18, Pl. 2, fig. 1), paracytic
stomata with a stomatal ledge, and thin subsidi-
ary cell walls (Pl. 2, fig. 1) are found in Laura-
ceae (e.g. Cinnanomum Schaeff., Cryptocarya R.
Br.). The stomatal size in our fossil is similar to
that of Cinnanomum and Cryptocarya but their

epidermal cells are smaller than in Daphnogene
sp. 2 (Christophel and Rowett 1996). Specimen
43575 is provisionally placed in Daphnogene
sp. 2 due to the similarity of venation to 69001,
but the lack of cuticle is troubling.
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Appendix 2. Alum Bluff fossil plant specimens examined

Taxon

Material examined (UF 18049)

Morphotype AB46

48377, 48377

Morphotype AB30

48376, 48376

cf. Laurophyllum pseudovillense
Kvacek

43523, 43587, 61112, 61113, 61114b, 61195, 68906b, 68909, 68894, 68894’, 68913,
USNM 38284 (Holotype, Berry 1916¢, Pl. IX, fig. 3.)

cf. Laurophyllum
pseudoprinceps
Weyland et Kilpper

61196, 68916

Daphnogene sp. 1

56767, USNM 38285 (Plesiotype, Berry 1916¢, Pl. X, fig. 4)

Daphnogene sp. 2

43575, 69001

Sabalites apalachicolensis
Berry 1916

29127a, b thru 29130, 29134-29138, 29140-29144, 29149, 43507, 43520b, 43548-43550,
43552, 43554, 43555b, 43576b, 43571b, 48365, 48368, 48368’, 48369a,b,b’, 48370, 48371,
48372, 48372’, 48373a, 48374a, 48375, 48375’, 48378, 48378’, 48380a, b, 48383, 48383,
53156a, 53712b, 53762b, 53777-53783, 53800-53804, 55154a, 5949759499, 60736,
60737, 60737, 60740, 60744b, 61026, 61055, 61057-61059a, b, 61060-61065b, 61066—
61074, 61077-61083a,b, 61084a,b, 61085-61088, 61090, 61092-61103, 61182b, 62035g,
62230b, 62230b’, 62237, 62245b, 68861, 68861’, 68862-68864, 68865, 68889, 68889,
68890-68893, 68896-68899, 68900, 68900°, 68901, 6944169443, 69535, 69535°, 695364,
69543b, 69543b’, 70087, 70092b, 70093, 70094a, 70095, 70097, 70097’, 70098, 70100,
70101, 70106a, 70174, 70175, 70181a, 70200b, 70202a, 70207, 70208, 70209b, USNM
38281b, 38276, 175739a,b, 175738, 175740. (Lectotype: USNM 38277, Berry 1916c, pl. 8,
fig. 2 [designated in Read & Hickey 1972, pg. 136])

Palmacites sp. 29139

Scirpus sp. 43597

Carex sp. 1 43511, 43511’

Carex sp. 2 43538, 43538’, 68904b

Morphotype AB17 53308, 53308, 53310

Morphotype AB1 29133b, 29133b’, 43520a, 43522, 43522’, 43559, 43566, 43577, 43586a, 53164a, 53164a’,

62252, 62252°, 69536b, 70074a, 70075, 70178

cf. Salix varians Goepp.

43547, 43567, 43567, 48384, 53567, 61108-61110, 68905

Salix sp. 1

69542, 69544a, 70797

Leguminosites apalachicolensis
(Berry) n. comb.

43527, 56744, 68867, 70106b, USNM 38280 (Holotype, Berry 1916¢, P1. X, fig. 1).

Leguminosites sellardsii
(Berry) n. comb.

43534, 43534’, 43578¢, 53759-53761, 61065a, 61076, 61076°, 70104, 70177, USNM 38281
(Holotype, Berry 1916¢, Pl IX, fig. 1, 1a)

Leguminosites sp. 1

43512, 43512’

Leguminosites sp. 2

43533

Paliurus sp.

43505, 43506, 43514, 43543, 43557, 43562, 62113, 70187

Paliurus favonii Unger

26117, 26117, 62410a, 62410a’, 70079, 70079’

Ulmus prestonia sp. nov.

43504c, 43510, 43510, 43513, 43513, 43518, 43519, 43532, 43535, 43536, 43545,
43555a, 43560, 43561, 43563, 43563, 43572, 43572, 43579, 56769, 60742, 60747, 61056,
61056, 61111, 61187, 62001, 62003-62006, 6200862012, 62021, 62022a, 620222’,
62023, 62025, 62025°, 62027, 62030, 6203262034, 62035d—f, 62230a, 622302’, 62231,
62232, 62236, 62236", 62238, 62242, 68868, 68903, 68910, 69540, 69540°, 70069, 70071,
70078, 70080, 70082, 70083, 70085, USNM 109206b, 38278a—c

Ulmus sp. 1

29132, 43531, 62013b

Ulmus spp.

43515, 43565, 43578a,b, 51107, 56770, 60735, 60735’, 60738, 60739, 60741, 60741, 60743,
60745, 60750, 61114a, 62002, 62002’, 62013a, 62024, 62028, 62029, 62031, 62035b,
62233a,b,62233a’b’, 62234, 62235b, 62240, 62241, 62241’, 62243, 62243, 62244, 68866,
68914, 69531, 69533, 70073, 70074b, 70086, 70107, 70109, 70109’, 70110, 70176, 70197

Ulmaus sp. (fruit)

71312, 71312

Morphotype AB36

43556

Morphotype AB5

43573, 61184

Carya cf. serraefolia (Goepp.)
Kréusel

43502, 43504a,b, 435042’, 43542, 43544, 43588a,b, 435882’, 48386, 53156b, 53164b,
53154b’, 53703-53705, 53716a, 53718, 53719, 53722-53724, 53724’, 61104, 61182a,
611822, 61183, 61183, 61185, 61186, 61192, 62035a,c, 68902, 68902’, 68918a, 69525,
69527, 69543a, 695432, 70081, 70541.

Carya sp.

20963, 43500, 43509, 43516a,b, 43524-43526, 43528a,b, 43529a,b, 43530, 43564a,b,
43568, 43569, 43576a, 43581, 43582, 43584, 53149, 53712a, 53713a, 53714, 53715,
53716a—d, 53721, 53725, 61075, 61181, 61188-61191, 61193, 68911, 68912

Morphotype AB16

53309
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Appendix 2. Continued

Taxon

Material examined (UF 18049)

Sambucus sp.

43521

Morphotype AB54

69528, 69529

Morphotype AB11

29133a, 29133a’, 43503, 43517, 43517, 43551, 43551’

Morphotype AB48

69389, 69389’

Morphotype AB6

43553, 43553’

Morphotype AB7

43501, 43574

Morphotype AB50

56768a

Morphotype AB19

USNM 38282 (Holotype, Berry 1916¢, Pl. IX, fig. 2).

Morphotype AB21

56766, USNM 38283 (Holotype, Berry 1916¢, Pl. IX, fig. 8)

Morphotype AB20

62093

Morphotype AB29

USNM 38279a—c

Morphotype AB59

70099, USNM 38288 (Plesiotype, Berry 1916¢, Pl. X, fig. 3)

Morphotype AB12

43589, 43589’

Morphotype AB28

53157

Morphotype AB31

68904a

Morphotype AB53

62239

Morphotype AB56

70108

Morphotype AB57

69537

Morphotype AB61

62251a

Morphotype AB63

USNM 38287 (Holotype, Berry 1916¢, Pl. X, fig. 2)

Morphotype AB64

56765

Morphotype AB65

USNM 38286a,b (part [Holotype, Berry 1961c, PL. IX, fig. 4], counterpart)




