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Abstract— Twenty-four vertebrate ichnotaxa have been identified from the lower Pleistocene Bahramsville 
Member of the Bacons Castle Formation in Westmoreland County, northeastern Virginia. Among these is one 
new avian ichnospecies, Pavoformipes gulottai. This is the oldest Pleistocene vertebrate fauna so far reported 
north of southern North Carolina. Deposits harboring this ichnofauna apparently formed in a coastal, brackish to 
freshwater bog environment that existed sometime between 1.6 and 1.8 Ma during the early Irvingtonian North 
American land mammal “age.” The fauna consists of one amphibian, three kinds of turtles, an alligator, four kinds 
of birds, and 15 kinds of non-marine mammals. Thirteen of the ichnotaxa represent animals or near relatives of 
animals that still live in this area. Eleven (44%) represent species that are either extinct or today occur only far 
south of the Westmoreland County region. The Bacons Castle Formation formed during an interglacial stage 
of the Pleistocene when sea levels were significantly higher than today. The preserved ichnofauna reflects this, 
representing a fauna that lived in a climate considerably warmer, or at least much more equable, than that of today.

INTRODUCTION
In most regions of the Virginia Coastal Plain, the early 

Pleistocene (Calabrian) Bacons Castle Formation is intensely 
leached and oxidized. This pervasive weathering has destroyed 
body fossil remains, leaving the formation devoid of a fossil 
record in most places. An exception to this has been found in the 
Bahramsville Member of the Bacons Castle Formation where 
it is exposed in the Potomac River bluffs at Stratford Hall and 
Stratford Harbor in Westmoreland County, Virginia (Fig. 1). The 
ichnofossils from this deposit are designated as the Stratford Hall 
Local Ichnofauna. At this locality, above the marine Miocene 
deposits that form the lower part of the bluffs, an ironstone-rich 
facies is present at the base of the Bacons Castle Formation that 
formed penecontemporaneously with surrounding siliciclastic 
sediments overlying and intertonguing with it (Fig. 2). These 
bog iron deposits formed in shallow waters rich in iron 
compounds, some of which became densely lithified soon after 
their formation. Pollen deposited in the finer grained, non-porous 
layers that underwent early lithification were protected from the 
later pervasive oxidation that characterizes most of the Bacons 
Castle unit. The early lithification of this facies also preserved 
footprints of animals that were living in and around the bogs 
in which these deposits formed (Weems et al., 2017). Most of 
the footprints recovered from this deposit have been found on 
the beaches at Stratford Hall and the adjacent part of Stratford 
Harbor (Fig. 1). This manner of occurrence, in which fragments 
of the ironstone deposit were eroded from the cliffs and then 
reworked by beach surf, obviously favors recovery of entire 
footprints made by smaller animals. However, larger blocks 
occasionally do survive transport to the beach environment, and 
some of these blocks preserve footprints of the larger animals 
that existed during Bacons Castle time. 

Although bog iron deposits of the Bahramsville Member 
are virtually inaccessible in most places, at Stratford Hall the 
ironstone bed can be accessed in a gulley eroded into the cliff 
face (Fig. 2B). There, where it can be easily viewed, the thinly 
laminated to flaggy-bedded ironstone interval lies directly 
on the late Miocene Eastover Formation. Locally, some of 
the iron compounds soaked into the immediately underlying 
Eastover Formation strata, thereby preserving molds and casts 
of late Miocene Chesapecten shells in iron-cemented fine sands. 
Observations of this bog iron facies indicate that, as the Potomac 
River estuary filled during Bacons Castle time, riverine deposits 
prograding down the Paleo-Potomac River estuary cut off the 
mouth of a small tributary branch on the south side of the river 

FIGURE 1. Map showing the regional location of Westmoreland 
County in northeastern Virginia. Bacons Castle localities 
discussed in this paper are numbered: 1 – Westmoreland State 
Park, 2 – Stratford Hall, 3 – Stratford Harbor.

and turned it into a freshwater bog. Probably the somewhat more 
brackish deposits farther east at Stratford Harbor represent a 
less advanced stage of the infilling of the Paleo-Potomac River 
estuary, in which the southern side estuary at that location was 
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not yet cut off by prograding Potomac River fluvial deposits so 
that marine waters more frequently could invade the drowning 
estuary and mix with fresh water flowing down it.

The ichnofauna preserved at Stratford Harbor includes 
numerous Ophiomorpha burrows, indicating that, at least part of 
the time, the water there was distinctly brackish. This contrasts 
with the ironstone deposits at Stratford Hall, about a mile farther 
west, which contain only very rare Ophiomorpha burrows 
(STHA 03, Fig. 3A). The rarity of Ophiomorpha burrows at 
the Stratford Hall site indicates that these deposits were almost 
entirely of fresh water origin. Two miles west of Stratford Hall, 
in the bluffs at Westmoreland State Park, the ironstone facies 
is generally composed of iron-cemented sandstones and pebble 
conglomerates formed from distal fluvial deposits of the ancestral 
Potomac River. Thus, the paleoenvironments at Stratford Harbor 
and Stratford Hall in early Bahramsville time lay within the 

FIGURE 2. (upper) View of the Stratford Bluffs one-half 
mile west of Stratford Mill. White line marks the base of 
the Bahramsville Member of the Bacons Castle Formation; 
underlying Miocene beds belong to the Eastover, Choptank, and 
Calvert formations in descending order. Maximum bluff height 
about 35 m (115 ft). (lower) The ironstone layer at the base of 
the Bahramsville Member of the Bacons Castle Formation at 
Stratford Hall; top and bottom of ironstone interval indicated 
by white dashed lines. Above this layer are conformable lower 
Pleistocene Bahramsville sands and gravels, unconformably 
below is calcareous silty fine sand of the upper Miocene Eastover 
Formation.

FIGURE 3. A, stereophoto pair of a portion of an Ophiomorpha 
burrow (STHA 03), made by a marine to brackish water 
burrowing crustacean. B, stereophoto pair of a right pes print 
(STHA 10) of Crocodylopodus isp. A, made by an alligator, 
showing pronounced lateral distortion due to twisting of limb 
during locomotion. C, stereophoto pair of a right pes print 
(STHA 41) of Crocodylopodus isp. A, made by a juvenile 
alligator approximately 0.4 (1.5 ft) long; four small white 
triangles on the right picture are located just beyond the end of 
digits I through IV.

estuarine interface between marine-dominated environments to 
the east of Stratford Harbor and fluvial-dominated environments 
to the west at and beyond Westmoreland State Park. 

The palynoflora recovered from these estuarine Bacons Castle 
deposits indicates the nearby presence of a forested environment 
at that time (Weems et al., 2017). The palynoflora is dominated 
by pine (Pinus) and, to a lesser degree, oak (Quercus). The most 
common secondary elements are sweetgum (Liquidambar) and 
hickory (Carya), with a minor presence of ash (Fraxinus), birch 
(Betula), chestnut (Castanea), hazelnut (Corylus), holly (Ilex), 
pepper tree (Schinus), and walnut (Juglans). Today, pepper 
trees occur only in southern Florida as an invasive species 
from South America. This suggests that, during deposition of 
the Bahramsville Member of the Bacons Castle Formation in 
Virginia, the climate was considerably warmer, or at least much 
more equable, than today. The lack of several exotic types of 
pollen found in older Pleistocene deposits, especially wingnuts 
(Pterocarya), indicates that this flora is no older than about 1.8 
Ma (Hansen et al., 2001; McCartan et al., 1990). 

Geomorphically tracing the Bahramsville Member of 
the Bacons Castle Formation southward into North Carolina 
indicates that it is correlative with the upper Waccamaw 
Formation there, and upper Waccamaw marine deposits at 
Walkers Bluff, North Carolina, have yielded a microfauna that 
indicates an age of about 1.6 Ma (Newton et al., 1978; Graybill 
et al., 2009). Therefore, the age of the Bahramsville Member of 
the Bacons Castle Formation is about 1.6-1.8 Ma.

IDENTIFICATION OF ICHNOFAUNA
Footprints were initially checked against books on tracks of 
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North American animals (Headstrom, 1971; Murie and Elbroch, 
2005; Poppele, 2012), and this provided identifications for 
slightly over half of the prints. For footprints not readily assigned 
to living North American animals, lists with Irvingtonian 
eastern American animals were consulted (e.g., Hulbert, 2001, 
for Florida; Sanders, 2002, for the Carolinas; Eshelman et al., 
unpublished ms., for Cumberland Bone Cave, Maryland; and 
Daeschler, Spamer, and Parris, 1993, for the Port Kennedy Bone 
Cave). If a likely match was suspected, further reference was 
made to osteological information concerning the foot structure 
of these animals or to footprints of close relatives living outside 
of the United States (e.g., capybaras and tapirs). 

I follow McDonald et al. (2007) in using Linnaean 
taxonomy down to the family level and using ichnotaxonomic 
names at generic and species levels. Many of the footprints 
reported here have no applicable ichnotaxonomic names. These 
are treated informally as new ichnotaxa not yet known well 
enough to be formally named yet. Specimens discussed here 
are in the collection of Stratford Hall and have the institutional 
prefix STHA. NALMA stands for North American land mammal 
“age.”

SYSTEMATICS
Amphibia Gray, 1825
Anura Duméril, 1806

Ranidae Rafinesque, 1814
Ichnogenus Ranipes Lockley and Milner, 2014

Type ichnospecies–Ranipes laci (Lockley and Milner, 2014).
Ichnogenus diagnosis–Highly symmetrical trackway of small 
hopping vertebrates, with four clawless tracks (two hind and two 
front) in quadripartite configuration. Length of spaces between 
quadripartite groups along trackway axis similar to length of 
quadripartite groups. Lateral spacing between pairs of hind and 
front footprints is similar. Hind footprints with slight outward 
rotation. Front footprints tetradactyl with strong inward rotation 
(Lockley and Milner, 2014).

Ichnospecies Ranipes laci (Lockley and Milner, 2014)
Referred specimens–Left pes prints, STHA 11 and STHA 13 
(Fig. 5A). 
Collector–Rob Weems.
Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion-The overall morphology of the clawless manus 
print, with a prominent hallux pointing rearward and the other 
three clawless toes pointing medially, is typical of prints made 
by the forefeet of frogs and unlike prints made by the forefeet of 
toads. Similarly, the very rounded pes toe prints, isolated from 
the rest of the pes print, also are typical of of frog pes prints and 
not toad pes prints. This manus and pes pair is indistinguishable 
from the tracks of Ranipes laci as defined by Lockley and Milner 
(2014), so they are here assigned to this ichnotaxon. All ranid 
frogs native to the southeastern United States belong within the 
genus Rana Linnaeus, 1758. The print is small for a bullfrog, 
(Rana catesbeianus (Shaw, 1802), but easily could belong to a 
juvenile of that species. There also are other small frogs in the 
southeastern United States that also are plausible makers of this 
track pair, so identification of this particular trackmaker below 
the generic level is not possible.

Reptilia Laurenti, 1768
Testudines Batsch, 1788

Emydidae Rafinesque, 1815
Ichnogenus Emydhipus Fuentes Vidarte, Meijide Calvo, F. 
Meijide Fuentes Calvo, & M. Meijide Fuentes Calvo, 2003

Type ichnospecies–Emydhipus cameroi Fuentes Vidarte, 

Meijide Calvo, F. Meijide Fuentes Calvo, & M. Meijide Fuentes 
Calvo, 2003. 
Ichnogenus diagnosis–Trackway with left and right prints 
widely separated, claw marks clearly visible. Manus prints 
with four elongated claw marks parallel to each other and to 
the midline of the trackway. The pes prints are plantigrade with 
four clawed digits and a short, rounded sole. Both manual and 
pedal prints lack rotation with respect to the trackway midline 
(Fuentes Vidarte et al., 2003).

Emydhipus ichnospecies A
Referred specimens–Right pes print, STHA 09 (partim) (Fig. 
4A) and right manus print, STHA 46 (Fig. 5B). 
Collector–Rob Weems.
Locality–Found on beach at Stratford Hall site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–Most Jurassic and Cretaceous turtle tracks have 
been assigned to one of two ichnogenera currently considered 
to be valid, Chelonipus or Emydhipus (Xing et al., 2014). These 
names also can be applied to Cenozoic turtle tracks. The turtle 
tracks from Stratford do not match the definition of either 
ichnotaxon in all regards, but overall they are closer to the 
definition of Emydhipus than Chelonipus and so are tentatively 
assigned to Emydhipus. 

Tracks here discussed as Emydhipus ichnotaxon A were 
made by a turtle with a pes about 4 cm in length that has an 
anterior margin strongly rounded with stubby toe prints and 
sharp but short claw impressions. The referred manus print is 
about 2 cm in length and has an anterior margin only slightly 
rounded and much wider than long with stubby toe marks and 
indistinct claw impressions. Pes tracks assigned to Chelonipus 
and Emydhipus both differ from the pes track illustrated here in 
that the tips of digits I-IV in Chelonipus and Emydhipus form 
a nearly straight line and not a strong arc as is seen in emydid 
pes prints. A rearwardly directed digit V, which is prominent 
in Chelonipus, is not present in this specimen. The manus of 
Chelonipus differs from the manus of emydid turtles in that it is 

FIGURE 4. A, stereophoto pair of a large but subadult 
tortoise manus track, Emydhipus isp. C (STHA 71), made by a 
Hesperotestudo tortoise. B, stereophoto pair of an adult tortoise 
right pes print, Emydhipus isp. C (STHA 42), putatively made 
by the tortoise Hesperotestudo crassiscutata; posterior portion 
of manus print visible in front of pes print.
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FIGURE 5. A, stereophoto pair of a Ranipes laci right manus and 
partial pes print (STHA 09), made by a frog, located adjacent to 
a right pes print of Emydichnum isp. A. B, stereophoto pair of a 
right manus print (STHA 46) of Emydidichnium isp. A, made by 
a painted turtle. C, stereophoto pair of a pes print (STHA 45) of 
Emydidichnium isp. B, made by a small snapping turtle.

longer than wide, rather than wider than long. Manus prints of 
Emydhipus are more similar but show only four digits and not 
five as typically seen in emydid manus digits.

The size and conformation of the pes print seen on the 
slab that also has the frog prints (Fig. 5A) is what would be 
expected for a pes print of the living emydid species, Chrysemys 
picta (Schneider, 1783). The second print (Fig. 5B) is poorly 
preserved, but also is the right size to have been made by C. 
picta. Painted turtles are common in the Stratford area today and 
were the most likely trackmaker of these prints. It is possible 
that sub-adult animals of Trachemys and Pseudemys, which are 
larger emydid genera present in this area, also might have made 
prints similar to these. 

Chelydridae Gray, 1831
Emydhipus ichnospecies B

Referred specimen–Right pes print, STHA 45 (Fig. 5C).
Collector–Rob Weems.
Locality–Found on beach at Stratford Hall site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–This chelonian pes print represents only the front of 
the pes, formed as the animal that made it pushed itself forward 
and dug its toes and the ball of its foot into the underlying 
substrate. Four fairly distinct toenail depressions are visible 
but the fifth toe does not show a nail mark. The anterior end 
of the track is nearly straight, indicating that the front of the 

foot that made it was nearly straight. This conformation is fully 
compatible with a print of a small modern snapping turtle, 
Chelydra serpentina (Schweigger, 1812) but not the pes print 
of an emydid turtle, which has rear toes arrayed in an arc shape 
(compare with Fig. 4A). Snapping turtles are common in the 
Stratford area today. 

Testudinidae Batsch, 1788
Emydhipus ichnospecies C

Referred specimens–Left manus print, STHA 71 (Figs. 4A), 
and a right pes print with rear edge of accompanying manus 
print, STHA 42 (Fig. 4B). 
Collectors–Pes print, Rob Weems; manus print, Marco Gulotta 
and Rob Weems.
Locality–Found on beach at Stratford Hall site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–Very short and wide footprints with broad and 
closely spaced toe prints of nearly equal length are clearly 
tracks of a very large turtle. Some aquatic turtles have feet that 
get close to this size, but their feet are distinctly clawed, unlike 
this print which shows hoof-like toe prints typical of a tortoise. 
In the Irvingtonian part of the Pleistocene, the only tortoise in 
the eastern United States that attained a size great enough to 
make this pes print was Hesperotestudo crassiscutata (Leidy, 
1889). The referred manus print represents an animal somewhat 
smaller than the pes print, and this difference is attributed here to 
age difference between the individuals that made these tracks. It 
is quite possible, however, that the manus track could belong to 
a smaller species of Hesperotestudo such as H. mylnarskii or H. 
percrassa, the latter present in the late Irvingtonian Port Kennedy 
Cave site in southeastern Pennsylvania (Parris and Daeschler, 
2016). The pes and manus prints of Chelonipus differs from the 
pes and manus prints of Emydhipus ichnospecies C in that the 
digits of Chelonipus are clearly separated and spaced well apart, 
unlike the hoof-like and closely spaced digits and digit tips seen 
in this ichnotaxon. 

Crocodylia Owen, 1842
Alligatoridae Gray, 1844

Ichnogenus Crocodylopodus Fuentes Vidarte and Meidije 
Calvo, 1999

Type ichnospecies–Crocodylopodus meijidei Fuentes Vidarte 
and Meidije Calvo, 1999.
Ichnogenus diagnosis–Trackways have a wide gait; manus 
prints have five digits with manus rotated outward with respect 
to the trackmaker’s direction of travel; pes prints have four digits 
with digit IV rotated outward with respect to the trackmakers 
direction of travel and an elongate heel impression is typically 
present; pes prints distinctly larger than manus prints (Farlow 
and Elsey, 2010).

Crocodylopodus ichnospecies A
Referred specimens–Right pes print, STHA 41 (Fig. 3B) and 
right pes print, STHA 10 (Fig. 3C).
Collector–Rob Weems.
Locality–Found on beach at Stratford Hall site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–These pes prints demonstrate the presence of 
crocodylians in this fauna, and the only crocodylian species 
known from the Pleistocene of the eastern United States is 
Alligator mississippiensis. Therefore, these prints must have 
been made by this species. Farlow and Elsey (2010) concluded 
that fossil tracks assigned to the ichnogenus Crocodylopodus are 
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Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–This ichnospecies includes the footprints of a 
number of wading birds with very similar feet, and cannot be 
firmly associated to a single species or even genus. In size and 
conformation, however, these prints readily match the footprints 
of plovers and killdeers, Charadrius Linnaeus 1758, which are 
common today in beach and coastal areas but also often range 
into more inland estuarine and freshwater marsh regions. For 
this reason, the maker of these tracks was quite possibly a 
species within this genus.

Laridae Rafinesque, 1815
Ichnogenus Avipeda Vialov, 1965

Type ichnospecies–Avipeda phoenix Vialov, 1965.
Ichnogenus diagnosis–Avian footprints of small to large size, 
showing three short, thick digits, with distinct claws. Length 
of central digit (III) less than 25% greater than that of the 
lateral digits. Total interdigital span 95°or less. Digits closely 
convergent or united proximally; webbing lacking or limited to 
the most proximal part of the interdigital angles (Sarjeant and 
Langston, 1994). 

Ichnospecies Avipeda phoenix Vialov, 1965
Referred specimen–Right pes print, STHA 20 (Fig. 6C). 
Collector–Jon Bachman.
Locality–Track found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–This ichnospecies includes the footprints of a 
number of wading birds with very similar feet, and cannot be 
firmly associated with a single species or even genus. In size 
and conformation, however, these prints readily match the 
footprints of terns, which are common along the southeastern 
coast of the United States. Although most terns inhabit and 
breed in coastal barrier island environments and occasionally 
just landward of them, the modern Caspian tern (Hydroprogne 
caspia) also tends to range and breed in this area well behind 
the beach area in brackish bays and estuaries. For this reason, 
the most likely trackmaker of this print was a species, possibly 
extinct, of Hydroprogne.

Passeriformes Linnaeus, 1758
Emberizidae Vigors, 1831

Emberizidae ichnospecies A 
Referred specimen–Right pes print, STHA 26 (Fig. 6D).
Collector–Jon Bachman.
Locality–Found on beach at Stratford Hall site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–No ichnotaxa based on footprints of perching 
birds have been defined and the present specimen is too poorly 
preserved to constitute a type specimen. Even so, the maker of this 
track can be confidently associated with the family Emberizidae 
Vigors, 1831 which is a family common today in the eastern 
United States. Many of species in this family are recent invasive 
species; only those in the subfamily Emberizinae Lindermayer, 
1843 are native to this region. Among American sparrows native 
to eastern North America, the foot length is about 22% as long 
as the animal that made it (personal observation) so the maker of 
this track was a bird about 12 cm long. Several living American 
sparrow genera are in this size range and make tracks similar to 

very similar to those of the modern alligator and that modern 
alligator tracks could be defined as a new ichnospecies within 
this genus; with this conclusion the present author concurs. 

Modern alligators range no farther north than North Carolina, 
so the presence of these animals at Stratford close to Maryland 
demonstrates that the climate in Bacons Castle time was much 
warmer, or at least much more equable, than the climate at 
Stratford today. The presence of juvenile prints indicates that 
these animals were part of a local breeding population and 
not just stray adult animals that wandered beyond the normal 
northern range of alligators at that time.

Aves Linnaeus, 1758
Galliformes Temminck, 1820
Phasianidae Horsfield, 1821

Ichnogenus Pavoformipes Lockley and Delgado, 2007
Type ichnospecies–Pavoformipes pintasotoi Lockley and 
Delgado, 2007.
Ichnogenus diagnosis–Tetradactyl, but functionally tridactyl 
sub-symmetric track, about as wide as long, with small postero-
medially directed hallux and rounded heel pad (Lockley and 
Delgado, 2007).

Pavoformipes gulottai new ichnospecies
Type specimen-Right pes print, STHA 41 (Fig. 6E).
Paratype specimen–Right pes toe print, STHA 10 (Fig. 6F).
Collector–Holotype–Marco Gulotta, Jr., paratype-Rob Weems.
Type locality–Holotype track found on beach at Stratford 
Harbor site, paratype track found at Stratford Hall site, both in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Etymology–Trivial name in honor of Marco Gulotta, Jr., who 
found the holotype specimen.
Diagnosis–Differs from the ichnogenus type species, P. 
pintasotoi, in that the heel pad is shorter and much less prominent 
and the hallux impression is located farther rearward (see 
Lockley and Delgado, 2007: figure 7 for footprint comparisons). 
Tracks indistinguishable from tracks of the modern turkey, 
Meleagris gallopavo Linnaeus 1758.
Discussion–These prints readily match the footprints of wild 
turkeys in their conformation, but the type tracks of P. gulottai 
are distinctly smaller than adult prints of the living wild turkey 
Meleagris gallopavo. Perhaps these tracks belong to a small 
extinct species of turkey, but adult-size skeletal material of the 
living species is known from the late Irvingtonian Cumberland 
Bone Cave (Eshelman et al., in ms.) so it is more likely that 
these tracks represent subadult animals ancestral to the modern 
species. Wild turkeys are widespread today in many eastern 
American habitats, including lowland forests such as found in 
the Stratford region.

Charadriiformes Huxley, 1867
Charadriidae Leach, 1820

Ichnogenus Fuscinapeda Sarjeant and Langston, 1994
Type ichnospecies–Fuscinapeda sirin (Vialov, 1965).
Ichnogenus diagnosis–Avian footprints of small to large size, 
showing three digits, slim or moderately thick (II to IV). Digit 
III is characteristically more than 25% longer than the lateral 
digits. Total interdigital span greater than 95° and often exceeds 
110°. Digits united proximally, frequently showing a distinct 
“heel.” Webbing absent or restricted to the most proximal part 
of the interdigital angles (Sarjeant and Langston, 1994).

Ichnospecies Fuscinapeda sirin (Vialov, 1965)
Referred specimens-Left pes prints, STHA 11 and STHA 13 
(Figs. 6A,B). 
Collector–Rob Weems.
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FIGURE 6. A, stereophoto pair of a Fuscinapeda sirin left pes print (STHA 13), made by a killdeer. B, stereophoto pair of a 
Fuscinapeda sirin left pes print (STHA 11), made by a killdeer. C, stereophoto pair of an Avipeda phoenix right pes print (STHA 
20), made by a tern. D, pes print of Emberizidae ichnospecies A (STHA 26), made by an American sparrow. E, stereophoto pair of a 
Pavoformipes gulottai right pes print (STHA 17), made by a wild turkey. F, stereophoto pair of a P. gulottai lateral pes digit (STHA 
19), made by a wild turkey.

this one, so it cannot be correlated specifically with an existing 
taxon below the subfamily level. Most sparrows prefer to live 
in forested or mixed forest-field habitats, but some are marsh 
specialists. They commonly come down to the ground in search 
of food or to get water.

Mammalia Linnaeus, 1758
Xenarthra Cope, 1889
Cingulata Illiger, 1811

Dasypodidae Gray, 1821
Dasypodidae ichnospecies A 

Referred specimen–Two pes prints, STHA 22 and STHA 27 
(Fig. 7A).
Collector–Rob Weems.
Locality–Found on beach at Stratford Hall site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 

Irvingtonian NALMA. 
Discussion–These small, ca. 2 cm long pes print have three 
narrow, elongate toes terminating in small claws closely 
appressed to their respective digits. Lateral digits II and IV 
diverge about 20° from the axis of the middle digit III and are 
of equal length; the middle digit III is distinctly longer than its 
adjacent digits. This print is indistinguishable from prints of 
the modern nine-banded armadillo (D. novemcinctus), but that 
species did not exist in North America during the Irvingtonian. 
Instead, these prints must pertain to D. bellus (Simpson, 1930), 
which is common in Irvingtonian deposits south of Virginia. 
The occurrence of these tracks extends the range of this species 
well north of its previously known localities in Florida and the 
Carolinas.

Pampatheriidae Paula Couto, 1954
Pampatheriidae ichnospecies A 

Referred specimen–Counterpart pes print pair, STHA 16 (Fig. 
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FIGURE 7. A, stereophoto pair of a pes print (STHA 27) of 
Dasypodidae isp. A, made by an armadillo. B, stereophoto pair 
of counterpart pes prints (STHA 16) of Pampatheriidae isp. A in 
standing pose, made by the pampathere Holmesina floridanus.

7B).
Collector–Rob Weems.
Locality–Found on beach at Stratford Harbor site, Westmoreland 
County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–The side-by-side positioning and deep impression 
of the anterior region of these pes tracks indicates that the 
animal that made them was normally a quadrupedal animal 
that was standing erect or semi-erect on its rear legs when it 
made them. Bears, raccoons, and armadillos are examples of 
living quadrupedal animals that engage in this behavior. The 
tracks described here do not match in detail the tracks of any 
of these living animals, but armadillo tracks are closest to them. 
The living North American armadillo (Dasypus novemcinctus 
Linnaeus, 1758) commonly assumes a standing position when it 
wants to survey its surroundings (personal observation) but the 
toe pattern in these fossil tracks is not like that of armadillos. 
Instead, these prints fit the pattern that would be expected 
for the early Irvingtonian pampathere Holmesina floridanus 
Robertson, 1976. This animal, like the armadillo, tended 
preferentially to leave pes footprint impressions of digits II, 
III, and IV because these toes were the ones emphasized during 
locomotion and because they lie well forward of digits I and 
V on the foot. Unlike armadillos, which have toes that look 
much the same, pampatheres had strongly differentiated toes 
in which the terminal phalanx of digit II was long and pointed 
while the terminal phalanges of digits II and IV were short and 
rather rounded. This is the toe pattern seen here, in which the 
digit II impressions show a strong and deeply impressed claw 
mark, while the other two digits show pad-like or hoof-like 
impressions. This track pair is rather small for H. floridanus, 
suggesting that it represents tracks of a sub-adult animal. These 
tracks are the most northerly reported occurrence of this family 
in North America.

Pilosa Flower, 1883
Megalonychidae Gervais, 1855 

Ichnogenus cf. Mylodontidichnum Aramayo and Manera de 
Bianco, 1987

Type ichnospecies–Mylodontidichnum rosalensis Aramayo and 
Manera de Bianco, 1987
Ichnogenus diagnosis–Quadrupedal trackway composed of 
medium to large-sized, plantigrade footprints; pes sub-elliptical, 
manus sub-circular. Pes footprint larger than 0.5 m, with average 
footprint length/width ratio greater than 2.0 and typically with 
an arched outline and narrower posterior part; pes footprint axis 
parallel to the trackway midline or slightly inwardly directed, 
moderate pace angulation. Pes footprint with a marginal ridge in 
the lateral and anterior margin, up to three broad and blunt digit 
imprints related to three short, diverging and laterally oriented 
claw marks. Manus footprint rarely preserved, subcircular, 
slightly longer than wide; manus footprint length about half of 
pes footprint length, with manus footprint imprinted anteriorly 
and/or laterally to the pes footprint (Aramayo and Bianco, 1987). 

cf. Mylodontidichnum ichnospecies A 
Referred specimens–Left pes print, STHA 29 and pes fragment 
STHA 23 (Figs. 8A,B). 
Collector–Pes print collected by Mike Folmer, pes fragment 
collected by Rob Weems.
Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–Only fragmentary tracks of this trackmaker have 
been recovered. Most distinctive is a counterpart print of the 
region beneath the anterior calcaneum on the external side of 
the foot where the heel of the print adjoins the outer edge of the 
print beneath the fifth metatarsal. This region is well illustrated 
by McDonald (2007, fig. 1) in a track of Paramylodon harlani. 
The second specimen includes the entirety of the heel region, 
which is perceptibly curved and has a somewhat human-like 
appearance though considerably wider and proportionately 
shorter. No tracks other than those of ground sloths have this kind 
of appearance. The only well-defined ground sloth ichnogenera 
are Neomegatherichnum Aramayo and Manera de Bianco, 1987 
and Mylodontidichnum Aramayo and Manera de Bianco 1987 
from Argentina. The distinct curvature in this print clearly makes 
it more like Mylodontidichnum than Neomegatherichnum, so it 
is here assigned tentatively to Mylodontidichnum. Most ground 
sloth species present in the Irvingtonian were considerably larger 
than the trackmaker indicated by these track fragments, so if it 
pertains to one of them then these are juvenile prints. However, 
if this trackmaker was an adult, then the animal that made this 
track was likely Megalonyx leptostomus Cope, 1893, which was 
exceptionally small for a ground sloth and the likely ancestor of 
M. jeffersonius of the later Pleistocene. Megalonychid ground 
sloths are endemic to North America, so it is entirely possible 
that, if this trackmaker was M. leptostomus, this ichnotaxon 
could represent an as yet undefined ichnogenus and species. The 
material found so far is much too sparse to properly define a new 
ichnotaxon, so for now it is assigned to cf. Mylodontidichnum 
isp. A.

Rodentia Bowdich, 1821
Myomorpha Brandt, 1855

Cricetidae Fischer von Waldheim, 1817
Cricetidae ichnospecies A

Referred material–Right manus and pes prints from a single 
individual, STHA 35 (Fig. 9A) and a pes print, STHA 34.
Collectors–Manus and pes print, Jon Bachman; pes print Rob 
Weems.



738

FIGURE 8. A, stereophoto pair of a partial counterpart left pes 
print (STHA 23) of cf. Mylodontidichnum isp. (A), made by a 
ground sloth; location of foot region is adjacent to and slightly 
overlaps with the upper right part of the partial footprint in Fig. 
8B. B, stereophoto pair of a calcaneal (heel) portion of a right 
pes print of cf. Mylodontidichnum isp. A (STHA 29), made by a 
ground sloth. C, stereophoto pair of a Proboscipeda panfamila 
footprint (STHA 28), made by a mammoth or mastodon. FIGURE 9. A, stereophoto pair of a right manus-pes pair (STHA 

35) of Cricetidae isp. (A), made by a muskrat; pes print oversteps 
manus print. B, stereophoto pair of a pes print (STHA 06) of 
Caviidae isp. A, made by an immature capybara. C, stereophoto 
pair of a partial right manus print (STHA 31) of Caviidae isp. 
(A), made by an adult capybara; roman numerals show location 
of digits.

Locality– Both specimens found on beach at Stratford Hall site, 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–Prints about 4 cm in length, manus and pes markedly 
different in conformation; pes print oversteps manus print. Pes 
print shows four large rounded, closely appressed toes with digit 
IV longest; imprint of digit V not preserved. Manus print smaller 
than pes print; digit I is much shorter than digits II-IV, which 
are of nearly equal length, digit V not preserved. These prints 
almost certainly pertain to a new and unnamed ichnotaxon, but 
none of this material is well enough preserved to constitute a 
valid holotype. 

These tracks are indistinguishable from those of the living 
muskrat, Ondatra zibethicus (Linnaeus, 1766) and are far too 
large to belong to the closely related round-tailed muskrat 
(Neofiber alleni). The living species is not known to range 
back farther than the late Pleistocene, so in all probability 
these tracks pertain to its antecedent species, O. annectens 
(Brown, 1908), which occurs throughout the Irvingtonian in 
Florida (Hulbert, 2001) and has been reported from the late 
Irvingtonian Cumberland Bone Cave (Eshelman et al., in ms.). 
Living muskrats live in and near permanent bodies of fresh to 
brackish water, so their presence among the Stratford Hall Local 
Ichnofauna is to be expected. 

Cricetidae ichnospecies B
Referred specimen–Manus print, STHA 36 (Fig. 10A).
Collector–Rob Weems.
Locality–Specimen found on beach at Stratford Hall site, 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–Prints about 2 cm wide or less, normally consisting 
of only toes II-IV with III only slightly longer than the other 
two; toe pads are rounded and somewhat elongate in the 
anteroposterior direction, moderately spread apart, and arrayed 
in a gentle arc; claw marks generally not present on manus prints 
but present on pes prints. These prints almost certainly represent 
an undefined ichnotaxon, but none is well enough preserved to 
serve as a holotype specimen. 

Numerous tracks of this medium-size rodent have been 
found among the Stratford Hall prints. These tracks were most 
likely made by a woodrat, Neotoma Say & Ord, 1825, based on 
their size and morphology. Although the front foot of Neotoma 
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FIGURE 10. A, stereophoto pair of a pes print (STHA 36) of 
Cricetidae isp. B, made by a woodrat. B, stereophoto pair of a 
right rear footprint (STHA 47) of Mustelidichnum vallecitoensis, 
made by a river otter. C, stereophoto pair of a Canipeda gracilis 
footprint (STHA 33), made by a juvenile coyote. D, stereophoto 
pair of the anterior portion of a Canipeda sanguinolenta footprint 
(STHA 49), made by Armbruster’s wolf; triangles are located 
just beyond the end of nail imprints.

has four toes and the rear foot has five toes, only digits II-IV 
are normally involved in locomotion and seen in tracks. Some 
tracks are quite deep, indicating that these animals were able 
to traverse even soft and deep mud without getting bogged 
down. Remains referable to the genus Neotoma are reported 
from Florida as early as the Blancan land mammal age, but the 
modern species N. floridanus has not been documented earlier 
than late Irvingtonian (Hulbert, 2001; Eshelman et al., in ms.). 
Therefore, these prints cannot be confidently ascribed to a 
living species of Neotoma. Woodrats today inhabit a wide range 
of environments, including the marshy lowland environment 
inferred for the Stratford Hall Local Ichnofauna.

Hystricognathi Tulberg, 1899
Caviidae Fischer von Waldheim, 1817

Caviidae ichnospecies A
Referred specimens–Manus print, STHA 31 (Fig. 9C) and pes 
print STHA 06 (Fig. 9B). 
Collectors–Manus print collected by Jon Bachman, pes print 
collected by Rob Weems.
Locality–Specimens found on beach at Stratford Hall site, 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–Prints up to 10 cm in width but often smaller; 
manus has four rounded toes and pes has three rounded toes, 
with tips of toes bearing hoof-like nails often not separately 
recognizable from the digit behind it; web-like skin folds often 
visible between toes. These prints almost certainly represent 
an undefined ichnotaxon, but none is well enough preserved to 
serve as a holotype specimen. 

These footprints are essentially identical in size and 
conformation to footprints of the living capybara, Hydrochoerus 
hydrochaeris. The only species of capybara about the same 
size as Hydrochoerus in North America during the Pleistocene 
was Hydrochoerus holmesi Simpson, 1928. Mones (1991) 
synonymized H. holmesi with H. aesopi, but later workers 
concluded that the type material for H. aesopi was of mixed 
origin (Sanders, 2002; Spamer, Daeschler, and Vostreys-Shapiro, 
1995) and thus was a nomen dubium. The capybara tracks 
found at Stratford Hall therefore were most probably made by 
H. holmesi. Modern capybara tracks can be up to four inches 
across, and the largest tracks of the extinct species represented 
in the Stratford Hall local ichnofauna appear to have been of no 
greater size. The larger capybara tracks, referred to Neochoerus 
pinkneyi in Weems et al. (2017) actually are within the expected 
size range of larger specimens of H. hydrochaerus and so are 
here included with this species and no longer associated with 
N. pinkneyi. Living capybaras are semiaquatic, preferring to 
stay near lakes, rivers, and swamps. Capybara tracks are among 
the most common tracks found at this site and many are much 
smaller than the maximum size. This suggests that H. holmesi 
lived and bred in this area.

Carnivora Bowdich, 1821
Caniformia Kretzoi, 1943

Canidae Fischer von Waldheim, 1817
Ichnogenus Canipeda Panin and Avram, 1962

Type ichnospecies–Canipeda longigriffa Panin and Avram, 
1962.
Ichnogenus diagnosis–Digitigrade to semidigitigrade, 
tetradactyl, paraxonic, longer than wide footprints; arrayed in 
quadrupedal and homopodial trackways. Elliptical, similar-
sized and clawed digital pads form an arc in front of, and are 
well-separated from, a large metapodial pad. Metapodial pad 
rounded to triangular or trapezoidal (Melchor et al., 2018).

Ichnospecies Canipeda gracilis (Vialov, 1965)
Referred specimen–One counterpart manus print, STHA 33 
(Fig. 10C). 
Collector–Marco Gulotta.
Locality–Track found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–Assignment of this footprint specimen to the 
ichnotaxon Canipeda gracilis is based on the recent revision of 
Canipeda and its ichnospecies by Melchor et al. (2018). This 
print, visible both as a print and as a counterpart underprint, is 
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the size of the print of an adult fox, but in its conformation it is 
much more similar to the manus of a coyote. Its metapodial pad 
is considerably larger and projects much farther forward than it 
does in the manus prints of foxes. Additionally, the medial digit 
prints (II and IV) are close together as in coyotes and unlike 
in either foxes or wolves. Taken together, these characteristics 
indicate this trackmaker was probably a juvenile coyote. The 
only known Irvingtonian potential trackmakers were Edward’s 
coyote Canis edwardii Gazin, 1942 and the modern coyote 
C. latrans Say, 1823. C. edwardii is known from the Blancan 
and Irvingtonian NALMAs of Florida (Hubbard, 2001). This 
species apparently gave rise to the lineage leading to the living 
coyote C. latrans during the Blancan (Wang and Tedford, 2008). 
Therefore, by the Irvingtonian, the line leading to C. latrans 
had become distinct from that of C. edwardii, which persisted 
as its own separate lineage throughout the Irvingtonian before 
becoming extinct. C. latrans has not been reported from Florida, 
but has been reported from the late Irvingtonian Cumberland 
Bone Cave (Tedford et al., 2009:135). Because the Stratford 
Hall Local Ichnofauna is early Irvingtonian, this trackmaker 
now seems likely to be C. edwardii. However, if the fossil record 
of C. latrans proves to extend back into the early Irvingtonian, 
then C. latrans also may prove to be a viable candidate for this 
trackmaker. C. edwardii and C. latrans are more closely related 
to each other than either is to the living gray wolf, C. lupus and 
its close relative C. armbrusteri.

Ichnospecies Canipeda sanguinolenta (Vialov, 1966)
Referred specimen–One fragmentary manus print, STHA 49 
(Fig. 10D). 
Collector–Marco Gulotta.
Locality–Track fragment found on beach at Stratford Hall site 
in Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–This print is assigned to Canipeda sanguinolenta 
because (compared to the previous specimen) it is considerably 
larger, has its lateral toe nail (II or V) relatively farther away 
from the medial toes, its medial toes (III and IV) are longer and 
narrower and these digits are more widely spread apart. This 
foot morphology is typical of wolves and unlike coyotes. The 
most likely maker of this track was Canis armbrusteri Gidley, 
1913a. C. armbrusteri was named from material discovered in 
the late Irvingtonian Cumberland Bone Cave deposit (Gidley, 
1913a) and is also known from early Irvingtonian localities in 
the western United States (Tedford et al., 2009). It is considered 
to be the ancestor of the later Pleistocene dire wolf (Canis dirus) 
(Wang and Tedford, 2008:52; Tedford et al., 2009:181).

Ursidae Fischer von Waldheim, 1817
Ichnogenus Ursichnus Diedrich, 2011

Type ichnospecies–Ursichnus europaeus Diedrich, 2011.
Ichnogenus diagnosis–Quadrupedal trackway composed of 
plantigrade pentadactyl manus and pes imprints of different 
morphologies; manus nearly circular and pes of ellipsoidal 
shape; manus/pes length ratio about 1:1.25. In normal gait, the 
manus is placed close and in front of the pes footprint. The heel 
of the manus footprint is absent and the palm is ovoid to kidney-
shaped and small, while the large sole of the pes footprint is 
roughly triangular and shows a well-developed heel. Manus 
and pes footprints have short, oval to rounded digit imprints 
with clear claw marks. Digit imprints not connected with heel 
impression (Diedrich, 2011).

Ichnospecies Ursichnus europaeus Diedrich, 2011
Referred specimens–One left and one right manus print, 
STHA 37 and STHA 39 (Fig. 11A). 
Collectors–Left manus print found by Marco Gulotta; right 

manus print found by Rob Weems.
Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion– In the Irvingtonian and Rancholabrean portions 
of the Pleistocene in the United States, the family Ursidae is 
represented by two subfamilies. The subfamily Tremarctinae 
included two species of the extinct genus Arctodus (short-faced 
bear) and an extinct species of the living genus Tremarctos 
(spectacled bear). The subfamily Ursinae included black bears 
(Ursus americanus), which have existed in North America for 
about 3 million years (Kurten and Anderson, 1980), and brown 
bears (U. arctos), which entered northern North America from 
Asia only about 100,000 years ago (McLellan and Reiner, 
1994). The manus of the living species Tremarctos ornatus, and 
presumably also the manus of its close relatives T. floridanus 
and Arctodus pristinus, has five digits whose tips are all arrayed 
in a shallow arc. Brown bears and black bears, in contrast, have 
a manus in which the fifth digit lies distinctly behind the other 
four digits, with only digits I-IV arrayed in a shallow arc. The 
track illustrated here has its fifth digit well behind the other 
four, and thus belongs to an ursine bear and not to a tremarctine 
bear. Additionally, the claws of Tremarctos are quite long and 
extend far in front of their respective digits, which is quite 
different from the short and robust claws found on the manus 
of Ursus americanus. For these reasons, the Stratford bear 
tracks are assigned to Ursichnus europaeus Diedrich, 2011, 
which represents tracks of an ursine bear, and not to Ursichnus 
sudamericanus Aramayo, Manera de Bianco, Bastianelli, 
and Melchor, 2015 which represents tracks of a long-clawed 
tremarctine bear.

The presence of material indistinguishable from Ursus 
americanus Pallas, 1780 at the late Irvingtonian Port Kennedy 
Bone Cave site in southeastern Pennsylvania (Cope, 1895), 
makes the early Irvingtonian occurrence of manus tracks of 
a black bear at the Stratford site plausible. Both specimens 
found at Stratford are distinctly smaller than adult tracks of the 
living black bear U. americanus. It is assumed here that these 
specimens were made by sub-adult U. americanus.

In Florida and the Carolinas, remains of tremarctine bears 
are far more common in the Pleistocene than remains of ursine 
black bears (Sanders, 2002). In contrast, black bear remains are 
relatively much more abundant in more northerly regions such 
as at the Port Kennedy Bone Cave site (Cope, 1895; Sanders, 
2002). This is the one instance in which the Stratford Hall site 
seems to have had a somewhat more northerly than southerly 
flavor.

Mustelidae Fischer von Waldheim, 1817
Ichnogenus Mustelidichnum Aramayo and Manera de 

Bianco, 1987
Type ichnospecies–Mustelidichnum enigmaticum Aramayo and 
Manera de Bianco, 1987.
Ichnogenus diagnosis–Intermediate-size plantigrade to 
digitigrade obligate quadruped with pentadactyl footprint 
exhibiting five sharply clawed digits, each with a spheroidal 
to ovoid digital pad. There is no separation between claw and 
digit pad, giving each pad a characteristic pointed appearance. 
Manus typically smaller than pes. Both manus and pes roundish, 
slightly wider than long. Pes partially webbed with webbing 
impressed between the central digits. Five digital pads elongated 
and crowded, aligned in a conspicuous 1-3-1 spacing, with outer 
digits I and V separated slightly from central digits II-IV. This 
asymmetric placement of digits and the presence of a chevron-
shaped interdigital pad are diagnostic characteristics of the 
carnivorian family Mustelidae. The interdigital pad impression 
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FIGURE 11. A, stereophoto pair of an Ursichnus europaeus manus print (STHA 37), made by a black bear; small arrows located 
just beyond the ends of the digits. B, stereophoto pair of a Pumaeichnum milleri footprint (STHA 15), made by a bobcat; higher 
small arrows are located just beyond the ends of the digits, sideways arrow near bottom of rock slab shows location of small bobkit 
print. C, stereophoto pair of a bovid isp. A is a half hoof-print (STHA 48) made by a shrub-ox. D, stereophoto pair of ironstone block 
(STHA 43) showing abundant counterpart footprints of tapiridae isp. A, constituting a trampled ground.

may be subquadrangular, commonly deeply lobed, fused and 
continuous (Aramayo and Manera de Bianco, 1987).
Ichnospecies Mustelidichnum vallecitoensis Remeika, 2001

Referred specimens–Two manus prints, STHA 30 and STHA 
40, and a right pes print, STHA 47 (Figs. 10B, 12A, 12B). 
Collector–All specimens found by Rob Weems.
Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 

Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–These prints, in size and conformation, match well 
with prints of the living northern river otter, Lontra canadensis 
(Schreber, 1777). In Florida, this species is known to have 
existed as long ago as the late early Irvingtonian, and it is also 
known from the late Irvingtonian Cumberland Bone Cave site 
in western Maryland and the Port Kennedy Bone Cave site in 
southeastern Pennsylvania (Berta, 1995). Therefore, the living 
species was likely the track maker of these prints. Although 
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FIGURE 12. A, stereophoto pair of a Mustelidichnum 
vallecitoensis manus print (STHA 40), made by a river otter. B, 
stereophoto pair of Mustelidichnum vallecitoensis manus print 
(STHA 30), made by a river otter.

the holotype of this ichnospecies comes from the Blancan of 
California, the northern river otter does occur today in California. 
Modern northern river otters make tracks indistinguishable from 
the ones described both in California and at Stratford. 

Feliformia Kretzoi, 1945
Felidae Fischer von Waldheim, 1817

Ichnogenus Pumaeichnum Aramayo and Manera de 
Bianco, 1987

Type ichnospecies–Pumaeichnum biancoi Aramayo and 
Manera de Bianco, 1987
Ichnogenus diagnosis–Plantigrade, semi-plantigrade to 
digitigrade obligate quadrupedal tetradactyl feloid footprint 
impressions exhibiting four digits (II-V), each with a spheroidal 
to ovoid digital pad forming a single semicircular arc in front of 
the interdigital pad sole and heel impressions. Digital pads are of 
equal or similar size. Impressions of claw tips are usually absent 
(Remeika, 1999).

Ichnospecies Pumaeichnum milleri Remeika, 1999
Referred specimens–Manus print with accompanying juvenile 
manus print, STHA 15, and manus print STHA 14 (Fig. 11B). 
Collectors–Manus print STHA found by Rob Weems, manus 
print STHA 14 found by Marco Gulotta.
Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–The morphology of the adult tracks, including their 
relatively small rounded toe prints and lack of claw marks, 
is indistinguishable from that of the living bobcat Lynx rufus 
(Schreber, 1777). The small print just behind the illustrated 
manus print (STHA 15) is that of a juvenile bobcat, presumably 
following its parent. Lynx rufus is known from Florida as far 
back as the early Pleistocene (Hulbert, 2001) and it is also 

known from the late Irvingtonian Port Kennedy Bone Cave 
in southeastern Pennsylvania (Cope, 1895). No other small 
felids are known from this time interval in the eastern United 
States, so assignment of the trackmaker to the living species 
is warranted. Remeika (1999) did not associate the holotype 
tracks of Pumaeichnum milleri with the western bobcat 
because the holotype tracks were slightly larger than bobcat 
tracks and seemed a better match for Felis rexroadensis. By 
the Irvingtonian, however, F. rexroadensis was extinct. Even 
though these tracks are slightly smaller than the holotype tracks 
of P. milleri, there are no morphological distinctions on which to 
ascribe the Stratford tracks to any other ichnotaxon.

Proboscidea Illiger, 1811
Elephantiformes Tassy, 1988

Ichnogenus Proboscipeda Panin and Avram, 1962
Type ichnospecies–Proboscipeda enigmatica Panin and Avram, 
1962.
Ichnogenus diagnosis–Large oval to subcircular footprints, 
large and flat sole/palm surface either ornamented or smooth, 
three to five short and blunt digit impressions pointing anteriorly, 
deep footprints with a noticeable marginal ridge.

Ichnospecies Proboscipeda panfamilia McNeil, Hills, 
Tolman, and Kooyman, 2007

Referred specimens–Two manus or pes prints, STHA 28 and 
STHA 38 (Fig. 8C). 
Collector–Rob Weems.
Locality–Tracks found on beach at Stratford Hall site in 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–These prints are remarkably complete and their size 
is very exceptional for beach finds at the Stratford Hall site. Their 
overall morphology, with blunt and very broad toes indistinctly 
visible around the anterior edge of the rounded foot pad, is 
typically elephantine, and their very round aspect readily makes 
them assignable to Proboscipeda panfamilia. Other Neogene and 
Pleistocene proboscidean tracks with a more elongate shape are 
referred to P. enigmatica (e.g., Lucas and Schultz, 2007). McNeil 
et al. (2007) suggested that P. enigmatica, based on its shape and 
morphology, included both gomphothere and mastodon tracks, 
while P. panfamilia included mammoth and modern elephant 
tracks. They based this conclusion in part on the assumption 
that the proboscidean track illustrated by Johnston (1937), 
ichnotaxonomically evaluated as P. enigmatica by Lucas and 
Schultz (2007), was made by a mastodon. However, Johnston 
(1937) thought the footprint was that of a gomphothere and both 
mastodonts and gomphotheres occur in these late Hemphillian 
beds, so the identity of this trackmaker is not readily resolved. 

Three proboscidean genera are known from the Pleistocene 
of the eastern United States: Mammathus (mammoth), Mammut 
(mastodon), and Cuvieronius (gomphothere). Of these, the 
gomphothere Cuvieronius probably did have feet longer than 
wide with distinctly elongated toes based on other known 
gomphothere tracks (e.g., Reynolds, 1999). Therefore the 
Stratford tracks do not appear to have been made by Cuvieronius. 
Mammoths appear at the beginning of the Irvingtonian and 
define the boundary between the Blancan and Irvingtonian at 
1.9 Ma (Bell et al., 2004; McDonald and Pelikan, 2006). An 
early Irvingtonian mammoth species, Mammathus haroldcooki, 
is known from Florida (Hulbert, 2001). The other possible 
candidate for this track maker is the American mastodon, 
Mammut americanum Blumenbach, 1799, which is known from 
both the late Irvingtonian Cumberland Bone Cave site (Gidley 
and Gazin, 1938) and the Port Kennedy Bone Cave site (Cope, 
1871). At this stage of our knowledge, it does not seem wise to 
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firmly assign these tracks to either a mammoth or a mastodon, 
though their trackmaker was almost certainly one or the other. 
If this trackmaker was a mastodon, then the size of these prints 
indicates that they were made by an animal about one-half 
grown (if male) or two-thirds grown (if female). 

Perissodactyla Owen, 1848
Tapiroidea Gill, 1872
Tapiridae Gray, 1821

Tapiridae ichnospecies A
Referred specimens–Individual tapir hoof prints, STHA 18, 
STHA 24 and STHA 25 (Figs. 13A-C); counterpart block with 
numerous tapir prints constituting a trampled ground (Fig. 11D).
Collectors–Individual tapir hoof prints collected by Marco 
Gulotta, counterpart block collected by Rob Weems and Marco 
Gulotta.
Locality–Specimens found on beach at Stratford Hall site, 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–Most specimens consist of single hoof prints 1 
to 3 cm in diameter that are round, elliptical or spade-shaped, 
faintly concave, and clearly separated from each other. Their 
morphology only matches the hoof prints of tapirs, but none of 
this material is complete enough to constitute a valid holotype 
for this ichnospecies. The relative abundance of these specimens 
suggests that this was one of the more common animals at this 
site. Tapirus haysii Leidy, 1859 is the only species of tapir 
recognized from the Irvingtonian in the eastern United States, 
so these tracks can be referred to this species with confidence. 
The counterpart block demonstrates the presence of a number of 
individuals at one location, quite possibly members of a single 
herd.

Artiodactyla Owen, 1848
Ruminantia Scopoli, 1777
Cervidae Goldfuss, 1820

Ichnogenus Pecoripeda Vialov, 1965
Type ichnospecies– Pecoripeda gazelle Vialov, 1965.

Ichnogenus diagnosis–Quadrupedal trackway composed 
of small- to medium-sized (5-12 cm long), hoofed didactyl 
footprints, digit imprints with flat or slightly concave surface; 
separation between digits are commonly absent or poorly 
developed. The anterior border is acutely marked by both 
hooves; lateral sides are straight while the posterior border is 
slightly convex (Aramayo et al., 2015).

Ichnospecies Pecoripeda gazelle Vialov, 1965
Referred specimens–Pes heel to hoof print, STHA 70, (Fig. 
13D); one-half hoof print, STHA 07 (Fig. 13E).
Collectors–STHA 70 found by Richard Brezina, STHA 07 
found by Jeff Carpenter.
Locality–Both tracks found on beach at Stratford Hall site, 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA.
Discussion–One impression represents most of one-half of a 
cloven hoof-print and the other a full heel to hoof-tip pes print. 
The animals that made them were of medium size and had narrow 
and elongate hooves that were pointed anteriorly and rounded at 
their rear. The only two Irvingtonian North American animals 
that have this size and shape of hoof print are the white-tailed 
deer (Odocoileus virginianus) and the pronghorn (Antilocapra 
americana). No member of the family Antilocapridae is known 
to have survived in eastern North America beyond the Blancan 
NALMA (Hulbert, 2001); after the Blancan antilocaprids are 
known only from western North America. Just as important, 

the elongate rear print that includes the heel mark is typical 
of tracks made on soft ground by O. virginianus (Murie and 
Elbroch, 2005:284) but unlike tracks made on soft ground 
by A. americana (Murie and Elbroch, 2005:306). Therefore, 
both by morphology and by default, this track must pertain 
to O. virginianus (Zimmermann, 1780), which first appeared 
in the eastern United States during the Blancan land mammal 
age (Hulbert, 2001) and is known from the late Irvingtonian 
Cumberland Bone Cave deposit (Gidley and Gazin, 1938) and 
the Port Kennedy Cave deposits (Eshelman et al., in ms.). These 
tracks are small for white-tailed deer tracks, indicating that the 
animal or animals that made them were less than a year old.

Bovidae Gray, 1821
Bovidae ichnospecies A

Referred specimen–One-half hoof print, STHA 48 (Fig. 11C).
Collector–Jeff Carpenter.
Type locality–Specimen found on beach at Stratford Hall site, 
Westmoreland County, Virginia.
Provenance and age–Bahramsville Member of the Bacons 
Castle Formation; upper lower Pleistocene (Calabrian), early 
Irvingtonian NALMA. 
Discussion–This ichnite belongs to an artiodactyl that had a 
very wide, didactyl hoof of medium to large size (6 cm long 
or longer). Anterior border of hoof is acutely rounded, internal 
border is nearly straight, external border is strongly rounded 
with the maximum hoof diameter about two-thirds of the way 
back from the front of the hoof-print, posterior border obtusely 
rounded. This track does not represent any ichnotaxon yet 
named, but the available material is inadequate to define a new 
ichnotaxon.

Among modern animals, this track is only similar in size 
and conformation to larger bovids including the American bison 
(Bison bison) and domestic cows, all of which are massively 
built and require robust hooves to carry their weight. Cattle 
are of recent importation, but bison remains are known from 
western North America as far back as the early Pleistocene. The 
earliest reported eastern American bison record (B. latifrons) 
is from the middle Pleistocene (late Irvingtonian) of Florida 
(Hulbert, 2001). Another bovid that has been reported from 
the late Irvingtonian of the eastern United States is the shrub-
ox. It was named Taurotragus americanus by Gidley (1913b) 
but later synonymized by Kurtén and Anderson (1980) with 
Euceratherium collinum Sinclair and Furlong, 1904. This 
animal, also known from early Pleistocene sites in the western 
United States, was nearly as large as a modern bison, closely 
related to it, and almost certainly made a track of the size and 
conformation of the track figured here. Analysis of dung from 
this prehistoric animal indicates that it was a browser, feeding on 
trees and shrubs (Kropf et al., 2007). This diet is compatible with 
the forested Irvingtonian interglacial environment documented 
for the Stratford area (Weems et al., 2017), but not with the 
more open, grass-dominated environments preferred by bison. 
Therefore, this track is attributed to E. collinum based on the 
preferred habitat of shrub-oxen. The track is small for a bovid, 
indicating that the animal that made it was sub-adult.

DISCUSSION AND CONCLUSIONS
The Stratford Hall Local Ichnofauna includes a shrub-ox 

track, an animal that did not appear in North America before 
the Irvingtonian. If the trackmaker of Canipeda sanguinolenta 
was C. armbrusteri, then the Stratford Hall Local Ichnofauna 
also can be no younger than Irvingtonian. Just as significantly, 
there are no tracks of animals that evolved or came into North 
America at the beginning of or after Rancholabrean time. 
For all of these reasons, this ichnofauna can be confidently 
placed within the Irvingtonian NALMA based entirely on the 
composition of its vertebrate fauna. So far, its early Irvingtonian 
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FIGURE 13. A. B, C, stereophoto pairs of individual hoof prints of Tapiridae isp. A (STHA 18, STHA 24, and STHA 25, respectively), 
made by tapirs. D, stereophoto pair of a Pecoripeda gazelle pes track (STHA 70), made by a white-tailed deer with anterior portion 
of track deeply impressed into the substrate. Right anterior side of track overhung by a pebble that partially collapsed into the print 
before it became cemented into place by the iron-rich matrix. E, stereophoto pair of a Pecoripeda gazelle half hoof-print (STHA 
07), made by a white-tailed deer.
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age designation rests on the correlations that link its enclosing 
stratigraphic unit to Walkers Bluff in North Carolina, where a 
1.6 Ma marine microfaunal age has been established (Newton et 
al., 1978; Graybill et al., 2009).

The Stratford Hall Local Ichnofauna contains abundant 
tracks and traces of animals that strongly prefer a marshy to 
riverine environment. These include tracks of frogs, pond turtles, 
alligators, plovers, capybaras, muskrats, and river otters. Many 
of the other tracks are of animals that might normally live near 
(but not necessarily within) a wooded or brushy wetland, yet 
nevertheless occasionally enter it during dry seasons for water 
or in search of food. These visiting animals included turkeys, 
sparrows, the extinct tortoise Hesperotestudo, armadillos, 
pampatheres, ground sloths, mammoths or mastodons, coyotes, 
wolves, bears, bobcats, deer, and shrub-oxen. A few of these 
animals, especially tapirs and woodrats, occur commonly today 
in both types of habitat. This mix of habitats mirrors what is 
present today in the Stratford region; a hilly and relatively dry 
upland environment that predominates regionally, but with low 
and often marshy stream bottoms lying between them.

The complexion of this fauna is notable in another way. 
First, the tracks of most of the larger animals seem to be those of 
sub-adults. This includes the turkey, pampathere, bear, coyote, 
mammoth or mastodon, deer, and shrub-oxen tracks. Two other 
species that include a mix of adult and sub-adult tracks are the 
capybara and bobcat. This may be because a preponderance of 
the footprint-bearing strata were deposited in the springtime 
during a wet weather season, or else that there was a tendency for 
immature animals at all seasons to seek refuge from predators by 
moving onto the soft ground of a bog environment and to take 
advantage of its brushy cover. 

The preserved ichnofauna indicates climatic conditions 
were much warmer and/or much more equable than the climate 
today in the Stratford region. Animals that today occur only 
far south of the Stratford Hall region are alligators, tortoises, 
armadillos, capybaras, and tapirs. Pampatheres and ground 
sloths, which have their closest living relatives in very warm 
parts of Central and South America, also probably preferred 
a warm climate in the Pleistocene. No tracks are present that 
represent modern animals restricted to a north temperate or cold 
climate, though black bears in the Irvingtonian seem to have had 
a more northerly distribution than they have today. The other 
members of this fauna range widely from near-tropical through 
temperate climatic zones. 

This ichnofauna represents the first early Irvingtonian fauna 
found north of southern North Carolina. All other Pleistocene 
faunas known from the central Atlantic region of the United 
States are middle or late Pleistocene (late Irvingtonian or 
Rancholabrean) in age and thus younger than the Stratford 
Hall Local Ichnofauna. Of the late Irvingtonian faunas, only 
the Port Kennedy Bone Cave near Valley Forge, Pennsylvania 
(Daeshler, Spamer, and Parris, 1993) includes sloth and tortoise 
remains, making it the fauna most similar climatically to that 
represented by the Stratford ichnofauna. The occurrence of 
the Port Kennedy fauna in a relatively lowland region, fairly 
close to the Irvingtonian interglacial shoreline, suggests that the 
Coastal Plain region and immediately adjacent Piedmont region 
had a much warmer climate than was present at sites located 
farther inland in more upland mountainous regions, such as at 
the Cumberland Bone Cave site. This difference is similar to the 
contrast seen today between the vertebrate faunas that inhabit 
mountain areas versus coastal plain areas, but the contrast 
apparently was more pronounced in the Pleistocene. 

Also important is the recognition that ironstone beds 
formed in marshy or lacustrine environments can contain 
pollen and footprint assemblages that have successfully resisted 
the pervasive and destructive effects of deep weathering that 
characterize Neogene and Pleistocene terrace deposits in the 

central Atlantic Coastal Plain region. This opens up a real 
possibility that a great deal more can and will be learned about 
the flora, fauna, depositional history and environmental history 
of these deposits than previously was considered to be possible.
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APPENDIX 1

 Ichnotaxa comprising the Stratford Hall local ichnofauna and their likely track makers

 ICHNOTAXON

 LINNAEAN TAXA AND 

LIKELY TRACKMAKERS

AMPHIBIA
 Ranidae

Ranipes laci  Rana sp. (frog)
REPTILIA
 Emydidae

Emydichnum isp. A  Chrysemys picta (painted turtle)
 Chelydridae

Emydichnum isp. B  Chelydra serpentina (snapping turtle)
 Testudinidae

Emydichnum isp. C  Hesperotestudo crassiscutata  (extinct giant tortoise)
 Alligatoridae

Crocodylopodus isp. A  Alligator mississippiensis (American alligator)

AVES
 Phasianidae

Pavoformipes gulottai  Meleagris gallopova (wild turkey)
 Charadriidae

Fuscinapeda sirin  Charadrius sp. (killdeer or plover)
 Laridae

Avipeda phoenix  Hydroprogne sp. (tern)
 Emberizidae

Emberizidae isp. A  Emberizinae indet. (American sparrow)
MAMMALIA
 Xenarthra

Dasypodidae isp. A  Dasypus bellus (armadillo)
Pampatheriidae isp. A  Holmesina floridanus (pampathere)
cf. Mylodontidichnum isp. A  Megalonyx leptostomus (ground sloth)

 Rodentia
Cricetidae isp. A  Ondatra annectens (muskrat)
Cricetidae isp. B  Neotoma sp. (woodrat)
Caviidae isp. A  Hydrochoerus holmesi (capybara)

 Carnivora
Canipeda gracilis  Canis edwardii (Edward’s coyote)
Canipeda sanguinolenta  Canis armbrusteri (Armbruster’s wolf)
Ursichnus europaeus  Ursus americanus (black bear) 
Mustelidichnum vallecitoensis  Lutra canadensis (river otter) 
Pumaeichnus milleri  Lynx rufus (bobcat)

 Proboscidea
Proboscipeda panfamilia  Mammuthus haroldcooki (Cook’s mammoth)

 or Mammut americanum (American mastodon)
 Perissodactyla

Tapiridae isp. A  Tapirus haysii (Hays’ tapir)
 Artiodactyla

Pecoripeda gazelle  Odocoileus virginianus (white-tail deer)
Bovidae isp. A  Euceratherium collinum (shrub-ox) 


