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ABSTRACT

A partial deciduous premolar from a gomphothere is reported from the Late Miocene Eastover Formation
in New Kent County, Virginia. This represents the first definitive occurrence of a terrestrial mammal from

the Eastover Formation.

Gomphotheres are now known from nearly every marine formation from the Middle Miocene to the
Early Pliocene along the middle Atlantic Coastal Plain. Gomphotheres are typically associated with more
open habitats, but floral data suggests that the region transitioned from warmer, more forested conditions
in the Middle Miocene to heterogeneous conditions in the Late Miocene. The persistence of gomphotheres
throughout this interval suggests that substantial open habitats were present along the Coastal Plain from

the Middle Miocene to at least the Early Pliocene.

INTRODUCTION

Tertiary terrestrial mammal faunas are extremely
sparse in northeastern North America, with only
a few key faunas available from the Miocene and
Pliocene that can illuminate anything about the
region’s fauna and environment before and after
the dramatic environmental changes associated
with the development of the East Antarctic Ice
Sheet in the Middle Miocene, between 18-6.5 Ma
(Flower and Kennett 1994). This limitation restricts
paleoecological studies that require large sample
sizes to comparisons of Florida faunas to those of
the Great Plains and western faunas (Beatty and
Mihlbachler 2011), even though this makes it hard
to isolate the effects of latitude from proximity to
coastal influences on climate.

Fossil sites bearing terrestrial mammals along
the Atlantic margin are particularly good for making
marine and non-marine correlations when localities
can be linked temporally by diatom, foraminifera,
or mollusk-based dating schemes. Much has been

done to establish such relationships for Early
and Middle Miocene sediments of the Atlantic
coast, particularly that of Virginia, Maryland, the
Carolinas, and Florida (Tedford and Hunter 1984).
Late Miocene and Pliocene faunas are similarly
rare, but have had less benefit from well-established
regional collecting like the predominantly Middle
Miocene and Early Pliocene exposures found at
the Calvert Cliffs or Lee Creek Mine. Terrestrial
mammals mentioned by Geisler et al. (2012) as
coming from the Late Miocene Eastover Formation
from Gravatts Millpond in Virginia were in fact
recovered from the upper part of the Middle
Miocene Calvert Formation according to Whitmore
(1984).

The Eastover Formation is an unconsolidated
marine sand to clay located on the Middle Atlantic
Coastal Plain. The unit has been identified at least as
far north as the Virginia side of the Potomac River
(Ward 2005) and perhaps into southern Maryland
(Ward and Blackwelder 1980), and to the south
along the Trent and Neuse Rivers in North Carolina
(Ward 2008a; Ward and Blackwelder 1980). It is
thin to the south, and in some areas is absent (for
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example, at Lee Creek Mine) (Ward 2008a). Two
members have been identified in the Eastover, the
older Claremont Manor Member and the overlying
Cobham Bay Member (Ward and Blackwelder
1980).

Ward and Blackwelder (1980) reported
the Eastover age as Late Miocene, based on a
glauconite dates of 8.7+0.4 Ma and 6.46+0.15 Ma
from the Cobham Bay Member, and a glauconite
date of 12.0+0.5 Ma from the underlying St. Marys
Formation. Ward (1992) placed the Cobham Bay
Member in Molluscan Interval Zone M-7, and
correlates this with Planktonic Foraminiferal
Zone NI17 (Blow 1969), which ranges from
approximately 5.4-7.1 Ma (Berggren et al. 1985).
The Claremont Manor Member is placed by Ward
(1992) in Molluscan Interval Zone M-8, which he
correlates with Planktonic Foraminiferal Zone N16
(Blow 1969), which ranges from approximately
7.1-10.2 Ma (Berggren et al. 1985).

The Late Miocene is a key period in the transition
from the faunas associated with the warm climate
of the early Neogene and the cooling environment
of the Plio-Pleistocene. This is a time during which
grasslands that originated earlier in the Miocene
(Stromberg 2005) were spreading across North
America and causing faunas of the Great Plains to
shift from being dominated by browsers to grazers
(Janis et al. 2004; Mihlbachler et al. 2011). Fossil-
bearing Late Miocene strata in the Mid-Atlantic or
Northeast of North America are rare, making any
information available about terrestrial vertebrate
faunas during this period precious. Here we report
the first specimen of a terrestrial mammal from the
Late Miocene of Virginia.

Abbreviations: FLMNH, Florida Museum of
Natural History, Gainesville, Florida, VMNH,
Virginia Museum of Natural History, Martinsville,
Virginia.

SYSTEMATIC PALEONTOLOGY

Order PROBOSCIDEA Illiger 1811
Family GOMPHOTHERIIDAE Hay 1922
Genus INDETERMINATE

Referrred specimen: VMNH 120092, a partial
lower deciduous premolar. Collected by Rose
Schooff and Christie Aldridge-Nunn from the
Schooff Property, New Kent County, Virginia.

Stratigraphic  horizon and age: Eastover
Formation, Cobham Bay Member. Late Miocene.
The specimen was collected in situ in a shell bed
that included the bivalve Isognomen sp., and
immediately below a bed that included the bivalve
Chesapecten jeffersonius. Isognomen sp. goes
locally extinct at the top of the Eastover Formation,
while C. jeffersonius is restricted to the Sunken
Meadow Member of the Yorktown Formation
(Ward 1992).

VMNH 120092 (Fig. 1) is a partial upper
left deciduous premolar (most likely DP4) of a
gomphothere. Gomphothere dentitions can be
discerned from mammutids by having tetralophodont
M3s (Lambert and Shoshani 1998). Unfortunately,
this tooth is a partial upper premolar, and is
diagnosed from mammutids primarily because it
has trefoils present only on the pretrite half of cheek
teeth (single trefoiling), unlike mammutids that
have trefoils on both posttrite and pretrite halves of
upper molars (Lambert and Shoshani 1998).

Gomphotheres have been known from the Plum
Point Member of the Calvert Formation (14-16 Ma)
for over a hundred years (Case 1904; Gazin and
Collins 1950). The Cobham Bay Member of the
Eastover Formation is a Late Miocene marine unit,
approximately 6.5-9 million years old, and this new
specimen comes from New Kent County, Virginia,
from the top of the unit, making it the youngest
occurrence of gomphotheres on the east coast north
of the Carolinas. Occurrences of gomphotheres that
are as young or younger are rare in the southeastern
United States, including the Late Miocene to
Early Pliocene (4.5-7 Ma) occurrence at the Gray
Fossil Site in Tennessee (Wallace and Wang 2004;
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Figure 1. VMNH 120092, gomphothere upper left deciduous
premolar 4. A, occlusal view. B, lingual view.

DeSantis and Wallace 2008), and the Lee Creek
Mine (4.9 to 5.4 Ma, Late Hemphillian, Early
Pliocene) (Eshelman and Whitmore 2008).
Gomphotheres from Lee Creek Mine were
diagnosed basically by size and undefined
comparison to other specimens of Rhynchotherium,
Serridentinus, and Gomphotherium from the
FLMNH (Eshelman and Whitmore 2008). Though
all of these specimens appear to be gomphotheres
because of the trefoils on the pretrite regions of
their molars, these genera are best diagnosed by
differences in their tusks, which are not preserved
for most specimens identified from Lee Creek, and
not for the isolated tooth described here. At best,

tusked specimens may be identified to genus and
isolated molars to family, leaving us still with the
conundrum of how to deal with gomphotheres in
North America.

DISCUSSION

Given that gomphotheres are known from both
the Middle Miocene Calvert Formation in Virginia,
and the Pliocene Yorktown Formation in North
Carolina, it is perhaps not surprising that they
were also present in Virginia in the Late Miocene.
Nevertheless, the presence of this specimen directly
confirms the presence of gomphotheres on or near
the Atlantic coast in the Late Miocene.

The earliest records of Gomphotherium
indicate that it entered North America from Asia
in the Barstovian (Middle Miocene), and quickly
spread and became abundant in Late Barstovian
and Early Hemphillian (Late Miocene) (Lambert
1996; Lambert and Shoshani 1998), particularly
in the Great Plains and western North America.
This is the time when grasslands were spreading
in these areas (Janis et al. 2004), and perhaps the
record of gomphotheres in these regions reflects
this. By the Late Hemphillian, Gomphotherium is
scarce, presumably because of climate change and
associated ecological changes that forced faunal
changes across the Western Hemisphere at this time
(Webb 1983), with the exception of some Blancan
representatives in Florida (Lambert and Shoshani
1998). Itis interesting to note that dental morphology
has suggested that Gomphotherium is restricted to
grazing habitats (Lambert and Shoshani 1998), and
even occurrences of gomphoteriids in the forested
environment of the Miocene of Tennessee (Wallace
and Wang 2004) have isotopic data indicating that
its presence there was migratory or temporary in
some way, as it was clearly a grazer when its teeth
were developing (DeSantis and Wallace 2008).

Miocene floral assemblages from the region
are uncommon, though information from the lower
Miocene portions of the Calvert Formation indicate
that early in the Miocene the region was dominated
by cypress estuary swamps (Berry 1909; Berry
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1937). The late Miocene was a time of cooling after
the Mid-Miocene Climatic Optimum (Zachos et al.
2001), and one might expect that the region would
be transitioning to more open habitats, which would
be consistent with the presence of gomphotheres in
the Late Miocene to Early Pliocene. Floral records
from late Miocene deposits in the region provide
inconsistent data on Coastal Plain habitats and
temperatures. The Brandywine Flora in Maryland
represents an equivalent deposit to the Late Miocene
St. Marys and Eastover Formations, and was
dominated by a warm temperate forest (McCartan
et al. 1990). Palynology from nearby Late Miocene
sites in Delaware and Maryland, however, have
gymnosperms that are more indicative of a cooler
environment (Owens and Denny 1979). This
conflicting floral data suggests that, like today,
Coastal Plain environments were not homogenous
and may have still been transitioning from a warm
wet environment into a drier, more temperate region.
Even so, the continuous presence of gomphotheres
from the Middle Miocene to the Early Pliocene
suggests the presence of substantial open habitat
throughout this period.

ACKNOWLEDGEMENTS

Thanks to Rose Schooff and Christie Aldridge-
Nunn for donating VMNH 120092 to the Virginia
Museum of Natural History. We would also like to
thank Stephen Godfrey and an anonymous reviewer
for comments that greatly improved this manuscript.

LITERATURE CITED

Beatty, B. L. and M. C. Mihlbachler. 2011. Regional
differences in paleodietary abrasion in the
Neogene ungulate faunas of North America.
Journal of Vertebrate Paleontology, Program
and Abstracts:68.

Berggren, W. A., D. V. Kent, J. J. Flynn, and J. A.
Van Couvering. 1985. Cenozoic geochronology.
Geological Society of America Bulletin
96:1407-1418.

Berry, E. W. 1909. A Miocene Flora from the
Virginia Coastal Plain. The Journal of Geology,
17:19-30.

Berry, E. W. 1937. Tertiary Floras of Eastern North
America. The Botanical Review, 3:31-46.

Blow, W. H. 1969. Late middle Eocene to Recent
planktonic foraminiferal biostratigraphy. p.
199-421 in R. Bronnimann and H. H. Renz
(eds.), Proceedings of the First International
Conference on Planktonic Microfossils,
Geneva, 1967, V.1.

Case, E. C. 1904. Systematic Paleontology:
Mammalia. Maryland Geological Survey,
Miocene Text:1-58.

DeSantis, L. R. G. and S. C. Wallace. 2008.
Neogene forests from the Appalachians of

Tennessee, USA: Geochemical evidence
from fossil mammal teeth. Palacogeography,
Palaeoclimatology, Palaeoecology, 266(1-
2):59-68.

Dooley, A. C. Jr. 2007. Barstovian (middle
Miocene) Land Mammals from the Carmel
Church Quarry, Caroline County, Virginia.
Jeffersoniana 18:1-17.

Emry, R. J. and R. E. Eshelman. 1998. The Early
Hemingfordian (Early Miocene) Pollack Farm
Local Fauna: First Tertiary Land Mammals
Described from Delaware, p. 153-173 in R.
N. Benson (ed.), Geology and paleontology of
the lower Miocene Pollack Farm Fossil Site,
Delaware.

Eshelman, R. E., B. L. Beatty, and D. P. Domning.
2007. Terrestrial Mammal Remains from the
Miocene Chesapeake Group of Calvert Cliffs,
Maryland, and Comparisons with Miocene
Terrestrial Mammal Faunas of the Mid-Atlantic
Coast. Journal of Vertebrate Paleontology,
27(Supplement to 3):72A.

Eshelman, R. E. and F. C. Whitmore Jr. 2008.
Early Pliocene (Late Hemphillian) Land
Mammals from the Lee Creek Mine, Aurora,
North Carolina. P. 17-38 in C. E. Ray, D. J.
Bohaska, 1. A. Koretsky, L. W. Ward, and L.
G. Barnes (eds.), Geology and Paleontology
of the Lee Creek Mine, North Carolina, IV.
Virginia Museum of Natural History Special



BEATTY, DOOLEY: FIRST TERRESTRIAL MAMMAL FROM LATE MIOCENE EASTOVER FORMATION 5

Publication 14.

Flower, B. P. and J. P. Kennett. 1994. The middle
Miocene climatic transition: East Antarctic
ice sheet development, deep ocean circulation
and global carbon cycling. Palacogeography,
Palaeoclimatology, Palacoecology, 108:537-
555.

Gazin, C. L. and R. L. Collins. 1950. Remains
of Land Mammals from the Miocene of
the Chesapeake Bay Region. Smithsonian
Miscellaneous Collections, 116(2):1-21.

Geisler, J. H., S. J. Godfrey, and O. Lambert. 2012.
A new genus and species of late Miocene inioid
(Cetacea, Odontoceti) from the Meherrin River,
North Carolina, U. S. A. Journal of Vertebrate
Paleontology 32:198-211.

Gray, J. E. 1821. On the natural arrangement of
vertebrose animals. The London Medical
Repository Monthly Journal and Review,
15:296-310.

Hay, O. P. 1922. Further observations on some
extinct elephants. Proceedings of the Biological
Society of Washington, 35:97-101.

Hermanson, J. W. and B. J. MacFadden. 1996.
Evolutionary and Functional Morphology of
the Knee in Fossil and Extant Horses (Equidae).
Journal of Vertebrate Paleontology, 16(2):
349-357.

Mliger, J. K. W. 1811. Prodromus systamatis
mammalium et avium additis terminis
zoographicus utriusque classis, eorumque
versione Germanica. sumptibus C. Salfeld,
Berlin, xvii + 302 p.

Janis, C. M., J. Damuth, and J. M. Theodor. 2004.
The species richness of Miocene browsers,
and implications for habitat type and primary
productivity in the North American grassland
biome. Palacogeography, Palacoclimatology,
Palaeoecology, 207:371-398.

Lambert, W. D. 1996. The biogeography of the
gomphotheriid proboscideans of North America,
p. 143-148 in J. Shoshani and P. Tassy (eds.),
The Proboscidea, Evolution and Palaeoecology
of Elephants and Their Relatives. Oxford
University Press, Oxford.

Lambert, W. D. and J. Shoshani. 1998. Proboscidea,

p. 606-621 in C. M. Janis, E. M. Manning, and L.
L. Jacobs (eds.), Evolution of Tertiary Mammals
of North America. Cambridge University
Press, Cambridge.

McCartan, L., B. H. Tiftney, J. A. Wolfe, T. A. Ager,
S. L. Wing, L. A. Sirkin, L. W. Ward, and J.
Brooks. 1990. Late Tertiary floral assemblage
from upland gravel deposits of the southern
Maryland Coastal Plain. Geology, 18:311-314.

Mihlbachler, M. C., F. Rivals, N. Solounias, and
G. M. Semprebon. 2011. Dietary Change and
Evolution of Horses in North America. Science,
331(6021):1178-1181.

Owen, R. 1848. Description of teeth and portions of
jaws of two extinct Anthracotherioid quadrupeds
(Hyopotamus vectianus and Hyop. bovinus)
discovered by the Marchioness of Hastings in
the Eocene deposits on the NW coast of the Isle
of Wight: with an attempt to develope Cuvier’s
idea of the Classification of Pachyderms by the
number of their toes. Quarterly Journal of the
Geological Society of London, 4:103-141.

Owens, J. P.,and C. S. Denny. 1979. Upper Cenozoic
deposits of the central Delmarva Peninsula,
Maryland and Delaware. U.S. Geological
Survey Professional Paper 1067-A:1-28.

Stromberg, C. A. E. 2005. Decoupled taxonomic
radiation and ecological expansion of open-
habitat grasses in the Cenozoic of North
America. Proceedings of the National Academy
of Sciences of the United States of America,
102(34):11980-11984.

Tedford, R. H. and M. E. Hunter. 1984. Miocene
Marine-Nonmarine Correlations, Atlantic and Gulf
Coastal Plains, North America. Palacogeography,
Palaeoclimatology, Palacoecology, 47:129-151.

Walker, R. 1985. A Guide to Post-Cranial Bones
of East African Animals. Hylochoerus Press,
Norwich, 285 p.

Wallace, S. C. and X. Wang. 2004. Two new
carnivores from an wunusual late Tertiary
forest biota in eastern North America. Nature,
431:556-559.

Ward, L. W. 2008a. Synthesis of paleontological
and stratigraphic investigations at the Lee Creek
Mine, Aurora, N. C. p. 325-431 in C. E. Ray,



6 JEFFERSONIANA

D. J. Bohaska, I. A. Koretsky, L. W. Ward, and
L. G. Barnes (eds.), Geology and Paleontology
pf the Lee Creek Mine, North Carolina, IV.
Virginia Museum of Natural History Special
Publication 14.

Stratigraphic Revision of the Upper Miocene
and Lower Pliocene Beds of the Chesapeake
Group, Middle Atlantic Coastal Plain. United
States Geological Survey Bulletin 1482-D,
61 p., 5 plates.

Ward, L. W. 2008b. Geology and Paleontology of Webb, S. D. 1983. The rise and fall of the late

the James River: Richmond to Hampton Roads.
Virginia Museum of Natural History Guidebook
Number 7, 76 p.

Ward, L. W. 2005. Stratigraphy and paleontology
of the Westmoreland Bluffs, Potomac River. p.
1-21 in L. W. Ward and A. C. Dooley, Jr. (eds.),
Geology and Paleontology of the Stratford
Hall Plantation and Westmoreland State Park.
Virginia Museum of Natural History Guidebook
Number 5.

Ward, L. W. 1992. Molluscan Biostratigraphy of
the Miocene, Middle Atlantic Coastal Plain of
North America. Virginia Museum of Natural
History Memoir 2, 159 p., 26 plates.

Ward, L. W. and B. W. Blackwelder. 1980.

Miocene ungulate fauna in North America, p.
267-306 in M. H. Nitecki (ed.), Coevolution.
University of Chicago Press, Chicago.

Whitmore, F. C. Jr. 1984. Land mammals from the

Calvert Formation, Pamunkey River, Virginia.
p. 236-239 in L. W. Ward and K. Krafft
(eds.), Stratigraphy and Paleontology of the
Outcropping Tertiary Beds in the Pamunkey
River Region, Central Virginia Coastal Plain—
Guidebook for Atlantic Coastal Plain Geological
Association 1984 Field Trip.

Zachos, J. C., N. J. Shackleton, J. S. Revenaugh, H.

Palike, and B. P. Flower. 2001. Climate Response
to Orbital Forcing Across the Oligocene-
Miocene Boundary. Science, 292:274-278.



Parts published to date

1. On the taxonomy of the milliped genera Pseudojulus
Bollman, 1887, and Georgiulus, gen. nov., of
southeastern United States. Richard L. Hoffman. Pp.
1-19, figs. 1-22. 1992.

2. A striking new genus and species of bryocorine plant bug
(Heteroptera: Miridae) from eastern North America.
Thomas J. Henry. Pp. 1-9, figs. 1-9. 1993.

3. The American species of Escaryus, a genus of Holarctic
centipeds (Geophilo-morpha: Schendylidae). Luis A.
Pereira & Richard L. Hoffman. Pp. 1-72, figs. 1-154,
maps 1-3. 1993.

4. A new species of Puto and a preliminary analysis of the
phylogenetic position of the Puto Group within the
Coccoidea (Homoptera: Pseudococcidae). Douglass R.
Miller & Gary L. Miller. Pp. 1-35, figs. 1-7. 1993.

5. Cambarus (Cambarus) angularis, a new crayfish
(Decapoda: Cambaridae) from the Tennessee River
Basin of northeastern Tennessee and Virginia. Horton
H. Hobbs, Jr., & Raymond W. Bouchard. Pp. 1-13, figs.
la—In. 1994.

6. Three unusual new epigaean species of Klepto—chthonius
(Pseudoscorpionida: ~ Chthoniidae).  William  B.
Muchmore. Pp. 1-13, figs. 1-9. 1994.

7. A new dinosauromorph ichnogenus from the Triassic of
Virginia. Nicholas C. Fraser & Paul E. Olsen. Pp. 1-17,
figs. 1-3. 1996.

8. “Double-headed” ribs in a Miocene whale. Alton C.
Dooley, Jr. Pp. 1-8, figs. 1-5. 2000.

9. An outline of the pre—Clovis Archeology of SV-2,
Saltville, Virginia, with special attention to a bone tool
dated 14,510 yr BP. Jerry N. McDonald. Pp. 1-60, figs.
1-19. 2000.

10. First confirmed New World record of Apocyclops
dengizicus (Lepishkin), with a key to the species of
Apocyclops in North America and the Caribbean region
(Crustacea: Copepoda: Cyclopidae). Janet W. Reid,
Robert Hamilton, & Richard M. Duffield. Pp. 1-23,
figs. 1-3. 2002.

11. A review of the eastern North American Squalodontidae
(Mammalia:Cetacea). Alton C. Dooley, Jr. Pp. 1-26,
figs. 1-6. 2003.

12. New records and new species of the genus Diacyclops
(Crustacea: Copepoda) from subterranean habitats in
southern Indiana, U.S.A. Janet W. Reid. Pp. 1-65, figs.
1-22.2004.

13. Acroneuria yuchi (Plecoptera: Perlidae), a new stonefly
from Virginia, U.S.A. Bill P. Stark & B. C. Kondratieff.
Pp. 1-6, figs. 1-6. 2004.

14. A new species of woodland salamander of the Plethodon
cinereus Group from the Blue Ridge Mountains of
Virginia. Richard Highton. Pp. 1-22. 2005.

15. Additional drepanosaur elements from the Triassic infills

of Cromhall Quarry, England. Nicholas C. Fraser & S.
Renesto. Pp. 1-16, figs. 1-9. 2005.

16. A Miocene cetacean vertebra showing partially healed
compression fracture, the result of convulsions or
failed predation by the giant white shark, Carcharodon
megalodon. Stephen J. Godfrey & Jeremy Altmann. Pp.
1-12. 2005.

17. A new Cratacgus—feeding plant bug of the
genus Neolygus from the eastern United States
(Hemiptera: Heteroptera: Miridae). Thomas J. Henry.
Pp. 1-10. 2007.

18. Barstovian (middle Miocene) Land Mammals from the
Carmel Church Quarry, Caroline Co.,Virginia. Alton C.
Dooley, Jr. Pp. 1-17.2007.

19. Unusual Cambrian Thrombolites from the Boxley Blue
Ridge Quarry, Bedford County, Virginia. Alton C.
Dooley, Jr. Pp 1-12, figs. 1-8, 2009.

20. Injuries in a Mysticete Skeleton from the Miocene of
Virginia, With a Discussion of Buoyancy and the
Primitive Feeding Mode in the Chacomysticeti. Brian
L. Beatty & Alton C. Dooley, Jr., Pp. 1-28, 2009.

21. Morphometric and Allozymic Variation in the
Southeastern Shrew (Sorex longirostris). Wm. David
Webster, Nancy D. Moncrief, Becky E. Gurshaw, Janet
L. Loxterman, Robert K. Rose, John F. Pagels, and
Sandra Y. Erdle. Pp. 1-13. 20009.

22. Karyotype designation and habitat description of the
northern short—tailed shrew (Blarina brevicauda, Say)
from the type locality. Cody W. Thompson and Justin D.
Hoffman, Pp. 1-5. 2009.

23. Diatom biostratigraphy and paleoecology of vertebrate—
bearing Miocene localities in Virginia. Anna R. Trochim
and Alton C. Dooley, Jr. Pp. 1-11. 2010.

24. A middle Miocene beaked whale tooth Caroline County,
Virginia (Cetacea: Ziphiidae) from the Carmel Church
Quarry, Virginia, and implications for the evolution of
sexual dimorphism in ziphiids. Alton C. Dooley, Jr. Pp.
1-11. 2010.

25. Reconnaissance Mineralogy of the Eocene Mole Hill
Diatreme, Rockingham County, Virginia. James S.
Beard. Pp1-16. 2010.

26. Potential impacts of the invasive herb garlic
mustard (Alliaria petiolata) on local ant (Hymenoptera:
Formicidae) communities in northern temperate forests.
Kaloyan Ivanov, Joe Keiper. Pp 1-14, 2011.

27. The Effects of Fire on Lycopodium digitatum strobili.
Stephanie 1. Vogel, Bryan T. Piatkowski, Alton C.
Dooley, Jr., DorothyBelle Poli. Pp 1-9, 2011.

28. Community structure and paleoecology of crocodyliforms
from the upper Hell Creek Formation (Maastrichtian),
eastern Montana, based on shed teeth. George E.
Bennett, III. Pp. 1-15, 2012.



P

O~
Virginia Museum of
NATURAL HISTORY
PUBLICATIONS

21 Starling Avenue
Martinsville, VA 24112



