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Plate 5.5
Eosuchus lerichei, premaxillaries (USNM 498862) in anterior (A), posterior (B), dorsal (C), left lateral (D), and ventral (E)
views, Ison collection.
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Part 6. Early Eocene Birds from Eastern North America:
A Faunule from the Nanjemoy Formation of Virginia

Storrs L. Olson
Department of Vertebrate Zoology, National Museum of Natural History,
Smithsonian Institution, Washington, D.C. 20560

ABSTRACT

Fossil bird remains from the Fisher/Sullivan Site, Stafford
County, Virginia, come from marine sediments of the Potapaco
Member of the early Eocene Nanjemoy Formation and are
equivalent in age to the London Clay of southeastern England, which
has produced many fossil birds. The 33 specimens from the Fisher/
Sullivan Site are referable to at least 11 species and constitute the
first early Eocene avifauna known from eastern North America. The
taxa represented include a pseudodontorn (Pelagornithidae); various
shorebird-like species, some with similarities to the Burhinidae,
Rostratulidae, and Phoenicopteridae; and three species of
Caprimulgiformes/Apodiformes. Only the pseudodontorn was
pelagic, all the other being shore or land birds, which suggests rather
unusual depositional circumstances.

INTRODUCTION

The earliest part of the Tertiary was a critical time in the
origin of orders and families of modern birds. This was a
period when birds were diversifying rapidly and were
making many evolutionary experiments in response to the
new regimes of climate and vegetation that appeared after
the end of the Cretaceous. Our knowledge of birds of this
age comes mainly from two geographic areas---western
North America and western Europe, especially England. In
the American west, particularly Wyoming, very fragmen-
tary and minimally informative bird remains have long
been known from Paleocene and early Eocene mudstones
that have been so thoroughly prospected for mammalian
teeth (e.g., Gingerich, 1980). From many of the same
deposits, excellent material of fossil birds has been found in
recent years in freshwater limestone nodules (e.g., Houde,
1988; Houde and Olson, 1989; 1992). Another prime
source of birds of this age has been the lacustrine deposits
of the Green River Formation (e.g., Olson, 1987).

On the eastern side of the Atlantic, the beds of the early
Eocene London Clay have produced fossil birds in great
number, the very best originating in the mudflats at Walton-
on-the-Naze in Essex. Most of these are in a private
collection and have not been documented in the scientific
literature. Although there is a rich Neogene record of birds
in eastern North America, fossils of early Paleogene age are
quite scarce, consisting mainly of a few Paleocene fossils
from Maryland and Virginia (Olson, 1994), and a single toe
bone of Diatryma from the Lower Eocene of New Jersey
(Andors, 1988:42-44).

Recently, however, an intrigning faunule consisting of

33 specimens belonging to at least 11 species of birds offers a
first glimpse into the birdlife of eastern North America in the
early Eocene. These come from sediments of the Potapaco
Member of the Nanjemoy Formation of the early Tertiary
Pamunkey Group that are exposed in the bed of an unnamed
tributary of Muddy Creek, north of Virginia State Highway 3,
in Stafford County, east of Fredericksburg, Virginia. The age
of the deposit is early Eocene, corresponding to the early part
of calcareous nannoplankton Zone NP 11, and overlaps
broadly in age with the London Clay (for details of the geology
and paleoecology of this site, termed the Fisher/Sullivan Site,
see Weems and Grimsley, Part 1, and other papers in this
volume). The fossils were deposited in a nearshore marine
environment and were recovered by quarrying the sediment
and washing it through screens. The specimens have been
cataloged in the collections of the Department of Paleo-
biology, National Museum of Natural History, Smithsonian
Institution, Washington, D. C. (acronym USNM). Identifica-
tions were based on comparisons with modern skeletal
material housed in the collections of the Division of Birds,
Department of Vertebrate Zoology, of the same institution.

SYSTEMATIC PALEONTOLOGY

Pelecaniformes
Pelagornithidae
Odontopteryx? sp.

Material: Carpometacarpus, left proximal end lacking
most of the alular metacarpal, USNM 496364 (Fig. 1a,b).
Collected by Mike Folmer. Width and depth of carpal
trochlea, 12.5 X 18.0 mm.

Carpometacarpus, left distal end, USNM 496417 (Fig.
lc,d). Collected by Mike Folmer. Width and depth of
articular surface, 10.7 X 14.7 mm. This is quite conceivably
from one and the same bone as the proximal fragment.

Pedal digit I1I, phalanx 1, proximal half, USNM 496365
(Fig. le,f). Collected by Mike Folmer. Width and depth of
proximal articulation, 9.5 X 9.8 mm. The precise bone of
the foot represented by this fragment is only a guess.

Discussion: These bones come from a bird about the size
of the Peruvian Brown Pelican, Pelecanus thagus. The very
large pseudotoothed birds of the family Pelagornithidae
range in age from Paleocene to relatively late in the
Neogene (Olson, 1985). A much needed revision of the
complexities of this group has been initiated by K. L
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Figure 1. Odontopteryx? sp.: A, carpometacarpus, left proximal end lacking most of the alular metacarpal, USNM 496364
(internal view); B, same, proximal view; C, carpometacarpus, left distal end, USNM 496417 (external view); D, same, distal
view; E, pedal digit III, phalanx 1, proximal half, USNM 496365 (ventral view); F, same, proximal view. Scale is in 0.5 cm
increments.
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Figure 1. Odontopteryx? sp.: A, carpometacarpus, left proximal end lacking most of the alular metacarpal, USNM 496364
(internal view); B, same, proximal view; C, carpometacarpus, left distal end, USNM 496417 (external view); D, same, distal

view; E, pedal digit III, phalanx 1, proximal half, USNM 496365 (ventral view); F, same, proximal view. Scale is in 0.5 cm
increments.
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Warheit and Olson but is still far from completion. At least
two species differing in size are known from the London
Clay, for which there are numerous names available, the
oldest being Odontopteryx toliapica Owen, a species that
was smaller than the one indicated by the Nanjemoy bones.

The Eocene pseudodontorns were more primitive and
differed considerably from the species known from the late
Oligocene onward, most of which are referable to the genus
Pelagornis Lartet. The carpometacarpus from the Fisher/
Sullivan Site differs from a specimen from the late
Oligocene of South Carolina in having the trochlea in
proximal view higher and narrower (Fig. 1b). The two
were similar, however, in the flattened rather than rounded
trailing edge of the trochlea.

Charadriiformes
Graculavidae?
genus and species indeterminate #1

Material: Scapula, left, worn and lacking posterior third,
USNM 496367 (Fig. 2d). Collected by Tom Parks. Shaft
width posterior to articular expansion, 4.3 mm.

Coracoid, left shaft, USNM 496368 (Fig. 2e).
Collected by Mike Folmer. Shaft width and depth at
midpoint, 4.6 X 3.6 mm.

Humerus, left distal condyles, USNM 496369 (Fig. 2¢).
Collected by Gary Grimsley. Depth through radial
condyle, 8.5 mm.

Ulna, right proximal end, USNM 496370 (Fig. 2a).
Collected by Dick Grier, Jr. Proximal width and depth, 8.6
X 9.2 mm. A piece of shaft (USNM 496371) collected
independently by Ron Keil appears as if it may have come
from the same specimen, although there is no point of
contact between the two.

Tibiotarsus, left distal third lacking condyles, USNM
496366 (Fig. 2b). Collected by Richard Brezina. Width at
proximal opening of tendinal canal, 8.0 mm; width and
depth of shaft approximately one-third the length from the
distal end, 4.7 X 4.4 mm.

Discussion: Olson and Parris (1987) used the name
Graculavidae as a form family to encompass various late
Cretaceous/early Tertiary taxa based on fragmentary
material showing similarities to basal “charadriiforms”
such as the Burhinidae, and to Presbyornis, a primitive
waterfowl (Anseriformes). It is a convenient catch-all,
intended as such, members of which will presumably be
removed to their correct families as their anatomy becomes
better known (e.g., Olson, in press).

The tibiotarsus listed above (Fig. 2b) is very similar in
size and overall morphology to that of the Australian Bush
Stone-curlew, Burhinus magnirostris, and hence a good
candidate for referral to the Graculavidae. Per Ericson
(Swedish Museum of Natural History, Stockholm,
personal communication) examined it and was convinced
that it was not referable to Presbyornis. It differs from

Palaeotringa Marsh, and Dakotornis Erickson, in lacking a
foramen in the groove for the tendon of M. peroneus brevis
(Olson and Parris, 1987). The other elements (Fig. 2a, c-e),
though very scrappy, would be compatible with a bird of
this size and general structure.

Figure 2. Graculavidae?, genus and species indeterminate
#1: A, ulna, right proximal end, USNM 496370 (internal
view), with possibly associated piece of shaft, USNM
496371; B, tibiotarsus, left distal third lacking condyles,
USNM 496366 (anterior view); C, humerus, left distal
condyles, USNM 496369 (palmar view); D, scapula, left,
worn and lacking posterior third, USNM 496367 (dorsal
view); E, coracoid, left shaft, USNM 496368 (ventral
view). Scale is in 0.5 cm increments.

genus and species indeterminate #2

Material: Ulna, right distal end, USNM 496372 (Fig. 3a).
Collected by Ron Keil. Distal width and depth, 5.9 X 5.4 mm.

Carpometacarpus, right distal symphysis, USNM
496373 (Fig. 3b). Collected by Mike Folmer. Distal width
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Warheit and Olson but is still far from completion. At least
two species differing in size are known from the London
Clay, for which there are numerous names available, the
oldest being Odontopteryx toliapica Owen, a species that
was smaller than the one indicated by the Nanjemoy bones.

The Eocene pseudodontorns were more primitive and
differed considerably from the species known from the late
Oligocene onward, most of which are referable to the genus
Pelagornis Lartet. The carpometacarpus from the Fisher/
Sullivan Site differs from a specimen from the late
Oligocene of South Carolina in having the trochlea in
proximal view higher and narrower (Fig. 1b). The two
were similar, however, in the flattened rather than rounded
trailing edge of the trochlea.
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genus and species indeterminate #1

Material: Scapula, left, worn and lacking posterior third,
USNM 496367 (Fig. 2d). Collected by Tom Parks. Shaft
width posterior to articular expansion, 4.3 mm.
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Collected by Mike Folmer. Shaft width and depth at
midpoint, 4.6 X 3.6 mm.

Humerus, left distal condyles, USNM 496369 (Fig. 2c).
Collected by Gary Grimsley. Depth through radial
condyle, 8.5 mm.

Ulna, right proximal end, USNM 496370 (Fig. 2a).
Collected by Dick Grier, Jr. Proximal width and depth, 8.6
X 9.2 mm. A piece of shaft (USNM 496371) collected
independently by Ron Keil appears as if it may have come
from the same specimen, although there is no point of
contact between the two.

Tibiotarsus, left distal third lacking condyles, USNM
496366 (Fig. 2b). Collected by Richard Brezina. Width at
proximal opening of tendinal canal, 8.0 mm; width and
depth of shaft approximately one-third the length from the
distal end, 4.7 X 4.4 mm.

Discussion: Olson and Parris (1987) used the name
Graculavidae as a form family to encompass various late
Cretaceous/early Tertiary taxa based on fragmentary
material showing similarities to basal ‘“charadriiforms”
such as the Burhinidae, and to Presbyornis, a primitive
waterfowl (Anseriformes). It is a convenient catch-all,
intended as such, members of which will presumably be
removed to their correct families as their anatomy becomes
better known (e.g., Olson, in press).

The tibiotarsus listed above (Fig. 2b) is very similar in
size and overall morphology to that of the Australian Bush
Stone-curlew, Burhinus magnirostris, and hence a good
candidate for referral to the Graculavidae. Per Ericson
(Swedish Museum of Natural History, Stockholm,
personal communication) examined it and was convinced
that it was not referable to Presbyornis. It differs from

Palaeotringa Marsh, and Dakotornis Erickson, in lacking a
foramen in the groove for the tendon of M. peroneus brevis
(Olson and Parris, 1987). The other elements (Fig. 2a, c-e),
though very scrappy, would be compatible with a bird of
this size and general structure.

Figure 2. Graculavidae?, genus and species indeterminate
#1: A, ulna, right proximal end, USNM 496370 (internal
view), with possibly associated piece of shaft, USNM
496371; B, tibiotarsus, left distal third lacking condyles,
USNM 496366 (anterior view); C, humerus, left distal
condyles, USNM 496369 (palmar view); D, scapula, left,
worn and lacking posterior third, USNM 496367 (dorsal
view); E, coracoid, left shaft, USNM 496368 (ventral
view). Scale is in 0.5 cm increments.

genus and species indeterminate #2

Material: Ulna, right distal end, USNM 496372 (Fig. 3a).
Collected by Ron Keil. Distal width and depth, 5.9 X 5.4 mm.

Carpometacarpus, right distal symphysis, USNM
496373 (Fig. 3b). Collected by Mike Folmer. Distal width



126 VIRGINIA DIVISION OF MINERAL RESOURCES

and depth, 3.7 X 4.8 mm.

Discussion: These are from a bird the size of the Old World
Stone-curlew, Burhinus oedicnemus, to which the
carpometacarpus bears some resemblance, although the
ulna lacks the deep ligamental pit on the dorsal surface seen
in the modern bird. They are here tentatively included as a
smaller species of Graculavidae.

Scolopaci
family, genus, and species indeterminate

Material: Humerus, right distal end lacking condyles,
USNM 496374 (Fig. 3¢). Collected by Tom Parks. Width
justabove ectepicondylar spur, 4.1 mm; width and depth of

B

shaft at approximate midpoint, 3.0 X 2.3 mm.
Tarsometatarsus, right distal end, USNM 496375 (Fig.
3d). Collected by Tom Parks. Distal width, 5.0 mm; width
through outer and middle trochleae, 3.8 mm.
Pedal phalanx, probably phalanx 1 digit III, USNM
496376 (Fig. 3e). Collected by Mark Bennett. Length, 12.0
mm.

Discussion: These elements would all be compatible with a
shorebird intermediate in size between the Old World and
New World painted snipes (Rostratula benghalensis and R.
semicollaris). The tarsometatarsus and humerus are clearly
from some sort of limicoline charadriiform and the former
compares better with the Rostratulidae than with the more
derived families Scolopacidae and Charadriidae. The
humerus differs considerably
from that of Rostratula, how-
ever, in the much deeper
brachial depression and the
better development of the area
where the ectepicondylar spur
arises. I would not have
attempted to identify the toe
bonebutitis exactly of the size
expected for the species repre-
sented by the other two bones
and is very similar to phalanx
1 digit IIT in Rostratula. The
Rostratulidae and Jacanidae
are early offshoots of the
suborder Scolopaci. Shore-
birds apparently having some
affinity with these two fami-
lies are also known in the
London Clay.

Phoenicopteridae?
genus and species indeter-
minate

Material: Radii, right and
left proximal ends, USNM
496388, 496389 (Fig. 4d).
Collected by Tom Parks.
Greatest proximal diameter,

Figure 3. Various shorebird-like taxa. Graculavidae, genus and species indeterminate #2 : A, 6.7 mm.

ulna, right distal end, USNM 496372 (internal view); B, carpometacarpus, right distal

Carpometacarpus, right

symphysis, USNM 496373 (internal view). Scolopaci, family, genus, and species proximalend, USNM 496385
indeterminate: C, humerus, right distal end lacking condyles, USNM 496374 (palmar view); D,  (Fig. 4c). Collected by Chuck
tarsometatarsus, right distal end, USNM 496375 (posterior view); E, pedal phalanx, probably  Ball. Proximal depth through
phalanx 1 digit I1I, USNM 496376 (lateral view). cf. Coturnipes cooperi: F, tibiotarsus, right  alular metacarpal 14.1 mm,
distal end lacking inner condyle, USNM 496377 (anterior view); G, tibiotarsus, left distal end  width of carpal trochlea 6.1
lacking inner condyle, USNM 496420 (anterior view); H, tarsometatarsus, right distal end mm.

lacking inner condyle, USNM 496419 (anterior view); I, same, posterior view. Scale is in 0.5

c¢m increments.
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and depth, 3.7 X 4.8 mm.

Discussion: These are from a bird the size of the Old World
Stone-curlew, Burhinus oedicnemus, to which the
carpometacarpus bears some resemblance, although the
ulna lacks the deep ligamental pit on the dorsal surface seen
in the modern bird. They are here tentatively included as a
smaller species of Graculavidae.

Scolopaci
family, genus, and species indeterminate

Material: Humerus, right distal end lacking condyles,
USNM 496374 (Fig. 3¢). Collected by Tom Parks. Width
just above ectepicondylar spur, 4.1 mm; width and depth of
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shaft at approximate midpoint, 3.0 X 2.3 mm.
Tarsometatarsus, right distal end, USNM 496375 (Fig.
3d). Collected by Tom Parks. Distal width, 5.0 mm; width
through outer and middle trochleae, 3.8 mm.
Pedal phalanx, probably phalanx 1 digit III, USNM
496376 (Fig. 3e). Collected by Mark Bennett. Length, 12.0
mm.

Discussion: These elements would all be compatible with a
shorebird intermediate in size between the Old World and
New World painted snipes (Rostratula benghalensis and R.
semicollaris). The tarsometatarsus and humerus are clearly
from some sort of limicoline charadriiform and the former
compares better with the Rostratulidae than with the more
derived families Scolopacidae and Charadriidae. The
humerus differs considerably
from that of Rostratula, how-
ever, in the much deeper
brachial depression and the
better development of the area
where the ectepicondylar spur
arises. 1 would not have
attempted to identify the toe
bone butitis exactly of the size
expected for the species repre-
sented by the other two bones
and is very similar to phalanx
1 digit II in Rostratula. The
Rostratulidae and Jacanidae
are early offshoots of the
suborder Scolopaci. Shore-
birds apparently having some
affinity with these two fami-
lies are also known in the
London Clay.

Phoenicopteridae?
genus and species indeter-
minate

Material: Radii, right and
G left proximal ends, USNM
496388, 496389 (Fig. 4d).
Collected by Tom Parks.
Greatest proximal diameter,

Figure 3. Various shorebird-like taxa. Graculavidae, genus and species indeterminate #2 : A, 6.7 mm.

ulna, right distal end, USNM 496372 (internal view); B, carpometacarpus, right distal

Carpometacarpus, right

symphysis, USNM 496373 (internal view). Scolopaci, family, genus, and species proximalend, USNM 496385
indeterminate: C, humerus, right distal end lacking condyles, USNM 496374 (palmar view); D,  (Fig. 4c). Collected by Chuck
tarsometatarsus, right distal end, USNM 496375 (posterior view); E, pedal phalanx, probably  Ball. Proximal depth through
phalanx 1 digit IIl, USNM 496376 (lateral view). cf. Coturnipes cooperi: F, tibiotarsus, right  alular metacarpal 14.1 mm,
distal end lacking inner condyle, USNM 496377 (anterior view); G, tibiotarsus, left distal end  width of carpal trochlea 6.1
lacking inner condyle, USNM 496420 (anterior view); H, tarsometatarsus, right distal end mm.

lacking inner condyle, USNM 496419 (anterior view); I, same, posterior view. Scale is in 0.5

cm increments.
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Discussion: The carpometacarpus is distinctive in the very
long proximal symphysis, in which respect it is similar to
modern flamingos (Phoenicopteridae), which have been
shown to be derived from the Charadrii (Olson and
Feducctia, 1980). The fossil carpometacarpus is from a bird
slightly larger than in three females of the Lesser Flamingo
(Phoeniconaias minor) but smaller than an unsexed,
presumably male, individual of that species. The carpal
trochlea is narrower in the fossil. The primitive flamingo
Juncitarsus is known from early and middle Eocene
deposits in Wyoming and Germany (Olson and Feduccia,
1980; Peters, 1987; Ericson, in press), although the two
known species would probably have been somewhat
smaller than the bird under consideration here.

The two radii listed above are most undiagnostic and are
included here solely on size. Although they are from an
individual smaller than that represented by the
carpometacarpus, they could possibly be from the same
species if the radii were from a female and the
carpometacarpus from a male.

Order Incertae Sedis
cf. Coturnipes cooperi Harrison and Walker, 1977

Material: Tibiotarsus, right distal end lacking inner
condyle, USNM 496377 (Fig. 3f). Collected by Mike
Folmer. Depth of outer condyle, 3.2 mm.

Tibiotarsus, left distal end lacking inner condyle,
USNM 496420 (Fig. 3g). Collected by Gary Grimsley.
Width through outer and middle trochleae, 3.0 mm, depth
of middle trochlea 2.0 mm.

Tarsometatarsus, right distal end lacking inner condyle,
USNM 496419 (Fig. 3h,i). Collected by Mike Folmer.
Depth of outer condyle, 3.2 mm.

Discussion: Coturnipes cooperi was described by Harrison
and Walker (1977) as a new genus and species of small
quail-like bird (Phasianidae) based on the distal end of a
very small tarsometatarsus from the London Clay. 1
examined an associated skeleton from the London Clay in
the collection of Michael Daniels, the tarsometarsus of
which I compared with the holotype of Coturnipes cooperi.
I would consider these two specimens to be referable to the
same species. The distal end of the tarsometatarsus is rather
like that in the Phasianidae, but is also as similar to some of
the Charadriiformes, with which the very long slender
tibiotarsi and tarsometatarsi of the associated specimen are
in better accord. Much of the remainder of the skeleton,
however, is very suggestive of that in the Falconidae, which
would be about as strange and inexplicable a mosaic as
might be imagined. The phylogenetic significance of this
weird bird remains to be investigated.

The Fisher/Sullivan Site tarsometatarsus is similar in
size and morphology to the holotype of Coturnipes cooperi

Figure 4. Crane-sized and flamingo-sized birds. Indeterminate crane-sized species: A, radius, left distal end with associated
portion of shaft (not shown), USNM 496386 (exterior view); B, major alar digit, phalanx 1, USNM 496387 (external view).
Phoenicopteridae?, genus and species indeterminate: C, carpometacarpus, right proximal end, USNM 496385 (internal view);
D, radii, right and left proximal ends, USNM 496388, 496389. Scale is in 0.5 cm increments.
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Order Incertae Sedis
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Folmer. Depth of outer condyle, 3.2 mm.
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USNM 496420 (Fig. 3g). Collected by Gary Grimsley.
Width through outer and middle trochleae, 3.0 mm, depth
of middle trochlea 2.0 mm.

Tarsometatarsus, right distal end lacking inner condyle,
USNM 496419 (Fig. 3h,i). Collected by Mike Folmer.
Depth of outer condyle, 3.2 mm.

Discussion: Coturnipes cooperi was described by Harrison
and Walker (1977) as a new genus and species of small
quail-like bird (Phasianidae) based on the distal end of a
very small tarsometatarsus from the London Clay. I
examined an associated skeleton from the L.ondon Clay in
the collection of Michael Daniels, the tarsometarsus of
which I compared with the holotype of Coturnipes cooperi.
I would consider these two specimens to be referable to the
same species. The distal end of the tarsometatarsus is rather
like that in the Phasianidae, but is also as similar to some of
the Charadriiformes, with which the very long slender
tibiotarsi and tarsometatarsi of the associated specimen are
in better accord. Much of the remainder of the skeleton,
however, is very suggestive of thatin the Falconidae, which
would be about as strange and inexplicable a mosaic as
might be imagined. The phylogenetic significance of this
weird bird remains to be investigated.

The Fisher/Sullivan Site tarsometatarsus is similar in
size and morphology to the holotype of Coturnipes cooperi

Figure 4. Crane-sized and flamingo-sized birds. Indeterminate crane-sized species: A, radius, left distal end with associated
portion of shaft (not shown), USNM 496386 (exterior view); B, major alar digit, phalanx 1, USNM 496387 (external view).
Phoenicopteridae?, genus and species indeterminate: C, carpometacarpus, right proximal end, USNM 496385 (internal view);
D, radii, right and left proximal ends, USNM 496388, 496389. Scale is in 0.5 cm increments.
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as described and illustrated by Harrison and Walker (1977).
The two tibiotarsi referred here are very similar to each
other and and appear to be of a size and slenderness that
would be compatible with the tarsometatarsus. They have a
deep tendinal groove on the anterior face; a well-
developed, wide, supratendinal bridge; and a long,
triangular external ligamental prominence, in which
respects they bear close resemblance to limicoline
Charadriiformes, as does the tarsometatarsus. Referral of
any of these specimens to Coturnipes must be considered
tentative pending direct comparisons with the London Clay
material.

Caprimulgiformes
Steatornithidae?
genus and species indeterminate

Material: Humerus, left proximal end, USNM 496378
(Fig. 5a-c). Collected by Ron Keil. Proximal width, 15.7
mm; depth of external tuberosity, 4.6 mm.

Humerus, left distal end, USNM 496379 (Fig. 5d-f).
Collected by Mike Folmer. Distal width, 13.1 mm; depth
through radial condyle, 7.3 mm; length of radial condyle, 7.3
mm.
Tarsometatarsus, right outer trochlea, USNM 496418 (not
figured). Collected by Mike Folmer. Depth of trochlea, 3.3
mm.

Discussion: The size, exquisite preservation, morphology,
and the fact that both of the humeral fragments (Fig. 5a-f)
are from the same side of the body make it virtually certain
that they are ends of one and the same bone. They come
from a bird intermediate in size between the Long-tailed
Potoo, Nyctibeus aethereus, and the smaller Common
Potoo, N. griseus.

The closest overall similarity of these fragments is to the
Nyctibiidae, but it must be kept in mind that the humerus in
the living Oilbird, Steatornis caripensis, is highly
specialized and does not resemble that in the only known
Eocene member of the Steatornithidae, Prefica nivea
(Olson, 1987). Most details of the humerus cannot be made
out in the holotype of Prefica nivea, although this was a
considerably smaller species than the one under
consideration here (Olson, 1987).

The proximal end of the humerus closely resembles that
of Nyctibius in the long, flat head; wide capital groove; and
high, pointed internal tuberosity overhanging a small
pneumatic opening in the tricipital fossa. It differs from
Nyctibius in the more prominent median ridge on the
anconal surface of the shaft and particularly in the less
developed bicipital crest, so that the margin tapers directly
from the internal tuberosity to the shaft rather than being
rounded.

The distal end is also rather like that in Nyctibius, but is
distinctive in being very flattened, with very little curvature
of the shaft as viewed internally or externally. The distal

end is not as broadly expanded, particularly in the
entepicondylar region, as in Nyctibius, and the brachial
depression differs considerably in being less extensive but
much deeper.

The shape of the bicipital crest and the brachial
depression can be viewed as similar to, or approaching, the
condition in Steatornis. Thus it seems possible that this
bird may have been a larger relative of Prefica, without the
more specialized modifications of the humerus seen in
Steatornis.

At first sight the metatarsal trochlea would appear to
defy identification but it preserves enough of the shaft and
the impression of the extensor groove as to be highly
diagnostic. This trochlea would have been highly flared
laterally and the distal foramen clearly exited between the
outer and middle trochleae and not on the plantar surface of
the shaft, both of which features are found in the
Nyctibiidae and Steatornithidae. The articular surface for
the proximal phalanx is not highly modified as in modern
Nyctibiidae. On size, the specimen appears to  be
compatible with the same species as represented by the
humeral fragments.

Caprimulgidae?
genus and species indeterminate #1

Material: Humerus, left proximal two-thirds, USNM
496380 (Fig. 6a,b). Collected by Tom Parks. Proximal
width, 9.0 mm; width and depth of shaft at approximate
midpoint, 2.8 X 2.5 mm.

Radius, right distal half, USNM 496381 (Fig. 6c,d).
Collected by Tom Parks. Greatest distal diameter, 3.1 mm.

Tarsometatarsus, left distal end lacking inner trochlea
and with remaining trochleae quite worn, USNM 496382
(Fig. 6¢e,f). Collected by Dick Grier, Jr. Width through
outer and middle trochleae, 3.4 mm.

Discussion: These three elements appear to be from a
nightjar-like bird about the size of a Parauque, Nyctidromus
albicollis. The humerus and radius were obtained by the
same collector, were evidently found about the same time,
and have very similar preservation. The radius shows some
differences from that of Nyctidromus albicollis but is
almost exactly the same size and would be much larger than
in a shorebird of otherwise comparable size, so its
association with the same species as the humerus seems
reasonable.

The humerus (Figure 6a,b) is very similar in size and
overall configuration of the proximal end to that of
Nyctidromus albicollis (Caprimulgidae). It differs in the
more slender shaft, longer and more distally situated
pectoral crest, more prominent median ridge, and much less
prominent area below the internal tuberosity for the
attachment of the scapulohumeralis posterior muscle.

The tarsometatarsus (Figure 6e,f), with its rather broad,
flattened end and widely splayed trochleae, is highly
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Figure 5. Steatornithidae?, genus and species indeterminate: A-C, humerus, left proximal end, USNM 496378 (A, anconal; B,
palmar; and C, internal view); D-F, humerus, left distal end, USNM 496379 (D, anconal; E, palmar; and F, distal view). Scale
is in 0.5 ¢cm increments.
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Figure 5. Steatornithidae?, genus and species indeterminate: A-C, humerus, left proximal end, USNM 496378 (A, anconal; B,
palmar; and C, internal view); D-F, humerus, left distal end, USNM 496379 (D, anconal; E, palmar; and F, distal view). Scale
is in 0.5 cm increments.
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Figure 6. Two species similar to modern Caprimulgidae. Caprimulgidae?,
genus and species indeterminate #1: A-B, humerus, left proximal two-
thirds, USNM 496380 (A, anconal; B, palmar view); C-D, radius, right
distal half, USNM 496381 (C, internal; D, external view); E-F,
tarsometatarsus, left distal end, USNM 496382 (E, antetior; F, posterior
view). Caprimulgidae?, genus and species indeterminate #2: G-H,
carpometacarpus, right USNM 496383 (G, external; H, internal view).
Scale is in 0.5 cm increments.

reminiscent of that in the Caprimugidae, but
differs from Nyctidromus in the much larger
distal foramen, and in the size and positioning of
the scar for the hallux. In the fossil, this scar is
very well developed, being long and deep,
whereas in the Caprimulgidae the scar, although
large, is flatter and has a medially projecting lip
that extends beyond the outline of the shaft,
unlike the fossil. Iregard it as highly likely that
this specimen belongs to the same species as the
humerus. k

genus and species indeterminate #2

Material: Carpometacarpus, right lacking most
of minor metacarpal, USNM 496383 (Fig.
6g,h). Collected by Mike Folmer. Length, 13.2
mm.

Discussion: This is from a quite small bird, the
carpometacarpus being only slightly longer than
that of a House Sparrow, Passer domesticus,
though the bird was doubtless of very different
proportions.  Compared with Nyctidromus
albicollis, the fossil is almost identical except
for smaller size and the more rounded external
margin of the trochlea, which is thus not as
sharply set off from the alular metacarpal. There
is even a small protuberance on the trailing edge
of the proximal end of the major metacarpal--
probably an incipient intermetacarpal tubercle--
just as in the Caprimulgidae.

The resemblances are so great that there can
be no doubt that this bone is correctly referred to
the Caprimulgiformes. Were it not for the fact
that itis early Eocene in age and that there are no
species in this size range among the modern
Caprimulgidae, I would have little hesitation in
referring it with certainty to-that family. The
species may have occupied a different niche
from that of modern nightjars, although the bone
shows no indication of any of the adaptations of
the wing found in swift-like birds (Apodiformes).

Order Apodiformes
Aegialornithidae
genus and species indeterminate

Material: Tarsometatarsus, right complete, USNM
496384 (Fig. 7a,b). Collected by Chuck Ball.
Length 11.8 mm, proximal width 3.8 mm, distal
width 3.8 mm.

Discussion: The extinct fossil family Aegi-
alornithidae is generally thought to be related to
swifts (Apodidae) but has also been placed in the
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Figure 6. Two species similar to modern Caprimulgidae. Caprimulgidae?,
genus and species indeterminate #1: A-B, humerus, left proximal two-
thirds, USNM 496380 (A, anconal; B, palmar view); C-D, radius, right
distal half, USNM 496381 (C, internal; D, external view); E-F,
tarsometatarsus, left distal end, USNM 496382 (E, anterior; F, posterior
view). Caprimulgidae?, genus and species indeterminate #2: G-H,
carpometacarpus, right USNM 496383 (G, external; H, internal view).
Scale is in 0.5 cm increments.

reminiscent of that in the Caprimugidae, but
differs from Nyctidromus in the much larger
distal foramen, and in the size and positioning of
the scar for the hallux. In the fossil, this scar is
very well developed, being long and deep,
whereas in the Caprimulgidae the scar, although
large, is flatter and has a medially projecting lip
that extends beyond the outline of the shaft,
unlike the fossil. Iregard it as highly likely that
this specimen belongs to the same species as the
humerus.

genus and species indeterminate #2

Material: Carpometacarpus, right lacking most
of minor metacarpal, USNM 496383 (Fig.
6g,h). Collected by Mike Folmer. Length, 13.2
mm.

Discussion: This is from a quite small bird, the
carpometacarpus being only slightly longer than
that of a House Sparrow, Passer domesticus,
though the bird was doubtless of very different
proportions.  Compared with Nyctidromus
albicollis, the fossil is almost identical except
for smaller size and the more rounded external
margin of the trochlea, which is thus not as
sharply set off from the alular metacarpal. There
is even a small protuberance on the trailing edge
of the proximal end of the major metacarpal--
probably an incipient intermetacarpal tubercle--
just as in the Caprimulgidae.

The resemblances are so great that there can
be no doubt that this bone is correctly referred to
the Caprimulgiformes. Were it not for the fact
thatitis early Eocene in age and that there are no
species in this size range among the modern
Caprimulgidae, I would have little hesitation in
referring it with certainty to that family. The
species may have occupied a different niche
from that of modern nightjars, although the bone
shows no indication of any of the adaptations of
the wing found in swift-like birds (Apodiformes).

Order Apodiformes
Aegialornithidae
genus and species indeterminate

Material: Tarsometatarsus, right complete, USNM
496384 (Fig. 7ab). Collected by Chuck Ball.
Length 11.8 mm, proximal width 3.8 mm, distal
width 3.8 mm.

Discussion: The extinct fossil family Aegi-
alornithidae is generally thought to be related to
swifts (Apodidae) but has also been placed in the
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Figure 7." Aegialornithidae, genus and species indetermi-
nate: tarsometatarsus, right complete, USNM 496384 (A,
anterior; B, posterior view). Scale isin 0.5 cm increments.

Caprimulgiformes (Collins, 1976). The genus Aegialornis
is known from four species from the late Eocene and
Oligocene of France, the most abundant element of which
is the humerus. A much smaller species, also based on
humeri, was described from the London Clay as Primapus
lacki (Harrison and Walker, 1975). In describing another
small species from the middle Eocene of Germany, Peters
(1985) considered that the differences between Primapus
and Aegialornis were not as great as between the species of
the latter and synonymized the two genera, naming his new
bird Aegialornis szarskii.  Mourer-Chauviré (1988)
resurrected Primapus for P. lacki and P. szarskii.

A beautifully preserved tarsometatarsus from the
Fisher/Sullivan Site (Fig. 7a,b) is similar to that of
Aegialornis gallicus illustrated by Mourer-Chauviré
(1988: 375) but is much stouter. The tarsometatarsus in A.
gallicus ranges from 13.3 to 14.7 mm in length (Mourer-
Chauviré, 1988: 377), so the present fossil could possibly
fall within the size range of the smaller species A. wetmorei
or A. broweri (Collins, 1976), for which the tarsometatar-
sus is apparently unknown. The tarsometatarsus of
Primapus lacki has not been described and Peters gives no
measurements for that of P. szarskii, although from his
photographs it is seen that the tarsometatarsus is about
equal in length to phalanx 1 of the major alar digit, the
length of which is given as 6 mm. Thus the two known
species of Primapus are much too small for the bird
considered here. If correctly referred to the Aegialornithidae,
the present specimen would constitute the firstrecord of the
family outside of Europe.

Aves, indeterminate species
(crane-sized)

Material: Radius, left distal end with associated portion of
shaft, USNM 496386 (Fig. 4a). Collected by Chuck Ball.
Greatest distal diameter, 12.5 mm.

Major alar digit, phalanx 1, proximal half lacking much of
the trailing edge, USNM 496387 (Fig. 4b). Collected by Mike
Folmer. Greatest proximal diameter, 9.8 mm.

Discussion: The radius is similar in size to that of a Sandhill
Crane, Grus canadensis, and is also reasonably similar in
morphology. The wing finger is of a size possibly
compatible with the radius. Although the radius is at least
roughly similar to that of cranes, the wing finger is quite
different in having the external surface deeply excavated,
whereas the internal surface is peculiar in being almost
> synoptic series of avian skeletal elements at
the Smithsonian does not include this element, so further
comparisons were not attempted. Size, therefore, is the
only reason for associating these two elements, which
come from a species smaller than the pseudodontorn but
larger than any other taxon yet recognized in the fauna.

Indeterminate avian pedal phalanges

Material: Two pedal phalanges collected by Mike Folmer,
USNM 496390, 496391 (lengths, 6.4 and 9.3 mm). Two
pedal phalanges collected by Chuck Ball, USNM 496421,
496422 (lengths, 12.2 and 11.2 mm).

Discussion: I have made no attempt to identify these four
toe bones, all of which, however, appear to be too short or
curved to be likely to be from terrestrial or wading birds and
hence may have been from arboreal species. Some or all of
the specimens may be referable to one or more of the
species already noted in the fauna.

CONCLUSION

The avifauna from the Fisher/Sullivan Site is represented
only by 33 bones or fragments thereof, yet these few remains
appear to belong to a minimum of 11 different species, so that
the faunule is extremely diverse given the very small sample
size. Although coming from a marine deposit, only one of the
11 species (the pseudodontorn) was certainly pelagic, the rest
being land birds. Some of these may have inhabited littoral
environments, but at least the four species of Caprimulgiformes/
Apodiformes would have been dependent upon purely inland
ecosystems, probably forested. Although the Caprimulgidae
proper are now widespread in temperate and tropical regions,
all other families of the order are confined to tropical forests. A
similar environment may thus be inferred for the Fisher/
Sullivan Site deposits, particularly from the presence of the
specimens tentatively referred to the Steatornithidae.



PUBLICATION 152 131

Figure 7. Aegialornithidae, genus and species indetermi-
nate: tarsometatarsus, right complete, USNM 496384 (A,
anterior; B, posterior view). Scale isin 0.5 cm increments.

Caprimulgiformes (Collins, 1976). The genus Aegialornis
is known from four species from the late Eocene and
Oligocene of France, the most abundant element of which
is the humerus. A much smaller species, also based on
humeri, was described from the London Clay as Primapus
lacki (Harrison and Walker, 1975). In describing another
small species from the middle Eocene of Germany, Peters
(1985) considered that the differences between Primapus
and Aegialornis were not as great as between the species of
the latter and synonymized the two genera, naming his new
bird Aegialornis szarskii.  Mourer-Chauviré (1988)
resurrected Primapus for P. lacki and P. szarskii.

A beautifully preserved tarsometatarsus from the
Fisher/Sullivan Site (Fig. 7a,b) is similar to that of
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the present specimen would constitute the first record of the
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Material: Radius, left distal end with associated portion of
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Greatest distal diameter, 12.5 mm.

Major alar digit, phalanx 1, proximal half lacking much of
the trailing edge, USNM 496387 (Fig. 4b). Collected by Mike
Folmer. Greatest proximal diameter, 9.8 mm.

Discussion: The radius is similar in size to that of a Sandhill
Crane, Grus canadensis, and is also reasonably similar in
morphology. The wing finger is of a size possibly
compatible with the radius. Although the radius is at least
roughly similar to that of cranes, the wing finger is quite
different in having the external surface deeply excavated,
whereas the internal surface is peculiar in being almost
> synoptic series of avian skeletal elements at
the Smithsonian does not include this element, so further
comparisons were not attempted. Size, therefore, is the
only reason for associating these two elements, which
come from a species smaller than the pseudodontorn but
larger than any other taxon yet recognized in the fauna.
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Material: Two pedal phalanges collected by Mike Folmer,
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pedal phalanges collected by Chuck Ball, USNM 496421,
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Discussion: 1 have made no attempt to identify these four
toe bones, all of which, however, appear to be too short or
curved to be likely to be from terrestrial or wading birds and
hence may have been from arboreal species. Some or all of
the specimens may be referable to one or more of the
species already noted in the fauna.

CONCLUSION

The avifauna from the Fisher/Sullivan Site is represented
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appear to belong to a minimum of 11 different species, so that
the faunule is extremely diverse given the very small sample
size. Although coming from a marine deposit, only one of the
11 species (the pseudodontorn) was certainly pelagic, the rest
being land birds. Some of these may have inhabited littoral
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There is some similarity to the early Eocene London Clay
deposits at Walton-on-the-Naze, Essex, England. There the
deposits, the exposures of which are relatively limited in area,
are strictly offshore marine in nature, yet the fossil vertebrates
are dominated by birds, particularly small arboreal species.
One wonders if the parallels between the deposits at Walton-
on-the-Naze and those at the Fisher/Sullivan Site, where a
considerable diversity of land birds also occurred in a very
small area, might be due to the effects of similar depositional
conditions. In any case, the Fisher/Sullivan Site material
provides us with a tantalizing first glimpse into the early
Eocene avifauna of eastern North America. The deposits here
would be well worth working for additional fossils. The birds
from this site will assume even greater importance when they
can be compared in detail with other specimens of similar age,
particularly those from the London Clay. Itis highly likely that
correlations at the species level will be possible, because
certain species of birds are already known to be shared
between the London Clay and deposits of similar age in
Wyoming.
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PART 7. FOSSIL MAMMALS FROM THE EARLY EOCENE FISHER/SULLIVAN SITE

Kenneth D. Rose
Department of Cell Biology & Anatomy
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Baltimore, MD 21205

ABSTRACT

Seven mammalian specimens have been found at the Fisher/
Sullivan site, constituting the first early Eocene mammals from the
Atlantic coast of North America. One is a cervical vertebra, possibly
from an ischyromyid rodent. Five others are isolated tecth, which are
most comparable to the tillodont Esthonyx, the tapiromorph
perissodactyl Homogalax, the pantolestid Palaeosinopa, the
condylarth Hyopsodus, and the miacid carnivore Oodectes. A lower
jaw fragment with three teeth represents what is possibly a new
genus and species of nyctitheriid insectivoran. These taxa are typical
members of early Eocene (Wasaichian Land-Mammal Age)
vertebrate assemblages from the intermontane basins of western
North America.

INTRODUCTION

Early Tertiary land mammals are extremely rare from the
Atlantic and Gulf coastal region of North America. Only 10
known sites, scattered from New Jersey to southern Texas,
have produced Paleocene or Eocene terrestrial mammals; five
of these sites have yielded but a single specimen. The
nearshore marine Shark River Formation (middle Eocene) of
Monmouth County, New Jersey was the source, over a century
ago, of the first early Tertiary mammal discovered east of the
Rocky Mountains (Leidy, 1868; Gazin, 1953). The specimen,
anisolated tooth of a trogosine tillodont, is still the only known
land mammal from that formation. A late Paleocene site in
Berkeley County, South Carolina, produced a few mammal
teeth, one identified as belonging to the taeniodont Ectoganus,
a second as belonging to the condylarth Phenacodus, and a
third from an enigmatic new placental called Mingotherium;
two others were indeterminate (Schoch, 1985, 1998). Farther
south, unidentified land mammals have been reported from a
late Eocene locality in Georgia (Schiebout, 1979).

Paleocene or Eocene mammals are known from several
sites on the Gulf Coast. The oldest is a partial skull of the
Middle Paleocene condylarth Anisonchus, serendipitously
discovered in a well core in Louisiana (Simpson, 1932).
Middle Eocene sites in Mississippi and Alabama have yielded
single specimens of a titanothere (Gazin and Sullivan, 1942)
and a miacid carnivore (Schiebout, 1979), respectively. An
early Eocene primate was recently reported from the Bashi
Formation of Mississippi (Beard and Tabrum, 1991), and
subsequent work in the underlying estuarine Tuscahoma
Formation at this site has resulted in one of only two diverse
early Tertiary faunas from eastern North America--the Red
Hotlocal fauna, with 25 species of land mammals (Beard et al.,
1995). The only other sizable Eocene terrestrial mammal

fauna (>30 species) from this region is the Middle Eocene
(Uintan) Casa Blanca local fauna from the Laredo Formation
of Texas (Westgate, 1988, 1990).

Clearly, what little knowledge we have of early Tertiary
mammals in eastern North America is limited largely to the
Gulf coastal region. In view of this paucity of information,
the discovery of mammal remains from early Eocene
deposits near Fredericksburg, Virginia, is an important
addition to our knowledge.

DESCRIPTIVE PALEONTOLOGY

To date, only seven very incomplete mammalian
specimens have been found at the Fisher/Sullivan Site
(Potapaco Member of the Nanjemoy Formation), but they
are significant as the first early Tertiary mammal remains
known from Virginia and the first early Eocene
(Wasatchian) mammals known from anywhere along the
Atlantic coast of North America. In North America,
Wasatchian mammals long have been known almost
exclusively from the Rocky Mountain region (Savage and
Russell, 1983). For this reason, comparisons with the
specimens described here are made mostly with specimens
from that area. Institutional acronyms used in the
descriptions below are: UM = University of Michigan
Museum of Paleontology, Ann Arbor; USGS = U.S.
Geological Survey, Denver, collection now at USNM;
USNM = Department of Paleobiology, U.S. National
Museum of Natural History, Smithsonian Institution,
Washington, D.C.

One of the seven Fisher/Sullivan mammal remains is a
cervical (neck) vertebra (USNM 494878, Fig. 1) collected
by Tom Parks. It is identified as the seventh cervical
vertebra, or C7, on the basis of the very large vertebral
foramen (for passage of the spinal cord) and the absence of
transverse foramina (which transmit the vertebral arteries
through cervicals 1-6 in most mammals). The centrum is
elliptical, half again as wide transversely as it is deep
dorsoventrally, and has a distinct median ventral keel. On
either side of the keel is a small nutrient foramen. Larger
vascular foramina are situated on the dorsal side of the
centrum. The centrum is skewed so that the dorsal edge of
both ends is anterior (cranial) to the ventral edge. The
laminae are robust and contain a pair of small nutrient
foramina. Unlike C7 in many mammals, the spinous process
isrelatively small. In most of these features, as well as size,
the vertebra is similar to C7 of the living squirrel, Sciurus
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niger. Because it is somewhat porous and light, the Eocene
age of this specimen at first appeared questionable;
however, like other vertebrate fossils from the site, itis very
dark and appears to be permineralized. Grains of pyrite or
marcasite can be seen in foramina and along broken edges
filling some of the spaces in the bone. Thus the vertebra
does not appear to be a contaminant, and its resemblance to
C7 of modern squirrels suggests that it may belong to an
ischyromyid rodent. Ischyromyids were primitive rodents,
generally similar in size and postcranial anatomy to
sciurids, and they are well known from Eocene beds of
western North America. Diagnostic traits of small Eocene
mammal vertebrac are poorly known, however, so
definitive identification is not yet possible.

Figure 1. Cervical vertebra of a small mammal, possibly an
ischyromyid rodent (USNM 494878), in anterior, dorsal,
and ventral views. Scale bar is 5 mm.

The other specimens are teeth or include teeth, which are
unequivocally fossilized and evidently belong to Wasatchian
terrestrial mammals. The first mammal tooth found at the
site, apparently the right upper canine of a moderate-sized
animal (USNM 494879, Fig. 2), was found by Michael A.
Folmer. The crown measures 6.2 mm long, 3.9 mm wide,
and 7.6 mm in buccal crown height. Isolated canine teeth
may be difficult or impossible to identify with confidence,
but the tooth in question is distinctive in being low crowned

(only slightly taller than long) and laterally compressed, and
in having faintly wrinkled enamel. The crest anterior to the
apex is shorter than the posterior crest; when viewed in
profile the two crests meet at a wide angle, almost 90°. A
flattened wear facet present on the posterointernal surface of
the crown was presumably caused by contact with the
anterior lower premolar.

Figure 2. Right upper canine of the tillodont Esthonyx (7)
(USNM 494879), in buccal, lingual, and distal views. Scale
bar is 5 mm.

In size and structural details including the textured
enamel, this tooth closely approximates the few known
upper canines (more specifically, the deciduous canine) of
the tillodont Esthonyx from the Wasatchian of western
North America (e.g., UM 96053, USGS 10258, USNM
495050, all from the Willwood Formation of the Bighorn
Basin, Wyoming). Esthonyx upper canines differ from the
Fisher/Sullivan tooth, however, in being more robust
labiolingually and in having a prominent vertical ridge near
the middle of the lingual side of the tooth. USGS 10258
contains a deciduous (="’milk”) canine, which is not as thick
labiolingually and has a much weaker vertical ridge. It is
quite similar, though not identical, to the Fisher/Sullivan
tooth. Almost identical, however, is an isolated right upper
canine (USNM 495049) recently recovered from the
Willwood Formation and believed to represent Esthonyx.
Size and morphology substantially restrict the taxa the
Fisher/Sullivan tooth could represent, and of known
Wasatchian mammals it resembles Esthonyx more closely
than any other.

Esthonyx has not been previously reported from east of
the Rockies in North America, but closely related tillodont
genera are known from the early Eocene of western Europe
(Baudry, 1992). Moreover, as noted above, a closely related
trogosine tillodont from the middle Eocene of New Jersey is
one of the few Eocene mammals known from eastern North
America. Tillodonts have no living relatives and are still
among the most enigmatic Early Tertiary mammals. Heavy
tooth wear and enlarged incisors, supplemented by scattered
skeletal remains, suggest that their diet consisted of roots,
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Wasatchian mammals it resembles Esthonyx more closely
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among the most enigmatic Early Tertiary mammals. Heavy
tooth wear and enlarged incisors, supplemented by scattered
skeletal remains, suggest that their diet consisted of roots,
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tubers, or other coarse vegetation which they excavated
with their clawed forelimbs (Gingerich and Gunnell, 1979;
Coombs, 1983).

A second mammal tooth, also found by Michael Folmer,
is the buccal half of a right upper molar, probably
representing a tapiromorph perissodactyl (USNM 494880,
Figure 3A). Unlike the canine, this tooth is heavily water-
worn, indicating a long period or distance of hydraulic
transport. Recognizable are the two principal external
cusps, the paracone and metacone, preceded by a
prominent, slightly lower parastyle. It is very similar in
form to Homogalax (for example, USGS 1142, Figure 3B),
but differs in having a short shelf or cingulum on the
anterobasal surface of the parastyle. Homogalax is a basal
tapiromorph (=moropomorph) from the early Eocene of the
Rocky Mountain region. It is the sister taxon of tapirs,
rhinos, and chalicotheres (Hooker, 1989; Prothero &
Schoch, 1989), and appears to be among the most primitive
of all perissodactyls (Rose, 1996). Like all perissodactyls,
Homogalax was herbivorous, and transverse crests on the
molars indicate a somewhat more folivorous diet than in 1ts
contemporaty, the dawn horse Hyracotherium.

Figure 3. A, Buccal part of upper right molar of a
tapiromorph perissodactyl (USNM 494880); B, Right M? of
the tapiromorph Homogalax from the Willwood Fm.,
Bighorn Basin, Wyoming (USGS 1142).

The fourth mammal discovery from the Fisher/Sullivan
site, made by Ron Keil, is a left lower premolar, probably P.,
closely similar in size and structure to that of the pantolestid
Palaeosinopa (USNM 495156, Fig. 4). It is elongate,
buccolingually narrow, and simple, with a single tall central
cusp and a small, low talonid cusp; an anterior cuspule was
probably present but is broken away. As preserved, it
measures 3.0 mm long and 1.5 mm wide. Pantolestids were
archaic insectivores that are believed to have been
carnivorous semiaquatic animals (e.g., Matthew, 1909;
Pfretzschner, 1993).

Just prior to this volume going to press, three additional
mammalian fossils were recovered in screen-washed
concentrate from the Fisher/Sullivan site. The most significant
of these is the first mammal jaw from this site, discovered by
Ron Keil in December 1998. It is a fragment of a very small

Figure 4. Occlusal, lingual, buccal views of a left lower
premolar (Ps?, USNM 495156), cf. Palaeosinopa species.

right dentary containing well-preserved P, , of a nyctitheriid
insectivoran (USNM 495290, Figure 5). It resembles known
Paleocene-Eocene Nyctitheriidae from the Western Interior,
particularly Leptacodon and Plagioctenodon (Krishtalka,
1976; Bown and Schankler, 1982), in having simple, two-
rooted P, and P,, and a semimolariform P, with a low,
anterlorly dlsplaced paraconid and a well- developed basined
talonid. It differs from these and most other nyctitheriids,
however, in several subtle details. P, is slightly taller than P,
whereas in most other nyctitheriids P, is slightly larger and
taller than P, P, of USNM 49529() has a weaker, lower
paraconid than in most other nyctitheriids, and a lower
entoconid that is posterolingual to the hypoconid, rather than
the high, anteriorly shifted entoconid seen in other
nyctitheriids. The hypoconulid is centrally located, not closer
to the hypoconid as is more typical in nyctitheriids. These
features suggest that the Fisher/Sullivan site nyctithere is
generically and specifically distinct from known forms.
Formal description is deferred pending more thorough study.
Measurements of USNM 495290 are: P, length = 0.7 mm,
breadth = 0.3 mm; P, length = 0.8 mm, breadth = 0.4 mm; P f
length = 1.1 mm, trigonid breadth = 0.5 mm, talonid breadth =
0.5 mm.
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archaic insectivores that are believed to have been
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Figure 5. Right dentary with P, , of a nyctitheriid insectivoran (USNM 495290) in

from the heavy abrasion is difficult to judge,
hence more precise identification is not
attempted here. The tooth is smaller than P*
ofthe miacids mentioned, measuring 3.3 mm
long on the buccal border, which is chipped
distally, and 2.6 mm in transverse width.
Another isolated tooth, found by Ron
Keil, was received the same day this paper
was sent to be set for proofs. Itisaleft M? of
a hyopsodontid condylarth (USNM 495294,
Figure 7), similar to the abundant early
Eocene Hyopsodus but with a less continu-
ous ectocingulum and a smaller, less lingual
hypocone than is typical in that genus. Its
dimensions are 2.9 mm long by 4.1 mm wide.
This last new specimen brings to seven
the number of mammalian taxa represented
at the Fisher/Sullivan site.  They are
taxonomically distributed as follows:

Insectivora
Nyctitheriidae
genus and species unidentified,
possibly new
?7Pantolesta
7Pantolestidae
cf. Palaeosinopa sp.
Carnivora
Miacidae
genus and species indetermi-
nate
Tillodontia
Esthonychidae
cf. Esthonyx sp.
Condylarthra
Hyopsodontidae
cf. Hyopsodus sp.
Perissodactyla
Tapiromorpha
Isectolothidae
aff. Homogalax sp.
?Rodentia
Nschyromyidae
genus and species indetermi-
nate

SUMMARY

lateral view (above) and occlusal view (stereopair, below). Scale bar is 1 mm.

The other two new specimens are isolated teeth. A
water-worn upper premolar (USNM 495293) found by
Mike Folmer compares most closely with right the P* of an
early Eocene miacid Carnivora (Figure 6). It particularly re-
sembles P* of Oodectes herpestoides and some specimens
of Vulpavus in having little or no distinct parastyle, a small
and low protocone, and a relatively short metastyle blade (=
postparacrista). How much of this morphology resulted

Fragmentary mammalian remains from the
Fisher/Sullivan site — despite their preservation in marine
sediments — provide a tantalizing first glimpse of an eastern
terrestrial fauna similar to that known from early Eocene
intermontane basins of western North America. The presence
of seven different taxa, including teeth closely resembling
those of the tillodont Esthonyx, the perissodactyl Homogalax,
the pantolestid Palaeosinopa, and the condylarth Hyopsodus,
are strongly suggestive of Wasatchian age.
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Figure 6. Right P* of a miacid carnivoran (USNM 495293).

Figure 7. Left M? of a hyopsodontid condylarth (USNM
495294). Scale bar is 1 mm.
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PART 8. FOSSIL FRUIT AND SEED FLORA FROM THE EARLY EOCENE
FISHER/SULLIVAN SITE

Bruce H. Tiffney
Department of Geological Sciences
University of California, Santa Barbara, CA 93106

ABSTRACT

A small fruit and seed flora of early Eocene age (NP 11; 56.5 to
55.5 Ma) is reported from the Potapaco Member of the Nanjemoy
Formation, eastern Virginia, U.S.A. Nine taxa are identifiable to genus
(Canarium, Beckettia, Wetherellia, lodes, Tinospora, Nyssa,
Symplocos, Ampelopsis, Vitis); all are found in the early Eocene
London Clay of southern England and six are present in the middle
Eocene Nut Beds flora of the Clarno Formation of Oregon, U.S.A. In
addition, a fruit of Nypa is described from nearby and slightly younger
sediments of the Nanjemoy Formation in Maryland. Together, these
occurrenices emphasize the probable importance of the early Eocene
North Atlantic land bridge in the evolution of the flora and fauna of the
Northern Hemisphere.

INTRODUCTION

The similarity at the generic level between the flora of
southeastern Asia and southeastern North America, is a long
recognized pattern in the phytogeography of the modern
Northern Hemisphere (Gray, 1840, 1878; Graham, 1972).
This similarity is shared to a lesser degree with floras of
western North America, the mountains of Eastern Mexico,
and the Caucasus mountains of Central Asia. Exploration of
the fossil record reveals that this pattern has its roots in the
Early Tertiary, when a burst of angiosperm evolution
coincided with the rapid spread of new taxa, resulting in the
widespread distribution of many angiosperm families and
genera that survive in different regions of the Northern
Hemisphere to the modern day. This dissemination was
made possible by three factors. First, the climates of the
Early Tertiary were considerably warmer than those of the
present, allowing frost-free winters to approximately 60° -
70° north paleolatitude (Tiffney, 1985a, 1994a). Second,
two land bridges linked the Old and New Worlds at this
time. The Bering Land Bridge lay at approximately 75
degrees North Paleolatitude (Tiffney, 1985b), permitting
passage of cool and winter-dark tolerant plants. The North
Atlantic Land Bridge provided a link between eastern
Canada and Northwestern Europe via southern Greenland at
approximately 55 degrees paleolatitude (Tiffney, 1985b).
This bridge was at a low enough latitude to provide winter
sun and presumably passage to frost-intolerant plants
(Tiffney, 1994a). Finally, both angiosperms and vertebrate
dispersal agents were radiating into the ecological void
caused by the disturbance at the Cretaceous-Tertiary
boundary, thus the newly evolving plants were rapidly
dispersed by newly evolving and migrating vertebrates
(Tiffney, 1984), allowing a rapid geographical spread of

new taxa throughout the Northern Hemisphere, regardless
of their point of geographic origin.

The result of this concatenation of events was the
development of a hemispheric-wide flora which Wolfe (1975,
1985) has titled the Boreotropical Flora (see also Lavin and
Luckow, 1993). This plant assemblage was dominated by
families and genera that today grow in warm-temperate and
subtropical, frost free, climates, although it also included
lineages whose descendants evolved increasing cold-
tolerance through the Tertiary. The majority of these taxa were
probably evergreen angiosperms; thus the vegetation they
formed would appear green year round. The widespread
nature of the Boreotropical Flora is evidenced by the generic
and sometimes specific-level similarity of such widely
separated Eocene floras such as those of Europe (e.g., the
London Clay of Southern England: Chandler, 1964;
Collinson, 1983; the Weisselster Basin of Germany: Mai and
Walther, 1985; the Pasekovo flora of Russia: Vickulin, 1996)
on the one hand, and various Eocene floras of Western North
America (e.g., the Clarno Nut Beds flora: Manchester, 1994;
the Princeton Chert: Erwin and Stockey, 1994; the Eocene
floras of the Northern Sierra: Tiffney & Haggard, 1995; the
Sand Draw Flora of Wyoming: Tiffney, 1996) on the other.

As a result of the climatic deterioration of the later
Tertiary, the components of the Boreotropical Flora
became segregated. Frost-intolerant taxa became increas-
ingly restricted to more southerly and protected sites, while
the flora of the intervening areas evolved a temperate
aspect. Quaternary glaciations' completed this process,
enforcing the present patterns of flora and vegetation upon
the Northern Hemisphere, including the disjunct distribu-
tion of frost-intolerant taxa in southeastern Asia and North
America (Tiffney, 1985a).

The widespread nature-of the Boreotropical Flora, and
the apparent importance of the North Atlantic Land Bridge
in its spread, leads to the prediction that the Eocene flora of
eastern North America should have been similar to that of
Europe and western North America. The problem is that
there are very few reports of Tertiary age plant remains from
the eastern seaboard of North America northeast of the
Mississippi Embayment. Berry (see LaMotte, 1952)
described many individual specimens, but, in general, these
identifications require re-confirmation. Mazer and Tiffney
(1982) reported fruits of Wetherellia Bowerbank and
Palaeowetherellia Chandler, two common London Clay
genera, from the early Eocene Nanjemoy Formation of
Virginia. Gee (1990) reported fruits of the palm Nypa Steck
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from the Eocene of Texas, again suggesting a North Atlantic
link to the European Eocene where Nypa is a common
constituent.of coastal floras. The early Miocene flora of the
Brandon Lignite of Vermont (Tiffney, 1994b) contains many
Boreotropical elements, but is temporally isolated from the
presumed period of exchange in the Eocene. Studies of pollen
floras (Frederiksen, 1995) support the interpretation that
Boreotropical taxa were present in the Focene of Atlantic
North America. However, pollen does not provide the
precision of identification necessary to allow comparison of
taxa from widely separated geographic localities. The Eocene
floras of the Mississippi Embayment (Dilcher, 1973) reflecta
more Central and South American heritage, although there is
much research yet to be done and a significant Boreotropical
influence may yet be demonstrated.

The lack of described Eocene floras from Atlantic North
America is exacerbated by increasing urbanization. This has
placed many potential fossil sites under asphalt, or in the
backyards of unfriendly land owners. For this reason, the
discovery of the Fisher/Sullivan site is of great value in
opening a window to the composition of the Early Tertiary
flora of the Atlantic coastline. While the flora reported here
is small, it includes several taxa that are common in both
European and western North American Eocene floras,
suggesting that the model of the spread of the Boreotropical
Flora via the North Atlantic Land Bridge is a viable
hypothesis. It is to be hoped that the continued efforts of
amateur and professional collectors at this site will generate
a diverse flora of which the present paper provides only an
initial report.

GEOLOGIC SETTING

The Fisher/Sullivan site is located in the bed of an
unnamed tributary of Muddy Creek in eastern Stafford County
Virginia (77° 22' 02" West, 38° 17’ 06" North). The flora is
apparently derived from “Bed B” (Ward, 1985; Weems and
Grimsley, this volume) of the Potapaco Member of the
Nanjemoy Formation. The age of “Bed B’ is placed within
calcareous nannofossil zone NP11 (Gibson and Bybell, 1991)
which is approximately 56.5to 55.5 Ma (Harland, etal., 1990),
corresponding to the early Ypresian stage of the early Eocene.
There is a faint possibility that some of matrix from which the
plants were collected was derived from the “Bed A” of the
Potapaco, possibly extending the time range of the flora into
slightly older sediments.

The plant remains are associated with a diverse array of
marine and terrestrial vertebrates (cf., other articles in this
volume). All have been recovered from a narrow layer
within glauconitic, fine-grained, marine sands with
admixed larger quartz grains and pebbles rangingup to 1 cm
in diameter. The paleocoastline of Virginia lay approxi-
mately 13 km west of the site (Weems and Grimsley, this
volume). Presumably terrestrial remains rafted out from
streams and rivers, in a setting not dissimilar to.that of the
London Clay (Allison, 1988).

FOSSIL MATERIAL

The fossil material described here was largely collected
by amateur palcontologists using the screen washing
techniques of vertebrate paleontology. The fossils are
preserved as original organic material, as original organic
material infiltrated by pyrite, or as organic material entirely
replaced by pyrite. The quality of the preservation varies,
but is generally good, and cellular-level patterns may be
discerned on several specimens. With time, the pyrite-
infiltrated specimens show cracking resulting from
dehydration and/or the effects of acid release and require
storage in glycerine.

MATERIALS AND METHODS

The fossils were examined with a Nikon SMZ 10
dissecting microscope; photographs were taken on Kodak
Tmax 100 film using a Nikon HFX-II automatic exposure
system attached to the dissecting scope.

SYSTEMATICS

The taxa recovered from the Fisher/Sullivan flora varied
in the numbers of representatives of each morphology and
the quality of their preservation. Some taxa possessed
enough characters that they were clearly identifiable to
genus. In some cases, these proved indistinguishable from
previously described fossils, and were accordingly placed in
pre-existing species. In other cases, they were clearly
different from previously described fossil species and were
thus placed in new species. In several cases, however, the
material was too poorly preserved or too limited to warrant
specific identification; such specimens are identified only to
genus until further material is collected. The composition of
the flora is summarized in Table 1, which includes the palm
Nypa from the slightly younger Woodstock Member of the
Nanjemoy Formation in Maryland.

All specimens are deposited in the collections of the
Department of Paleobiology, National Museum of Natural
History (USNM), Smithsonian Institution.

SYSTEMATIC DESCRIPTIONS

Family Burseraceae
Genus Canarium L.

The living genus involves about 75 species (Willis,
1973; Mabberley, 1987) of trees, shrubs and “pseudolianes”
(Leenhouts, 1959) which generally inhabit low elevation
primary and secondary rainforests in monsoonal climates.
Three species are native to Africa, Madagascar and the
Mauritius, two to Australia, and the remainder occur from
India east through Melanesia (Leenhouts, 1959).

Fossil fruits of Canarium have been reported from the
Early Tertiary of Europe (Gregor and Goth, 1979). These
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Table 1. Paleo- and neogeographic affinities of the identified taxa from the Fisher/Sullivan Flora. London Clay = taxon found
in the early Eocene London Clay Flora; Clarno = taxon found in the middle Eocene Clarno Nut Beds Flora. Distributional data
largely from Willis (1973) and Mabberley (1987); see text for further discussion. \

FAMILY GENUS HABIT MODERN GEOGRAPHIC AFFINITY London Clay Clarne
Burseraceae

Canarium Evergreen tree Tropical Asia and Africa Yes No
Cornaceae

Beckettia unknown Extinct genus Yes No
Euphorbiaceae

Wetherellia unknown Extinct genus, probably a mangrove Yes No
Icacinaceae

lTodes Large vine or liane Tropical Asia and Africa Yes Yes
Menispermaceae

Tinospora Large vine or liane Tropical Eastern Asia Yes Yes
Nyssaceae

Nyssa Deciduous tree Eastern North America, Central Yes Yes

America and Eastern Asia

Symplocaceae

Symplocos Shrubs, Old and New World tropics Yes Yes

rarely trees and subtropics

Vitaceae

Vitis Large vine or liane Both temperate to subtropics, Yes Yes

Ampelopsis Vine Northern Hemisphere Yes Yes
Palmae

Nypa Mangrove palm Southeast Asia to Australia Yes No

authors also note a “personal communication” from T.
Tanai that Canarium is known from a Miocene fruit from
Honshu, Japan. Raubeson and Tiffney (unpublished)
identify a Canarium fruit from the early middie Eocene
Wagon Bed formation of Wyoming. Leaves closely
compared with Canarium have been described from North
American floras (Hickey, 1977; Myers, 1990).

Canarium parksii sp. nov.
Plate One, Figures 1, 2.

Material: Thirteen fully to partially intact fruits, several
fragments. The majority of fossils are pyritized and difficult
to section, while the remainder are a combination of pyrite
and original organic matter that disintegrates with
prolonged exposure to air.

The type specimen is assigned USNM #495826 and was
collected by Mr. Thomas Parks. The remaining 12 intact
fruits are assigned USNM #495827 through 495838, and the
fragments are collectively assigned USNM #495839. The
remaining specimens were collected by Mr. Thomas Parks,
Mr. Gary Grimsley and Mr. Michael Folmer.

Derivation of name: The specific name honors Mr.
Thomas Parks of the Maryland Geological Society, who
collected and made available for study many specimens
from the Fisher/Sullivan site.

Description: The fruits average 7.45 mm long (N =12;
maximum 9.0 mm, minimum 5.8 mm) and 4.2 mm in widest
diameter (N=12; widest 5.6 mm, narrowest 2.5 mm). They
are tear-drop shaped, with an attenuated apex spreading to a

greatest diameter roughly 2/3 of the way to the base of the
fruit. The base is marked by a small attachment scar. The
fruits are composed of a star-like central axis with two to
four embayments. Nested within each embayment is a
unilocular pyrene, each pyrene dehiscent by a valve which
opens from the top of the pyrene to approximately 80% ofits
length towards the base. The external face of each pyrene
may be domed outwards or collapsed. The fruits are most
commonly trimerous. Occasionally, two pyrenes develop
fully, the third being much reduced and presumed abortive.
In one case it appears that there are three mature pyrenes and
a fourth reduced and abortive one. Each pyrene is
demarcated by a surrounding line indicating its juncture to
the central axis. In well-preserved specimens, a second line
within the pyrene margin indicates the location of the
dehisence valve. While the majority of the pyrenes remain
attached to the central fruit axis, in a few occasions it
appears that the entire pyrene is missing, leaving a
corresponding depression in the face of the fruit axis.

The pyrene locule contains a single, compressed, tear-
drop-shaped, smooth seed possessing an elongate apex. Itis
slightly flattened on the dorsal (outer) surface and rounded
on the ventral (inner). It would be inappropriate to try to
distinguish the raphe, chalaza and micropyle given the poor
quality of preservation. However, it is apparent that the
point of seed attachment is approximately in the middle of
its ventral face. Cellular preservation is poor; in one seed the
surface was composed of polygonal cells.

Discussion: The character of valvate pyrenes, retained
within a multi-rayed axis, is distinctive of the Burseraceae.
Within the family, the proliferation of the axis to form a
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multi-armed receptacle embracing the pyrenes is distinctive of
Canarium (Lam, 1932; Leenhouts, 1956, 1959). While living
Canarium fruits are generally much larger than the fossil,
some are of a similar size (e.g., C. acutifolium (DC) Merr. var
acutifolium, C. asperum Benth.; Leenhouts, 1956). Further,
the exposure of the pyrenes and the central axis in the fossil
indicates that the exocarp is missing, meaning that the
measurements provide a minimum size for the fossils.

The fossils also closely resemble the London Clay fossil
Tricarpellites communis Reid and Chandler (Reid and
Chandler, 1933). Reid and Chandler noted that 7. communis
was very similar to Canarium, but distinguished the two on
the basis of the characters of the raphe, chalaza, shape of the
dehiscent valve and tendency of the fossil to split into
separate units. The question arises, is the Virginia fossil best
allied with T. communis or Canarium?

Relative to T. communis, the Virginia material is more
attenuated at the apex while the European species is
rounded. The Virginia material does not tend to break into
pyrenes like the FEuropean material, although some
American specimens display loss of one pyrene from the
fruit. The pyrene valves in the European material are 1/3 to
1/2 the length of the carpel; in the Virginia material the valve
is much longer, up to 4/5 or more of the pyrene length.
Finally, in the Virginia material the point of vascular
attachment is approximately 1/2 of the way along the length
ofthe seed, rather than 1/5 of the way down from the apex as
in T. communis. In all these distinctions save shape, the
Virginia fossils fall closer to Canarium than to T. communis,
suggesting that the Virginia material is best assigned to
Canarium. This distinction may have limited significance.
Reid and Chandler frequently erected extinct genera on very
minor differences between the extant and fossil material. In
a careful revision, it is likely that Tricarpellites communis
would be regarded as a species Canarium.

Family Cornaceae
Genus Beckettia Reid and Chandler

Reid and Chandler (1933) recognized a diversity of
syncarpous fruits of the Cornaceae in the London Clay flora.
In describing these fossils, they opted to erect several new
genera to encompass variations in fruit structure, size and
locule number, including Lanfrancia Reid and Chandler
and Beckettia Reid and Chandler. In 1961, Miss Chandler
added a third similar genus, Portnallia Chandler. Mai
(1993) argued that all three genera were essentially similar,
and subsumed Lanfiancia and Portnallia into Beckettia,
recognizing four extinct species. The critical characters of
Beckettia sensu lato include the presence of two to four
locules with shallow dorsal infolds, arranged around a
common, largely parenchymatous axis. The individual
locules dehisce by dorsal germination valves. In general
these fruits were globose to subglobose, but occasional
ovoid specimens are recognized. To date the genus is known
from the uppermost Cretaceous of Europe (Knobloch and

Mai, 1986; Mai, 1993) and the early Eocene of England
(Reid and Chandler, 1933; Chandler, 1961; Collinson,
1983).

Beckettia ? species
Plate One, Figures 3, 4.

Material: One fruit, involving original organic matter, sedi-
ment and pyrite; very poorly preserved. The specimen is
assigned USNM #495840 and was collected by Mr. Michael
Folmer.

Description: Remains 9.1 mm long, about 3.0 mm wide on
the two preserved faces. The fossil consists of two carpels,
arranged around a central axis and set off from each other by
about 120 degrees. The remaining space suggests that a
third carpel was present, but is now lost. The central axis has
been almost completely eroded and replaced by pyrite and
sediment, but retains scraps of embedded organic matter.
Each of the two remaining carpels is elongate and widest
near its apical end, the apex taking the form of a broad,
gently-tipped triangle. The carpel contracts towards the
base, terminating in a gentle, but much smaller triangle. The
dorsal surface of each carpel is broadly C-shaped in cross
section. The surface of the carpel is covered by a thin layer
of longitudinally-elongate sclereids.

Discussion: The character of three separate carpels, each
with a broad linear depression running down its length, is
suggestive of the Cornaceae, and an apical view of the fossil
is quite similar to that of Beckettia (Portnallia) bognorensis
Chandler (Chandler, 1961, plate 28, figure 40), one of two
species she recognized in this extinct genus.

The fruit of Beckettia sensu lato is composed of
parenchyma, which was easily degraded to reveal and
liberate the individual carpels. This would agree with the
lack of organic preservation of the central axis in the
Virginia fossil. The broad, low longitudinal depression is
also in agreement with the locule shape observed in some
species of Beckettia, although others tend to have deeper
locular depressions (e.g., B. mastixioides Reid and
Chandler; Mai 1993, text-figure 2). The shape of the
Virginia fruit is perhaps a bit more elongate than is common
in Beckettia, but some specimens of Beckettia mastixioides
and Lanfrancia subglobosa illustrated by Reid and
Chandler (1933, plate 25) approach the presumed shape of
the Virginia fossil. The thin, woody, endocarp composed of
fiberous cells described for Beckettia bognorensis
(Chandler) Mai is in agreement with the Virginia material.
The sole reservation in this identification is that the Virginia
material does not exhibit a clear zone of dehisence
indicative of a germination valve. This feature is often
difficult to ascertain on endocarps of living and fossil
Cornaceae, and thus may or may not be a problem.

Triplascapha Manchester (Manchester, 1994), a genus
of undetermined higher affinities, is also quite similar in
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many respects to Beckettia bognorensis. However,
Triplascapha differs from the Virginia fossil in the
following respects: it is substantially smaller, the carpels are
much closer together, leaving less room in the central axis,
and the exterior layer of the seed coat is equiaxial.

While the best judgement that can be made given the
present data is that this fossil represents Beckettia, its single
occurrence and poor preservation argue for caution, hence the
“?” in the assignment. This identification should be taken as
provisional, pending the discovery of further material.

Family Euphorbiaceae?
Genus Wetherellia Bowerbank

Wetherellia is an extinct genus of fossil fruit commonly
found in the early Eocene floras of southern England (Reid
and Chandler, 1933; Chandler, 1961), northern Europe
(Chandler, 1978), Maryland and Virginia (Mazer and
Tiffney, 1982) and Mississippi (Call, Manchester, and
Dilcher, 1993). The fruit is a spherical or subspherical,
syncarpous capsule ranging from 3 mm to 24 mm in
diameter. It consists of two to eight carpels arranged around
a hollow (possibly pith-filled) central canal. The fruits
frequently break into the individual carpels, which in turn
dehisce loculicidally to reveal a single anatropous seed.
The fruit wall is three layered, including a thin epicarp
which is often lost, a mesocarp of equidimensional cells,
and a thin endocarp of elongate fibers around the locules.
Three species have been recognized (see Mazer and
Tiffney, 1982 for a detailed synopsis), and a second genus
from the Eocene of Egypt, Palacowetherellia Chandler
(Chandler, 1954) is closely related.

The family attribution of Wetherellia is not clear. Reid
and Chandler (1933) initially suggested Linaceae. Mazer
and Tiffney (1982) undertook an extensive search for
comparable fruit morphologies in a wide range of living
families. They concluded that Wetherellia is most similar to
members of the Euphorbiaceae, but that it also had some
similarities with fruits in the Meliaceae.

Wetherellia marylandica (Hollick) Mazer and Tiffney
Plate One, Figures 5, 6, 7.

Material: Five fruits, three intact, one partial, one broken
into its component carpels. All are largely organic, with
infiltrating pyrites. The five fruits are assigned USNM
#495841 through 495845 and were collected by Mr.
Michael Folmer, Mr. Gary Grimsley and Mr. Ronald Keil.

Description: Spherical fruits, the smallest 9.65 mm in
diameter, the largest 15.2 mm; the remaining fruits 14.5
mm, 14.5 mmand 10.7 mm in diameter. Each consists of six
(in one case, five) carpels radially arranged around a central
axis. The surface of the fruit is traversed by 12 (in the one
case, 10) longitudinal lines representing the junctures of the
individual carpels and the median (loculicidal) dehisence

line of each carpel. The central axis is infilled with pyrite. In
two fruits, the axis extends beyond the apex of the fruit and
expands into a six-lobed structure, perhaps reflecting a style
or stigma on the original fruit. The individual carpels are
composed of a wide outer zone of apparently isodiametric
cells, enclosing a narrow envelope of elongate fibers
surrounding the locule. The fruits initially split between the
carpels, liberating the carpels as separate cocci. They then
split along the midline of each carpel to reveal a single,
anatropous, lenticular, seed possessing a thin seed coat of
black, reflective, polygonal cells. The vascular trace to the
seed departs the central axis about one quarter of the
distance below the fruit apex and is adherent to the ventral
margin of the seed.

Discussion: Wetherellia marylandica is a spherical, syncarpous
fiuit 9.0 mm to 17.0 mm in diameter, consisting of two to six, most
commonly four, loculicidal carpels. It is only slightly different
from the common London Clay species, W. variabilis Bowerbank,
and could be conspecific with the latter. Call, Manchester and
Dilcher (1993) have found very similar fruits in early Eocene
sediments in Mississippi which bridge between characters of both
W. marylandica and of W. variabilis and the third English species,
W. dixonii Chandler, suggesting that the three may represent a
single, variable species.

The specimens described here conform to Wetherellia
marylandica in all but two respects. The funicles in the Fisher/
Sullivan fruits depart the main axis lower down than in the
material described by Mazer and Tiffney (1982). The original
material of W. marylandica was dominantly loculicidal while
the Fisher/Sullivan site material is both septicidal and
loculicidal. Both variations place the Fisher/Sullivan site
material closer to W. dixonii and W. variabilis, and reinforce
the suggestion that these taxa may represent variations within
a single species (Call, Manchester and Dilcher, 1993).

The presence of Wetherellia reinforces the similarity of
the Fisher/Sullivan flora to that of the London Clay. After
Nypa, Wetherellia is the most common fossil in the London
Clay (Reid and Chandler, 1933). Nypa (see below) is a
mangrove palm that inhabits brackish water environments
along coastlines in eastern Asia and Australia. Because the
London Clay is a marine deposit, it only makes sense that
coastal plants like Nypa should be common. Inverting this
logic, it stands to reason that other numerically common
elements of the flora quite likely represent- coastal or
mangrove taxa. While Wetherellia is not especially
common in the Fisher/Sullivan flora, it was found in great
numbers slightly higher in the Woodstock Member of the
Nanjemoy Formation (Mazer and Tiffney, 1982),
consonant with its occurrence in the London Clay flora and
the interpretation that its source plant grew in coastal
communities. This occurrence of Wetherellia is the oldest
reported on the Atlantic coast, and is apparently coeval with
its occurrence in the London Clay (Reid and Chandler,
1933; Chandler, 1961) and in the Mississippi Embayment
(Call, Manchester, and Dilcher, 1993).
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Family Icacinaceae
Genus Jodes Blume

lodes is a living genus of 14 (Willis, 1973) to 28
(Mabberley, 1987) species found from tropical Africa and
Madagascar to Indomalaysia. The living plants are
dioecious vines, lianes (large vines) or climbing shrubs,
often climbing with tendrils. In Malaysia, many of the
species inhabit forest margins or light-rich areas within the
forest, although two are recorded as being found in primary
forest, and one of these as a large liane (Sleumer, 1971). The
African species appear similar in their range of stature and
general ecology (e.g., Villiers, 1973).

Endocarps of Jodes commonly occur as fossils in the
Early Tertiary floras of Europe (Knobloch and Mai, 1986)
and western North America (Manchester, 1994) along with
other Icacinaceous fruits (Manchester and Tiffney, 1993).

ITodes multireticulata Reid and Chandler
Plate One, Figures 8, 9.

Material: Two endocarps, both broken, one heavily
pyritized. The carbonaceous endocarp (Plate one, figure 8)
is assigned USNM #495846. The pyritized endocarp (Plate
one, figure 9) is assigned USNM #495847. These were
collected by Mr. Gary Grimsley and Mr. Michael Folmer.

Description: Endocarp subspherical, laterally flattened
and bilaterally symmetrical, 4.0 to 4.5 mm high (chalazal
end to hilum/micropyle), 4.5 to 5.0 mm wide, about 3 mm
thick, enclosing a single locule. The apex is mildly
attenuate. The endocarp surface is marked by a weak to
strongly expressed reticulum of ribs. The areoles of the
reticulum are approximately 0.6 to 0.8 mm in diameter. The
plane of symmetry is marked by a slight rib on each margin;
the rib on one margin being slightly larger than the rib on the
other. The hilum and micropyle lie at one end, and the
vascular trace passes at a long angle from the hilum through
a canal in the thicker margin of the endocarp to its base,
where it enters the locule cavity. This raphe is marked in one
specimen by an open canal, and in the other by a trace of
infilling pyrites. The fruit wall is about 0.3 mm thick. It is
apparently three layered, an outer and inner layer of
tangentially-elongate sclereids sandwiching an intermedi-
ate layer of larger cells; this latter layer appears to be of
differential thickness and could be a preservational artifact.
Both specimens are broken. At high magnification, the
locule lining of both specimens is observed to bear widely
spaced, elongate, narrow papillae.

Discussion: The characters of the surficial faceting, passage
of the raphe through the testa, and the papillate locule lining
allow a secure assignment (cf., Manchester, 1994) to lodes
Blume. The variation in the strength of the surficial sculpture
and the thickness and composition of the wall of the two
specimens leads one to consider recognizing two species, but

similar variation has been observed in both the London Clay
(Reid and Chandler, 1933; Chandler, 1961) and Clamo
(Manchester, 1994) specimens. As a result, one species is
recognized. The best-preserved endocarp is very similar to L
multireticulata, first described and named from the early
Eocene London Clay flora (Reid and Chandler, 1933;
Chandler, 1961); the species has also been recognized from
the middle Eocene Nut Beds flora of Oregon (Manchester,
1994). In the absence of data suggesting otherwise, the
Virginia fossil is assigned to this species.

Family Menispermaceae
Genus Tinospora Miers

The living genus Tinospora has nine species in Africa
and Madagascar, and 23 in Asia, Australia and the Pacific
islands (Forman, 1981). If Odontocaryoidea Miers is
conspecific with Tinospora (Forman, 1981), this adds
another approximately 30 species from South and Central
America to the genus. However, this contention is not
universally accepted. In either a restricted or broad sense,
the genus is comprised of vines and lianes that occur in
tropical evergreen and (in one case) deciduous forests;
several species frequent littoral forests along coasts
(Forman, 1981, 1986). The endocarps are distinctive, being
approximate hemispheres, the flattened ventral surface
bearing a weak to strong concavity or condyle that intrudes
into the locule. The curved dorsal surface may be smooth,
spinose, verrucose, rugulate or otherwise ornamented.
Many species bear a median dorsal ridge of varying
strength, which may be prolonged at the apex or base of the
endocarp, and which may wrap around to the margins of the
condyle on the ventral face.

Tinospora is a common component of Early Tertiary
Boreotropical floras. Three species are known from the
London Clay (Reid and Chandler, 1933; Chandler, 1961;
Collinson, 1983) and one from the Lower Bagshot Beds
(Chandler, 1962) of England. Two species are present in the
Clarno Nut Beds flora of Oregon (Manchester, 1994), and
Tinospora-like endocarps occur in the late Eocene
Auriferous Gravels flora of California (Tiffney, unpub-
lished). The tropical affinities of the genus are attested to by
its apparent absence from cooler, Post-Eocene, floras.

Tinospora folmerii sp. nov.
Plate Two, Figures 1, 2.

Material: One endocarp, largely infiltrated with pyrite, butretain-
ing the endocarp wall as carbon. The single specimen is assigned
USNM #495848 and was collected by Mr. Michael Folmer.

Derivation of name: The specific name honors Mr. Michael
Folmer of the Maryland Geological Society, who has col-
lected and made available for study many specimens from the
Fisher/Sullivan site.
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Description: Hemispherical endocarp, 5.5 mm long, 4.0
mm wide and 2.0 mm thick. The arched dorsal surface bears
a pronounced median ridge that extends beyond the margin
of the endocarp as it passes around the apex and base. The
lateral portions of the dorsal surfaces are marked by an
anastomosing pattern of low but distinct ridges that create
irregular polygons. The ventral surface is occupied by a
depression, largely infilled with pyrite. The pattern of ridges
from the dorsal surface dies out on the two lateral margins of
the ventral depression. The dorsal ridge carries around the
apex and base and extends into the ventral depression,
disappearing beneath the pyrite filling. Where it has broken
free of the underlying pyritic infilling, the endocarp wall is
quite thin.

Discussion: The hemispherical shape with a dorsal ridge
and surficial pattern, giving way to a ventral depression is
characteristic of several genera of the Menispermaceae,
tribe Tinosporeae. The size and shape of the endocarp,
together with the specific characters of ornamentation, most
closely match those observed in endocarps of living species
of Tinospora (cf. illustrations in Forman, 1981, 1986). The
only other similar endocarp belongs to the extinct form
genus Menispermicarpum Chandler which differs by being
dorso-ventrally flattened, and possessing ventrilateral
ridges (Chandler, 1961, p. 151). The Virginia specimen is
distinct from other fossil species of Tinospora in having a
dorsal ornamentation of ridges rather than spines or
tubercles. This comparison is tempered by the observation
that the dorsal surface of 7. elongata Manchester
(Manchester, 1994) is unknown, although the latter still is
more elongate than the Virginia fossil. In light of its
distinctive characters, the Virginia specimen is recognized
as a new species.

Family Nyssaceae
Genus Nyssa L.

The living genus encompasses six species of deciduous
trees. Three occur in eastern North America extending into
eastern Mexico. A fourth occurs in Panama, a fifth in China
and the last in Indomalaysia (Eyde, 1963; Hammel and
Zamora, 1990). The endocarps are distinctive in being
thick-walled, possessing a ridged exterior, and germinating
by means of a triangular germination valve. They are
commonly one locular, but occasionally display a second,
often reduced, locule (Eyde, 1963), and N. talamancana
(Hammel and Zamora, 1990) possesses two to three locules.

The fruits of Nyssa have an extensive fossil record. The
genus is represented by three species in the early Eocene
London Clay (Reid and Chandler, 1933; Chandler, 1961:
Paleonyssa multilocularis Reid and Chandler should be
included in Nyssa, as its sole distinction is its multilocular
condition, a feature now observed in the living N.
talamancana). In western North America, three species are
present in the middle Eocene Clarno Nut Beds flora

(Manchester, 1994), at least one and possibly two species
are in the late Eocene Auriferous Gravels flora of the
Northern Sierra (Tiffney, personal data). Other species are
present in later Tertiary deposits of North America (Tiffney,
1994b, personal data) and Europe (Kirchheimer, 1957;
Eyde and Barghoorn, 1963).

Nyssa species
Plate Two, Figures 3, 4, 5.

Material: Three endocarps, two smaller and broken, the
third larger and exhibiting a clear germination valve. All
three preserved as original organic material infiltrated by
pyrite. The endocarps are assigned USNM #495849,
495850 and #495851, and were collected by Mr. Thomas
Parks and Mr. Michael Folmer.

Description: The largest specimen is 14.8 mm long by 7.0
mm wide. The nearly complete small specimen is 10.2 mm
long by 4.6 mm wide; the incomplete small specimen is 7.2
mm long and 4.6 mm wide. All three endocarps are elongate,
with parallel lateral margins and broadly rounded apices and
bases; all are slightly flattened in the dorso-ventral plane. All
three are traversed by eight low, rounded ridges running from
the apex to the base of the endocarp. The largest endocarp has
a clear germination valve about 3/4 the length of the face; a
matching valve is not visible on the opposite side, although
this may be a function of the distortion of this face. Both
smaller specimens were broken on receipt, and the
germination valves were not apparent. However, in one case
this allowed recognition of two locules within the endocarp.

Discussion: The overall shape and the ridged surface of the
endocarps, together with the distinctive nature of the
spatulate germination valve, serve to ally these fossils with
Nyssa. The combination of two locules and their small size
distinguishes the Virginia fossils from species previously
described from the London Clay flora or the Clarno Nut
Beds flora. Their greatest similarity among Eocene species
lies with specimens from the late Eocene Auriferous
Gravels flora of California (Tiffney, unpublished data),
which are of a similar size and morphology. The limited
number of specimens and their condition leads me to refrain
from assigning a species name at this time. It is possible that
the largest of the three specimens was genetically distinct
from the other two, and that two species of Nyssa are present
in the flora, a not uncommon occurrence.

Family Symplocaceae
Genus Symplocos Jacq.

The living genus consists of 250 (Nooteboom, 1975;
Mabberley, 1987) to 350 (Willis, 1973) species of small
evergreen shrubs to, less commonly, large trees. Only one
species is deciduous. It is divided into two subgenera.
Subgenus Symplocos (about 100 species) is largely New
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World, while subgenus Hopea is predominantly Old World
(Nooteboom, 1975, 1977). The genus is dominantly tropical
and subtropical, with species from the lowlands to montane
rainforests (Nooteboom,1977). One species, S. tinctoria (L.)
L’Herit. extends to Delaware on the east coast of North
America (Fernald, 1970) and three species extend south to
Paraguay (personal herbarium data). Of potential note, all of
the New World species that I have examined, and that are
reviewed by Mai (1986), possess relatively smooth fruit
surfaces. At present, literature and herbarium studies suggest
that endocarps with pronounced wings (e.g., S. costata (Bl.)
Choisy, S. cerasifolia Wall. ex DC, S. barringtoniifolia
Brand.; see Nooteboom, 1975) occur only in the Old World.

Symplocos is a common constituent of Eocene through
Miocene floras of the Northern Hemisphere. Over 20 species
have been described from Europe (Mai, 1970); in some cases
individual species are represented by large numbers of
specimens in a single deposit (Nooteboom, 1975, 1977). It is
known in North America from the middle Eocene Clarno Nut
Beds flora (Manchester, 1994), the late Eocene Auriferous
Gravels flora of California (Tiffney unpublished data), and the
early Miocene Brandon Lignite (Tiffney, 1994b). Three
species with large ridges are known from the Miocene of
Europe (Mai, 1970) and one (possibly two) species are known
from the late Eocene Auriferous Gravels flora of Northern
California (Tiffney, unpublished data).

Symplocos grimsleyi sp. nov.
Plate Two, Figures 6, 7, 8.

Material: Six entire endocarps (one sectioned) and a
portion of a seventh, preserved as original organic matter.
The type specimen is assigned USNM #495852 and was
collected by Mr. Gary Grimsley. The remaining specimens
are assigned USNM #495853 through #495858 and were
collected by Mr. Gary Grimsley and Mr. Michael Folmer.

Derivation of name: The specific name honors Mr. Gary
Grimsley of the Maryland Geological Society, who
collected and made available for study several specimens
from the Fisher/Sullivan site, and who provided assistance
in electronic communication between author and editor.

Description: The endocarps average 10.2 mm long (N =6;
maximum 11.2 mm, minimum 8.9 mm) and 5.2 mm in
widest diameter (N = 6; widest 7.1 mm, narrowest 3.8 mm),
possessing a 2:1 length to width ratio. The endocarps are
clongate, tapering towards both ends. The basal
(attachment) end is truncated by a pit which contains three
pores, leading to the locules within. The outer surface of the
endocarp is marked by 10 equally-spaced, high, thin
flanges. These possess undulate crests, perhaps in part a
function of preservation. In the sectioned specimen, the
endocarp contains three locules surrounding a thin central
cavity. Two of the three locules contain remnants of a seed
possessing a thin black seed coat. The third is empty and

presumed abortive. The outer endocarp wall consists of
radially-elongate sclereids that possess a reflectivity
suggestive of a high lignin content. Each of the locules is
surrounded by circumferentially-elongate sclereids of a
lighter brown color and a more loosely-packed appearance.

Discussion: The truncating basal depression represents the
juncture of the fruit to the subtending axis. The piercing of
this depression by pores leading to three to five individual
locules surrounding a central cavity is distinctive of the
genus Symplocos. Beyond these characters, the fruits of the
modern species exhibit a range of sizes, shapes and surficial
morphologies. The Virginian endocarp is most similar to
several living Old World species of Symplocos that possess
highly ridged endocarps. Among existing fossils, the
Virginia specimens are most similar to S. schereri
Kirchheimer (Kirchheimer, 1936; Mai, 1970); both possess
robust flanges and a fairly thick fruit wall and are of
approximately the same size. However, there are about 13
flanges on S. schereri, and they tend to be of varying heights
and widths, while there are 10 flanges on the Virginia
specimens. The Symplocos from the Auriferous Gravels
flora of Northern California (Tiffney, unpublished data) are
also similar, but possess up to 16 slightly lower ridges.

Family Vitaceae

Seeds of the Vitaceae are easily recognized by the
circular dorsal chalaza and paired ventral infolds flanking
the path of the raphe. Variation in the placement of the
chalaza, the strength of the raphe, the width and depth of the
ventral infolds, the sculpting of the seed surface, and
cellular structure of the wall appear to allow identification to
genus (Tiffney and Barghoorn, 1976; Latiff, 1994,
Manchester, 1994), although it is clear that some characters
intergrade between genera (Manchester, 1994). Generic
identifications are thus more probabilities than certainties
within the family, especially in the absence of large samples
amenable to statistical analysis. The descriptive terminol-
ogy used here is from Tiffney and Barghoorn, 1976, figure
1, except that the terms base and apex are reversed from that
figure, which was in error.

The Vitaceae are common components of the Early
Tertiary floras of the Northern Hemisphere, and are often
represented by substantial numbers of specimens and
species in a given deposit. By example, Chandler (1961)
recognized 21 species in five genera from the London Clay,
Tiffney and Barghoorn (1976) recognized four species in two
genera from the Brandon Lignite, and Manchester (1994)
recognized seven species in four genera from the Clarno Nut
Beds flora. Thus, it is not unexpected that the three specimens
so far recovered from the Fisher/Sullivan flora represent two
and possibly three separate morphologies.
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Genus Vitis L.

In the present day, Vitis includes about 60-70 (Willis,
1973; Mabberley, 1987) species of vines distributed in the
Northern Hemisphere. The majority of these are warm-
temperate to subtropical in distribution, but several species
extend to cold-temperate environs. This wide ecological
amplitude limits the utility of Vizis seeds for paleoclimatic
interpretation. However, the presence of the genus is
consistent with a warm, frost-free environment. Within the
genus Vitis, there is considerable variation. It is possible to
categorize variation and recognize distinct morphological
(and presumably genetic) groupings within a deposit, but I am
increasingly convinced (contra Tiffney and Barghoorn, 1976)
that comparisons between fossils from different localities, or
between fossil and living species, are generally unwarranted.

Vitis species #1
Plate Two, Figures 9, 10.

Material: One seed, original organic material with pyrite.
This is assigned USNM specimen #495859, and was
collected by Mr. Michael Folmer.

Description: Seed 7.3 mm long and 4.9 mm wide, strongly
flattened in the dorso-ventral plane. The ventral infolds are
narrow and parallel, 4.2 mm in length. The dorsal face has
been eroded, but possesses an elongate chalazal knot about 2.0
mm long by 0.8 mm wide. A dorsal groove runs from the apex
to the base of the seed, but the basal portion has been broken
off, making it impossible to judge how deep the groove around
the base of the seed was. The raphe is eroded. The seed wall is
composed of a layer of radially elongate sclereids.

Discussion: The parallel, narrow, ventral infolds and
pronounced chalaza to apex and chalaza to base groove
suggest this seed belongs to Vifis, although the lack of the
base of the seed is vexing. The general conformation of the
seed, its squared outline, and the elongate infolds are similar
to V. magnasperma Chandler (Chandler, 1961) of the
London Clay flora, which is also present in the Clarno Nut
Beds flora (Manchester, 1994), although the Virginia
specimen lacks ruminations radiating from the chalaza.

Vitis species #2
Plate Two, Figures 11, 12.

Material: One seed, pyritized. This is assigned USNM
specimen #495860, and was collected by Mr. Michael Folmer.

Description: Seed 4.8 mm long, 3.8 mm wide and 2.8 mm
deep (dorsal to ventral face), the apex with a pronounced
beak. The ventral infolds are parallel, 1.3 to 1.5 mm in
length, moderate in width. The dorsal surface is flattened
and bears a central, raised, chalazal knot, occupying 1/3 to
1/2 the dorsal face. There is a weak chalaza to apex groove.
A chalaza to base groove is not apparent; the raphe runs
from the chalaza around the base on the surface of the seed,

creating a positive ridge. The surface of the seed is smooth,
lacking any sign of radial striations. The seed wall is
composed of elongate sclereids.

Discussion: This seed is most similar to those of Vitis in
possessing parallel ventral infolds, a chalaza to apex groove
and an clongate hilar beak. However, the chalaza to base
groove is absent, a situation seen in seeds of Ampelopsis.
The assignment is made to Vifis on the preponderance of
characters and its general similarity to species from the
London Clay (Chandler, 1961) and Brandon Lignite
(Tiffney and Barghoorn, 1976).

Genus Ampelopsis Michx.

Ampelopsis is a genus of Atlantic North American and
subtropical East Asian deciduous vines. While Willis
(1973) and Mabberley (1987) claim the genus has two
species, other sources (Melchior, 1964; Bailey, 1928) state
20 species are present. It is known in the fossil record from
the London Clay flora (Reid and Chandler, 1933; Chandler
1961) and the Clarno Nut Beds flora (Manchester, 1994).

Ampelopsis species
Plate Two, Figures 13, 14.

Material: One seed, preserved largely as original organic
matter. This is assigned USNM specimen #495861, and was
collected by Mr, Gary Grimsley.

Description: Seed relatively undistorted, spherical, 4.7
mm long, 3.8 mm wide and 3.6 mm deep (dorsal to ventral
face). The apex has a mildly pronounced beak. The ventral
infolds are divergent, 2.5 mm in length. The dorsal surface
is strongly arched and bears a central, low, chalazal knot,
about 1.0 mm in diameter. There is no groove on the dorsal
face. The raphe runs from the chalaza around the base on the
surface of the seed, creating a positive ridge. The entire
surface of the seed is marked by elongate radial striations.

Discussion: The absence of a groove on the dorsal face and
the resulting positive topography of the raphe around the
basal end, together with the round shape, radidte markings
of the seed surface and the divergent infolds, suggest that
this seed represents Ampelopsis. The fossil is also similar to
seeds of Cayratia Juss., but in the latter genus thechalazal
knot is very large and elongate, arrd the seed has a prominent
beak (Latiff, 1994). Similar seed morphology alsa .is
observed in Parthenocissus Planch.; however, here the seed
surface tends to be smooth and the ventral folds are parallel.

Unknowns
Unknown angiosperm #1
Plate Three, Figures 1, 2.

Material: Two seeds, both heavily pyritized, one broken on the
ventral surface. These are assigned USNM specimen#495862 and
495863, and were collected by Mr. Michael Folmer.
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Description: The larger seed is 6.6 mm long and 4.7 mm
broad, the smaller (broken) is 6.2 mm long and 4.2 mm broad;
both are elliptic to broadly elliptic in face view. In cross
section, they possess a convex dorsal face and two flat ventral
faces which meet on the ventral midline in a sharp angle,
suggesting that several seeds were arranged around a common
axis within the fruit. An apparent zone of weakness is present
at the apex of the ventral angle, as both seeds have split along
this lineation. The margins of this zone of splitting appear
slightly thicker than the adjacent seed wall. Both the dorsal and
ventral surfaces are covered by a pattern of low bumps that
frequently coalesce to form a low rumpled pattern of ridges. At
higher magnification, the entire surface is covered with very
fine, even pitting, perhaps reflecting the outer layer of cells of
the seed. The broken specimen reveals the seed wall to be two
layered. The outer layer is formed of one layer of radially
clongate sclereids which occupy about 2/3 the width of the
seed coat. The inner layer is indistinct, but clearly of a different
structure. The interpretation that these are seeds and not cocci
of a fruit is based upon the absence of any clear evidence for a
second internal structure within the broken specimen. A
possible argument against this interpretation is the fact that
these fossils possess no clear sign of a hilum or micropyle.

Discussion: This fossil is outwardly somewhat similar to
Carpolithus bellispermus Chandler (Chandler, 1978) in
overall shape and the tubercular surface. However, C.
bellispermus is half the size of the Virginia specimens, and
possesses a large hilar scar.

Unknown Angiosperm # 2.
Plate Three, Figures 3, 4, 5, 6.

Material: Two fruits, one intact, onebroken; both pyritized. These
areassigned specimen#495864 and #495865. One was collected
by Mr. Michael Folmer and one by Mr. Gary Grimsley.

Description: Fruit a compressed oblong sphere, the entire
specimen 7.1 mm long and 5.3 mm by 4.3 mm in diameter,
the broken one 6.6 mm high and 5.7 mm by 3.9 mm in
diameter. Itis unclear if the diameter differences are original
or preservational. The fruit is surrounded by eight fairly
evenly-spaced low longitudinal ridges. Two ridges on
opposing faces possess a distinct groove atop the ridge. This
groove meets at the top and bottom of the fruit, suggesting
that it represents the plane of separation between two
carpels. The apices of the grooved ridges are marked by fine
horizontal striations that are not apparent on the remaining
six ridges. The apex of the fruit is capped by a short, bilobed,
mound, suggestive of a stigma and/or style. The base
possesses a small pit, suggestive of a point of attachment.
The broken specimen reveals a single central cavity,
suggesting the fruit was unilocular at maturity. No details of
the cellular structure of the wall could be ascertained.

Discussion: There is some similarity to Carpolithus species

1 of the Clarno Nut Beds flora (Manchester, 1994, plate 66,
figures 11-14), but the latter fruit possesses grooves at the
apex of each of its longitudinal ribs, and lacks the apparent
stigmatic crest of the Virginia specimen.

Unknown object #1
Plate Three, Figure 7.

Sphere, 5. 4mmin diameter, sittingupon a small stalk about 2.0
mm in length, the entire object of pyrite. The stalk melds directly
into the sphere. There is no surficial cellular detail apparent.
Assigned USNM #495866, collected by Mr. Michael Folmer.

This object initially was taken to be a fruit of the
Lauraceae sitting within its cupule. Careful examination
revealed that the sphere and stalk are continuous, the
apparent seam being formed by a circumferential break in
the layer of pyrites. This may simply be a concretion.

Unknown object # 2
Plate Three, Figure 8.

Hollow lenticel, 32 mm long, 17.6 mm wide and 6.3 mm
thick. The external detail is obscured by sediment in a pyrite
cement. The wall appears made of elongate cells oriented in
the direction of the long axis of the structure. The central
portion of the structure is hollow and contains a small
amount of material of an apparently different cellular
makeup; however, the structure is very unclear. Assigned
USNM # 495867, collected by Mr. Michael Folmer.

This object is most likely a worn, flattened piece of wood.
However, the apparent difference between the surface and the
“contents” of the structure warrant its description.

Family Palmae
Genus Nypa Steck

Nypa is a monotypic genus of palms that grows in
brackish water environments, often forming a backswamp
community behind the mangroves of the immediate
coastline (Tralau, 1964; Collinson, 1993). It possesses
large, distinctive fruits, borne in terminal clusters. Each
pear-shaped fruit is composed of an outer longitudinally
fibrous sheath, enclosing a hard endocarp within which is
the seed. Dispersal is by water, and individual fruits can
float for long periods of time.

Nypa is a very common fossil in the Eocene sediments of
Europe (Tralau, 1964; Collinson, 1993), and is also known
from the Eocene of Egypt (Gregor and Hagn, 1982; Tiffney,
unpublished data) and the Eocene of Texas (Tralau, 1964;
Gee, 1990).

The fossil fruit reported here does not come from the
Fisher/Sullivan site, but from the Woodstock member of the
Nanjemoy Formation at Popes Creek, Maryland, in
association with Wetherellia (Mazer and Tiffney, 1982).
The Woodstock member lies above the Potapaco Member
of the Nanjemoy Formation, and bridges the calcareous
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nannofossil zones NP 13 and NP 14, indicating an age of
about 53.5 to 52 Ma (Gibson and Bybell, 1991; Weems and
Grimsley, this volume), about three million years younger
than the rest of the fossils reported here. It is included in this
report as it clearly is part of the same regional vegetation of
the early Eocene.

Nypa cf. burtini (Brongniart) Ettingshausen
Plate Three, Figure 9, 10.

Material: One endocarp, originally preserved as a thin shell
of fiberous organic matter in a greensand matrix. Despite
efforts at conservation, the specimen self-destructed within
months of receipt, and all that remains is the photographic
record. The specimen was collected by Mr. Robert Wiest.

Description: Endocarp 8.0 cm wide and 6.9 cm long. The
basal portion of the endocarp is missing; judging from the
curve of the endocarp and from living specimens, the endocarp
was probably about 10 cm long. The actual fruit (including the
fiberous exocarp) was probably larger. The endocarp surface
is marked by fine longitudinal striations, presumably
reflecting the adjacent fibers of the exocarp. The endocarp
wall is 1 - 2 mm thick, and the locule is infilled by sediment.

Discussion: The size, shape and striated surface of this
fossil are very similar to the endocarps of living Nypa.
However, while I have had this fossil for 15 years (courtesy
of Mr. Robert Wiest), I had never observed a similar mode
of preservation, and awaited further specimens to validate
the identification. The discovery of the Fisher/Sullivan flora
with its clear association with the London Clay flora
provides circumstantial support for the identification.
Further, in 1996, Dr. Margaret Collinson examined this
fossil and informed me that Nypa was known in Europe in
this style of preservation (cf., Collinson, 1993). Since this
fossil adds to the larger picture of the Ypresian flora of
Atlantic North America, I have included its description here.
Its presence underscores the similarity of the depositional
environments of the London Clay flora (Collinson, 1993) and
the flora from the Fisher/Sullivan site.

It is possible that this is not the first report of Nypa from
Virginia. Berry (1936) described Ficus aquiana from the
Paleocene Aquia Formation, immediately underlying the
Nanjemoy. Examination of his illustration (1936, figure 2) and
text suggest that the object, if inverted from his illustration,
would conform well to the endocarp of Nypa. The length to
breadth and breadth to thickness ratios of this fossil agree with
similar measurements for small Nypa fruits from living plants
and from the European Eocene (Collinson, 1993). It is also
possible that this object is neither Nypa nor Ficus; this
speculation can only be resolved by examining the actual
specimen (NMNH catalog #P 039367).

DISCUSSION

The small size of the flora from the Fisher/Sullivan site
notwithstanding (ten identified taxa and two unidentified),

its composition allows some interesting insights into the
vegetation, climate and paleobiogeographic affinities of
Virginia during the early Eocene. The occurrence of Nypa in
nearly coeval sediments of the same formation in adjacent
Maryland adds further to this picture.

It might be tempting to compare these insights with
inferences from fossils from the immediately underlying
Paleocene Aquia Formation, where E. W. Berry reported
the presence of both a fig (Berry, 1936) and a pine cone
(Berry, 1934), using these to argue for a temperate
Paleocene climate. Even if correctly identified, both genera
possess species that live in subtropical environments.
However, these identifications require verification; as noted
above, the “fig” could be a Nypa endocarp. In light of these
uncertainties, no such comparisons will be made.

Vegetation. We may estimate the habit of the parent plant of
a fossil fruit or seed from the habit of its nearest living relatives.
In the Fisher/Sullivan flora, this is possible for eight genera. Of
these, two are trees, one is a shrub, one is a palm, and four
(Ampelopsis, lodes, Tinospora and Vitis) are vines. This
pattern of a large proportion of vines is also seen in the Clarno
Nut Beds flora, where 43 percent of the taxa for which habit
could be inferred were climbers, and the London Clay flora,
where vines and lianes are extraordinarily common (Reid and
Chandler, 1933; Chandler, 1961; Collinson, 1983). Vines and
lianes are very common in tropical rain forests, -forming
between eight percent (Richards, 1952) and 28 percent
(Gentry, 1992) of the species diversity. By contrast, they are
far less common in temperate communities (Richards, 1952).
The dominance of large vines or lianes thus suggests that the
forest of the Virginian Eocene coastal plain was similar in
structure to modern tropical or paratropical forests, with a
multi-layered canopy and a deeply shaded forest floor
(Richards, 1952). While vine diversity suggests that the
Fisher/Sullivan, Clarno Nut Beds and London Clay Floras
were possessed of a tropical vegetation, vines appear over-
represented in these floras by modern standards. This could
reflect their actual Eocene diversity as suggested by Crane
(1987), but it is also possible that a bias towards their
preservation is at work. Vines and lianes often possess
relatively large seeds, and frequent areas of higher light
intensity, including stream margins (Richards, 1952). These
features might favor their disproportionate fossilization and
discovery in these Eocene floras.

Of the eight genera for which nearest living relatives may
be identified, four are evergreen (Canarium, lodes, Nypa and
Tinospora), two have both evergreen and deciduous species
(Vitis and Symplocos, although deciduous species are very rare
in the latter genus) and two are deciduous (dmpelopsis and
Nyssa). The intermixture of deciduous and evergreen
elements is a common pattern in Early Tertiary floras of the
Northern Hemisphere (Reid and Chandler, 1933; Manchester,
1994). While it is possible that it represents the taphonomic
intermixing of remains from different source communities
(e.g., Gray, 1960), it appears more likely that it represents a
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vegetation for which there is no living equivalent. In such
vegetation, evergreen taxa dominate, but with an admixture
of deciduous elements, the latter perhaps occupying sites
governed by edaphic factors (Wolfe, 1975, 1985).

From the perspective of the geographic occurrence of
the nearest living relatives, four of the genera (Ampelopsis,
Nyssa, Symplocos and Vitis) live in Virginia today.
Symplocos, however, is represented by only one species; the
vast majority of its species are subtropical to tropical. Four
of the genera (Canarium, lodes, Nypa and Tinospora) are
found in the Old World tropics, predominantly in
southeastern Asia. The flora from the Fisher/Sullivan site
thus parallels the pattern observed in other Paleogene and
early Miocene floras of Europe and North America, where
the predominant number of nearest living relatives survive
in southeast Asia (Tiffney, 1985a, 1985b, 1994a).

Climate. Optimally, one would like to estimate paleo-
climate by a method that is independent of the identification
of the individual fossils, such as is possible with the
characters of leaves (Wolfe, 1993). Unfortunately, in
present understanding, fossil fruits and seeds do not possess
such characters, and the estimation of the paleoclimate is
through analogy to the environments of growth of the
nearest living relatives. This method has inherent pitfalls,
including the difficulty posed by misidentifications and the
possibility that genera have changed their climatic
tolerances over evolutionary time (Manchester, 1994;
Tiffney, 1994a). The ranges of living species of Ampelopsis,
Nyssa, Symplocos and Vitis all extend to areas of the
Northern Hemisphere that experience extended periods of
freezing temperatures in winter (e.g., Fernald, 1970).
However, in all cases, other species of the genus live in
frost-free paratropical, or in some cases, fuli-tropical,
climates. By contrast, modern species of Canarium
(Leenhouts, 1959), lodes (Sleumer, 1971; Villiers, 1973),
Tinospora (Forman, 1981) and Nypa (Collinson, 1993)
inhabit entirely frost-free paratropical or full-tropical
climates in the present day. Given that these genera existed
together in the Fisher/Sullivan flora, one is faced with two
hypotheses; either the paleoclimate approximated that of the
present day, and some taxa have evolved to tolerate warmer
climates, or the paleoclimate was warmer than the present
day, and some taxa have evolved to tolerate cooler climates.

Nonbotanical estimators of paleoclimate demonstrate that
the Early Tertiary was a period of warmth, with frost-free
climates to high latitudes (e.g., Miller, Fairbanks and
Mountain, 1987; Spicer and Chapman, 1990; Sloan and
Barron, 1992). At approximately the Eocene - Oligocene
boundary the climate rapidly cooled (Kennett, 1977) leading
to a gradual decline in global temperatures culminating in the
polar glaciations of the Pleistocene. Given this pattern, it is
more parsimonious to assume that the Fisher/Sullivan biota
grew under a paleoclimatic regime that resembles that of the
most frost-intolerant of the nearest living relatives, rather than
that of the most frost-tolerant ones. Tiffney (1994a) describes

a graphic method of estimating paleoclimates from nearest
living relative data by superimposing a plot of the geographic
range of all the taxa involved in a given flora and then
identifying the place or places where the largest number of
taxa co-occur in the present day. Climatic data are sought out
for weather stations occurring in the areas of high co-
occurrence, particularly those at the coolest localities in order
not to over-estimate the temperature. This methodology is
crude and provides only an approximation of the paleoclimate.
Further, the validity of this approach improves with the size of
the sample, and eight species is a small sample. With these
cautions, this approach suggests that the paleoclimate at the
Fisher/Sullivan site was perhaps equivalent to that of southern
China in the area of Canton and Hainan island. Taking climatic
records from Wuchow and Nanning in this area (Tiffney,
1994a), suggests a mean annual temperature of about 22.5°C,
a mean annual range of about 16°C, and coolest month mean
temperatures well above freezing. The same method probably
is not an accurate indicator of absolute amounts of
precipitation, as what is really significant is the evapotranspi-
ration potential which is a function of both ambient
temperature and water availability. However, this method
suggests that rainfall was adequate on a year round basis,
without extended periods of water stress.

Paleogeography. The Fisher/Sullivan flora fulfills the pre-
diction of the hypothesis that the North Atlantic was an
important route of biogeographic exchange between
western Europe and North America in the Early Tertiary.
All nine of the identified genera from the Fisher/Sullivan
flora (if one accepts Tricarpellites communis as a species of
Canarium), together with the nearly coeval Nypa from the
Popes Creek locality, occur in the London Clay flora.
Further, two of these taxa, Nypa and Wetherellia, are
amongst the most common fossils in the London Clay. The
strength of this particular biogeographic link is further
reinforced by the similarity of the fish fauna between the
Nanjemoy Formation and the London Clay (Weems and
Horman, 1983; Weems and Grimsley, this volume).

Six of the taxa from the Fisher/Sullivan flora also occur
in the Clarno Nut Beds. In truth, the latter figure is
misleading, as Nypa is a mangrove and Wetherellia is
assumed to be a mangrove, both thus requiring salt water
which is absent at the inland Nut Beds site.

In sum, the flora from the Fisher/Sullivan site strongly
suggests that the Early Tertiary North Atlantic provided an
important route of floristic exchange between the New and
0Old Worlds. This is not surprising given the concatenation
of events that occurred in the Early Tertiary. The peak in
global warmth coincided with a period of rapid evolutionary
radiation in angiosperms, mammals and possibly birds
(Tiffney, 1984). The North Atlantic Land bridge provided a
route for intercontinental exchange, resulting in an early
Eocene peak in mammalian generic similarity between
Europe and North America (Lehmann, 1973). The evolving
vertebrates presumably established dispersal relationships
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Figure 1. Geographic distribution of some of the fossil floral localitics mentioned in the text as dominated by the Boreotropical

Flora during the Eocene. References are in the text.

with angiosperms (Tiffney, 1984; Collinson and Hooker,
1991). Thus, it is not surprising that the same route that
allowed vertebrate exchange would also allow the spread of
newly evolved angiosperms (Figure 1). In addition, the
warm climate and the relatively narrow North Atlantic of
the early Eocene would favor the spread of mangrove plants
along the coastlines via water dispersal.

While the evidence that the Fisher/Sullivan flora
provides for the route of spread of the Boreotropical Flora is
compelling, it is outweighed by the promise of the future.
The London Clay flora is one of the most diverse fruit and
seed floras known from the Early Tertiary, in part because
its marine setting allows a sample of both coastal vegetation,
and the vegetation of inland areas, transported to sea by
rivers. It is to be hoped that further collecting from the
Nanjemoy Formation will yield an equally diverse flora in
time, although the amount of exposure in Virginia may be
less than that in the London Clay.
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PLATE 1

Figures 1, 2. Canarium parksii sp. nov.
Figure 1. Lateral view (apex up) displaying two of the three carpels within the receptacle. Faint lines demarcate the juncture
of the embayment and pyrene, and the margins of the pyrene valve. X 9. USNM #495826 (type).
Figure 2. Lateral view (apex up) of a single pyrene nested within the embayment of the central axis. The coat of the pyrene
is broken, revealing the pyritized seed within. X 13. USNM #495827.

Figures 3, 4. Beckettia species
Figure 3. Lateral view (apex up); the two carbonaceous locules flank the central sediment-filled zone. The apex faces upward.
X 7. USNM #495840.
Figure 4. Apical view; both locules have a shallow dorsal infold; the apex of the left hand locule has been abraded. The
presumed third and missing locule would have been on the upper side of the fruit. X 7. USNM #495840.

Figures 5 - 7. Wetherellia marylandica (Hollick) Mazer and Tiffney
Figure 5. Lateral view of a dehiscing fruit, the stigmatic apex uppermost. X 3.5. USNM #495841.
Figure 6. Apical view of same fruit; four of the six cocci have split, the remaining two adhere to one another. X 3.5.
USNM #495841.
Figure 7. Inner face of a broken carpel, displaying the seed. The raphal trace may be seen as a faint line departing the seed
approximately 273 of the way up its right margin. X 10. USNM #495842.

Figures 8, 9. lodes multireticulata Reid and Chandler
Figure 8. Carbonaceous endocarp, apex up. Note well-preserved reticulum. X 9. USNM #495846.
Figure 9. Pyritized endocarp, apex up. The reticulum is greatly abraded and the endocarp has begun to split along a
longitudinal plane. X 9. USNM #495847.
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PLATE 2

Figures 1, 2. Tinospora folmerii sp. nov.
Figure 1. Dorsal view of endocarp. Note medial ridge. The hemispherical surface is traversed by intersecting ridges. X 8.
USNM #495848 (type).
Figure 2. Ventral view of endocarp. The ventral depression is filled with reflective pyrites. The dorsal-median ridge curls
around each end and disappears into the ventral depression. X 8. USNM #495848 (type).

Figures 3 - 5. Nyssa species
Figure 3. Small, slightly damaged, endocarp. Note longitudinal ridges. X 6. USNM #495849.
Figure 4. A second small endocarp, strongly damaged. X 6. USNM #495850.
Figure 5. Large endocarp. Note longitudinal ridges and faint trace of margin of valve on the upper left margin. X 4.
USNM #495851.

Figures 6 - 8. Symplocos grimsleyi sp. nov.
Figure 6. Lateral view (apex up) of an endocarp with surficial ridges. X 4. USNM #495852 (type).
Figure 7. Lateral view (apex up) of second endocarp. X 4. USNM #495853.
Figure 8. Cross-section of endocarp with two mature locules (above), both containing seeds and one presumed aborted locule
(below) containing lighter sediment. Note longitudinal ridges. X 12. USNM #495854.

Figures 9, 10. Vitis species #1
Figure 9. Dorsal view (apex up); the eroded face possesses an elongate chalazal knot; a dorsal groove runs from the apex to
the base. X 5.5. USNM #495859.
Figure 10. Ventral view (apex up); The infolds are narrow and parallel, with a faint central groove marking the path of the
raphe. X 5.5. USNM #495859.

Figures 11, 12. Vitis species #2
Figure 11. Dorsal view (apex up). The apex has a pronounced beak. The arched surface is smooth, with a large chalazal knot
and a weak chalaza-apex groove. The raphe makes a positive ridge around the base of the seed. The seed surface is smooth.
X 8. USNM #495860.
Figure 12. Ventral view (apex up). The infolds are parallel. A small groove indicates the path of the raphe. X 8.
USNM #495860.

Figures 13, 14. Ampelopsis species
Figure 13. Dorsal view (apex up). The apex has a mildly pronounced beak. The strongly arched surface bears a central
chalazal knot; the raphe creates a positive ridge around the base of the seed. There is no dorsal groove. Note radial striations.
X 9. USNM #495861.
Figure 14. Ventral view (apex up). The ventral infolds are divergent. The raphe forms a positive ridge over the ventral surface
leading to the apical beak. X 9. USNM #495861.
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PLATE 3

Figures 1, 2. Unknown angiosperm #1
Figure 1. Dorsal view of one specimen, note small protuberances occasionally uniting to make ridges on the arched surface.
X 10. USNM #495862.
Figure 2. Ventral view of the second specimen. The two ventral faces are flat, meeting at a central line which appears to be
the point of dehiscence. X 10. USNM #495863.

Figures 3 - 6. Unknown angiosperm #2
Figures 3, 4. Lateral view of the two fruits, the left intact, the right broken on its base. Note the faint longitudinal ridge on
the left fruit indicating possible site of dehiscence, and the finely spaced latitudinal striations on the corresponding ridge on
the right hand fruit. X 6.5. USNM #495864 (Fig. 3) USNM #495865 (Fig. 4).
Figures 5, 6. Apical view of the two fruits. Note the eight longitudinal ridges. The right hand fruit (corresponding to figure
4) clearly exhibits two “stigmatic” lobes, bisected by the line of the longitudinal dehiscence. X 6.5. USNM #495864 (Fig. 5)
USNM #495865 (Fig. 6).

Figure 7. Unknown object #1
Lateral view of what is most likely a concretion closely mimicking a spherical fruit. X 7. USNM #495866.

Figure 8. Unknown object #2
Lateral view of a flattened lenticular object which may be a piece of water worn wood, or less likely, a large seed or fruit. X 1.8.
USNM #495867.

Figures 9, 10. Nypa cf. burtini (Brogniart) Ettingshausen
Figure 9. Endocarp in matrix (right) adjacent to an uneroded fruit of living Nypa fiucticans (left). The surface of the living
fruit is the outer exocarp, while the exocarp has been eroded from the fossil to reveal the endocarp. Consequently, the intact
fossil would have been larger. X 0.5.
Figure 10. Detail; the linear impressions of the exocarp fibers can be seen on the surface of the endocarp. X 0.8.
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