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THE GREAT AMERICAN BIOTIC INTERCHANGE IN FLORIDA

Gary S. Morgah

Late Neogene vertebrate faunas from Florida provide the most complete record of South American mammals and birds that arrived
in temperate North America during the Great American Biotic Interchange (GABI). The first major pulse of the GABI began in the
early Hemphillian (late Miocene, ~9 Ma), defined in part on the first appearance of two sloths of South American origin, the
megalonychidPliometanastesind the mylodontidhinobadistes The type localities dPliometanastes protistudcGehee

Farm) andThinobadistes segnigVixson’s Bone Bed) are both earliest Hemphillian (8-9 Ma) sites from northern Florida.
Pliometanastegvidently gave rise tdegalonyxin the late Hemphillian. The latest Hemphillian (~5 Ma) Palmetto Fauna
documents the earliest occurrencavt@galonyxin Florida. The second major pulse of the GABI occurred during the late
Pliocene and early Pleistocene, from 2.7 to1.5 Ma. The late Blancan is defined by the first appearance in temperateiddorth Amer

of a diverse assemblage of vertebrates from South America, including ten genera, all of which occur in Florida during the late
Blancan: the giant flightless birfitanis the glyptodonGlyptotherium the armadilloDasypusandPachyarmatheriumthe
pampatheréiolmesina the mylodontidslossotheriumthe megatheriiEremotheriumthe porcupin&rethizon and the capy-
barasHydrochaerisandNeochoerus During the late Blancaifijtanis DasypusPachyarmatheriunHolmesinaEremotherium
andHydrochaerisare primarily restricted to Florida, wherdalyptotherium GlossotheriumErethizon andNeochoerusre

more widespread, occurring in Florida as well as the western United States. These ten genera have their earliest occurrence in
early late Blancan (2.2-2.7 Ma) sites from Florida and/or the southwestern United States. Four genera of South American mammal
arrived in temperate North America somewhat [&aramylodorandDesmodu the latest Blancan (1.8-2.2 MBpthrotheriops

in the early Irvingtonian (1.6-1.8 Ma), aBidelphisin the medial Irvingtonian (~0.8 Ma).
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INTRODUCTION terms of its theoretical context. Webb’s (1976) land-
The biotas of North America and South America were mark paper on the mammalian faunal dynamics of the
vastly altered in the Late Cenozoic by the connection ofInterchange stimulated considerable additional research
these two continents at the Panamanian Isthmus andn the GABI.
the subsequent intermixing of their faunas and floras, an Beginning in the late Miocene and continuing
event variously named the Great American Interchangethrough the end of the Pleistocene, Florida has the rich-
Great American Faunal Interchange, Great Americanest record in North America of vertebrate taxa involved
Biotic Interchange, or just the Interchange. Most work- in the Great American Biotic Interchange. Florida has
ers now use the term Great American Biotic Interchangeplayed a key role in understanding the history of the
(hereafter shortened to GABI), coined by Stehli and Interchange vertebrate fauna in temperate North
Webb (1985). Although the mixing of faunas from North America (Webb 1974, 1976; Morgan & Hulbert 1995).
and South America has been known for more than aPaleontologists in the late nineteenth and first half of the
century, George Gaylord Simpson (1950) was one oftwentieth centuries documented the presence of South
the first authors to discuss the GABI in the context of a American mammals in Florida late Pleistocene faunas.
profound biogeographic event that dramatically changedLeidy (1889) namedslyptodon septentrionaljsan
the biotas of these two continents. David Webb wasanimal now recognized as the pampathdoémesina
another early pioneer who investigated the GABI in septentrionaligSimpson 1930a), from the Peace River
in southern Florida. Simpson (1928) named the capy-
INew Mexico Museum of Natural History, 1801 Mountain Road baraHydrochoerus holmedrom the late Pleistocene
NW, Albuguerque, NM 87104; <gary.morganl@state.nm.us> Sabretooth Cave in central Florida and the large arma-
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dillo Tatu (=Dasypu$ bellus and the glyptodont 7C, De Soto Shell Pit), 1990s (Whidden Creek, Inglis
Boreostracon(=Glyptotherium floridanus from the 1C), and into the 2000s (Tyner Farm, Haile 7G).
Seminole Field Fauna near St. Petersburg along the cen-  Along with these new discoveries of Interchange
tral Gulf Coast (Simpson 1929a). Most of these earlyfaunas, notably in Florida by Dave Webb and his stu-
discoveries were from late Pleistocene (Rancholabreaniients, major advances in geochronologic techniques,
sites, and thus post-Interchange; however, they provideaspecially radioisotopic dating and paleomagnetic stratig-
ample evidence that Florida supported a rich Interchangeaaphy, led to a flurry of studies on the GABI in the 1970s
fauna. and 1980s (e.g., Patterson & Pascual 1972; Webb 1976,
Beginning in the early 1960s and continuing through 1978, 1985; Marshall et al. 1979, 1982; Simpson 1980;
the present, large samples of Interchange vertebrate&alusha et al., 1984; Marshall 1985), culminating in the
have been collected from sites throughout Florida, rep-1985 book “The Great American Biotic Interchange,”
resenting both the early heralds of the Interchange inedited by Frank Stehli and David Webb. The dispersal
the late Miocene and the time of maximum faunal inter- of South American mammals into North America has
change in the late Pliocene and early Pleistocene. Itidbeen accorded great significance in mammalian
no coincidence that this 40-year period of discovery of biochronology (e.g., Woodburne & Swisher 1995; Bell
the Interchange fauna in Florida corresponds with Davidet al. 2004; Tedford et al. 2004). The beginning of the
Webb's residence at the Florida State Museum/FloridaHemphillian North American Land Mammal Age
Museum of Natural History. Early in his career at the (NALMA) in the late Miocene (about 9 Ma) is defined
University of Florida, Webb became keenly interested in part on the first appearance of two ground sloths of
in the Interchange and the strange and wonderful beastSouth American origin, Pliometanastesand
that populated Florida as a result of the GABI, including Thinobadistes The late Blancan NALMA (late
ground sloths, glyptodonts, giant armadillos, capybaras Pliocene, about 2.7 Ma) is defined on the first appear-
and huge predatory birds. One of the first and mostance in temperate North America of mammals involved
important Interchange discoveries was the giant flight- in the second phase of the GABI (e@lyptotherium
less phorusrhacid birdtaniswalleri at the late Blancan  GlossotheriumNeochoerusand Erethizor).
Santa Fe River 1 site (Brodkorb 1963). The association With the exception of several papers by Webb
of Titanisand several other genera of South American (1991, 1997), there has been little work on the GABI in
immigrants with the last of the three-toed horses, temperate North America during the past 15 years, al-
Nannippus peninsulatuslerted Webb to the Blancan though there have been several important papers on
age of the Santa Fe River sites, although Brodkorb (1963Blancan Interchange faunas from central Mexico
originally regardeditanisas Pleistocene. Shortly there- (Carranza-Castafieda & Miller 2004; Flynn et al 2005).
after, the discovery of a second late Blancan InterchangéMost of the papers on the GABI from the 1970s and
site in northern Florida, Haile 15A, added more informa- 1980s stressed either geochronology or theoretical eco-
tion to the early history of the GABI in Florida (Robertson logical and biogeographic aspects of the Interchange.
1976), including partial skeletons of the small pampathereFew of these papers provided specific information on
Kraglievichia (=Holmesina floridanus and the small  the species of vertebrates involved in the Interchange
mylodontid slothGlossotherium chapadmalenséfork or on the sites from which they were collected. My
at the late Miocene (early Hemphillian) McGehee Farm intention here is to provide information on the geology
site in the early to mid 1960s led to the discovery andand biochronology of the key Florida Interchange sites
description of the oldest megalonychid sloth in North and to review the taxonomy, distribution, and
America,Pliometanastes protistyslirschfeld & Webb  biochronology of the Interchange vertebrate fauna of
1968). Through the field studies of Webb and many of Florida.
his graduate students, other important discoveries of
Florida Hemphillian, Blancan, and Irvingtonian Inter- MATERIALS AND METHODS
change faunas came in rapid succession during the latéll genera and species of South American immigrant
1960s (Coleman 2A, Inglis 1A, Kissimmee River, Pool mammals and birds involved in the Great American Bi-
Branch,), 1970s (Crystal River Power Plant, Haile 16A, otic Interchange known from Late Neogene sites in
Payne Creek Mine), 1980s (Haile 19A, Haile 21A, Florida are reviewed, covering not only species that im-
Leisey Shell Pit, Macasphalt Shell Pit, Moss Acres, Haile migrated to Florida from the late Miocene (early
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Figure 1. Chronology of important Hemphillian, Blancan, and Irvingtonian Interchange faunas from Florida and correlaive fauna
from the western U.S. Faunas included within rectangle marked “+” are late early Hemphillian (Hh2). Faunas included within
rectangle marked “x” are early late Hemphillian (Hh3). Faunas included within rectangle marked “#” are early late Blartcan (abo
2.7 Ma). Faunas included within rectangle marked “*” are early Irvingtonian (1.0-1.6 Ma). Abbreviations used in table: ABD
(Anza-Borrego Desert), Kiss. (Kissimmee), R. (River), SF (Santa Fe), S. P. (Shell Pit), With. (Withlacoochee).

Hemphillian) through the late Pleistocene datesand paleomagnetic stratigraphy. The age of most
(Rancholabrean), but also species that evolved in situ irfFlorida Late Neogene vertebrate faunas has been de-
North America from species of South American origin. termined by biochronologic correlations with similar fau-

The primary focus is on the mammals from the two main has from western North America that have associated

phases of the Interchange, late Miocene and late Pliocendeochronologic data (Fig. 1). Many Florida Hemphillian,
early Pleistocene. Blancan, and Irvingtonian vertebrate faunas are quarry
Florida is widely recognized to have an extremely samples collected from restricted stratigraphic units,
diverse and abundant Late Neogene vertebrate fossigenerally several meters or less in thickness, and over a
record (Hulbert 2001); however, the biostratigraphic Very limited area, seldom more than several thousand
importance of Florida faunas is often downplayed be-square meters. Most Florida faunas are local faunas in
cause of the overall lack of long stratigraphic sectionsthe classic sense (narrow stratigraphic range and lim-
that can be physically correlated and the absence ofted areal extent), are synchronous (not time averaged),
associated geochronologic data such as radioisotopi@nd sample a limited range of paleoenvironments. More-
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over, many Florida sites have remarkably abundant and8-9 Ma; Hh1 of Tedford et al. 2004) sites in Florida,
diverse faunas containing well preserved fossils (e.g.,although both genera occur in early Hemphillian sites in
Mixson’s Bone Bed, Moss Acres, Haile 7C, Inglis 1A, the western United States (Hirschfeld & Webb 1968;
Leisey Shell Pit, Haile 21A). Hirschfeld 1981; Webb 1989). The late early Hemphillian
Abbreviations used in the text and tables are: (~7.0-7.5 Ma; Hh2 of Tedford et al. 2004) is character-
FLMNH (Florida Museum of Natural History); FSM ized in part by the appearance at about 7.5 Ma of the
(Florida State Museum, name of the FLMNH before Eurasian immigrant carnivoreBnhydritherium
1985); FAD (first appearance datum); GABI (Great Indarctos and Machairodus Florida late early
American Biotic Interchange); LF (Local Fauna); Ma Hemphillian Interchange faunas are Moss Acres,
(Mega-annum or millions of years before present); Withlacoochee River 4A, and Withlacoochee River 4X.

NALMA (North American land mammal age). All three of these carnivore genera are present in the
Withlacoochee River 4A LF anBnhydritheriumoc-
CHRONOLOGY curs at Moss Acres (Lambert 1997). Although the im-

The Miocene/Pliocene and Pliocene/Pleistocene boundmigrant carnivores that characterize the late early
aries, the subdivisions of the epochs, and the boundarieslemphillian are absent from Withlacoochee River 4X,
of the geomagnetic chrons and subchrons followits proximity and similarity to the Withlacoochee River
Berggren et al. (1995). The Miocene/Pliocene bound-4A LF indicate that these two faunas are essentially the
ary is at 5.32 Ma and the Pliocene/Pleistocene boundsame age. Late Hemphillian faunas (~4.9-7.0 Ma; Hh3
ary is located near the top of the Olduvai Subchron atand Hh4 of Tedford et al. 2004) are characterized by
1.81 Ma. The late Miocene (5.3-11.2 Ma) is the only the first appearance of several Old World immigrants,
subdivision of the Miocene known to contain Interchange including the carnivoreagriotheriumandPlesiogulq
vertebrates, which first appeared about 9 Ma. Theand the cervidEocoileus These taxa are present in
boundary between the early and late Pliocene is placedhe latest Hemphillian Palmetto Fauna (also known as
at the boundary between the Gilbert and Gauss Chronthe Upper Bone Valley Fauna) from the Bone Valley
at 3.58 Ma (early Pliocene, 3.6-5.3 Ma; late Pliocene, Formation in central Florida (Webb & Hulbert 1986;
1.8-3.6 Ma). The Pleistocene is subdivided into the early,Morgan 1993, 1994; Webb 2000; Webb et al. in press).
medial, and late Pleistocene. The boundary betweerThe Palmetto Fauna records the earliest Florida occur-
the Matuyama and Brunhes Chrons at 0.78 Ma separence ofMegalonyx The end of the Hemphillian is
rates the early Pleistocene (0.8-1.8 Ma) and medial Pleiseharacterized by a major extinction event, including the
tocene (0.13 Ma-0.8 Ma). The beginning of the late disappearance of the families Rhinocerotidae and
Pleistocene at 0.13 Ma is defined by the onset of theProtoceratidae, the horselpparion, Neohipparion
last (Sangamonian) interglacial. | follow Woodburne and Pseudhipparionand Astrohippus and the carnivores
Swisher (1995) for use of the age terms early, medial Agriotherium Machairodus andPlesiogulo
and late for subdivisions of the epochs (e.g., medial Pleis- Lindsay et al. (2002) placed the Hemphillian/
tocene) and NALMAs (e.qg., late Blancan). Blancan boundary at about 4.9 Ma based on the earliest
Definitions and boundaries of the three North occurrence of the microtine rodektimomysin the
American land mammal ages (NALMA) that comprise Panaca LF in Nevada. Bell et al. (2004) defined the
the time period of the GABI (Hemphillian, Blancan and beginning of the Blancan (~4.9 Ma) on the first appear-
Irvingtonian) follow Tedford et al. (2004) for the ance of the microtine rodentOphiomys
Hemphillian and Bell et al. (2004) for the Blancan and Ogmodontomygboth considered subgenera of
Irvingtonian, with several modifications discussed be- Mimomysby Repenning, 1987), arMimomys | fol-
low. Geochronologic and biochronologic data are con-low Woodburne and Swisher (1995), Lindsay et al. (2002),
sistent with an age of 9 Ma for the beginning of the and Bell et al. (2004) in placing the Hemphillian/Blancan
Hemphillian NALMA in North America (Woodburne & boundary in the early Pliocene at about 4.9 Ma. The
Swisher 1995; Tedford et al. 2004), defined in part on beginning of the Blancan NALMA in temperate North
the first appearance of two genera of ground sloths ofAmerica does not have an Interchange component since
South American origin,Pliometanastesand there are no new appearances of South American mam-
Thinobadistes These two sloths are best representedmals until the late BlancarMegalonyxis the only ge-
and have their type localities in very early Hemphillian nus of South American ancestry that occurs in temper-
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ate North American early Blancan faunas. The earlyAmerican samples dflammuthus(Webb & Dudley
Blancan (2.7-4.9 Ma) is the only interval during the last 1995). Other genera that have their first appearance in
9 million years that is not represented by Interchangethe early Irvingtonian (Morgan & Hulbert 1995) are the
mammals in Florida. The early Pliocene was a periodground slotiNothrotheriopsa South American immi-
of high sea level, and consequently vertebrate faunas ofrant, and the giant beav@astoroidesand the camelid
this age from Florida are exclusively marine (Morgan Palaeolamawhich are both native North America gen-
1993, 1994; Allmon et al. 1996). The onset of the mainera.
pulse of the GABI in temperate North America is char-
acterized by the first appearance of South American FLORIDA INTERCHANGE FAUNAS
immigrants in the southwestern United States in the up-HemPHILLIAN
per Gauss Chron, between about 2.6 and 2.8 Ma (Galusha  McGehee Farm.—McGehee Farm is located about
et al. 1984; Marshall 1985). The date of 2.7 Ma is gen-5 km north of Newberry, Alachua County, northern pen-
erally stated as the first appearance datum (FAD) forinsular Florida (Fig. 2, site 1). The McGehee Farm LF,
Neotropical immigrants in North America, as well as derived from the Alachua Formation, contains more than
the boundary between the early and late Blancan50 species of vertebrates representing estuarine, fresh-
(Woodburne & Swisher 1995). Two South American water, and terrestrial environments (faunal list in
xenarthrans Glyptotheriumand Glossotheriurh and Hirschfeld & Webb 1968). The mammalian fauna con-
two South American caviomorph rodentdepchoerus  sists of at least 25 species, including many age-diagnos-
andErethizon) first appear in temperate North America tic taxa suggesting an early Hemphillian age. McGehee
in several sites in the southwestern United States at abouarm is the type locality for the oldest North American
2.7 Ma. Glossotheriumand Neochoerusas well as  megalonychid ground slotfRliometanastes protistus
DasypusandHolmesina occur in the early Matuyama (Hirschfeld & Webb 1968). Webb (1989) also identi-
Chron (2.2-2.6 Ma) in the Macasphalt Shell Pit LF in fied the mylodontid ground sloffhinobadistes segnis
southern Florida (Hulbert 1987; Morgan & Ridgway 1987; from McGehee Farm, making this one of only three sites
Jones et al. 1991; Morgan & Hulbert 1995). Other in North America that document the association of
Florida late Blancan sites document the presence of thre@liometanastesand Thinobadistes. McGehee is the
additional genera of South American immigrants, the gi- oldest record offhinobadistes McGehee Farm and
ant flightless birdTitanis, the giant ground sloth the latest Clarendonian (9.0-9.5 Ma) Love Bone Bed
Eremotherium and the strange armadillo have very similar mammalian faunas (Webb etal. 1981).
Pachyarmatherium These sites lack external age con- McGehee Farm and Love share the borophagine canids
trol except for biochronology, but the association of South Epicyon haydenand E. saevugBaskin 1998; Wang
American immigrants wittNannippusndicates an age et al. 1999), the equid®rotohippus gidleyiCalippus
of 2.2-2.7 Ma based on comparisons with southwesterrelachistus Neohipparion trampasense
faunas. Pseudhipparion skinneriNannippus westoni
Typical Irvingtonian (and younger) genera such as Cormohipparion ingenuumand Cormohipparion
Mammuthusand Microtus did not appear in North  plicatile (Webb & Hulbert 1986; Hulbert 1988a, 1988b,
America until after 1.8 Ma. Several recent studies (Mor-1993), the tapifTapirus webbi(Hulbert this volume),
gan & Lucas 2003; Bell et al. 2004) have advocatedand the rhinocerotidgeleoceras proterunand
defining the beginning of the Irvingtonian on the first Aphelops malacorhinué/Nebb et al. 1981; Prothero
appearance dflammuthusa Eurasian immigrant, al- 1998). The most significant difference between these
though these authors differ somewhat on the timing oftwo faunas is the presence of ground sloths at McGehee
the FAD forMammuthus The earliest well-dated fau- and their absence at the Love Site. The diverse verte-
nas in North America containingammuthusTijeras brate fauna from the Love Site is so abundantly sampled
Arroyo and Mesilla Basin Fauna C in New Mexico thatthe absence of sloths is almost certainly significant,
(Vanderhill 1986; Lucas et al. 1993 1999; Morgan & and indicative of a pre-Hemphillian age (i.e., latest
Lucas 2003), have associated radioisotopic dates ofClarendonian). The similarity of McGehee Farm to the
about 1.6 Ma, which is older than the date of 1.35 MalLove Site suggests that the former site is very early
recognized by Bell et al. (2004). The early Irvingtonian Hemphillian in age (Hh1, 8.5-9 Ma).
Leisey Shell Pit in Florida has one of the earliest North Haile 19A.—The Haile 19A site was found in the
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Figure 2. Important Hemphillian (triangles), Blancan (circles), and Irvingtonian (squares) Interchange faunas from Florida.
Hemphillian: 1. McGehee Farm, Alachua County; 2. Haile 19A, Alachua County; 3. Mixson’s Bone Bed, Levy County; 4. Moss
Acres, Marion County; 5. Withlacoochee River 4A, Marion County; 6. Withlacoochee River 4X, Marion County; 7. Palmetto, Polk
County. Blancan: 8. Macasphalt Shell Pit, Sarasota County; 9. Kissimmee River, Okeechobee County; 10. St. Petersburg Times
Pinellas County; 11. Lehigh Acres, Lee County; 12. Brighton Canal, Highlands County; 13. Haile 15A, Alachua County; 14. Santa
Fe River 1, Columbia/Gilchrist Counties; 15. Haile 7C, Alachua County; 16. Inglis 1A, Citrus County; 17. Inglis 1C, Cittyis Coun

18. De Soto Shell Pit, De Soto County; 19. Forsberg Shell Pit, Charlotte Cuimytonian: 20. Haile 16A, Alachua County; 21.

Leisey Shell Pit, Hillsborough County; 22. Apollo Beach, Hillsborough County; 23. Pool Branch, Polk County; 24. Payne Creek
Mine, Polk County; 25. Rigby Shell Pit, Sarasota County; 26. Crystal River Power Plant, Citrus County; 27. Haile 21A, Alachua
County; 28. Tucker Pit, Brevard County; 29. McLeod, Levy County; 30. Coleman 2A, Sumter County; 31. Sebastian Canal, Brevard
County.



MORGAN: Great American Biotic Interchange in Florida 277

Haile quarries, a large complex of commercial limerock the Love Bone Bed, McGehee Farm, and Haile 19A
guarries located about 5 km northeast of Newberry andvertebrate faunas were derived. The only available fau-
about 1 km east of the McGehee Farm site, Alachuanal lists are those of Leidy and Lucas (1896) and Simpson
County, Florida (Fig. 2, site 2). The individual Haile quar- (1929b, 1930b), published before the large collections
ries are numbered, and sites within a single quarry aravere made by Frick field parties. Mixson’s is the type
distinguished by a letter designation (e.g., Haile 19A islocality for the earliest North American mylodontid sloth
the first site found in quarry 19; there are four additional Thinobadistes segni@Hay 1919; Webb 1989). Hay
sites in this same quarry named Haile 19B-E that rangg1919) thoughfThinobadistesvas Pleistocene in age,
in age from Hemphillian to Rancholabrean). The Haile but the large sample of this genus recovered from
19A site, now completely destroyed by mining opera- Mixson’s by Frick field crews confirms its late Miocene
tions, consisted of sands and clays of the Alachua Forage (Webb 1989). Mixson’s Bone Bed has many age-
mation that filled a sinkhole in marine Eocene limestone diagnostic early Hemphillian mammals: the borophagine
of the Crystal River Formation. The fauna is dominatedcanidsEpicyon haydenand Borophagus pugnator
by nearshore marine vertebrates, the most abundant dWang et al. 1999); the equid&otohippus gidleyi
which is the long-snouted estuarine crocodile Calippus hondurensjs Nannippus westoni
Gavialosuchus americanus(Morgan 1986). Cormohipparion ingenuunftype locality), andC.
Pliometanastes protistuis represented by two teeth plicatile (type locality) (Hulbert 1988a, 1988b, 1993);
and three phalanges. Haile 19A shares several agehe rhinocerotidsTeleoceras proterunftype locality)
diagnostic species carnivores and horses with Love BonendAphelops malacorhinu@rothero 1998), the large
Bed and McGehee Farm. The presence ofcamelid Aepycamelus majoftype locality), and the
Pliometanastesand Calippuscf. C. hondurensisat gomphotheriid proboscideaimebelodon floridanus
Haile 19A and McGehee Farm (Hulbert 1988a) distin- (type locality). Mixson’s shares most of these mam-
guishes these faunas from the Love Bone Bed LF, andnals with the latest Clarendonian Love Bone Bed and
indicates a very early Hemphillian age. the earliest Hemphillian McGehee Farm. Early
Mixson’s Bone Bed.—Mixson’s Bone Bed near Hemphillian taxa present at Mixson’s and McGehee, but
Williston in Levy County in northern Florida (Fig. 2, site  absent from the Love Site inclu@inobadistesegnis
3), discovered in 1884, was the first Miocene vertebrateand Calippus hondurensis The presence of
locality described from Florida (Leidy 1885, 1886, 1888; Borophagus pugnato(=0Osteoborus galushaivVebb
Leidy & Lucas 1896). The site was worked between 1969) and the somewhat more advanced characters in
1884 and 1890 by various collectors for the U. S. Geo-certain of the equid lineages (Hulbert pers. comm.), sug-
logical Survey and again in 1914 by E. H. Sellards for gests that Mixson’s Bone Bed is slightly younger than
the Florida Geological Survey. The largest collection McGehee Farm, probably ~8.0-8.5 Ma (Hulbert 2001).
from Mixson’s Bone Bed was amassed in the late 1930s Moss Acres.—The Moss Acres Racetrack site is
and early 1940s by Frick field parties under the directionlocated on a horse farm northwest of Ocala and about 6
of Ted Galusha. There is some discrepancy concernindgim east of Morriston in northwestern Marion County,
the exact spelling of this locality. The first time the name Florida (Fig. 2, site 4). The fauna was derived from a
of this site appears in the literature, Leidy (1888:309) massive clay deposit of the Alachua Formation and lacks
called it “Mixson’s bone-bed.” However, in a monograph a marine component. Unlike most other Florida early
on the vertebrate fossils from this same site, Leidy andHemphillian sites, many of the vertebrate fossils from
Lucas (1896:9) stated that the fossils were collectedMoss Acres show some articulation (Lambert 1994,
“...on the plantation of J. M. Mixon...” Several other 1997). Moss Acres produced a partial articulated skel-
places in the same paper, Leidy and Lucas (1896) reeton ofPliometanastes protistusHulbert (1988a) and
ferred to this locality as “Mixon” without the “s” and Lambert (1997) published faunal lists of the Moss Acres
that spelling has been used in several subsequent pd-F, which is most similar to the Withlacoochee River 4A
pers. Simpson (1929b, 1930b) emphatically stated thatF, indicating a late early Hemphillian age (Hh2, 7.0-7.5
the correct spelling is Mixson's Bone Bed, noting that Ma). Mammalian taxa shared by Moss Acres and
“This name should be Mixson. It has been misspelled inWithlacoochee River 4A, but not present in earliest
all previous publications.” Hemphillian faunas from Florida are: the giant otter
Mixson’s Bone Bed is the type locality of the Enhydritherium terraenovaéBerta & Morgan 1985;
Alachua Formation, the same geologic unit from which Lambert 1997), the canBlorophagus or¢Webb 1969;
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Wang et al. 1999), the equi@slippus maccartyftype Machairodus the equidsProtohippuscf. P. gidleyi
locality) Nannippus aztecu®annippus morganiand Calippus maccartyi Neohipparion eurystyle
Neohipparion eurystyléHulbert 1988a, 1988b; 1993), Nannippus morganitype locality), andNannippus
and the large rhinocerof\phelops mutilus  aztecus(Hulbert 1988a; 1993); and the large rhinoc-
Enhydritheriumis one of several Old World immigrant erosAphelops mutilus The presence of the immigrant
carnivore genera that first appears in North America incarnivore generd&nhydritherium Indarctos and
the late early Hemphillian (Tedford et al. 2004). The Machairodusestablishes a late early Hemphillian age
shovel-tusked gomphothere from Moss Acres, (Hh2, 7.0-7.5 Ma; Tedford et al. 2004). Withlacoochee
Amebelodon britt{type locality), represents the earli- River 4X sharesThinobadistesvetzelj Borophagus
est record of the subgenusAmebelodon pugnator Aphelops mutilusand Neohipparion
(Konobelodoh, which became extinct in the late eurystylawith Withlacoochee River 4A, indicating a simi-
Hemphillian (Lambert 1990). Hulbert (1988b) observed lar age.
slight differences in the grade of evolution between sev- Palmetto Fauna.—The Palmetto Fauna (also
eral species of horses from Moss Acres andknown as the Upper Bone Valley Fauna) is composed
Withlacoochee River 4A; however, he regarded the twoof a series of sites collected from commercial open-pit
sites as approximately contemporaneous late earlymines in the Bone Valley Phosphate Mining District in
Hemphillian faunas. Polk and Hardee Counties in central Florida (Fig. 2, site
Withlacoochee River 4A and 4X.—Withlacoochee 7). The Palmetto Fauna consists of a diverse assem-
River 4A and 4X (Fig. 2, sites 5, 6) are both underwaterblage of marine, estuarine, freshwater, and terrestrial
sites located in the Withlacoochee River about 10 kmvertebrates of latest Hemphillian age derived from phos-
southeast of Dunnellon in southwestern Marion County. phatic gravel deposits in the upper part of the Bone Val-
The two Withlacoochee River sites were excavated byley Formation (Webb & Hulbert 1986; Morgan 1994;
SCUBA teams from the FSM in the late 1960s and earlyWebb et al. in press). Among Florida Hemphillian sites,
1970s, and were derived from clay-filled sinkholes formed the Palmetto Fauna is most like western faunas because
in the marine Eocene Inglis Formation (Webb 1969). it was collected over a fairly large area and through a
These two sites were deposited in separate sinkholestratigraphic thickness of 10 m or more, and thus the
located several hundred meters apart and thus their faufauna is time averaged and samples a variety of habi-
nal composition is slightly different, although they are tats. The first collections from the Bone Valley area
almost certainly contemporaneous. Withlacoochee Riverdate back to the early 1900s (Simpson 1929b, 1930b),
4A LF is the better known of the two faunas (Hirschfeld but it was not until the mid-1960s and thereafter that the
& Webb 1968; Webb 1969; Wolff 1977; Becker 1985; complex stratigraphic relationships of the Bone Valley
Berta & Morgan 1985; Hulbert 1988a, 1988b; 1993). Formation began to be unraveled through the discovery
Becker (1985) published a faunal list for this site, includ- of in-place vertebrate samples representing four major
ing more than 20 mammalian taxa, and Hulbert (1993)faunal assemblages, the late Barstovian Bradley Fauna,
updated the identifications of the equids. Withlacoocheethe early Clarendonian Agricola Fauna, the early
River 4A is one of the few sites that documents the co-Hemphillian Four Corners Fauna, and the latest
occurrence ofPliometanastesand Thinobadistes Hemphillian Palmetto Fauna (Webb & Crissinger 1983;
Hirschfeld and Webb (1968) referred a mandibular sym-Webb & Hulbert 1986; Morgan 1994; Hulbert et al.,
physis toPliometanastegrotistus and substantial ad- 2003). Several diverse in-place samples of the Palmetto
ditional material of this species was collected after theFauna, including the Whidden Creek LF in the Gardinier
publication of their paper (see accounPtibmetanastes  Mine, allow detailed biochronologic comparisons with
below). Withlacoochee River 4X is the type locality of other late Hemphillian faunas in the western US (Mor-
the large specieShinobadistesvetzelj and there are  gan 1994; Webb et al. in press). The megalonychid
also several specimensiofwetzelirom Withlacoochee  ground slothMegalonyx curvidens well represented
River 4A (Webb 1989). Age-diagnostic early Hemphillian in the Whidden Creek LF (Webb et al. in press). Four
mammals from Withlacoochee River 4A are: Eurasian immigrant carnivores are indicative of late
Enhydritherium terraenova@erta and Morgan 1985); Hemphillian faunas (Hh3/Hh4; Tedford et al. 2004): the
Borophagug(=Osteoboru} orc (type locality) andB. large ursidAgriotherium the sabercaMegantereon
pugnator(Webb 1969; Wang et al. 1999); the large (Berta & Galiano 1983), the small felignx(MacFadden
ursid Indarctos (Wolff 1977); the sabercat & Galiano1981), and the wolverifdesiogulo(Harrison
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1981). Mammals restricted to latest Hemphillian (Hh4) States, South American immigrants first appeared about
faunas are the protoceratid/ptoceras(Webb 1981), 2.7 Ma (Galusha et al. 1984), athnnippusand

the horsed\strohippus stockiDinohippus mexicanys  Rhynchotheriunare unknown in sites younger than 2.2
andPseudhipparion simpsofilacFadden 1986; Webb Ma (Lindsay et al. 1984). Therefore, biostratigraphic
& Hulbert 1986), and the cervigbcoileugWebb 2000).  data suggest an age range of 2.2-2.7 Ma for the
Most Palmetto Fauna sites contain diverse marine verMacasphalt Shell Pit LF based on the co-occurrence of
tebrate faunas and are located at about 50 m in elevaNannippusRhynchotheriurmand numerous other typi-
tion, indicating deposition during a period of high sea cal Blancan mammals with four genera of South Ameri-
level in the early Pliocene (early Zanclean), shortly af- can immigrants that first appeared in the late Blancan
ter the Messinian low sea level stand (5.3-7.1 Ma). (Fig. 1).

Mammalian biochronology and sea-level data constrain The Macasphalt Shell Pit LF is one of the few
the age of the Palmetto Fauna to the latest HemphillianFlorida Interchange faunas that has associated geochro-

between 4.9 and 5.3 Ma. nologic data, including paleomagnetic stratigraphy, stron-
tium isotope chronostratigraphy, and sea level data.
BLANCAN Strata from the vertebrate-bearing layer and all overly-

Macasphalt Shell Pi—The Macasphalt Shell Pit ing units at the Macasphalt Shell Pit have a reversed
LF (Fig. 2, site 8) was collected from a commercial shell magnetic signature (Jones et al. 1991), indicating refer-
mine located near Sarasota in Sarasota County in souttral to the lower Matuyama Chron (2.15-2.58 Ma). The
western Florida, less than 10 km inland from the Gulf of combination of paleomagnetic stratigraphy and biostratig-
Mexico (Hulbert 1987; Morgan & Ridgway 1987; Jones raphy constrains the age of the Macasphalt Shell Pit LF
etal. 1991; Emslie 1992; Morgan & Hulbert 1995). Most between 2.2 and 2.6 Ma. Evidence from strontium iso-
of the fauna was recovered by FLMNH field crews in topes and ostracode biostratigraphy further supports this
the mid 1980s. This mine is also known as the Warrenage range for the Macasphalt vertebrate fauna (Jones
Brothers Pit and APAC Mine. The site no longer exists et al. 1991). The presence of terrestrial vertebrates in a
as the shell pit was allowed to fill with water and is now predominantly marine section suggests that the
part of a housing development. The Macasphalt ShellMacasphalt Shell Pit LF may have been deposited dur-
Pit vertebrate fauna consists of a mixture of nearshorang the regressive event associated with the onset of
marine, estuarine, freshwater, and terrestrial taxa de€ontinental glaciation in the Northern Hemisphere at
rived from a dark organic layer up to 1 m thick. The about 2.4 Ma (Shackleton et al. 1984).
vertebrate-bearing unit and the extensive Pliocene ma- Kissimmee River.—The Kissimmee River LF is
rine shell beds that occur both below and above it arederived from several sites along the Kissimmee River
referred to the Pinecrest Sand Member of the Tamiamisouth of Ft. Basinger in Okeechobee County in south-
Formation. The late Blancan vertebrate fauna consistern peninsular Florida (Fig. 2, site 9). Vertebrate fossils
of more than 100 species, including over 40 taxa of birdswere collected from the Kissimmee River basin in the
(Emslie 1992) and 25 species of mammals (Morgan &late 1960s and early 1970s, mostly by Howard Converse,
Hulbert 1995). Five members of the Interchange faunaas a result of a project by the U. S. Army Corps of
are known from Macasphalt (Table 1). Other charac-Engineers to channelize the Kissimmee River. The spoll
teristic Blancan mammals present are the large musteligiles created by the dredging of the river channel pro-
Trigonictis macrodonthe three-toed horsé&annippus  duced an extensive Pliocene marine molluscan fauna
peninsulatusand Cormohipparionemsliei (type lo- typical of the Pinecrest Sand Member of the Tamiami
cality), the peccarieMylohyus floridanusand Formation, as well as a diverse late Blancan vertebrate
Platygonus bicalcaratysthe camelidHemiauchenia  fauna (Morgan & Hulbert 1995). Although the
blancoensis the gomphotheriid proboscidean Kissimmee River LF was collected primarily from spoil
Rhynchotheriunfalconeri, the leporidSylvilagus  piles and lacks direct stratigraphic context, it represents
webbi the pocket gopheGeomys(= Orthogeomys  a uniform late Blancan assemblage that compares well
after Ruez 2001propinetis and the extinct cotton rat to other Florida vertebrate faunas of this age, particu-
Sigmodon medius Prior to the discovery of larly the Macasphalt Shell Pit LF. The close association
Cormohippariomat Macasphalt, this hipparionine equid of this fauna with the Pinecrest marine molluscan fauna
genus was thought to have gone extinct at the end of thés similar to the situation encountered at Macasphalt and
Hemphillian (Hulbert 1987). In the southwestern United other late Blancan vertebrate sites from southern Florida,



Table 1. Occurrence and biochronologic distribution of South American immigrant vertebrates in late Blancan sites Figiloeda.(Presence indicated by “X"and  }3
absence by “—*". An asterisk (*) following an X indicates the type locality of the species. The sites are arranged amolefetdrright from oldest to youngest. o

early late Blancan latest Blancan
Macasphsissimmee St. Petersbutgehigh Brighton Haile SantaFe HKile Inglis Inglis De Soto Forsberg
Shell Pit River Times Acres Canal 15A River1 7C 1A 1C Shell Pit  Shell Pit

Aves
Family Phorusrhacidae
Titanis walleri — — — — — — X* — X — — —
Mammalia
Order Xenarthra
Family Dasypodidae
Dasypus bellus X X — — — X X X X X X —
Pachyarmatherium leiseyi — X — — — — — — — — — X
Family Pampatheriidae
Holmesina floridanus X X X — — X* X X X X X X
Family Glyptodontidae
Glyptotherium arizonae — X X — X — X X X — X —
Family Mylodontidae
Glossotherium chapadmalens& X — X — X X — — — — —
Paramylodon harlani — — — — — — — — X X — —
Family Megalonychidae
Megalonyx leptostomus X X X — — — X X X — X —
Family Megatheriidae
Eremotherium eomigrans — X — X X — — xX* X — X —
Order Chiroptera
Family Phyllostomidae
Desmodus archaeodaptes  — — — — — — — — X — — —
Order Rodentia
Family Erethizontidae
Erethizon kleini — — — — — — — — X* — — —
Erethizon poyeri — — — — — — — X — — — —
Family Hydrochaeridae
Hydrochaeris holmesi — — — — — X — — X — — —
Neochoerudichroplax X X — — — — — — — — — —
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including St. Petersburg Times, Brighton Canal, Lehigh work on the GABI (e.g., Webb 1976). Other diagnostic
Acres, and Acline Shell Pit (Morgan & Ridgway 1987; Blancan mammals include (Robertson 1976; Morgan &
Morgan & Hulbert 1995). Like Macasphalt, the Hulbert 1995): the otteBatheriumpiscinarium
Kissimmee River LF consists of nearshore marine, fresh-Orthogeomys propinetiSigmodon mediyshe horses
water, and terrestrial taxa, suggesting that the site formedNannippus peninsulatusnd Equussimplicidens and
in a shallow marine depositional environment. The sur-Mylohyus floridanugtype locality). Haile 15A docu-
face elevation of about 10 m in the Kissimmee River ments late occurrences of two species known from the
area indicates this fauna was deposited during a periodatest Hemphillian Palmetto Fauna in central Florida, the
of high sea level, whereas the Macasphalt Shell Pit LFflying squirrel Cryptopterus(=Miopetauristg webbi
formed near modern sea level. Thus, sea level datdtype locality) andCormohipparion emsligioriginally
suggest these two faunas are slightly different in age. described from the Macasphalt Shell Pit, but best known
The Kissimmee River LF is composed of 24 spe- from the late Hemphillian Palmetto Fauna (Hulbert 1987).
cies of mammals, including eight members of the Inter-The co-occurrence oflannippuswith Dasypus
change fauna (Table 1). It is the oldest Florida recordHolmesina Glossotherium and Hydrochaeriscon-
of Pachyarmatheriumbetter known from early strains the age of Haile 15A between 2.2 and 2.7 Ma.
Irvingtonian sites such as Leisey Shell Pit and Haile 16A Because Haile 15A was deposited in an isolated
(Downing & White 1995). Kissimmee River is one of paleokarst deposit, only limited geochronologic data are
the earliest North American recordskxdemotherium available, including biochronology and data from sea level.
along with Brighton Canal and Lehigh Acres. Other This site is located about 80 km inland from the Gulf of
characteristic Blancan mammals a¥annippus  Mexico and about 30 m above present sea level. The
peninsulatusPlatygonusbicalcaratus and the small  vertebrate fauna contains a large sample of nearshore
antilocapridCapromeryx arizonensisKissimmee has  marine fishes, which led Robertson (1976) to propose
one of the earliest Florida records of the short-faceddeposition during a period of high sea level. Evidence
bearArctoduspristinus (Emslie 1995b). The associa- from eustatic sea level curves (Haq et al. 1987) and
tion of a diverse Interchange fauna wNlannippus  oxygen isotopes (Shackleton & Opdyke 1977;
peninsulatugplaces the age of the Kissimmee River Shackleton et al. 1984) indicates a period of low sea
LF between 2.2 and 2.7 Ma. level between 2.2 and 2.7 Ma; however, there were also
Haile 15A.—The Haile 15A site is from the Haile periods of higher sea level at 2.1 and 2.3 Ma (Shackleton
Quarry complex about 5 km northeast of Newberry, & Opdyke 1977). The high sea level stand at about 2.3
Alachua County, Florida (Fig. 2, site 13). This site was Ma best approximates the age of Haile 15A, as the pres-
excavated by FSM field crews in the mid 1960s and hasence ofNannippusndicates an age older than 2.2 Ma.
since been destroyed by mining operations. The Haile Santa Fe River 1.—Vertebrate fossils have been
15A LF was derived from undifferentiated sands and collected from river-bottom deposits along a 10 km seg-
clays filling a karst fissure developed in marine Eocenement of the Santa Fe River in northern peninsular Florida.
limestone of the Crystal River Formation (Robertson The Santa Fe River 1 LF (Fig. 2, site 14), including sites
1976). Among the 23 species of mammals identified 1, 1A, and 1B, was collected by FSM crews in the 1960s
from Haile 15A (Robertson 1976) are four Interchange and again by FLMNH crews in the mid 1990s, from a
taxa: Dasypus bellusHolmesina floridanugtype lo- bend in the river less than 0.5 km in length. This region
cality), Glossotherium chapadmalenseand of the Santa Fe River produces a mixture of Blancan
Hydrochaeris holmesi Robertson (1976) noted the and Rancholabrean vertebrates; however, these assem-
close similarity between two of the Interchange mam- blages can be readily separated because there is virtu-
mals from Haile 15AH. floridanus(originally referred  ally no overlap in their mammalian faunas. This mixture
to the South American gend&aglievichia) and G. of late Pliocene and late Pleistocene faunas has caused
chapadmalenseo Pliocene taxa from Argentina. This some confusion in the past because this site was origi-
is the earliest record éfydrochaeris holmegiAhearn nally thought to be a pure, in-place Blancan vertebrate
1981). Most other late Blancan capybara records fromassemblage (Webb 1974). Although Santa Fe River 1B
Florida areNeochoerus dichroplagAhearn & Lance  does have a high proportion of Blancan vertebrates, there
1980; Ahearn 1981; Morgan & Hulbert 1995). The dis- apparently was some reworking of this deposit in the
covery of South American Interchange mammals atlate Pleistocene with the subsequent admixture of
Haile 15A had a major influence on Dave Webb'’s early Rancholabrean taxa (Morgan & Hulbert 1995), includ-
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ing Didelphis virginiana Megalonyx jeffersonji southern Florida; however, Haile 7C has by far the larg-
Holmesina septentrionalisCastoroides ohioensis  est sample oE. eomigrans

Mammuthus columpandTrichechus manatusCon- The precise age of Haile 7C is difficult to deter-
versely, the giant flightless bifidtanis walleriwas origi- mine because it lacks both typical Blancan mammals

nally described from Santa Fe River 1 as Pleistocene ifBorophagus Nannippus Rhynchotheriuthand typi-
age (Brodkorb 1963), but is now known to be restricted cal Irvingtonian mammaldMammuthusPalaeolama
to late Pliocene faunas in Florida. Nothrotheriop3. Although Haile 7C is located less than
The Santa Fe River 1 LF has a diverse assem-l km from Haile 15A, the vertebrate faunas from these
blage of South American immigrants consisting of six sites are quite different. Haile 7C not only lacks the
species (Table 1). Santa Fe River 1 is the type localitydiagnostic Blancan mammals found at Haile 15A, but
of Titanis walleriand has the largest sample of this also lacks marine vertebrates, indicating that Haile 7C
species (Brodkorb 1963; Chandler 1994; Gould andwas not deposited during a high sea level stand. The
Quitmyer this volume). This site also has one of themost convincing age data comes from the stage of evo-
largest samples @lyptotherium arizonaknown from lution of Holmesina floridanus Hulbert and Morgan
Florida. The Santa Fe River is one of four Florida late (1993) studied samplesdbimesinarom late Blancan
Blancan sites, also including Brighton Canal, Kissimmee and Irvingtonian sites in Florida and demonstrated that
River, and St. Petersburg Times, in whi@&harizonae  this genus underwent a rapid size increase between the
co-occurs withNannippus Other characteristic late Blancan and early Irvingtonian (1.5-2.7 Ma). The
Blancan mammals from Santa Fe River 1 include: thesample oH. floridanusfrom Haile 7Cjncluding a par-
borophagine do@orophagus diversidenshe coyote- tial carapace, a complete skull, and a postcranial skel-
like dogCanis lepophagysTrigonictis macrodonthe eton, is intermediate in size betwekn floridanus
hyenaChasmaporthetes ossifraguBlannippus  samples from early late Blancan sites (Haile 15A,
peninsulatus Platygonus bicalcaratysCapromeryx  Macasphalt Shell Pit) and latest Blancan sites (Inglis
arizonensisandRhynchotherium The association of 1A, De Soto Shell Pit). The two most abundant turtles,
Borophagus, Nannippusand Rhynchotheriumwith Trachemys platymarginatand a newChelydrg are
a diverse suite of South American immigrants constrainsfound at Haile 15A, but differ from the turtles at Inglis
the age of the Santa Fe River 1 LF to the early latelA and De Soto Shell Pit. The stage of evolutioH of
Blancan (2.2-2.7 Ma). floridanusand the turtle fauna suggests that Haile 7C
Haile 7C.—The Haile 7C LF was derived from a is latest Blancan (2.0-2.2 Ma), slightly younger than early
solution feature in the Haile Quarry complex, 5 km north- late Blancan sites that contaitannippus and slightly
east of Newberry in Alachua County, northern Florida older than very latest Blancan sites (Morgan & Hulbert
(Fig. 2, site 15). The Haile 7C site was worked from 1995; Hulbert 1997).
1988 to 2000 by field crews from the FLMNH. Undif- Inglis 1A.—The Inglis 1A LF was derived from a
ferentiated clays and sands were deposited in what apkarst solution feature in the bank of the now-defunct
pears to have been a water-filled sinkhole, developed inCross-Florida Barge Canal, near Inglis in Citrus County
the marine Eocene Crystal River Formation. The ver-in northern Florida, about 7 km inland from the Gulf of
tebrate assemblage is particularly rich in freshwater speMexico (Fig. 2, site 16). Inglis 1A consists of layers of
cies such adlligator and the turtlesTrachemys  clay and sand filling a sinkhole/cave system formed in
platymarginataand a large undescribed species of marine Eocene limestone of the Inglis Formation. This
Chelydrag as well as mammals often associated with site was discovered in the late 1960s (Klein 1971) and
freshwater deposits, suchE®motheriunandTapirus worked by FSM field crews until 1974 (Webb 1974). A
The most notable features of Haile 7C are the abun-portion of the deposit was removed from the sinkhole by
dance of complete turtle shells, many with skulls and a dredge and wet screened to recover the fossils. Inglis
postcranial skeletons, and numerous partial to completel A has an extremely diverse vertebrate fauna number-
skeletons oEremotheriumandTapirus Haile 7C has  ing over 150 species, including 53 species of mammals
seven species of South American immigrant mammals(Webb & Wilkins 1984; Morgan & Hulbert 1995), 47
(Table 1). Haile 7C represents the earliest record ofspecies of birds (Emslie, 1998), and 31 species of squa-
Erethizonfrom Florida (Hulbert 1997). While slightly mate reptiles consisting of 26 snakes, four lizards, and
older specimens oEremotheriumare known from  one amphisbaenian (Meylan, 1982), as well as large
Kissimmee River, Brighton Canal, and Lehigh Acres in samples of amphibians (Meylan this volume) and turtles.
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Most previous authors placed Inglis 1A in the earliest diagnostic mammals shared by Curtis Ranch and Inglis
Irvingtonian (Webb 1976; Webb & Wilkins 1984; Mor- 1A include Glyptotherium arizonaeCanis edwardii

gan & Hulbert 1995); however, evidence presented be-Sigmodon curtisi Ondatra idahoensis and

low suggests this site is latest Blancan. Inglis 1A hasCapromeryx arizonensisCurtis Ranch was long con-
the second richest Interchange fauna of any site in Norttsidered very early Irvingtonian as well (Johnson et al.
America with a total of ten species (Table 1). This is 1975; Repenning 1987); however, Lindsay et al. (1990)
one of the few late Blancan recordsRdramylodon  referred this site to the late Blancan because it lacks
harlani, better known from the Irvingtonian and genera that characterize the Irvingtonian.
Rancholabrean (McDonald 1995). Most other Florida The Inglis 1A site was deposited as much as 5 m
late Blancan mylodont records are the smaller speciedelow current sea level. Despite its low elevation, Inglis
Glossotherium chapadmalenéible 1). Inglis 1Ais 1A totally lacks marine species suggesting that the site
the only late Blancan record for the extinct vampire batwas deposited during a glacial period characterized by
Desmodus archaeodaptédorgan et al. 1988). This low sealevel. Richmond and Fullerton (1986) recorded

site also has the oldest recordeséthizon kleini oth- a glacial interval between 1.87 and 2.01 Ma (correspond-
erwise known only from Merritt Island along the Atlan- ing with marine isotope stage 40), an age in close agree-
tic Coast (Frazier 1981). ment with the Inglis mammalian biochronology. Corre-

Morgan and Hulbert (1995) concluded, as had mostlation of Inglis 1A with a glacial interval is also sup-
previous workers, that Inglis 1A is very early Irvingtonian ported by the presence of certain species of reptiles,
in age (1.8-2.0 Ma). This numerical age is still accu- birds, and mammals that suggest cooler and/or more arid
rate, but the absence of taxa characteristic of theconditions (Meylan 1982; Webb & Wilkins 1984; Mor-
Irvingtonian NALMA (e.g.,Mammuthus Microtus, gan 1991; Emslie 1998).

Nothrotheriops, Palaeolamastrongly indicates a lat- Inglis 1C.—The Inglis 1C site is also located along
est Blancan age. Inglis 1A lacks many of the mamma-the Cross-Florida Barge Canal near Inglis in Citrus
lian genera considered classic Blancan indicatorsCounty, Florida, about 1 km east of the better known
(Borophagus Hypolagus Nannippus Rhyn- Inglis 1A locality (Fig. 2, site 17). The site consists of
chotheriun), but does have other taxa that are charac-alternating layers of sand and clay deposited in a small
teristic of Blancan faunasviegalonyx leptostomus  sinkhole formed in the marine Eocene Inglis Formation.
Chasmaporthetes ossifraguBrigonictis macrodon Inglis 1C was discovered and excavated in the mid 1990s.
Capromeryx arizonengis Two species of small mam- Emslie (1998) reviewed the avifauna and Ruez (2001)
mals described from Inglis 18ylvilagusvebbi(White described the rodents and provided a mammalian faunal
1991b) andOrthogeomyspropinetis (Wilkins 1984; list consisting of 33 species. Inglis 1C has a limited In-
Ruez 2001), are known from the late Blancan Macasphalterchange fauna (Table 1). Furthermore, the fauna lacks
Shell Pit LF, as well as the earliest Irvingtonian Haile most of the characteristic Blancan taxa present at Inglis
16A LF. This site also has a second leporid, a large and.A and containPalaeolamavhich Morgan and Hulbert
possibly undescribed species of the jackrahbjpus (1995) suggested did not appear until the early
(Morgan & Hulbert 1995). The earliest recordsepus Irvingtonian. Emslie (1998) and Ruez (2001) placed Inglis
are from two western latest Blancan sites, the BorcherslLC in the very early Irvingtonian; however, both authors
LF in Kansas and the Anza-Borrego Desert in southernwere influenced by previous age assignments of the Inglis
California (White 1991a). The only microtine rodent 1A LF (Morgan & Hulbert 1995). Inglis 1C is also lo-
from Inglis, the extinct muskraDndatra idahoensis cated near modern sea level and lacks marine verte-
(Morgan & White 1995), is typical of late Blancan fau- brates, indicating deposition during a glacial interval.
nas such as the type locality, the Grand View LF from Inglis 1A and 1C probably were not deposited during the
Idaho (Repenning 1987). The diverse vertebrate faunaame glacial interval based on their difference in age.
from Inglis 1A is so abundantly sampled (thousands of Ruez (2001) noted that Inglis 1C and Inglis 1A are
specimens representing over 150 species) that the alsimilar in age based on the joint occurrence of five spe-
sence of diagnostic Irvingtonian taxa is almost certainlycies of extinct rodentsOndatra idahoensis
significant, and indicative of a latest Blancan age (1.8- Orthogeomys propineti®¥eromyscusarmocophinus

2.0 Ma). The Curtis Ranch Fauna from the San PedrdRreithrodontomys wetmorand Sigmodon curtisiand
Valley in Arizona (Johnson et al. 1975; Lindsay et al. the extinct rabbitSylvilagus webbi Ondatra
1990) is closely correlative with Inglis 1A (Fig. 1). Age- idahoensidss primarily restricted to late Blancan fau-
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nas (Repenning 1987). The two Inglis sites sigare marine vertebrates from De Soto, including sharks, bony
curtisi with two other latest Blancan sites, De Soto Shell fishes, and the monk sellonachus The De Soto
Pit and Curtis Ranch Fauna in Arizona (type locality). Shell Pit site was deposited during an interglacial inter-
An extinct genus and species of microtine rodent, val when sea level was 5-10 m higher than present,
Atopomysgexensisoccurs in Inglis 1C, De Soto Shell whereas Inglis 1A formed during a glacial interval when
Pit, and Haile 16A, but not Inglis 1A. Despite the over- sea level was at least 5 m lower. Based on the oxygen
all similarities in the small mammal faunas of the two isotope record, there was a high sea level stand at about
Inglis sites, the absence @hasmaporthetes thetime of the Pliocene/Pleistocene boundary at 1.8 Ma
Trigonictis, and Capromeryxfrom Inglis 1C and the  (Shackleton & Opdyke 1977). Other evidence for the
presence dPalaeolamasuggest a slightly younger age age of the De Soto Shell Pit LF comes from the diverse
than Inglis 1A. Inglis 1C is tentatively regarded as very marine molluscan fauna of the Caloosahatchee Forma-
latest Blancan in age (~1.8 Ma). tion, derived from marine shell beds in direct stratigraphic
De Soto Shell Pit.—The De Soto Shell Pit LF was superposition both below and above the unit that pro-
collected from several commercial shell mines south ofduced the terrestrial mammals. Lyons (1991) consid-
Arcadia in De Soto County in southern peninsular Floridaered the molluscan fauna of the Caloosahatchee For-
(Fig. 2, site 18). The vertebrate fauna was derived frommation to be late Pliocene in age (older than 1.8 Ma).
organic sands and clays that occur within the extremelyCorals collected near the top of the Caloosahatchee
fossiliferous marine shell beds of the Pliocene Formation have yielded Helium/Uranium dates of 1.78-
Caloosahatchee Formation. Despite being separated b%.89 Ma (Bender 1973). These dates and the biostratig-
over 200 km and occurring in totally different deposi- raphy of the marine mollusks are consistent with the
tional environments, the De Soto Shell Pit and Inglis 1A latest Blancan age (1.8-2.0 Ma) for the De Soto Shell
mammalian faunas are remarkably similar. Of the 32Pit LF suggested by the mammalian biochronology.
species of mammals from De Soto, 25 species also oc-
cur at Inglis 1A. The entire Interchange fauna from the IrvingTONIAN
De Soto Shell Pit is also found at Inglis 1A (Table 1). Haile 16 A.—The Haile 16A LF is located in the
Other diagnostic Blancan mammals shared by De SotdHaile Quarry complex about 5 km northeast of Newberry,
Shell Pit and Inglis 1A ar€hasmaporthetes ossifragus  Alachua County, northern Florida (Fig. 2, site 20). The
Trigonictis macrodon Ondatra idahoensisand fossils were derived from massive, dark, silty clays fill-
Capromeryx arizonensisMammals characteristic of ing a fissure developed in marine Eocene limestone of
Florida latest Blancan and/or earliest Irvingtonian fau- the Crystal River Formation. The areal extent, depth,
nas that occur in these two sites inclu@anis edwardii and stratigraphy of this site are unknown because the
Orthogeomys propinetiSigmodon curtisiSylvilagus  deposit was destroyed by mining operations before it
webbi and a newly described species of small lamine could be carefully excavated. Ironically, the same lime-
camelidHemiauchenigracilis (Meachen this volume).  stone mining operations that are responsible for the ini-
De Soto also has yielded two characteristic Blancantial discovery of most of the Haile sites eventually lead
mammals not present in Inglis 1A, the oBatherium  to their destruction. The vertebrate fauna from Haile
piscinarium(also known from Haile 15A) and the di- 16A was collected by FSM field crews in the early 1970s
minutive cotton ratSigmodon minor The similarity by surface collecting and screenwashing spoil piles left
between the mammalian faunas from De Soto Shell Pitafter the fissure was mined out. Despite the lack of
and Inglis 1A confirms that these two sites are close instratigraphic control, there is no indication that the fauna
age (latest Blancan, 1.8-2.0 Ma). De Soto Shell Pitis mixed. Haile 16A has an unusual large mammal fauna
shares five species of age-diagnostic small mammalghat is dominated by the ground slotiggalonyx
with Inglis 1C:Atopomys texensi®©ndatra idahoensjs  EremotheriumandParamylodon and the short-faced
Orthogeomys propinetjsSigmodon curtisi and bearArctoduspristinus Ungulates are uncommon and
Sylvilagus webbi However, the presence of proboscideans are absent. The microvertebrate fauna
ChasmaporthetesTrigonictis, Satherium and is abundant and diverse. The mammalian fauna con-
Capromeryxat De Soto Shell Pit, and their absence sists of 33 species, including eight members of the Inter-
from Inglis 1C, indicates a somewhat older age for thechange fauna (Table 2; Morgan & Hulbert 1995). Haile
former site. 16A has a large sample Bachyarmatherium leiseyi
The principal difference between the De Soto Shell including several hundred osteoderms and a few iso-
Pit and Inglis 1A faunas is the diverse assemblage ofated postcranial elements (Downing & White 1995).
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TheHolmesinafrom Haile 16A is similar in size tdl. rodentAtopomys texensisccurs at Haile 16A, Inglis
floridanus from the latest Blancan Inglis 1A LF and 1C, and De Soto Shell Pit (Winkler & Grady 1990; Mor-
early Irvingtonian Leisey Shell Pit LF (Hulbert & Mor- gan & Hulbert 1995; Ruez 2001). The Haile 16A LF
gan 1993). Haile 16A has the Irvingtonian species of must be close in age to the Blancan/Irvingtonian bound-
Megalonyx M. wheatleyj whereas the smallév. ary as defined here (~1.6 Ma), slightly younger than
leptostomusoccurs in Florida late Blancan sites Inglis 1C and slightly older than Leisey Shell Pit (Fig. 1).
(McDonald 1977; Morgan & Hulbert 1995). There is a Leisey Shell Pit.—The Leisey Shell Pit LF was
significant sample dtremotherium eomigrariBe luliis collected from two adjacent commercial shell mines lo-
& Cartelle 1999). Morgan et al. (1988) referred two cated 7 km southwest of Ruskin and less than 1 km
partial limb bones from Haile 16A to the vampire bat inland from Tampa Bay in Hillsborough County, south-
Desmodus archaeodaptedHaile 16A is the oldest western Florida (Hulbert & Morgan 1989; Webb et al.
known record of the extant porcupirgethizon 1989; Morgan & Hulbert 1995; Fig. 2, site 21). Leisey
dorsatum(Frazier 1981). Shell Pit is probably the richest (tens of thousands of
Haile 16A was long considered medial Irvingtonian fossils), most diverse (203 species), and thoroughly stud-
(Frazier 1981; Morgan et al. 1988; Morgan 1991), butied Irvingtonian vertebrate fauna in North America
Morgan and Hulbert (1995) strongly advocated an early(Hulbert et al. 1995). The vertebrate fauna was col-
Irvingtonian age for this fauna. Bell et al. (2004) con- lected between 1983 and 1987 by the FLMNH and large
sidered Haile 16A to be late Blancan; however, their volunteer field crews from two in-place quarry samples
placement of the Blancan/Irvingtonian boundary (1.35 (Leisey Shell Pit 1A and Leisey Shell Pit 3A) that oc-
Ma) is younger than the boundary recognized here (~1.6&urred in thin layers (less than 1 m thick) within marine
Ma). Haile 16A lacksMammuthusthe most charac- shell beds of the Bermont Formation.
teristic Irvingtonian indicator, but proboscideans are ab- Leisey Shell Pit has the largest Interchange verte-
sent from this fauna and are notably rare in Florida Plio-brate fauna in North America, numbering 12 species
Pleistocene karst deposits. Morgan and Hulbert (1995)Table 2). Five of these are shared with the second
suggested that the short-limbed llaRzdaeolamawhich richest Florida Interchange site, the latest Blancan Inglis
occurs at Haile 16A, may have its first appearance atlA LF, whereas the remaining seven species are either
the beginning of the Irvingtonian. Ruez (2001) also iden-absent from Inglis 1A or are represented by the same
tified Palaeolamdrom Inglis 1C, a site that may be an genus but different species (Tables 1-2). Paleoecologi-
earliest Irvingtonian correlative of Haile 16A. Martin cal or biogeographic differences must account for the
(1995) described the new specMigrotus (Pedomy} presence ofAiolornis, Pachyarmatheriumand
australisfrom the Haile 16A LF, with referred material Neochoerust Leisey, but not Inglis 1A. All three gen-
from Leisey Shell Pit (Morgan & White 1995). Haile era are known from other late Blancan sites in Florida
16A and Leisey Shell Pit probably represent two of the or the southwestern United States. The presence of
earliest North American records dficrotus, which Nothrotheriopsat Leisey and its absence from Inglis
occurs in early Irvingtonian faunas but is absent from 1A probably is related to the difference in age between
the late Blancan. Haile 16A and Leisey Shell Pit sharethe two sites, as this genus apparently did not reach tem-
the following species, all of which are absent from Florida perate North America until the early Irvingtonian
latest Blancan faunas (e.g., Inglis 1A and De Soto Shell(Akersten & McDonald 1991; McDonald 1995). Leisey
Pit): Megalonyx wheatleyiErethizon dorsatum  has a sample of the Irvingtonian spedisthrotheriops
Sigmodon libitinus Microtus australis and texanus(McDonald 1995). The only other Florida
Palaeolama mirifica The occurrence of these spe- record ofN. texanuds from the Pool Branch LF in
cies at Haile 16A, in particulavlicrotus australisand Polk County, central Florida (McDonald 1985), an early
Palaeolamamirifica, suggests this fauna is very early Irvingtonian correlative of Leisey. The species differ-
Irvingtonian in age. However, several mammals from ences irMegalonyxandErethizonbetween Inglis and
Haile 16A are more typical of late Blancan faunas: Leisey reflect evolution within these two Interchange
Trigonictis cookii (Ray et al. 1981)0Orthogeomys  lineages.
propinetis andSylvilagus webbi All western records The Leisey Shell Pit LF is Irvingtonian in age based
of Trigonictis are Blancan, which suggests that Haile on the presence dfothrotheriops Castoroides Mi-
16A is either the only Irvingtonian record of this genus crotus PalaeolamaandMammuthusall of which are
or that this site is very latest Blancan. The arvicoline unknown from the Blancan. Irvingtonian species from
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Leisey includeNothrotheriops texanydMegalonyx  (MacFadden 1995), suggesting correlation with the long
wheatleyj Canis armbrusteri Sigmodon libitinus reversed interval in the upper Matuyama Chron between
Microtus australis Ondatra annectensPlatygonus  the top of the Olduvai Subchron of normal polarity
vetus andMammuthus haroldcooki Leisey has one  (younger than 1.77 Ma) and the bottom of the Jaramillo
of the largest known Irvingtonian samples of Subchron of normal polarity (older than 1.07 Ma). The
MammuthugWebb & Dudley 1995). Although origi- presence oMammuthusconfirms that the Leisey sec-
nally referred ttMammuthus hayWebb (pers. comm.) tion is younger than the Olduvai, as all previous North
now consider$/. haroldcookito be the valid name for American records of mammoth are younger than 1.6
the Leisey mammoth. The Leisslammuthuss simi- Ma. The interval between 1.1 and 1.6 Ma was a warm
lar to other early Irvingtonian mammoths referreito  period of normal to high sea level lacking major glacial
haroldcookifrom the Holloman Gravel Pitin Oklahoma episodes (Richmond & Fullerton 1986), which is consis-
(Dalquest 1977) and Gilliland LF in Texas (Hibbard & tent with data from the two Leisey sites indicating they
Dalquest 1966), and tMammuthus imperatofrom were deposited close to or above current sea level. Most
Tortugas Mountain in New Mexico (Lucas et al. 1999). of the uppermost Matuyama, between the top of the
Microtus (Pedomy} australis occurs in Leisey and Jaramillo (0.99 Ma) and the beginning of the Brunhes
Haile 16A, both representing early records of this genusChron (0.78 Ma), corresponds to a period of continental
(Martin 1995). The muskr&@ndatra annectengypi- glaciation characterized by lower sea levels (Richmond
cal of early and medial Irvingtonian faunas, occurs in & Fullerton 1986). Moreover, vertebrate sites from 0.8-
Leisey (Morgan & White 1995).Castoroidesappar- 1.0 Ma contain a medial Irvingtonian fauna, whereas
ently evolved fronProcastoroidesn North Americain  Leisey is clearly early Irvingtonian. Age constraints from
early Irvingtonian, with Leisey representing the earliest mammalian biochronology (early Irvingtonian, 1.0-1.6
record of the genus. The speciesleiseyorunitype Ma), magnetostratigraphy (upper Matuyama Chron,
locality) occurs at Leisey and possibly two other early 1.07-1.77 Ma), strontium isotope chronostratigraphy
Irvingtonian sites from Florida, Apollo Beach and Crys- (~1.5-1.8 Ma), and high sea level correlating to a long
tal River Power Plant (Morgan & White 1995). warm period in the early Pleistocene (1.0-1.6 Ma), indi-
The Leisey Shell Pit LF is correlative with several cate an age range for the Leisey Shell Pit LF of about
other early Irvingtonian faunas in Florida, including Apollo 1.4-1.6 Ma.
Beach, Crystal River Power Plant, Haile 21A, Pool Haile 21A.—Haile 21A is located in the Haile
Branch, Payne Creek Mine, and Rigby Shell Pit (Table Quarry complex, 5 km northeast of Newberry, Alachua
2), as well the Gilliland LF in Texas and the Holloman County, northern peninsular Florida (Fig. 2, site 27). This
LF in Oklahoma (Morgan & Hulbert 1995). Three site was excavated by FSM field crews in the early 1980s,
Blancan species present at Haile 16A and absent fronand was destroyed by mining operations several years
Leisey,Sylvilagus webhiOrthogeomys propinetigand after its discovery. Haile 21A consisted of clays, sands,
Trigonictis cookij suggest that Leisey is slightly younger and limestone breccias filling a karst solution cavity in
than Haile 16A. The medial Irvingtonian McLeod LF the marine Eocene Crystal River Formation (Morgan et
also shares many species with the Leisey Shell Pit LFal. 1988; Morgan 1991; Morgan & Hulbert 1995). The
but is younger based on the presence of the larger ancthammalian fauna consists of 20 species, but is over-
more advanced species of pampathddmesina  whelmingly dominated by the large peccBigtygonus
septentrionalisthe jaguaPanthera oncaa more ad-  vetus(Wright 1995). In contrast to most other Florida
vancedSmilodon gracilisand the extinct round-tailed Irvingtonian sites, small mammals are uncommon at Haile
muskratNeofiber leonardiFrazier 1977; Berta 1987; 21A, with the exception of bats (Morgan 1991; Morgan
Hulbert & Morgan 1993; Seymour 1993). & Hulbert 1995). Four species of Interchange mam-
Leisey Shell Pitis the only Florida Irvingtonian site  mals are known from Haile 21A (Table 2). Haile 21Ais
that has extensive associated geochronologic data, inthe type locality of the oldest vampire bBgsmodus
cluding magnetostratigraphy and strontium isotope archaeodaptesan extinct species restricted to the lat-
chronostratigraphy, as well as data from sea level (Webkest Blancan and early Irvingtonian in Florida (Morgan et
et al. 1989; MacFadden 1995). All paleomagnetic al. 1988). Haile 21A is early Irvingtonian in age (1.0-1.6
samples taken throughout the 5 m thick stratigraphicMa) based on the strong similarity of its mammalian fauna
section in the two shell pits that produced the Leiseywith that of the Leisey Shell Pit, in particular the pres-
Shell Pit LF are of reversed magnetic polarity ence ofSigmodon libitinusand the canid€anis
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armbrusteriandC. edwardii These two canids occur Coleman 2A.—Coleman 2A was collected from a
together only in early Irvingtonian sites such as Leisey commercial limestone mine near Coleman, Sumter
(Berta 1995). Haile 21Ais the type locality for the large County, in the north-central portion of the peninsula (Fig.

sabercaiXenosmilushodsonag(L. D. Martin et al. 2, site 30). The fauna was derived from clays and sands
2000), a species also known from Inglis 1A, Haile 16A, filling a karst solution feature developed in Eocene ma-
and Leisey Shell Pit. rine limestone (Martin 1974). Ritchie (1980) reviewed

McLeod.—The McLeod LF was recovered from the avifauna and Martin (1974) monographed the mam-
the McLeod Limerock Mine about 3 km north of malian fauna, consisting of 38 species. Five species of
Williston, Levy County, Florida (Fig. 2, site 29). This |nterchange mammals are known (Table 2). Coleman
site was excavated in 1941 by a Frick Laboratory field 2 represents one of only three Irvingtonian records of
party led by Ted Galusha and was long ago destroyedhigelphis the other two are the late Irvingtonian
by mining operations (Frazier 1977). The fossils were gepastian Canal LF from Indian River County on the
collected from a grayish clayey sand deposited in a Sotjantic Coast of Florida (Morgan & Portell 1996) and
lution feature in marine Eocene limestone. Morgan andihe medial Irvingtonian Fyllan Cave in Texas (Winkler
Hulbert (1995) listed 14 species of mammals from the ¢ Gose 2003). The occurrence folmesina
McLeod LF, although their list is almost certainly in- septentrionalisat Coleman 2A is indicative of medial
complete. Three species of Interchange mammals arg.ingtonian and younger faunas. Three mammals from

known (Table 2). The presence biblmesina — cgleman 2A clearly establish an Irvingtonian age,
septentrionalisis significant because Leisey Shell Pit A +5qus pristinusCanis armbrusteriand the large

and all other Florida e_arly Irvingtonian faur_mas h_a_ve the peccaryPlatygonus none of which are known from
smalle_r speciesi. rorldgnus .H' septenj[rlonal_lss the Rancholabrean. The presence of several other mam-
the typical pampathere in Florida late Irvingtonian and mals places Coleman 2A in the late Irvingtonian. The
Rancholabrean faunas (Hulbert & Morgan 1993). tapir isTapirus veroensjghe small Rancholabrean spe-

l\/:e?anEy?( ;Nhe?tleylrﬁ/lprﬁseréteq byha ne?rly Eom-f cies, whereas Florida early Irvingtonian faunas have the
plete skeieton irom VICLeod, IS characternstic o larger speciesl. haysii (Hulbert 1995). The

Irvingtonian faunas (McDonald 1977, 2003). SIOeCImenSRancholabrean and extant species of round-tailed musk-

of the sabercamilodon gracilisfrom McLeod are . e )
. ) ._rat, Neofiber allenj first appears at Coleman; the me-
larger and more advanced than fossils of this species;. . . . .
from Leisey (Berta 1987, 1995), suggesting a somewha ial Irvingtonian McLeod LF has the extinct spedies
y , +999), SUQY g eonardi(Martin 1974; Frazier 1977). The association
younger age. S. gracilisis unknown from late

Irvingtonian and younger faunas (Morgan & Hulbert of Irvingtonian speciesAfctodus pristinus Canis

1995). Seymour (1993) reportedanearlycompleteskel—"’"merSterl Platygonus vetus with typical

eton of the jaguaPanthera oncdrom McLeod. The Ranchol_abrean specie@i(lelphis virginiana Tapirus
earliest North American records Bf oncaare from veroensis Neofiber aIIen)_supports Ma_rtln’s (1974)
four medial Irvingtonian sites, McLeod, Hamilton Cave placement of Coleman 2A in the latest Irvingtonian (~0.3-

in West Virginia, Port Kennedy Cave in Pennsylvania, 0.4 May.
and Cumberland Cave in Maryland (Seymour 1993). The
extinct round-tailed muskradeofiber leonardbccurs

at McLeod, but is restricted to late Irvingtonian faunas Aves , _ o

in the western United States (Frazier 1977). The cotton  1tanis—The giant flightless birditaniswas one

rat Sigmodon bakeris otherwise known from late of the most spectacular participants in the GABI (see

Irvingtonian and early Rancholabrean faunas in FloridaG0uld & Quitmyer this volumeJTitanisis the only North
(Martin 1974, 1979; Morgan & Hulbert 1995). American member of the otherwise strictly South Ameri-
septentrionalisand P. oncaindicate a post-early ~¢an family Phorusrhacidae, a group consisting of large
Irvingtonian age, wherea8. gracilisindicates a pre- ~ flightless predators up to 2 m in height (Chandler 1994).
late Irvingtonian age. The association of these taxa conJitanisappears to have been the latest surviving mem-
strains the age of McLeod to medial Irvingtonian (0.6- ber of the Phorusrhacidae, as the last South American
1.0 Ma). The occurrence bF leonardiandS. baker; members of this group went extinct in the early Pliocene

elsewhere first known from the late Irvingtonian, fur- (Webb 1976, 1991; Marshall 1985). Brodkorb (1963)
ther Suggests that McLeod is late in the medial describedTitanis walleri from the Santa Re River 1

Irvingtonian (~0.6-0.8 Ma). site in northern Florida, and assigned a Pleistocene age

FLORIDA INTERCHANGE VERTEBRATES
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to the fauna. Further studies determined that Santa Fe  Aiolornis—Campbell et al. (1999) studied the
River 1 is a mixed late Blancan and Rancholabrean astargest teratorns in North America previously placed in
semblage, and thditanis is a member of the late the specie$eratornisincredibilis, and reassigned them
Blancan fauna (Webb 1974; Morgan & Hulbert 1995). to the new genusiolornis. The type locality ofA.
Further confirmation of a late Blancan age Taanis incredibilis is a Rancholabrean cave site in Nevada,
came with the discovery of a second sample wlleri,  but all other referred specimens of this species are from
from the latest Blancan Inglis 1A LF in Florida (Webb |rvingtonian and Blancan sites (Emslie 1995a; Campbell
1976; Chandler 1994; Emslie 1998; Gould & Quitmyer et al. 1999). Emslie (1995a) tentatively referred a par-
this volume). The only other Florida Blancan record of tja| carpometacarpus from the Leisey Shell PiAto
Titanisis an isolated phalanx from a canal spoil bank in jncredibilis. The oldest records @ incredibilis are
Port Charlotte near the Gulf Coast in southwesterneany Blancan (~3.7 Ma) fossils from the Anza-Borrego
Florida (Chandler 1994; Emslie 1998). The Port Char- pesert in southern California and the Rancho Viejo fauna
lotte Titanis occurs withNannippus(MacFadden & iy Guanajuato, central Mexico (Campbell et al. 1999).
Waldrop 1980), indicating an age similar to Santa Fethe ajolornis from Anza-Borrego represents one of
River1l. o two or possibly three pre-late Blancan records of the
Baskin (1995) reported a phalanxTfanisfrom  |nterchange fauna from temperate North America, ques-

a site on the Gulf Coastal Plain in southem Texas thal;,ning the validity of including flying birds in the Inter-
contains a mixed assemblage of late Hemphillian andchange.

Rancholabrean taxa. Baskin (1995) assigned a
Rancholabrean age to thganistoe based on its simi-

larity in preservation to the Pleistocene members of the
fauna and the absence of Blancan mammals from thi%hree

assemblage. The rangeTofanis must have retracted can origin that are still extant in temperate North America,

southward into Middle Amerlca_ during the Irvmgt_onlan the other two are the armadilimsypusand the porcu-
and Rancholabrean, as there is no record of this genus

. ; : pineErethizon Didelphiswas the last of the mamma-
from the extremely rich Florida Pleistocene record. . . .
. . . lian genera involved in the GABI to reach temperate
Teratornis—Teratorns are giant extinct vulture-

like birds of the family Teratornithidae, best known from North Amerlce_l. Th? earliest North American recc_)rd of
the late Pleistocene Rancho la Brea tar pits in southerr%he OPOSSUM IS an |sola_ted Iqwer molar referrelano.
California. Although rare, teratorns are also known from delphissp. from the medial Irvingtonian Fyllan C_:ave N
several late Blancan and early Irvingtonian sites in Cali—C.entral Texas (Wlnklgr & GOS? 2093?' _The earliest fos-
fornia, Florida, and Mexico. Campbell et al. (1999; see sils referreq to th? I|V|r_1g spe0|$V|rg|n|anaare from .
below) transferred the largest North American teratorn,tW0 late Irvmgtqnlan sitesin Fl_orlda, Coleman 2ALFin
Teratornis incredibilis to the new genugiolornis. the central_reglon of the peninsula (Martin 197_4) and
Emslie (1995a) reported several associated postcranidf® Sebastian Canal LF along the central Atlantic Coast
elements ofTeratornis merriamifrom the early (Mqrg_an & Portell 1996). All other fossil record_slb.f
Irvingtonian Leisey Shell Pit, although he later stated Virdinianaare Rancholabrean, mostly from Florida and
that the Leisefferatornismay represent an undescribed the southeastern United States (Kurtén & Anderson
species (Emslie 1998)T. merriamiwas originally de-  1980). Gardner (1973) hypothesized Datirginiana
scribed from Rancho la Brea, and is also known from €volved from the Neotropical speciésmarsupialisin

four Rancholabrean sites in Florida, Bradenton, CutlerMiddle America during the Pleistocene, and then spread
Hammock, Reddick 1A, and Seminole Field (Brodkorb northward because of its ability to tolerate cooler cli-
1964: Emslie 1998). The oldest known member of themates. However, there is no pre-late Pleistocene fossil
Teratornithidae iﬂrgentavis magniﬁcerfsom the |ate record OfDIde|phISIn M|dd|e America to eStabliSh the
Miocene of Argentina, one of the largest known flying timing of its arrival there.

birds (Campbell & Tonni 1980). The absence of teratorns

in pre-Pliocene sites in North America and their pres- XENARTHRA, DASYPODIDAE

ence in the late Miocene of Argentina suggests thisgroup ~ Dasypus—The armadilloDasypusincludes the
evolved in South America and migrated northward into large extinct specid3. bellusand the living nine-banded
North America in the Blancan (Campbell & Tonni 1981; armadilloD. novemcinctusas well as several other
Emslie 1995a). extant species from South Amerida. belluswas origi-

MaAMMALIA , MARSUPIALIA, DIDELPHIDAE
Didelphis—The opossurDidelphisis one of only
genera of Interchange mammals of South Ameri-
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nally described from the Rancholabrean Seminole Fieldare immediately recognizable. Nonetheless, for many
LF on the Gulf Coast of Florida (Simpson 1929a), and isyears, osteoderms &fachyarmatheriumwere con-
common in Florida Rancholabrean faunas (Webb 1974 fused withDasypus bellusn the FLMNH collection,
Morgan & Hulbert 1995). The oldest well-dated sites even thouglDasypushas much thinner osteoderms that
containingD. bellusare early late Blancan (2.2-2.6 Ma), have a different figure pattern and has imbricating or
including the Macasphalt Shell Pit LF in Florida and the moveable osteoderms. The total absence of imbricating
Big Springs LF in Nebraska (Voorhies, 1987). osteoderms in large sample$P@ichyarmatheriurfrom
Dasypus belluoccurs in seven late Blancan Leisey Shell Pit 1A and Haile 16A was the clue that led
(Table 1) faunas and eight Irvingtonian (Table 2) faunasme and several other paleontologists (Kevin Downing,
in Florida. Late Blancan and Irvingtonian sample®of  Richard Hulbert, and Dave Webb) to conclude that this
bellusappear to represent a chronocline, with a generakeally was a new and completely different type of shelled
increase in size from the Blancan to the Rancholabrearxenarthran unrelated asypus A nearly complete
(Robertson 1976; Downing & White 1995). Several carapace and postcranial skeletoRa¢hyarmatherium
large samples ob. bellusfrom Florida late Blancan of probable early Irvingtonian age was collected about
and early Irvingtonian sites provide important informa- 1990 from a shell pit near Punta Gorda in Charlotte
tion on the systematics and early evolution of this spe-County along Florida’'s southwestern Gulf Coast. Un-
cies.D. bellusis primarily known from Florida through-  fortunately, before this remarkable specimen could be
out the late Blancan and most of the Irvingtonian. Theproperly studied, it was sold to a commercial fossil dealer
only pre-Rancholabrean recordsiafbellusfrom out- who eventually resold it to a museum in Japan. On the
side Florida are the late Blancan Big Springs LF in Ne- basis of a brief examination of this specimen at the Tuc-
braska (Voorhies, 1987), the medial Irvingtonian Fyllan son Gem and Mineral Show in February 1992, Downing
Cave and Kitchen Door LFs in central Texas (Winkler and White (1995) concluded thBachyarmatherium
and Gose, 2003), and the late Irvingtonian Slaton LF inwas most closely related to armadillos (superfamily
the Texas Panhandle (Dalquest 196Y)bellusis wide- Dasypodoidea). They based their conclusion on the pres-
spread in the eastern United States during theence of claws rather than hooves, free dorsal vertebrae,
Rancholabrean, with records from as far north as lowa,and a small and possibly edentulous dentary, all of which
Missouri, lllinois, and Indiana, and west to New Mexico are unlike glyptodontsPachyarmatheriunhad ante-
(Kurtén & Anderson 1980). rior and posterior bucklers that imbricated with one an-
Pachyarmatheriusm—Pachyarmatheriunmis the other, but it lacked moveable bands between the buck-
most recently recognized member of the South Ameri-lers and hence lacked imbricating osteoderms (Down-
can immigrant faunaPachyarmatherium leiseys a ing & White 1995). McKenna and Bell (1997) tenta-
peculiar large, thick-shelled armadillo, first described from tively placedPachyarmatheriunin the subfamily
the early Irvingtonian Leisey Shell Pit LF in Florida Glyptatelinae of the family Glyptodontidae. Downing
(Downing & White 1995) P. leiseyiis also known from  and White (1995) also noted the similarity in certain
five other early Irvingtonian sites in Florida (Table 2), as morphological characters é¢fachyarmatheriunto
well as three late Blancan sites (Table 1). glyptateline glyptodonts (e.gslyptatelus from South
Pachyarmatheriunmalso occurs in the late Blancan America. Only the discovery of additional material of
Walrus Ditch site in South Carolina (Downing & White Pachyarmatheriumand further study of the Punta
1995; James Knight pers. commBPachyarmatherium  Gorda specimen will clarify the relationships of this enig-
has a restricted geographic and chronologic distribution.matic xenarthran. If fossils of such a distinctive animal
This genus first appears in the early late Blancan, withcould remain virtually unnoticed for almost 20 years in
the oldest records from the Kissimmee River and Elthe FLMNH vertebrate paleontology collection, then it
Jobean Shell Pit in southern Florida and from the Walrusseems likely that other undiscovered members of the
Ditch in South Carolina. Ibccurs in association with  South American Interchange fauna may still await dis-
Nannippusat all three of these sites. The largest covery, in the field or in a museum drawer.
samples oP. leiseyiare from early Irvingtonian sites,
including Leisey Shell Pit and Haile 16A. The youngest XENARTHRA, PAMPATHERIIDAE
records oPachyarmatheriunare late early Irvingtonian Holmesina—The pampatherdolmesinavas the
in age (~1.0 Ma). most widespread and common genus of South Ameri-
The small, thick osteoderms@achyarmatherium  can immigrant in Florida during the late Blancan and
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early Irvingtonian. Two species bifolmesinaare rec-  septentrionalisfrom the Rancholabrean. Edmund
ognized from Florida. floridanus(originally described  (1987) also studied several samples of intermediate size
as Kraglievichia floridanu$ occurs from the late and age from Florida Irvingtonian sites, in particular Inglis
Blancan through early Irvingtonian; anH. 1A (now regarded as latest Blancan). Hulbert and
septentrionalisfrom the medial Irvingtonian through Morgan (1993) presented a quantitative and qualitative
Rancholabrean (Robertson 1976; Edmund 1985a, 1987analysis oHolmesinan Florida, including large samples
Hulbert & Morgan 1993).H. floridanusis present in  collected after the studies of Robertson (1976) and
12 late Blancan and nine early Irvingtonian sites in Edmund (1987). Hulbert and Morgan (1993) demon-
Florida, which includes virtually every Florida site dur- strated that the most significant size change in Florida
ing this time interval (Tables 1-2; Hulbert & Morgan Holmesinaoccurred during the late Blancan, but the
1993; Morgan & Hulbert 1995). The earliest well-dated mostimportant morphological changes occurred between
Florida site containindd. floridanusis the early late  the early and medial Irvingtonian. They placed the spe-
Blancan Macasphalt Shell Pitolmesinais unknown cies boundary betweehl. floridanus and H.
elsewhere in temperate North America during the lateseptentrionalisat the time of maximum morphological
Blancan. Pampatheres from several early Blancan siteshange (more than ten morphological characters distin-
in central Mexico originally identified as either guish these two species), assigning small and medium-
Holmesinaor Pampatheriumare now referred to the sized individuals from the late Blancan and early
otherwise South American gen®$aina (Carranza-  Irvingtonian toH. floridanusand large individuals from
Castafieda & Miller 2004). The only non-Florida record the medial Irvingtonian through the Rancholabrean to
of H. floridanusis from the early Irvingtonian Gillland  H. septentrionalis H. floridanus osteoderms from

LF in western Texas (Hibbard & Dalquest 1966). Most Florida sites can be fairly accurately dated on the basis
records ofHolmesinafrom outside Florida represent of size (e.g., early late Blancan, latest Blancan, early
the large specieBl. septentrionalisand are from  Irvingtonian).

Rancholabrean sites in the southeastern United States

and Texas (Kurtén & Anderson 1980). XENARTHRA, GLYPTODONTIDAE
The morphology, systematics, evolutionary history, Glyptotherium—The only genus of glyptodont
distribution, and biochronology éfolmesinan Florida identified from temperate North America is

have been thoroughly reviewed over the past three deGlyptotherium recorded from sites in the southwest-
cades (Webb 1974; Robertson 1976; Edmund 1985a, bern United States and Florida ranging in age from late
1987; Hulbert & Morgan 1993; Morgan & Hulbert 1995). Blancan through late Rancholabrean. In their mono-
Webb (1974a) and Robertson (1976) first documentedgraph on North American glyptodonts, Gillette and Ray
the presence of pre-Rancholabrean pampatheres ifl981) recognized three species from temperate North
Florida. They demonstrated a significant chronocline in America, with essentially one species representing each
size from small pampatheres in the Blancan to interme-of the three Plio-Pleistocene NALM&. texanunfrom
diate-sized animals in the Irvingtonian to large individu- the late BlancarG. arizonadrom the early Irvingtonian,

als in the Rancholabrean. Robertson (1976) describe@ndG. floridanumfrom the Rancholabrean. Two addi-
the new specieKraglievichia floridanusfrom Haile tional species@. cylindricumandG. mexicanumare
15A, with referred material from the Santa Fe River 1 known from late Pleistocene sites in central Mexico.
and 2. Robertson noted the similarity of the Florida spe-Glyptotheriumis one of four genera of South Ameri-
cies to the late Pliocene pampath&maglievichia can immigrants recorded from sites in the southwestern
paranensigrom Argentina. Edmund (1987) concluded United States that predate the Gauss/Matuyama bound-
that the entire Florida lineage, from the late Blancanary, and are thus older than 2.6 Ma. Gillette and Ray
through the Rancholabrean, should be placed in the gef1981) identified Florida late Blancan glyptodont$&as
nusHolmesinaoriginally proposed by Simpson (1930a) arizonag in particular a large sample of osteoderms
for the late Pleistocene specids septentrionalis from Santa Fe River. They considered all southwestern
McKenna and Bell (1997) placgdolmesinawithin sites containings. arizonaeto be early Irvingtonian,
Pampatheriumbut most workers have not followed their including Curtis Ranch in Arizona (type locality), Gilliland
synonymy. Both Robertson (1976) and Edmund (1987)in Texas, and Holloman in Oklahoma.

compared Florida samples of the small late Blamtan The largest samples of Blancan and Irvingtonian
floridanus with the much larger speciesl. glyptodonts are from western Texas and southeastern
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Arizona (Gillette & Ray 1981). Very little additional XENARTHRA, MYLODONTIDAE

Glyptotheriummaterial has been described from Ari- Thinobadistes—Webb (1989) reviewed the tax-
zona and Texas over the past 20 years, whereas sever@homy of Thinobadistesan endemic North American
new late Blancan and early Irvingtonian glyptodont genus of late Miocene lestodontine mylodont ground sloth.
records have been reported from Florida (Morgan & Thinobadistess only distantly related to the mylodontine
Hulbert 1995), New Mexico (Vanderhill 1986; Lucas et mylodontGlossotheriun(see below) whose arrival in
al. 1993; Morgan & Lucas 2000a, b, 2003), and Okla- North America in the late Pliocene represents a sepa-
homa (Czaplewski 2004). New discoveries in Florida, rate immigration event. The type locality of the earliest
and further study and refinement of the ages of lateNorth American mylodontid specie$hinobadistes
Blancan and early Irvingtonian faunas in both Florida segnisis the early Hemphillian Mixson’s Bone Bed in
(Morgan & Hulbert 1995) and the southwestern United Florida (Hay 1919; Webb 1989). Frick Laboratory field
States (Lindsay et al. 1990; Morgan & Lucas 2003), crews recovered a large sampleTofsegnisfrom
have led to minor modifications in the biochronologic Mixson’s in the late 1930s and early 1940s, although
ranges of the two species of glyptodonts found duringseveral specimens of this sloth were collected from this
this time interval.G. texanumappears to be limited to ~ Site in the late 1800s, including the type astragalus (Leidy
faunas from the early part of the late Blancan (~2.2-2.7& Lucas 1896; Hay 1919). A composite mounted skel-
Ma) in the southwestern United States, including the 80N OfT. segnisrom Mixson’s Bone Bed is on display
Blanco (type locality) and Cita Canyon LFs in Texas at the' Florida Museum of'NaturaI Hlstory' (Webb
and 111 Ranch in Arizona (Gillette and Ray, 198%).  1989:fig. 1; see also Ray this volume). segnishas
arizonaeco-occurs withNannippusin four early late been reported from only one other locality, McG_ehee
Blancan sites in Florida: Brighton Canal, Kissimmee Farm, represented by a partial lower fourth molariform

River, St. Petersburg Times, and Santa Fe River 1. Thud?0th. Webb (1989) described a larger and younger spe-
¢ Cies,T. wetzelibased on an astragalus and several other

G. arizonaeoccurred in late Blancan sites in Florida a ; =
postcranial elements from the late early Hemphillian (7.0-

the same timé&. texanunwas found in the southwest- ) _ ,
ern United States. There are no sites known where-2> Ma) Withlacoochee River 4X LF in north-central

these two species co-occur (Gillette & Ray 198G). IF Iorlda.IT.Hwetz?:_llsl_ kn0\_/vn frgmltvalp Oth‘?r Corfle lat'\ie
arizonaeis also found in latest Blancan (1.8-2.2 Ma) ate early Hemphillian sites, including a juvenile palate

and early Irvingtonian (1.0-1.8 Ma) faunas in both the with both caniniforms from the nearby Withlacoochee

southwestern United States and Florida. Several of thesg . AALF anql ajuvenile matr:t()i ible and astrlatl)galus frolm
latest Blancan sites, in particular, Curtis Ranch and Inglis Z%O%OX,[T l_Ft n ITexa;s (V\:je 198?)' Hu. ert;i al.
1A, were considered early Irvingtonian by Gillette and ( ) tentatively referred several specimend to
Ray (1981) and most other workers (e.g. Repennin
1987; Morgan & Hulbert 1995). De Soto Shell Pit is

ﬁﬂ;?itg]:r (Isa;erisztoifer:\/(;asnu;\i%?rz?nfz ;”élcc)) rr]iilzf:jour::n 7.0 Ma) Coffee Ranch LF in Texas appear to be the
L gd youngest record of the genus (Dalquest 1983; Webb

the early Irvingtonian, with the only published recor 1989). Webb (1989) also mentioned two teeth of
being a small sample of osteoderms from the LeiseyT

Shell Pit LF (Downing & White 1995). Early Irvingtonian
samples ofs. arizonaeare also known from Gilliland

wetzelifrom the slightly older early Hemphillian (~7-8
gMa) Tyner Farm LF in northern Florida. Several teeth
of Thinobadistesrom the early late Hemphillian (~6.8-

hinobadistegrom an unknown stratigraphic level in
the Bone Valley Formation of central Florida. Although

q K Creek | 4 Holl in OKlah the majority of mammals from the Bone Valley Forma-
and Rock Creek in Texas and Holloman in Oklahomay;,, 5re gerived from the latest Hemphillian Palmetto

(Gillette & Ray 1981), all of which are similar in age to Fauna (Morgan 1994: Webb et al. in press)
Leisey. Glyptodonts are unknown from the southwest-ynohadisteds absent from in-place samples of the

ern United States after the early Irvingtonian, and do pgimetto Fauna and is probably derived from the slightly

not occur in Florida durir_lg the r_ned_ial to late Irvingtonian. qqer early Hemphillian Four Corners Fauna known from
Glyptodonts reappear in Florida in the Rancholabreangg, arg) phosphate mines in the Bone Valley Formation

where the specie. floridanumis known from nu-  (yyipert et al. 2003). Thinobadistesapparently went

merous sites in the Florida peninsula, as well as fromeytinct in the early part of the late Hemphillian (~6-7
Edisto Beach in South Carolina and about ten sites onia). Mylodontid sloths are unknown in temperate North
the Gulf Coastal Plain of Texas (Holmes & Simpson america in the latest Hemphillian and early Blancan,

1931; Webb 1974; Gillette & Ray 1981). and then reappear in the late Blancan with the arrival of
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Glossotherium Mylodontid ground sloths are rare in North Ameri-
GlossotheriunfParamylodon—The mylodontid  can late Blancan sites, with most records consisting of
ground slothsGlossotheriumand Paramylodonare isolated elements. Robertson (1976) first used the name
discussed together because the North American lat&Slossotherium chapadmalenger the small North
Pliocene and Pleistocene representatives of these twamerican Blancan mylodont, based on an associated
genera are either congeneric or have an ancestor-demaxilla, dentary, and partial postcranial skeleton from
scendant relationship. There are several nomenclaturahe Haile 15A LF in northern Florida. The Haile 15A
problems associated with these two generic namesartial skeleton is the most complete published speci-
(McDonald 1995). Paramylodonwas first proposed  men of a Blancan mylodont from North America. Webb
for the specie®. nebrascensifom the Pleistocene of (1974a) and Robertson (1976) also repor@d
Nebraska, now synonymized wihharlani, the oldest  chapadmalenséom the late Blancan Santa Fe River
available species name for a North American mylodont.1 |F in Florida. Other Florida late Blancan records of
Glossotheriunwas first proposed for the late Pleis- G, chapadmalensaclude a juvenile mandible, isolated
tocene South American speci@srobustum but sev-  teeth, and a femur from the Macasphalt Shell Pit, teeth
eral other species have been referred to this genus, infrom the Kissimmee River, a tooth from Lehigh Acres,
cludingharlani. Although the namé. harlaniis often and an ungual phalanx from Acline Shell Pit (Morgan &
used for the North American Pleistocene mylodontid Hpert 1995). Blancan mylodont records outside of
(e.g., Kurtén & Anderson 1980), McDonald (1995) noted Fjoriga mostly consist of fragmentary remains. How-
that there is no morphological basis for referhagani' ever, there is a fairly complete skull from the latest
to Glossotherium | follow McDonald (1995, 2003) in - gjancan Mesilla Basin Fauna B in southern New Mexico
using Paramylodon harlanifor North American late (Vanderhill 1986), one of the youngest recordsGof
Blancan, Irvingtonian, and Rancholabrean mylodontid chapadmalense Tedford (1981) and Tomida (1987)
sloths. o mentioned a specimen & chapadmalenseappar-
McDonald (1995) recommended retaining the ¢nyy consisting of much of a skeleton most of which

nameGlgssotheriumfor thg small late Blancan remains in a plaster jacket (R. White, pers. comm), from
mylodontid from North America@s. chapadmalense o 11 \ile Wash locality in the Duncan basin in south-

unltll a m(;]r_e dectgle(:]studg is ::ondﬁucted r’;o dFE:IFermlne 'tseastern Arizona.
refationships tds>. chapadmalens&rom the Pliocene Glossotheriunwas one of the first South Ameri-

of Argentina and t@aramylodon harlanfrom North can immigrants to reach temperate North America fol-

.AmeTican Pleistocene sites. | follow McDonald (19.95) lowing the onset of the second major pulse of the GABI
in usingG. chapadmalenstor the small North Ameri- in the late Blancan. The earliest dated late Blancan

can late Blancan mylodontid, with several qualifications. records ofGlossotheriumin the southwestern United

| suspect that the small Blancan mylodontid belongs INgiotes are from the uppermost Gauss Chron (~2.7 Ma),

_Pgramylodonrather tharGIossotherlumespec!ally i . __including Donnelly Ranch, Colorado (Hager 1974), Cita
itis demonstrated to have a close phylogenetic relation-

S : , Canyon, Texas (Lindsay et al. 1976), and Pearson Mesa,
ship with the younger North American mylodontids. It . . .
is also doubtful that the North American Blancan New Mexico (Tomida 1987; Morgan & Lucas 2000a).

mylodontid is correctly placed in the South American The earliest well-date@lossotheriunfrom Florida is

Pliocene speciahapadmalenseonsidering that most ];\rAOT the MgﬁaSphzalltf;gg :\D/I't’ d?_tlngdto ;ge87lower
other members of the Interchange fauna belong to enMatuyama Chron (2.14-2. a). Tomida (1987) cor-

demic North American species and many belong to en-felated the 11 Mile WagBlossotheriunwith the nearby

demic North American genera. If the North American COP””V Club Fauna from the Duncan I_3asin in Arizona,
Blancan mylodontid is eventually demonstrated to be WNich he regarded as early Blancan in age (~3.5 Ma)
specifically distinct fromG. chapadmalensehen the ~ 2@sed on the biostratigraphy of the small mammals.
nameG. garbanii is available, having been proposed Further study of the 11 Mlle_ Wash site is warrant_ed be-
for a small Blancan mylodontid from Guanajuato in cen- f0ré an early Blancan age is proposed for the first ap-
tral Mexico (Montellano-Ballesteros & Carranza- Péarance oGlossotheriun{and the onset of the Inter-
Castaiieda 1986). Of course, that is contingent uporfhange) in temperate North America, although
whetherG. garbaniiand the small late Blancan species Glossotheriuns known from the early Blancan of cen-
from temperate North America are conspecific, which ral Mexico (Carranza-Castafieda 2004; Flynn et al
has yet to be demonstrated. 2005).



294 CENOZOIC VERTEBRATES: Papers to Honor S. David Webb

Larger mylodontid sloths from the latest Blancan sloth in North America is the partial skeleton f
and early Irvingtonian of Florida, including specimens protistusfrom the Siphon Canal LF, which was found
from Inglis 1A, Haile 16A, and Leisey Shell Pit, have just below a tuff K-Ar dated at 8.19 Ma (Hirschfeld
been referred tBaramylodon harlanithe typical Pleis-  1981). The Florida earliest Hemphillian records of
tocene mylodont (McDonald 1995). A large sample of Pliometanastesrom McGehee Farm and Haile 19A
P. harlani including several skulls, mandibles, and post- are probably somewhat older (8.5-9.0 Ma).
cranial elements, was described from the early Megalonyx—Webb and Perrigo (1985) noted the
Irvingtonian Leisey Shell Pit LF (McDonald 1995). The stratigraphic continuity betwed?liometanastef the
Leisey sample is intermediate in size and morphologicalearly Hemphillian andMegalonyxin the late
characters between late Blancan mylodonts referred tdHemphillian, and suggested that this “chronocline”
Glossotheriumchapadmalensand larger specimens strongly supported the derivation Bfegalonyxfrom
of P. harlanifrom the Rancholabrean, but is more simi- Pliometanastesn North America. Megalonyxand
lar to the late Pleistocene species (McDonald 1995).Pliometanastesio not co-occurMegalonyxfirst ap-
Other early Irvingtonian records Bf harlaniare from peared in the early late Hemphillian, after the extinction
Holloman in Oklahoma, Rock Creek and Gilliland in of Pliometanastem the late early Hemphillian. Since
Texas, and Fish Creek-Vallecito Creek in California Megalonyxapparently evolved in North America, it was
(McDonald, 1995) P. harlaniwas widespread through- not a participant in the GABI, but instead represents an
out temperate North America in the late Irvingtonian autochthonous evolutionary eventlegalonyxis dis-
and Rancholabrean (Kurtén & Anderson 1980; cussed here because its progenitor was ultimately of

McDonald 2003). South American origin.
Megalonyxunderwent an evolutionary sequence
XENARTHRA, MEGALONYCHIDAE in North America from the late Hemphillian through the

Pliometanastes—The type locality of the earliest late Rancholabrean, with essentially one species per
North American megalonychid ground sloth, NALMA, each differing in size and other morphological
Pliometanastes protistugs the early Hemphillian characters (McDonald 1977). The earliest well docu-
McGehee Farm LF in Florida (Hirschfeld & Webb 1968). mented record dflegalonyxs a mandible with a com-
The type specimen & protistusis a partial skull, and  plete dentition referred tMegalonyx curvidengrom
the sample also includes humerous postcranial elementshe early late Hemphillian (6-7 Ma) ZX Bar LF in Ne-
Hirschfeld and Webb (1968) also referred an edentu-braska (Hirschfeld & Webb 1968; Hirschfeld 1981). The
lous mandibular symphysis from the late early oldest record oMegalonyxn Florida is from the latest
Hemphillian Withlacoochee River 4A LF B protistus Hemphillian (~5 Ma) Palmetto Fauna. The largest late
Additional material oP. protistusfrom Withlacoochee = Hemphillian sample dflegalonyxrom Florida, referred
River 4A includes a dentary with teeth, humerus, calca-to M. curvidensoccurs in the Whidden Creek LF (Webb
neum, and astragalus. There is also a partial associategt al. in press). A second late Hemphillian species,
skeleton of. protistusfrom the late early Hemphillian  Megalonyx mathisiwas described based on a skull
Moss Acres LF (Lambert 1994). Comparable elementsfrom Black Rascal Creek, Merced County, California
from Moss Acres and Withlacoochee River 4A are simi- (Hirschfeld & Webb 1968). This site is apparently cor-
lar to the sample dP. protistusfrom McGehee Farm. relative with the latest Hemphillian Pinole LF in Contra
Several teeth dP. protistusare known from the early Costa County, California, which has a radioisotopic date
Hemphillian Haile 19A LF. Pliometanasteinhabited of 5.3 Ma from the Pinole Tuff (Hirschfeld 1981).
Florida throughout the early Hemphillian (~7-9 Ma). The only recognized Blancan species of
There is a partial skeleton &f protistusfrom the Si- Megalonyx M. leptostomuswith its type locality at
phon Canal LF, Stanislaus County, California (Hirschfeld Mt. Blanco, Texas, occurs in Pliocene sites throughout
1981). Hirschfeld and Webb (1968) described a secondnuch of North America from Florida to Texas to Cali-
species ?Pliometanastes galushdiom the early  fornia and north to Idaho and Washington (Hirschfeld &
Hemphillian of New Mexico. Other early Hemphillian Webb 1968; McDonald 1977; Kurtén & Anderson 1980).
records oPliometanastesclude Dunnellonin Florida, Several Florida late Blancan samplesMégalonyx
Box T in Texas, North Santa Clara Canyon in New including specimens from Macasphalt Shell Pit, Haile
Mexico, and Klipstein Ranch in California (Hirschfeld 7C, and Inglis 1A, have been referredtdeptostomus
&Webb 1968). The oldest radioisotopically-dated ground although the Florida animals are notably smaller Man
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leptostomudrom western Blancan sites (McDonald Pit, Payne Creek Mine, and Pool Branch (Morgan &
1977; Morgan & Hulbert 1995). The larger Irvingtonian Hulbert 1995; De luliis & Cartelle 1999). Blancan and
species M. wheatleyj has its type locality at Port Irvingtonian records dEremotheriunfrom Florida are
Kennedy Cave in Pennsylvania, and also occurs in sevfar more numerous than Rancholabrean records. The
eral Florida Irvingtonian sites (Table 2; McDonald 1977, only Rancholabrean fauna in Florida with a significant
2003). The largest speciesMégalonyxis Megalonyx  sample ofEremotheriumis the Daytona Beach LF
jeffersonii from the Rancholabrean, which ranged (Cartelle & De luliis 1995). The large sample ©f
throughout North America as far north as Alaska andlaurillardi from Daytona Beach includes a mounted
northern Canada and south to Mexico (McDonald 1977,skeleton in the Daytona Museum of Arts and Sciences.

2003). Nothrotheriops—There are two recognized spe-
cies of Nothrotheriops N. texanusfrom the
XENARTHRA, MEGATHERIIDAE Irvingtonian andN. shastensiBom the Rancholabrean

Eremotherium—During the late Blancan and early (Akersten & McDonald 1991; McDonald 1995N.
Irvingtonian, the giant megatheriid ground sloth texanus described based on a skull from a site in
Eremotheriumis known only from Florida. Wheeler County in the Texas Panhandle (Hay 1916),
Eremotheriumwas somewhat more widespread in the was fairly widespread in Irvingtonian faunas from Florida
southeastern United States during the Rancholabreato the Great Plains to California and northern Mexico
with records on the Atlantic Coastal Plain from Florida (Akersten & McDonald 1991; McDonald 1995N.
north to Georgia and South Carolina and west to theshastensisvas restricted to Rancholabrean faunas in
Gulf Coastal Plain of Texas (Kurtén & Anderson 1980). western North America, primarily the southwestern
Eremotheriumapparently was primarily tropical in its desert region (McDonald 1985, 2003Jothrotheriops
distribution. Itis the only one of the four genera of Plio- appears to be one of the few genera involved in the
Pleistocene North American ground sloths that occurredBlancan/Irvingtonian pulse of the Interchange that does
widely in tropical America, including both Middle and not have a definite late Blancan record in North America
South America (Cartelle & De luliis 1995). There are (Akersten and McDonald 1991). Previously published
two recognized species &remotheriumin North late Blancan records dflothrotheriopsfrom the
America,E. eomigrandgrom the late Blancan and early Temecula Arkose and the Anza-Borrego Desert, both in
Irvingtonian of Florida (De luliis & Cartelle 1999) and California, are eitheMegalonyxor are indeterminate
E. laurillardi from the Rancholabrean (Cartelle & De ground sloths (Akersten & McDonald 1991; Jefferson
luliis 1995). De luliis and Cartelle (1999) distinguished pers. comm). The earliest undoubted records of
E. eomigrangrimarily by the presence of a pentadac- Nothrotheriopsare specimens referred kb texanus
tyl manus. All Florida Blancan and Irvingtonian from four early Irvingtonian sites (1.0-1.6 Ma): Leisey
Eremotheriumare here referred 6. eomigrans The Shell Pit and Pool Branch in Florida (McDonald 1985,
panamericaft. laurillardi was rare in temperate North  1995); Gilliland in Texas (Hibbard & Dalquest 1966);
America during the Rancholabrean. The distribution of and El Golfo in Sonora, Mexico (Shaw 1981; Shaw &
E. laurillardi may have become restricted to the trop- McDonald 1987). Leisey Shell Pit has the largest sample
ics in the late Pleistocene where it is common in Centralof N. texanusrepresented by numerous skulls, man-
America and South America (Cartelle & De luliis 1995). dibles, and postcranial elements (McDonald 1995). At

Florida is the only region in temperate North Leisey, Gilliland, and El Golfd\. texanu®ccurs in as-
America wherdcremotheriumis common. Until fairly  sociation withMammuthusconfirming an Irvingtonian
recently,Eremotheriumwas unknown from the North age.

American Blancan record (e.g., Webb 1976), but this

genus is now known to occur in six Florida late Blancan CHIROPTERA PHYLLOSTOMIDAE

faunas (Table 1; Morgan & Hulbert 1995; De luliis & Desmodus—The vampire babDesmodugarely
Cartelle 1999). Haile 7C is the type locality Bf has been recognized as a member of the Interchange
eomigranswhere at least five skeletons have been re-fauna, althougtibesmodugrobably was a participant
covered (De luliis & Cartelle 1999), including a mounted in the primary pulse of the GABI in the late Blancan
skeleton on display at the FLMNH. Early Irvingtonian (Morgan et al. 1988; Morgan 1991). Vampire bats al-
records ofE. eomigrandrom Florida include Crystal most certainly evolved in South America, but they are
River Power Plant, Haile 16A, Haile 21A, Leisey Shell unknown on that continent prior to the late Pleistocene
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(Morgan et al. 1988; Czaplewski and Cartelle 1998). Mexican states of Nuevo Ledn, Mexico, and San Luis
The oldest records @iesmodusre from late Pliocene  Potosi (Ray et al. 1988; Arroyo-Cabrales & Ray 1997,
and early Pleistocene paleokarst deposits in northerrGrady et al. 2002). A very large extinct vampite,
peninsular Florida (Morgan et al. 1988; Morgan 1991). draculae originally described from Venezuela (Mor-
Morgan (1991) hypothesized thaesmodusnigrated gan et al. 1988), has since been reported from several
northward from South America in the late Pliocene fol- additional late Pleistocene sites in both South America
lowing its primary food source, the blood of large slow- (Czaplewski & Cartelle 1998) and North America, in-
moving xenarthrans such as ground sloths andcluding Loltun Caverns in the Yucatan Peninsula of
glyptodonts. Desmodusand two other genera of vam- Mexico (Arroyo-Cabrales & Ray 1997) and a cave in
pire batsPiaemusandDiphylla, currently are restricted Belize (Czaplewski et al. 2003a). The large vampires
to the Neotropics from Mexico southward into South D. stockiiandD. draculaewent extinct in the late Pleis-
America. Vampires do not presently occur in temper- tocene (Morgan et al 1988; Ray et al. 1988). The smaller
ate North America because they are limited by cold win-D. rotundus which occurs from Mexico south to Ar-
ter temperatures north of the 10°C winter isothermgentina, is the only surviving member of the genus
(McNab 1973), which essentially marks the northern Desmodus
limits of the Neotropical Region in central Mexico. A
more equable climatic regime with warmer winter tem- CHIROPTERA MOLOSSIDAE
peratures, possibly coupled with larger body size, per- Eumops—Czaplewski (1993) identified a tooth of
mitted the vampire bddesmodus stockio inhabit the  the large molossid b&umopsct. E. perotisfrom the
south temperate region of North America in the late Blancan McRae Wash LF in southeastern ArizoBa.
Pleistocene, as far north as West Virginia and northernperotisis a living species found in the southwestern
California (McNab 1973; Ray et al. 1988; Morgan 1991; United States, northern Mexico, and South America.
Grady et al. 2002). Czaplewski (1997) also identifié&lmopsn the medial

An extinct species of vampire bddesmodus  Miocene La Venta Fauna in Colombi&Bumopsprob-
archaeodapteds known from one late Blancan (Inglis ably evolved in South America and immigrated north-
1A) and two early Irvingtonian (Haile 16A and Haile ward into temperate North America with the remainder
21A) sites in Florida (Morgan et al. 1988; Morgan 1991). of the Interchange fauna. The McRae Wash LF con-
The type specimen dd. archaeodaptesrom Haile tains no South American immigrants other tBamops
21A, a complete braincase, is more primitive than theand is late early Blancan in age, between 2.7 and 3.0
braincase of the living vampii2. rotundusand is con-  Ma (Johnson et al., 1975), which is slightly earlier than
siderably smaller than skulls of the large extinct late the previously recognized first appearance of Interchange
Pleistocene vampird3. draculaeandD. stockii(Mor- vertebrates in temperate North America at about 2.7
gan et al. 1988; Morgan 1991). It may be significant Ma. However, the possibility must be considered that
that the earliest occurrence@&smoduss from Inglis Eumopdlew across the Bolivar Trough prior to the for-
1A (1.8-2.0 Ma) because this locality has one of the mation of the Isthmus of Panama in the Pliocene. Two
largest faunas of Interchange vertebrates of any Blancamther species oEumopsoccur in temperate North
or Irvingtonian site in North America. Inglis 1Aformed America, E. floridanusand E. underwoodi E.
during a glacial interval in the latest Pliocene when thefloridanus was first described as the extinct species
continental shelf along the Gulf Coast would have beenMolossides floridanudrom the Rancholabrean
exposed from Florida to the Yucatan Peninsula of Melbourne LF along the central Atlantic Coast of Florida
Mexico, providing a wide coastal savanna corridor for (Allen 1932), and also occurs in two other
large mammals migrating northward from tropical Rancholabrean faunas in southern Florida, Monkey Jungle
America (Webb 1978)D. archaeodaptesurvived into Hammock and Vero (Morgan 1991, 2002). This spe-
the early Irvingtonian in Florida (Morgan et al. 1988; cies survives as a living animal in southern peninsular
Morgan 1991) Desmoduss unknown in the fossil record  Florida, and until recently was considered a subspecies
between the early Irvingtonian and the late of the widespread Neotropical b&t glaucinus
Rancholabrean. The large extinct sped&sstockii, (Koopman 1971). However, a recent review of the sys-
occurs in late Rancholabrean sites in Florida, West Vir-tematics of the Florid&umopsestablished thakE.
ginia, Texas, New Mexico, Arizona, California, and the floridanusis a valid species endemic to the Florida pen-
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insula (Timm & Genoways 2004E. underwoodis a RoDENTIA, ERETHIZONTIDAE
Middle American species that barely extends its range Erethizon—Porcupines of the genu&ethizon
northward into Arizona, and is also known from the were the most widespread South American immigrants
Rancholabrean Lecanto 2A LF in Florida (Morgan 1991). during the late Blancan, with records from Florida to
Tadarida—A distal humerus of the small molossid Arizona and southern California and north to Idaho.
bat Tadaridafrom the late Blancan Macasphalt Shell There have been several systematic revisions of North
Pit LF in Florida (Morgan 1991; Czaplewski et al. 2003b) American fossil porcupines (White 1968, 1970; Frazier
is the only pre-Pleistocene record of this genus from1981). | follow the taxonomic conclusions in Frazier’s
North America. An isolated lower tooth from the late (1981) review, in particular, his referral of all North
Blancan Blanco LF in Texas previously referred to American fossil porcupines rethizon White (1968,
Tadarida (Dalquest 1975) has since been reidentified 1970) referred North American Blancan and Irvingtonian
as a vespertilionid bat (Czaplewski et al. 2003b). Theporcupines to the tropical American gersendou
Macasphalt humerus is larger than the humerus of theerethizonis one of four Interchange mammalian gen-
extant specie3adarida brasiliensisand is similar in  era that is first recorded in the uppermost Gauss Chron
size to that offadarida constantinefrom the medial  at about 2.7 Ma, with the earliest record from the Wolf
Pleistocene Slaughter Canyon Cave, New MexicoRanch LF in Arizona (Harrison 1978). Fossils of
(Lawrence 1960). Other fossil samplesTadarida Erethizonare concentrated in the western United States
that are larger tham. brasiliensis and perhaps con- in the late Blancan (White 1968, 1970), whereas the
specific with T. constantingiare known from two  majority of latest Blancan and early Irvingtonian records
Irvingtonian cave sites, Mammoth Cave in Kentucky are from Florida (Frazier 1981; Morgan & White 1995;
(Jegla & Hall 1962) and Hamilton Cave in West Vir- Hulbert 1997). There are two endemic Florida Blancan
ginia (Repenning & Grady 1988; Winkler & Grady 1990). species oErethizon The type and only known locality
T. brasiliensiscurrently inhabits the southern United for E. poyeriis the latest Blancan Haile 7C LF (Hulbert
States and much of Middle and South America, and is1997). The type locality &. kleiniis the latest Blancan
the only extant species in this genus found in temperatdnglis 1A LF, although this species also was reported
North America. The late Blancan recordTefdarida from a site of probable early Irvingtonian age on Merritt
from the Macasphalt Shell Pit LF led Morgan (1991) to Island on the Atlantic Coast of Florida (Frazier 1981).
hypothesize thafadaridamay have had a South Ameri- All other Erethizonrecords from Florida Irvingtonian
can origin in the New World, and then immigrated to sites have been referred to the living spedtes
North America in the late Pliocene during the Inter- dorsatum including Haile 16A and Leisey Shell Pit
change. The subsequent discovery of teeth similar to(Table 2; Martin 1974; Frazier 1981; Morgan & White
Tadaridafrom the early Miocene Thomas Farm LF in 1995). The oldest record Bf dorsatunis the earliest
Florida (Czaplewski et al. 2003b) and the absence of drvingtonian Haile 16A LF.E. dorsatunoccurs in sev-
pre-late Pleistocene fossil recordiaflaridafrom South ~ eral late Pleistocene sites in Florida (Morgan & White
America suggest another hypothesis is possible. Thel995), although this species is now absent from Florida
presence ofadaridalike teeth in the early Miocene of and elsewhere on the Atlantic and Gulf coastal plains.
Florida and definite fossils ofadaridafrom the late  The living porcupine is a common inhabitant of conifer-
Pliocene of Florida and the early to medial Pleistoceneous forests in the north temperate region of North
of Kentucky, New Mexico, and West Virginia, suggest America, and also occurs in the desert southwest and
that the New World representatives of this genus maynorthern Mexico.
have originated in North Americ&adaridamay have
immigrated to North America from Eurasia in the early RoDENTIA, HYDROCHAERIDAE
Miocene, as this genus occurs in Oligocene and Miocene Hydrochaeris—The only species of the living
sites in Europe (Legendre 1985). The only South Ameri-capybara genuslydrochaerisknown from temperate
can fossil record ofadaridais T. brasiliensisfrom a North America is the extinct speciét/drochaeris
late Pleistocene cave deposit in Brazil (Czaplewski & holmes;j originally described from the Rancholabrean
Cartelle 1998). Thus, althoud@hdaridaparticipatedin ~ Sabertooth Cave in northern Florida (Simpson 1928).
the GABI, it appears to be a North American genus thatThe spelling oHydrochaerisused here follows the rec-
migrated to South America during in the Interchange, ommendation of Husson (1978), although the spelling
not the opposite as previously suggested (Morgan 1991)Hydrochoeruss more common in the literature (e.g.,
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Simpson 1928; Kurtén & Anderson 1980; Ahearn 1981). 1997). Early Irvingtonian fossils ddeochoerugrom
Mones (1984) regarded all fossiydrochaerisn North the Leisey Shell Pit and Apollo Beach LFs in Florida
America as misidentifications deochoerusand he  differ from bothN. dichroplaxandN. pinckneyifrom
called this specieN. holmesi The specieholmesiis the Rancholabrean, and may represent an undescribed
here retained irHydrochaerispending a revision of species. The Leisdyeochoerusample lacks the di-
North American capybaradd. holmesioccurred from  agnostic M3; however, M3s deochoerudrom the
the late Blancan through the Rancholabrean. This speeorrelative Apollo Beach LF, located along the Gulf Coast
cies was restricted to the southeastern United Stategust north of Leisey (Table 2), differ frokh dichroplax
with the possible exception of a late Pleistocene recordn lacking bifurcated plates and are smaller than
from Honduras (Ahearn 1981; Webb & Perrigo 1984). pinckneyi. The very large specids. pinckneyiis re-
The earliest North American recordstbf holmesiare stricted to Rancholabrean faunas and is well known from
from Haile 15A and Santa Fe River 4A (Ahearn 1981). Florida (Kurtén & Anderson 1980; Ahearn 1981). There
Hydrochaerisoccurs in association witlannippusat are also records dfl. pinckneyifrom the Atlantic
both of these sites. The Inglis 1A LF has a large sampleCoastal Plain in North Carolina and South Carolina and
of H. holmesi(Ahearn 1981). The only Irvingtonian the Gulf Coastal Plain in Louisiana and Texas (Kurtén
record ofH. holmesiis Coleman 2A LF (Martin 1974; & Anderson 1980; Phillips et al. 2001).
Ahearn 1981). There are Rancholabrean recortf of Neochoeruss one of four genera of South Ameri-
holmesithroughout the Florida peninsula, as well as the can immigrant mammals that first appeared in the south-
Savannah River in Georgia, Ashley River and Darlington western United States at about 2.7 Ma. Galusha et al.
in South Carolina, and the Orillas del Humuya Fauna in(1984) recordedN. dichroplaxfrom the uppermost
Honduras (Kurtén & Anderson 1980; Ahearn 1981; Gauss Chron just below the Gauss/Matuyama boundary
Webb & Perrigo 1984)H. holmesiwent extinct at the  from 111 Ranch in the Safford Basin of southeastern
end of the Rancholabrean. The living capybidra  Arizona. Latest Blancan and early Irvingtonian records
hydrochaerigust barely extends its range into tropical of Neochoerusre restricted to Florida, and most con-
North America in southern Panama (Eisenberg 1989). sist of fossils that cannot be identified to the species
Neochoerus—The large extinct capybara genus level. The Florida early Irvingtonian samples suggest
Neochoerudad a limited, disjunct distribution in tem- there is an undescribed Irvingtonian species of
perate North America during the late Blancan where it Neochoerudrom Florida.
is known from two sites in Arizona and five sites in Florida
(Ahearn & Lance 1980; Morgan & White 1995). DISCUSSION
Neochoeruds restricted to the southeastern United EvoLuTioN AND BIOGEOGRAPHYOF THE INTERCHANGE FAUNA
States in the Irvingtonian and Rancholabrean, althoughn FLoriDA
other species of the genus are known from Pleistocene ~ The Great American Biotic Interchange in tem-
sites in Middle and South America. The widespread perate North America began in the late Miocene at about
occurrence oNeochoerusn tropical North America 9 Ma. From that time onward, until the extinction of the
(Miller & Carranza-Castafieda 1984; Webb & Perrigo Pleistocene megafauna at about 11 ka, most well-
1984; Carranza-Castafieda & Miller 1988) and in Southsampled vertebrate faunas from Florida contain one or
America (Mones 1984) is similar to the Plio-Pleistocene more species of mammals that either emigrated from
distribution ofEremotherium Ahearn (1981) reviewed South America or evolved from a species of Neotropi-
the North American fossil hydrochaerids. Ahearn and cal origin. Each of the Interchange genera of mammals
Lance (1980) described the specidsochoerus and birds has a distinct evolutionary and biogeographic
dichroplaxfrom the late Blancan Dry Mountain (=111 history in temperate North America discussed in detalil
Ranch) fauna in southeastern Arizona (Galusha et alabove. The following is a summary of the larger evolu-
1984), with referred material from two late Blancan sites tionary and biogeographic trends of the Florida Inter-
in southern Florida, Sommer’s Pit and Mule Pen Quarry.change fauna. Taking into account recent synonymies
Morgan and White (1995) referred specimendNto  and descriptions of new species, there are 21 genera
dichroplax from the Macasphalt Shell Pit and and 42 species of mammals and birds of South Ameri-
Kissimmee River LFs in southern Florida. An isolated can ancestry recorded from Late Neogene faunas in
tooth of Neochoerugrom the latest Blancan Haile 7C temperate North America. Among the 21 genera of
LF in Florida can not be identified to species (Hulbert South American origin found in North America, all but
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one genus, the giant anteatdyrmecophagaare early Irvingtonian sites in southern California, with a
known from Florida. The 20 Interchange genera knownrecord from the early Irvingtonian Leisey Shell Pit in
from Florida include 11 genera endemic to North America Florida (Emslie 1995a; Campbell et al. 1999). The most
(Titanis, Teratornis Aiolornis, Pachyarmatherium complete material of the glyptodorstexanunandG.
Glyptotherium Thinobadistes Paramylodon arizonae(Gillette & Ray 1981) is from late Blancan
PliometanastesMegalonyx Nothrotheriops and sites in Arizona, Texas, and New Mexico. The largest
Erethizor) and nine genera that occur in both North sample of the late Blancan capyb#&tadichroplaxis
America and South AmericaD{delphis Dasypus from 111 Ranch in Arizona (Ahearn & Lance 1980).
Holmesina GlossotheriumEremotheriumbDesmodus Irvingtonian records ofNeochoerusare restricted to
EumopsHydrochaeris andNeochoerus Among the  Florida.
42 species of Interchange vertebrates, 33 species occur  After the primary pulse of the Interchange ceased
in Florida (Tables 1-2), of which 31 species are endemicin the early Irvingtonian (about 1.5 Ma), most of the
to North America and only two species occur in both South American immigrants became integral members
North and South America,Glossotherium  of the temperate North American fauna, and underwent
chapadmalensand Eremotherium laurillardi a long period of autochthonous evolution during the re-
The South American immigrants that reached tem-mainder of the Irvingtonian and Rancholabrean unre-
perate North America during the primary pulse of the lated to their Neotropical origin. The only South Ameri-
Interchange in the late Blancan and early Irvingtonian can mammals that reached temperate North America
consist of 18 genera (excludinlylegalonyx after the early Irvingtonian, exclusive of bats, wiere
PliometanastesandThinobadistes and can be divided delphisin the medial Irvingtonian anBasypus
into three groups on the basis of their distribution in North novemcinctug the Holocene. Among the Interchange
American Blancan and Irvingtonian faunas. Eight gen-genera from the late Blancan or early Irvingtonian in
era are known primarily or exclusively from Florida: Florida, two genera went extinct shortly after their ar-
Titanis, Teratornis Dasypus Holmesina rival leaving no apparent descendar@o&sotherium
PachyarmatheriumEremotherium Desmodus and [but see below]Pachyarmatheriu nine genera
Hydrochaeris Eight genera are more widespread, par- seemingly disappeared in the medial to late Irvingtonian
ticularly across the southernmost tier of states (Florida,and then reappeared in the Rancholabr&aar(is,
Texas, New Mexico, Arizona, and Californi&@iolornis, Aiolornis, Teratornis Glyptotherium Eremotherium
Didelphis ~ Glyptotherium  Nothrotheriops DesmodusNeochoerusand Hydrochaeri3, and the
Glossotherium Paramylodon Erethizon and remainder of the genera inhabited North America
Neochoerus Two genera are each known from a single throughout the Irvingtonian and Rancholabrean, two of
pre-Rancholabrean site in North America, which still survive Dasypus HolmesinaMegalonyx
Myrmecophagdrom the early Irvingtonian ElI Golfo Paramylodon Nothrotheriops and Erethizor).
LF in northwestern Mexico anBumopsfrom the late Glossotheriumand Pachyarmatheriunmarrived
early Blancan McRae Wash LF in Arizona (Shaw & during the primary pulse of the Interchange in the late
McDonald 1987; Czaplewski 1993Myrmecophaga  Blancan/early Irvingtonian, but are unknown after that
and Eumopsare the only two Interchange genera that time. Glossotheriunis known only from early late
are unknown from Florida Blancan and Irvingtonian sites, Blancan faunas in North America, whereas the endemic
althoughE. floridanusis an endemic species that still North American mylodonParamylodonoccurs in lat-
inhabits southern Florida and is also known from severalest Blancan and younger faunas. However, the absence
late Pleistocene cave deposits in the southern part 0bf Glossotheriunfrom faunas younger than about 2.2
the state (Morgan 2002; Timm and Genoways 2004)Ma may be a taxonomic artifact. It appears likely that
and E. underwoodioccurs in a single Rancholabrean Blancan Glossotheriumshould be placed in
site in Florida (Morgan 1991). Among the eight widely- Paramylodonand that specimens from Florida and else-
distributed genera, the largest Interchange samples ofhere referred in the South American Pliocene species
Nothrotheriops Glossotherium Paramylodon and G. chapadmalensprobably belong to an endemic North
Erethizon are from Florida. OnlyAiolornis, American species, possiblyGlossotherium
Glyptotherium andNeochoerusre better known from  (=Paramylodor?) garbanii. If these taxonomic as-
Blancan and/or Irvingtonian fossil sites outside of Florida. signments are correct, th&aramylodorwas a wide-
Most records ofA. incredibilis are from Blancan and ranging genus that occurred from the late Blancan
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through the end of the RancholabreaRachy- Irvingtonian (Gilliland, Holloman) sites in the southwest-
armatherium leiseywas restricted to the southeastern ern United States. Leisey Shell Pit is the only early
United States in the late Blancan and early Irvingtonian,Irvingtonian record ofGlyptotheriumfrom Florida.
and is unknown after the late early Irvingtonian (about There are no glyptodonts in Florida or elsewhere in tem-
1.0 Ma). perate North America between the end of the early
Titanis, Aiolornis, Teratornis Glyptotherium Irvingtonian (about 1.0 Ma) and the beginning of the
Eremotherium Desmodus Neochoerus and Rancholabrean (about 0.3 Malslyptotheriumreap-
Hydrochaerisarrived in temperate North America dur- peared in the southeastern United States in the
ing the Blancan or early Irvingtonian, are mostly absentRancholabrean, represented by the small spégies
from the fossil record during the medial and late floridanum,and survived there until it went extinct at
Irvingtonian (~0.3-1.0 Ma), and then reappeared in thethe end of the Rancholabrean. There are numerous
Rancholabrean, or Recent in the case of one genugecords ofG. floridanumfrom peninsular Florida and
Presumably, these ten genera survived in tropical Middlethe Gulf Coastal Plain of Texas, with an outlying record
America during much of the Irvingtonian, and then from South Carolina (Gillette & Ray 1981).
reinvaded temperate North America in the Eremotheriums restricted to Florida during the Blancan
Rancholabrean. Corroboration of this hypothesis de-and Irvingtonian.E. eomigransoccurs in Florida fau-
pends upon an Irvingtonian fossil record from Middle nas ranging in age from early late Blancan through the
America, which at present is virtually non-existent. This early Irvingtonian. Eremotheriumis unknown from
pattern could also be an artifact of the fossil record sinceFlorida and elsewhere in temperate North America dur-
most of these genera are rare. Furthermore, medial ting the medial and late Irvingtonian (Morgan & Hulbert
late Irvingtonian and early Rancholabrean faunas arel995). The widely-distributed speci&s laurillardi
not particularly common in the southern states whereoccurred in North, Middle, and South America during
these taxa most likely would have occurretitanis the late Pleistocene. This species is rare in Florida
walleri was thought to have gone extinct shortly after it Rancholabrean faunas, except for the Daytona Beach
arrived in the late Blancan, with the youngest record of LF (Cartelle & De luliis,1995).E. laurillardi also oc-
this species in Florida from the latest Blancan Inglis 1A curs in Rancholabrean sites in South Carolina, Georgia,
LF (Webb 1976; Emslie 1998). However, a record of Texas, and throughout Central America (Gazin 1957;
Titanis from a Rancholabrean site on the Texas Gulf Kurtén & Anderson 1980; Webb & Perrigo 1985; Lucas
Coastal Plain (Baskin 1995) suggests this giant flight-et al., 1997). The capybara gen&@ochoerusand
less bird may have survived in Middle America during Hydrochaerisare primarily restricted to Florida during
much of the Pleistocene. Emslie (1995a) described &he Blancan and Irvingtonian, except for two late Blancan
sample ofTeratornis merriamifrom the early  records oNeochoerusrom Arizona (Ahearn & Lance
Irvingtonian Leisey Shell Pit., whereas most other 1980; Ahearn 1981). All other Interchange records of
records ofTeratornisare from the Rancholabrean Neochoerusre from Florida, includingl. dichroplax
(Brodkorb 1964). The small extinct vampire bat from four late Blancan faunas and an apparently
Desmodus archaeodaptés known from one latest undescribed species from two early Irvingtonian faunas
Blancan site and two early Irvingtonian sites in Florida. (Ahearn & Lance 1980; Ahearn 1981; Morgan & Hulbert
The next oldest records of vampire bats are of the larged995). Neochoeruss unknown from medial and late
extinct specieB. stockiifrom late Rancholabrean cave Irvingtonian sites in temperate North America. The gi-
deposits in Florida, West Virginia, Texas, New Mexico, ant capybaraN. pinckneyi reappears in the
Arizona, California, and Mexico (Morgan et al. 1988; Rancholabrean where it is known from Florida and the
Ray et al. 1988; Arroyo Cabrales & Ray 1997; Grady etsoutheastern United States (Kurtén & Anderson 1980).
al 2002). Hydrochaerisoccurs in three late Blancan sites in
The earliest glyptodont in Florida G arizonae  Florida (Ahearn 1981), and then does not reappear until
from several early late Blancan (2.2-2.7 Ma) sites (Tablethe latest Irvingtonian Coleman 2A LF (Martin 1974).
1). Sites of similar age in Texas (Mt Blanco and Cita H. holmesis fairly common in Florida Rancholabrean
Canyon) and Arizona (111 Ranch) have the smaller spefaunas but is unknown elsewhere in temperate North
cies G.texanum G. arizonaealso occurs in several America (Kurtén & Anderson 1980; Ahearn 1981).
latest Blancan (1.8-2.2 Ma) sites in Florida (Table 1), asWebb and Perrigo (1985) tentatively identifi¢cholmesi
well as latest Blancan (Curtis Ranch, Virden) and earlyfrom a late Pleistocene site in Honduras.
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The remainder of the Interchange fauna, including western Texas to California, and also occurs as far south
Dasypus HolmesinaMegalonyx Paramylodon as central Mexico (McDonald 1985; Akersten &
Nothrotheriops andErethizon consists of genera that McDonald 1991; McDonald 2003).
inhabited temperate North America throughout the Both Dasypusand Holmesinahave fairly con-
Irvingtonian and RancholabreanMegalonyx tinuous fossil records in Florida from the late Blancan
ParamylodonandErethizonbecame very widespread, through the late Rancholabrean. Only during the late
occurring essentially throughout temperate North Rancholabrean do these two genera regularly occur
America (Kurtén & Anderson 1980; McDonald 2003). outside of Florida.D. bellusunderwent a significant
Megalonyxhad become widely distributed by the late size increase from its first appearance in the late Blancan
Hemphillian M. curvidensand M. mathis), and cer-  until its extinction at the end of the Rancholabrean
tainly during the BlancarM. leptostomus with records ~ (Robertson 1976). The earliest non-Florida record of
from the Great Plains (Oklahoma, Kansas, and Ne-D. bellusis from the late Blancan Big Springs LF in
braska) and the Pacific Northwest (Oregon, Washing-Nebraska (Moorhies, 1987)D. bellusbecame fairly
ton, and Idaho), as well as Florida, Texas, and Califor-widespread in the late Rancholabrean, with records from
nia. Megalonyxcontinued to occur widely during the as far north as lowa, Missouri, lllinois, and Indiana, and
Irvingtonian M. wheatleyj and Rancholabreanv as far west as Texas and New Mexico (Kurtén & Ander-
jeffersoni). M. jeffersoniiwas the most widespread son 1980)H. floridanusis restricted to the late Blancan
member of the South American fauna during the and early Irvingtonian of Florida, except for the early
Rancholabrean, with records from the Atlantic to the Irvingtonian Gilliland LF in Texas (Hibbard & Dalquest
Pacific, as far north as Alaska and the Yukon and North-1966; Hulbert & Morgan 1993). The largét.
west Territories of Canada, and as far south as southerseptentrionalisoccurs from the medial Irvingtonian
Mexico, although it was uncommon in the western through the late Rancholabrean in Florida (Hulbert &
deserts and mountains (McDonald 1977, 2003, this vol-Morgan 1993), as well as Rancholabrean sites in Texas,
ume). Paramylodon harlansurvived for about 2 Ma, Oklahoma, and Kansas (Kurtén & Anderson 1980;
from the latest Blancan through the late RancholabreanEdmund 1985a).
and was found from the Atlantic to the Pacific and as The fossil record of Interchange bats is poor, par-
far north as Washington and Montana and south to southticularly prior to the late Pleistocene. The vampire bat
ern Mexico (Kurtén & Anderson 1980; McDonald 1995, Desmodusas the best fossil record of any Interchange
2003, this volume). Several extinct specidsrethizon bat. Several other species of phyllostomids and molossids
occurred in the late Blancan from Florida to southern are discussed here. The presumed Interchange bat fauna
California and north to Idaho, and the living porcupine includes only three genera from Floridaesmodusn
E. dorsatumfirst appeared in the early Irvingtonian the late Blancan and early Irvingtonid&ymopsn the
(Frazier 1981). From its earliest appearance in the latcRancholabrean, antadaridain the late Blancan and
Blancan until the presenErethizonappears to have Rancholabrean. Three genera of phyllostomid bats, a
inhabited temperate forest&rethizonis absent from  family of South American origin (Koopman 1982), oc-
tropical North America where it is replaced by the pre- cur in the modern fauna of temperate North America,
hensile-tailed porcupin@oendouyan inhabitant of tropi- Choeronycteris Leptonycterisand Macrotus
cal rain forests in Middle America and South America Macrotus waterhousioccurs in a Pleistocene deposit
(Eisenberg 1989)Coendousensu-razier 1981) lacks in the Little Thirty-eight cinnabar mine near Terlingua in
a North American fossil record. the Big Bend region of Texas (Ray & Wilson 1979).

The small megatheriid ground sldtlothrotheriops ~ Leptonycteris nivaligs known from the Rancholabrean
first appears in the early IrvingtoniaN. texanusvas San Josecito Cave in the state of Nuevo Ledn, northern
fairly widespread in southern North America during the Mexico (Jones 1958).Choeronycteris mexicanand
Irvingtonian, from Florida to Texas to California and Leptonycteris curasoabave no fossil record. The
northwestern Mexico (Akersten & McDonald 1991; earliest North American record Bumopss from the
McDonald 1995). After the Irvingtonian, late early Blancan (~3.0 Ma) of ArizonBumopsloes
Nothrotheriopsapparently became restricted to west- not reappear in North America until the late Pleistocene,
ern North America (McDonald 1985, 1995). The with Rancholabrean records Bf floridanusandE.
Rancholabrean specids shastensiss most common  underwoodifrom Florida (Morgan 1991, 2002). All
in cave deposits in the desert southwest from souththree species dumopswith a fossil record in temper-
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ate North America occur in the modern fauna in the Rancholabrean (10 ka-1.0 Ma), was characterized by
southernmost United States. A distal humerus ofthe autochthonous evolution of the South American taxa
Tadaridafrom the Macasphalt Shell Pit is the earliest that arrived during the two short-lived immigration events.
temperate North American record of this genus. TheThe general time ranges for the first appearances of the
Macasphalfadaridais larger than the living speci&s 20 South American Interchange genera found in Florida
brasiliensis and is similar in size to the extinct species are as follows: two generé&liometanastesand
T. constantinefrom the medial Pleistocene of New Thinobadistesimmigrated in the early Hemphillian (8-
Mexico. Irvingtonian specimens tddaridafrom Mam- 9 Ma); one genusMegalonyy} appeared in the late
moth Cave, Kentucky and Hamilton Cave, West Vir- Hemphillian (~7 Ma) apparently having evolved in North
ginia are also larger than brasiliensisand are similar ~ America fromPliometanastes12 genera Titanis,
to T. constantineiT. brasiliensisis known from late  Dasypus Pachyarmatherium Holmesina
Rancholabrean faunas in Florida, New Mexico, and Ari- Glyptotherium Glossotherium Paramylodon
zona (Kurtén & Anderson 1980; Morgan 1991; Harris Eremotherium DesmodusErethizon Hydrochaeris
1993). andNeochoerukfirst appeared in the late Blancan (1.8-
The only other bats with Neotropical affinities that 2.7 Ma); two generaTgératornisand Nothrotheriop$
have a Late Neogene fossil record in temperate Northare first recorded in the early Irvingtonian (1.0-1.8 Ma);
America are two species in the family Mormoopidae, and one genudfdelphig did not arrive until the me-
Pteronotus pristinusand Mormoops megalophylla  dial Irvingtonian (0.8-1.0 Ma). With several exceptions
The Mormoopidae was long thought to have a Southnoted below, the earliest appearance of these 20 Inter-
American origin based on the modern Neotropical dis- change genera in Florida closely approximates their ear-
tribution of this family; however, recent discoveries of liest appearance elsewhere in temperate North America.
Oligocene mormoopids from Florida indicate this family The first South American mammals to participate
probably originated in North America (Morgan & in the Great American Biotic Interchange, the ground
Czaplewski 2002). Mormoopids apparently disappearedsloths Pliometanastesand Thinobadistespoth have
from temperate North America in the Oligocene and their first appearance datum (FAD) in North America
survived in tropical Middle America throughout the Neo- at the beginning of the Hemphillian at about 9 Ma. The
gene. The next youngest fossil record of the youngest record dfhinobadistess from the early late
Mormoopidae is a partial skeleton referred to the extantHemphillian (Hh3, about 7 Ma) Coffee Ranch LF of
speciesPteronotus parnellifrom the Irvingtonian (?)  Texas (Webb 1989)Thinobadistesvent extinct in the
Barranca del Sisimico site in El Salvador (Webb & late Hemphillian and left no descendants. The earliest
Perrigo 1984). Pteronotus pristinusand Mormoops records ofPliometanastegprotistusfrom the earliest
megalophyllaare known from late Pleistocene sites in Hemphillian of Florida (8.5-9.0 Ma), although the oldest
Florida (Morgan 1991, 2002P. pristinusis an extinct ~ absolute date for the genus is from the Siphon Canal LF
species known elsewhere only from Cuba, whekkas in California with an underlying K/Ar date of 8.19 Ma
megalophyllais an extant species found in the south- (Hirschfeld & Webb 1968; Hirschfeld 1981)legalonyx
western United States, Middle America, and northernis an endemic North American genus that apparently

South America. evolved fromPliometanastesn the late Hemphillian
(Webb & Perrigo 1984). The only Hemphillian record
GEOCHRONOLOGYOF THE INTERCHANGE FAUNA IN FLORIDA of Megalonyxrom Florida is from the latest Hemphillian

The appearance of South American vertebrates(Hh4, ~5 Ma) Palmetto Fauna from the Bone Valley
during the Late Neogene defines the onset of the GreaFormation. There are several somewhat older records
American Biotic Interchange in Florida and elsewhere of Megalonyxn early late Hemphillian (Hh3, ~6-7 Ma)
in temperate North America. The immigration of these faunas in Nebraska and Oklahoma.

Neotropical taxa occurred primarily during two restricted The early Blancan (2.7-4.9 Ma) was a depauper-
time intervals: early Hemphillian (late Miocene, 7-9 Ma) ate time period for the Interchange fauna in temperate
and late Blancan/early Irvingtonian (late Pliocene andNorth America, represented by a single autochthonous
early Pleistocene, 1.0-2.7 Ma). The remainder of the(hon-immigrant) specie$fegalonyx leptostomugAll

late Miocene, Pliocene, and Pleistocene, from the lateknown Florida early Blancan faunas are marine and lack
Hemphillian through the early Blancan (2.7-7.0 Ma) and Interchange mammals (Morgan 1994). However, four
the medial Irvingtonian through the end of the genera of South American Interchange mammals,
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Glyptotherium Plaina, Glossotherium and Acres, Kissimmee River, Macasphalt Shell Pit, and Santa
Neochoerusare recorded from early Blancan deposits Fe River 1. Neochoeruds known from four Florida
in central Mexico (Carranza-Castafieda & Miller 2004; early late Blancan sites, Kissimmee River, Macasphalt
Flynn et al 2005). The primary pulse of the GABI in Shell Pit, Mule Pen Quarry, and Sommer’s Pit. Six other
temperate North America, comprising 15 genera of Southgenera of South American immigrants that are primarily
American immigrants, occurred during the late Blancanrestricted to Florida have their FAD in the early late
and early Irvingtonian, beginning about 2.7 Ma and con-Blancan: Titanis, Dasypus Pachyarmatherium
tinuing until about 1.5 myr. Within this period of slightly Holmesing Eremotherium and Hydrochaeris
longer than 1 Ma, the FAD of 10 of these 15 generaMacasphalt Shell Pit records the associatioDasy-
occurred during the early late Blancan (2.2-2.7 Ma). pus and Holmesinawith Nannippusand Rhyn-
The FAD for the individual taxa has been determined bychotherium and has associated magnetostratigraphy
their occurrence in faunas with associated radioisotopidndicating correlation with the lower Matuyama Chron
dates and/or paleomagnetic stratigraphy, primarily in(2.15-2.58 Ma). Titanis, Pachyarmatherium
southwestern late Blancan sites or, for most Florida sitesEremotheriumandHydrochaerisare not known from
by biochronologic comparisons. The biostratigraphic Macasphalt, but occur in other Florida sites in associa-
correlations for the early late Blancan depend primarily tion with Nannippus indicating an early late Blancan
on the co-occurrence of the South American immigrantage. Florida sites documenting the early late Blancan
taxa with one or more genera of autochthonous NorthFAD of these genera arBtanis (Santa Fe River 1),
American mammals (e.gBorophagus Hypolagus PachyarmatheriumEl Jobean, Kissimmee River),
NannippusRhynchotheriumthat disappeared at about Eremotherium(Brighton Canal, Kissimmee River,
2.2 Ma (Nannippusextinction datum of Lindsay et al. Lehigh Acres); anddydrochaeris(Haile 15A).
1984). The first undoubted Blancan immigrants in tem- Paramylodonand Desmodushave their FAD in
perate North America appeared in sites dating to thethe latest Blancan. The first appearance of
uppermost Gauss Chron, just prior to the Gauss/Paramylodonmay not represent a separate immigra-
Matuyama boundary at 2.58 Ma. By convention, thesetion event, as it is likely th@&aramylodoris either con-
immigrants in the uppermost Gauss Chron are usuallygeneric with, or evolved fromGlossotherium Bats
assigned a FAD of 2.7 Ma, which also defines the be-are so rare in Blancan sites that the first appearance of
ginning of the late Blancan (Woodburne & Swisher Desmodusnust be considered a minimum age, pending
1995). Four genera of immigrants have their FAD at the discovery of additional late Blancan sites of karst
2.7 Ma,Glyptotherium GlossotheriumErethizon and origin in Florida. The earliest occurrence of both
Neochoerus The earliest precisely dated temperate ParamylodorandDesmoduss the latest Blancan (1.8-
North American records for these genera are from the2.0 Ma) Inglis 1A LF from Florida.
following sites, all of which have associated paleomag- Teratornis and Nothrotheriopshave their FAD
netic data placing them in the uppermost Gauss Chronin the early Irvingtonian, between 1.5 and 1.8 Ma. The
Glyptotherium(111 Ranch, Arizona; Mesilla A, New earliest record ofTeratornisis from the early
Mexico; Cita Canyon and Hudspeth, Texas), Irvingtonian Leisey Shell Pit in Florida at about 1.5 Ma
Glossotherium(Pearson Mesa, New Mexico; Cita (Emslie 1995a). Late Blancan and early Irvingtonian
Canyon; Donnelly Ranch, Colorad&yrethizon(Wolf teratorns previously referred T@ratornis incredibilis
Ranch, Arizona), antlleochoerug111 Ranch). recently were transferred Ajolornis (Campbell, et al.

No Florida late Blancan sites are definitively dated 1999). The earliest recordsNbthrotheriopsare from
to the upper Gauss Chron, althou@lyptotherium several broadly correlative early Irvingtonian sites, in-
Glossotherium andNeochoerusare recorded from  cluding Leisey Shell Pit and Pool Branch in Florida,
Florida early late Blancan sites (2.2-2.7 Ma) in associa-Gilliland in Texas, Anza-Borrego Desert in southern
tion with Nannippusand are thus similar in age to the California, and El Golfo in northwestern Mexico (Hibbard
FAD of these three genera from sites in the southwest& Dalquest 1966; Shaw & McDonald 1987; McDonald
ern United States (Table 15Glyptotheriumoccurs in 1995; Morgan & Hulbert 1995). The absence of
four early late Blancan sites in Florida, Brighton Canal, Nothrotheriopsfrom late Blancan sites and its pres-
Kissimmee River, Santa Fe River 1, and St. Petersburgence in at least five widely distributed early Irvingtonian
Times. Glossotheriumhas been identified from five faunas indicates that this genus might be useful in defin-
early late Blancan sites in Florida, Haile 15A, Lehigh ing the beginning of the Irvingtonian. With the excep-
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tion of Didelphis no other first appearances of Inter- occur in two Florida Blancan Interchange faunas de-
change genera are known from temperate North Ameri-posited from 10 m (Kissimmee River) to 30 m (Haile
can sites younger than Leisey, suggesting that the pri15A) above present sea level.

mary pulse of the GABI had already ceased by about Only more precise dating will shed additional light
1.5 Ma. The FAD of the opossubidelphisis medial on the age of Florida Blancan Interchange vertebrate
Irvingtonian (0.8-1.0 Ma), with the earliest record from faunas. Unfortunately, the Florida Neogene stratigraphic
Fyllan Cave in Texas (Winkler & Gose 2003). The next sequence lacks volcanic rocks that can be radioisotopi-
oldest records are the late Irvingtonian Coleman 2 andcally dated and most sediments in the state are not suit-
Sebastian Canal sites in Florida (Martin 1974; Morgan able for paleomagnetic analysis, although two Florida

& Portell 1996). sites (Macasphalt Shell Pit and Leisey Shell Pit) have
yielded promising results from magnetostratigraphy
FinaL CoMMENTS (MacFadden 1995; Jones et al. 1991). Techniques such

Recent discoveries in central Mexico (Carranza- as uranium-lead dating (Getty et al. 2001), strontium iso-
Castafleda & Miller 2004; Flynn et al. 2005) and the tope chronostratigraphy (Jones et al. 1991, 1995), and
Amazonian region of Peru (Campbell et al. 2000, 2001)refined sea level data may in the future provide more
suggest that the primary pulse of the Great Americanprecise geochronologic control for Florida Late Neo-
Biotic Interchange in tropical latitudes may have begungene vertebrate faunas (Morgan 1993).
as early as the late Miocene (dates from Peru) or early
Pliocene (dates from central Mexico). These new data ACKNOWLEDGMENTS
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