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ABSTRACT — Paleontological work carried out in the L ate Pleistocene floodplain and bar fluvial deposits of northwestern
Oaxaca, southern Mexico, resulted in collecting cranial and poscranial material of mammals identified as Glyptotherium,
Hemiauchenia, Camel ops, Odocoileus, two Equus species, Cuvieronius, Mammuthus and Bison. The presence of Bisonin al the
locdlitiesindicates aRanchol abrean North American Land Mammal agefor thefauna assemblage. Also, many mollusk specimens
were collected and belong to five families of terrestrial gastropods, three families of freshwater gastropods, and one family of
freshwater bivalves. Additionally, severd fragments of Rodentiaindet., sigmodontine rodents, and scincomorph lizards were also
recovered through the screen-washing of sediments. This fauna association was designed herein as the Viko vijin (cold epoch or
period in Mixtecalanguage) Loca Fauna (L. F.) and shares nine mammalian taxa with the Rancholabrean local faunas of Terapa
(Sonora, NW Mexico), Chapala(Jalisco), El Cedazo (Aguascalientes) and Tequixquiac (Mexico), central Mexico. Likewise, fiveof
the eight mollusk familiesidentified ared so present inthe L ate Plei stocene Rancho LaAmapola, San LuisPotosi, Central Mexico.
The presence of the llamaHemiauchenia in Oaxaca represents the southern-most record of this genus during the L ate Pleistocene
in North America, while Late Pleistocene scincomorph lizards are recorded for first timein Oaxaca. Similarly, the records of the
mollusk families Bulimulidae, Polygyridae and Urocoptidae in the Mixteca Alta Oaxaquefia are the first for Mexico and alow
extend their geographic ranges from southern USA to southern Mexico during the Late Pleistocene.
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RESUMO — O estudo dos depositos fluviais de planicie de inundagéo e de barras fluviais do Pleistoceno tardio do noroeste de
Oaxaca permitiu recuperar diversos exemplares de mamiferos identificados como Glyptotherium, Hemiauchenia, Camelops,
Odocoileus, duas espécies de Equus, Cuvieronius, Mammuthus e Bison. A presenca de Bison em todas as localidades indica uma
idade norte-americana de mamiferos do Rancholabreano paraaassociagao faunistica. Também foram recuperados diversos exem-
plaresatribuidosacinco familias de gastropodesterrestres e trés familias de gastropodes dul ceaquicol as, assm como aumafamilia
de bivalves dulceaquicolas. Adicionalmente, mediante o peneiramento dos sedimentos foram recuperados alguns elementos de
Rodentiaindet., roedores dasubfamilia Sigmodontinae e delacertilios scincomorfos. Designou-se Faunal ocal iko vijin (épocaou
periodo de frio na lingua Mixteca) a esta associag@o faunistica, que compartilha nove téaxons de mamiferos com as faunas
ranchol abreanas de Terapa (Sonora, NE México), Chapaa(Jalisco), El Cedazo (Aguascalientes) e Tequixquiac (México), México
central. Também, sdo compartilhadas cinco familias deinvertebrados com Rancho LaBrisca, Pleistoceno tardio de San L uis Potosi
(México centra). O registro dalhama Hemiauchenia em Oaxaca é o mais austral para América do Norte durante o Pleistoceno
tardio e o de lacertilios scincomorfos, o primeiro no Pleistoceno de Oaxaca. Os registros das familias Bulimulidae, Polygyridae e
Urocoptidae sdo os primeiros para o México e permitem estender a distribuiggo geografica destes taxons de moluscos desde o sul
dos Estados Unidos até o sul do México, durante o Pleistoceno tardio.

Palavr as-chave: Rancholabreano, Pleistoceno, Mammalia, Mollusca, Oaxaca, Mixteca.

INTRODUCTION characterized by a great climatic instability that had severe

impact on the taxonomic richness, geographic distribution,

The Pleistocene isthe most recent geol ogic epoch before and structure of the North American animal communities

Holocene, beginning about 2.58 My and ending between (Arroyo-Cabrales et al., 2002; Montellano-Ballesteros &
10,000 or 9,500 years BP (Walker & Geissman, 2009). It is Jménez-Hida go, 2006).
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The Pleistocene was al so the last geologic epoch when a
great diversity of large mammals inhabited North America,
such as mammoths, glyptodonts, horses, camels, ground
doths, dire wolves and saber-tooth cats, among others. Its
ending is marked by a great extinction of the megafaunain
various continents. It is estimated that around 72% of large
mammal genera became extinct in North America and at
present there is not agreement about what caused this
massive decrease in mammalian biodiversity (Koch &
Barnosky, 2006; Prothero, 2006; Gill et al., 2009).

Mexican Pleistocene sedimentsare widely distributed and
it iscommon to find fossil remains al over the country, but
unfortunately, alarge part of faunal discoveries areisolated,
without stratigraphic control. In many instances, there is
neither locality information nor are the taxonomic
identifications accurate (Arroyo-Cabrales et al., 2002). The
better-studied Pleistocene Mexican faunas include the
Irvingtonian El Golfo de SantaClara, in Sonora, aswell asthe
Rancholabrean faunas: Rancho La Brisca and Terapa
(Lindsay, 1984; Van Devender et al., 1985; Mead et al ., 2006),
Chapalain Jalisco (L ucas, 2008 and referencestherein), San
Josecito Cave in Nuevo Leon (Arroyo-Cabrales & Johnson,
1995, 2003, and references therein), Tequixquiacin the State
of Mexico (Hibbard, 1955), SantaCruz Nuevoin Puebla(Tovar
et al., 2007); the Irvingtonian-Ranchol abrean El Cedazo fauna,
fromAguascalientes (Mooser & Dalquest, 1975; Montellano-
Ballesteros, 1992); and the Late Pleistocene and Holocene
Lolttn Cave in Yucatan (Arroyo-Cabrales & Alvarez, 2003,
Mordes-Megjiaet al., 2009). Except for thelast one, thefaunas
are located in northern and central Mexico, i.e., within or
north to the Transmexican Vol canic Belt; thus, thereis much
more information about the Neartic Pleistocene faunas
compared with those from the Neotropical southeastern (or
southern) Mexico (Ferrusquia-Villafranca et al., 2007;
Jiménez-Hidalgo et al ., 2007).

Consequently, at present the picture of the Mexican
Pleistocene fauna is biased because the knowledge of the
Neotropical community is incomplete. It is unknown if the
L ate Pleistocene extinction event was isochronous with that
fromthetemperate North America, or asin the Pliocene, some
lineages persisted longer in subtropical and tropical North
America than in the northern areas (Jiménez-Hidalgo &
Carranza-Castafieda, 2005; Montellano-Ballesteros & Jiménez-
Hidalgo, 2006; Jiménez-Hidalgo & Carranza-Castafieda, 2009).
Also, biogeographic patterns of Pleistocene North American
mammals cannot be completely reconstructed at present
because there is not enough information about the
geographic distribution of many species (Montellano-
Ballesteros & Jiménez-Hidalgo, 2006; Jiménez-Hidalgoetal.,
2007; Arroyo-Cabraleset al., 2008).

In the State of Oaxaca (southern Mexico) the twenty-
known Pleistocene mammal localitiesrepresent the 2.58% of
all the Mexican Pleistocenic localities (Arroyo-Cabrales et
al., 2002). Published descriptions with taxonomic
identification of the fossil material and stratigraphic
descriptions of localities do not exist or sometimes they are
in grey literature (e.g. Doutt & Craig, 1962; Ochoterena &

Silva-Béarcenas, 1970; Silva-Barcenas, 1993; Quevedo-Raobles
& Quevedo de Henell, 2001). This is also the case for the
MixtecaAlta (a culturally important region of northwestern
Oaxacain which the prehispanic Mixteca culture devel oped),
where there are just three brief mentions of Pleistocene
mammals (Doutt & Craig, 1962; Ferrusquia-Villafranca, 1970;
Quevedo-Robles & Quevedo de Henell, 2001).

With the aim of increasing the information of the
Neotropical Mexican Pleistocene faunas, and particularly
those of the Pleistocene of Oaxaca, a paleontological project
was carried on in the area of la Mixteca Alta, northwestern
Oaxaca. The assemblage of invertebrates, reptiles and
mammals recovered from the L ate Pleistocene sediments of
the study area (Figure 1), isnamed Viko vijin Local Fauna (L.
F.), which in Mixtecan language means “ cold epoch, period
or time.” The purpose of this paper isto describe these new
fossil localities, to make some remarks about the taphonomy
and identified vertebrates and mollusk taxaand to settle some
inferences about the probabl e habitat of the study areaduring
the Late Pleistocene.

The taxa collected include medium to very large-sized
mammalsaswell asterrestrial and freshwater gastropods and
bivalves (Figures 3, 4). Additionally, diverse mollusks, rodent
molars and lizard remains represent the microfossils.

Thefossil material isnow under detailed study and it will be
formally described in subsequent papers. Here, it is convenient
to make some comments about the characters observed in the
taxaidentified, and about the significance of their recordsin the
L ate Pleistocene of the MixtecaAlta caxaguefia

The specimens are housed at the Coleccion Cientificadel
L aboratorio de Paleobiologia, Instituto de Recursos, campus
Puerto Escondido, Universidad del Mar, under the prefix
UMLP for invertebrates and UMPE for vertebrates. Upper
and lower teeth are represented by upper and lower case:
DP/dp (deciduous premolar), P/p (premolar), M/m (molar).
All measurements are expressed in millimeters (mm).

GEOLOGIC SETTING AND TAPHONOMY

The study area is within the Sierra Madre del Sur
physiographic province and the TierrasAltas de Oaxaca sub-
province, between 17°35'-17°55'N and 97°20'-97°40' W (Figu-
re1). Theareashowsacomplex relief with an altitude between
1800-2400 m and diverseintermontane basins, which arefilled
with continental deposits of Tertiary and Quaternary age
(Ortiz Pérez et al., 2004).

General geology of thestudy area

The oldest rock outcrops in the area are the Cretaceous
limestones and dolomites of the Teposcolula Formation, and
marl of the Yucumana Formation. These marine rocks are
discordantly overlain by the Paleocene?-Eocene Tamazul apan
Formation, composed of a carbonaceous conglomerate with
a sandy matrix, which also discordantly underlies the
Yanhuitlan Formation, the latter consisting of red to cream
colored clay, siltstone and some fine-grained sandstone beds
of Middle Eocene age (Ferrusquia-Villafranca, 1970; Gonzdes-
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Ramoset al., 2000; Santamaria-Diaz et al., 2008). Oligocene
rocks include the informal volcaniclastic Teotongo unit,
represented by greenish gray tuffaceous sandstone and lithic
tuff (Santamaria-Diaz et al., 2008) and the Llano de Lobos
Tuff, congtituted by pink tuff, tuffaceous siltstone, ignimbrite,
conglomerate and sandstone (Ferrusquia-Villafranca, 1970);
both units discordantly overlie the Yanhuitlan Formation.
Finally, Quaternary deposits cap the stratigraphic sequence
filling the lower part of valleys, rivers and ravines of the
study area, as described in more detail below. At different
sites there are diverse andesitic intrusive bodies of Permian
to Miocene age (Santamaria-Diaz et al ., 2008).

Sratigraphy of fossil localities

The Pleistocene fossils have been recovered from six
localities that are within the ravines of the municipalities of
Concepcidn Buenavista, San Antonio Acutla, Teotongo and
VillaTgupam delaUnion (Figure1). Thefossil locdlitiesare
sequentialy numbered as; Oax-2 El Pedernal, Oax-3 LaPedrera,
Oax-4 Rio Salado, Oax-5 Llano de Hueso, Oax-6 Cafiada del
Misterio and Oax-7 Rio Tgjupam. The stratigraphic description
of each locality is given below.

In the northeastern part of the study area, southwest of
the town of Concepcion Buenavista, inthelocality Oax-2 El
Pedernal, the stratigraphic sequence begins with a light
greenish gray (10Y 8/1), medium bedded vitric tuff that is
discordantly covered by alight greenish gray colored (10Y
7/1) massive bed, constituted by well-indurated, poorly
sorted, fine- and medium-grained sand with subangular to

subrounded clasts; it bears lenses of silt and gravel at several
levels (Figure 2). A characteristic feature of this bed is the
presence of 2.0-10.0 cm diameter nodular caliche or calcrete,
especidly in its bottom half. The Pleistocene fossil specimens
whererecovered fromthebasal part (50-100 cm) of thismassive
sandy bed. In some places it shows cross bedding, whereas in
others it appears pseudo-gtratified. The caliche nodules are in
the same fossiliferous level bed and sometimes are in direct
association with the fossil specimens. The fossil bearing bed is
discordantly overlain by four thick beds of fine- and medium
grainedlight brown (7.5 R 6/3) sand, with somelensesof gravel
in thefirst two bottom beds. In the top of the sequence thereis
alayer of soil of about 35 cm (Figure 2).

To the northeast of the Concepcidn Buenavista, inlocality
Oax-3 La Pedrera, the base of the stratigraphic sequence is
represented by fine-grained, pale yellow (2.5Y 8/2), cross-
stratified tuffaceous sand with laminar stratification, which
isdiscordantly overlain by abrecciawith dark brown (10YR
3/3) basalt clastsand sandy matrix. Thebrecciaisdiscordantly
overlain by athick bed of pale yellow (2.5Y 8/3) silty clay
with few lenses of gravel and moderately sorted fine-grained
sand (Figure 2). Thisbed becomes more compact towardsits
bottom, so, apparently it is composed by three layers, of
which the middle bears the Pleistocene fossils. In this bed
thereare several caliche noduleswith adiameter of 1.0 cmto
8.0 cm, which also are associated with the fossils. A gravel
layer with clastsfrom 2to 10 cmin diameter and sandy matrix
capsthesilty clay bed. Abovethe gravel thereisasoil bed of
around 30 cm thick.
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Figure 1. Topographic map of the study area in northwestern Oaxaca, southern Mexico.
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In the surroundings of Santiago Teotongo and San Anto-
nioAcutla (Figure 1), in localities Oax-4 Rio Salado, Oax-5
Llano de Hueso and Oax-6 Cafada del Misterio, the
stratigraphic sequence starts with the Yanhuitlan Formation
that in some places contain gypsum filling fractures; it is
discordantly covered by athick bed of light olivegray (5Y 6/
2), well-indurated, fine-grained silty sand with lenses of
poorly sorted, fine- and medium-grained sand aswell asgravel
(Figure 2); within the gray fine-grained silty sand there are
small rhizolithes (1-5 mm in length). The Pleistocene fossils
have been collected from this bed and there also are severa
calcrete or caliche nodules within it that sometimes are
associated with fossils. Three beds of reddish brown (5 YR
5/4), fine-grained silty sand with some gravel lenses
discordantly cover the fossiliferous bed. Capping the
seguence thereisa~35 cm thick soil layer.

Near VillaTgupamdelaUnion (Figure 1), inlocality Oax-
7 Rio Tejupam, the stratigraphic sequence is similar to the
description above, it only differs in that the fossil bearing
bed isalight olive brown (2.5Y 5/3), fine-grained silty sand
with lenses of clay and gravel (Figure 2). As in the other
Pleistocene sediments, Oax-7 bears several calcrete nodules
ranging from 1 cmto 8 cmin diameter.

The above-described sediments are common in fluvial
depositional environments (Boggs, 2001). The fossiliferous
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sediments of locality Oax-2 El Pedernal apparently were
deposited as lateral bar sequences, which are characterized
by the presence of medium and fine-grained cross-bedded
sand; the absence of very coarse-grained sediments (cobbles
and boulders) at the base of the sequence suggest that the
deposit is not a longitudinal bar (Reineck & Singh, 1975;
Miall, 1982; Nichols, 1999). Inlocality Oax-3 LaPedrera, the
fine-grained bearing sediment is indicative of a floodplain
deposit, which is characterized by the predominance of silt
and clay (Boggs, 2001; Nichols, 1999).

The fine-grained sediments of the remaining fossil
localities (Oax-4 to Oax-7), suggest that deposition occurred
in natural leeves or the upward section of bars, since silt and
fine-grained sand dominate such deposits (Miall, 1982;
Reineck & Singh, 1975). Thelenses of gravel, sand and clay
that arewithin thefossil bearing sedimentsinall thelocalities
seem to represent scour-and-fill structures (Reineck & Singh,
1975).

Taphonomic consider ations

Diverse fossil and sediment characteristics were
considered to evaluate the potential taphonomic bias of the
faunal assemblage. The mammalian fossil material includes
isolated upper and lower molars, isolated poscranial elements
(humerus, scapula, radius, tibia, metapodial, vertebrae,

Oax-4 Rio Salado,
Oax-5 Llano de Hueso,
Oax-6 Canada del Misterio

Oax-7 Rio Tejupam
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Figure 2. Stratigraphic profiles of the Rancholabrean fossil localities that contain the Viko vijin Local Fauna of the Mixteca Alta oaxaquefia,

southern Mexico.
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osteoderms, ribs and sacra), some jaws and skullswith teeth
of mediumto very large-sized mammals, aswell ascomplete
or almost complete mollusk individuals. Thus, the specimens
are moderately to well preserved.

In addition to micro-mollusks, sediment screen washing
resulted in the recovery of some rodent molars and postcranial
fragments, aswell assevera lizard crania fragmentswith teeth
and some posterania fragmentsfrom thefine-grained sand-size
concentrate. The majority of the mollusk specimens were
discovered together in lenses from the same stratigraphic level
in which the bones occur; occasionally, bones and mollusks
were found close together. Sometimes freshwater gastropods
were in direct association with the bones in life postion (i.e.
with their mouth directed toward the bone surface).

The mollusk specimens do not have signs of dissolution
or abrasion and thereis not an evident size sel ection or sorting
because individuals of different sizes were found together.
Some gastropods lost small parts of the aperture and several
bivalve specimens are still articul ated.

The above-mentioned observations suggest a short and
very limited fluvia transport and arapid burid of theinvertebrates
(Kidwell & Flessa, 1996; Kotzian & Simdes, 2006).

Similarly, the fossil bones were scattered among the
localities; they were not concentrated in clusters. A small
number of bones show few parallel cracking to fibrousgrain
of bone on their surface and this cracking is confined to the
outermost layer of bone; however, the majority of specimens
look “fresh” with no sign of cracking or flaking. So, they can
be assigned to weathering stage 0 or stage 1 of Fiorillo (1988)
and considered as little weathered. This suggests a rapid
burial of specimens after losing their soft tissues, being
disarticulated and scattered, given that the bulk of bones
were collected asisolated elements.

Various bones are complete while others are broken and
incomplete; those broken have sharp and acute edges, which
evidence little or no abrasion; dso, there is no indication of
carnivoremodification. Broken bonescould result fromtrampling
after burial (Behrensmeyer & Hook, 1992). Complete specimens
have well-defined processes that also are not polished.

The specimens do not have hydraulic equivalence with
the fine-grained bearing sediments; they do not show severe
water sorting, because bones of each of the three “Voorhies
Groups’ of dispersal potentia in flowing water have been
collected, and several fragile specimens such as pelves and
skullswere collected complete. Additional indication of limited
water sorting of the mammal bonesisthe 1.27 teeth/vertebrae
ratio of the specimens collected. Ratios near 1.0 indicate an
unsorted assemblage because vertebrae (easily transported)
occur at the same numbers of teeth (difficult to transport)
(Cassiliano, 1997). These features suggest very restricted
fluvial transport of the mammal bones collected during this
study (Cassiliano, 1997; Moore & Norman, 2009).

Contrary to the bones of medium and large-sized mammals,
microvertebrate specimens have hydraulic equivalence with
the coarser grains of bearing sediments and some show little
polishing, evidence of somefluvial transport. But this might
be short because although broken, the majority of specimens
are recognizable; also, they are fragile and could not have
survived a prolonged transport.

The minimal transport and sorting of vertebrate and
invertebrate specimens are strong indicators of the
indigenousorigin (Raup & Stanley, 1978) of the Viko vijin L.
F., which seemsto be produced within thelocal habitat of the
fossilized species.

It is known that time-averaging is common in fluvia
depositional environments due to erosional reworking of

Figure 3. Some mammalian specimens of the Rancholabrean Viko vijin Local Fauna of Oaxaca, southern Mexico. A, Mammuthus lower
molar fragment, occlusal view; B, medium-sized Equus teeth series with DP4-M2, occlusal view (rostral side toward left page margin); C,
Bison horn-core fragment, caudal view; D, Glyptotherium articulated caudal osteoderms, dorsal view. Scale bars: A-C =3 cm; D =5 cm.
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overbank deposits, with atime resol ution between 10? to 10*
years (Behrensmeyer, 1982; Kidwell & Flessa, 1996). The
almost complete absence of abrasion and polishing of fossil
specimens, the occurrence of mostly one weathering stage
of mammal bones and the good preservation of the fragile
fossil mollusks shells, as well as the presence of just one
fossiliferouslevel inthe study area. These evidenceslikewise
suggests that a short-time span is recorded in the Viko vijin
L. F, with no signsof substantial temporal mixing or reworking
of older fossils into the bearing sediments.

Fluvial fossil assemblages with large amount of time-
averaging contain specimenswith diverse weathering stages,
the specimens are polished and abraded to several degrees,
and the reworked specimens look much different from the
rest of the sample (Behrensmeyer, 1982; Kidwell & Flessa,
1996; Cassiliano, 1997). Additionaly, itiscommon that bones
are associated with abundant reworked mud-clasts or
carbonate-clasts (Behrensmeyer, 1982) and there is a
preponderance of complex and multistoried sheets of sand
and moderately developed paleosols in the fossil deposits
(Aslan & Behrensmeyer, 1996), features not observed in the
localities described in this study.

Therefore, we consider the Viko vijin L. F. an indigenous
(Raup & Stanley, 1978) and within habitat assemblage carrying
anecological signa (Kidwell & Flessa, 1996). Without doubt,
it represents several communities as defined by ecologist
(diverse generations mixed); but it can be considered what
some authors refer to as a metacommunity, which therefore
allows consideration of the dynamics of natural systemsin
time and space (Eronen, 2007; TomaSovych & Kidwell, 2010).

SYSTEMATIC PALEONTOLOGY
Class GASTROPODA
Order STYLOMMATOPHORA Schmidt, 1865
Family PUPILLIDAE Pilsbry, 1916

Referred material. UMLP-Lote 1-Oax 3with 70 specimens,
fromlocality Oax-3 LaPedrera; UMLP-Lote 2-Oax 3 with 46

specimens, from locality Oax-3 La Pedrera; UMLP-Lote 3-
Oax 3with 2 specimens, from locality Oax-3 LaPedrera.
Remarks. The shellsof the specimensaresmall, withatypical
pupilliform form, always taller than wide. The aperture is
rounded and free.

Family ORTHALICIDAEAlbers, 1850
cf. Orthalicus Beck, 1837

Referred material. UMLP-Lote 1-Oax 6 with 9 specimens,
fromlocality Oax-6 Cafladadel Misterio.

Remarks. These specimens have a big and ovate-conical
shell. Their shell surface is smooth. The body whorls are
broadly expanded.

Family UROCOPTIDAE Pilsbry, 1898
cf. Anisospira Strebel, 1880

Referred material. UMLP-Lote 2-Oax 6 with 35 specimens,
fromlocality Oax-6 Cafladadel Misterio.

Remarks. The shells of these specimens are decollate and
cylindrical, moderately large. Thewhorlsincreasein sizefrom
the apex to about the middle of shell, thereafter remaining
uniformin size. The apertureisfree, nearly circular.

Family SUCCINEIDAE Beck, 1837

Referred material. UMLP-Lote4-Oax 3with 45 specimens,
fromlocality Oax-3 LaPedrera; UMLP-Lote 1-Oax 2 with 50
specimens, from locality Oax-2 El Pedernal.

Remarks. These shells are thin and have a pear shape, near
ovate. The spireis short. The apertureislarge and oval.

Family POLY GY RIDAE Pilsbry, 1895
Polygyra Say, 1818

Referred material. UMLP-Lote5-Oax 3with 34 specimens,
fromlocality Oax-3 LaPedrera; UMLP-L ote 2-Oax 2 with 60
specimens, from locality Oax-2 El Pedernal; UMLP-Lote 3-

Figure 4. Some invertebrate specimens of the Rancholabrean Viko vijin Local Fauna of Oaxaca, southern Mexico. A, cf. Anisospira; B,
cf. Orthalicus; C, Polygyra; D, Physa; E, Succineidae indet.; F, Pisidium. Scale bar = 1 cm.
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Oax 6 with 57 specimens, from locality Oax-6 La Cafadadel
Misterio; UMLP-Lote 1-Oax 5with 13 specimens, from locality
Oax-5 Llano deHueso; UMLP-L ote 1-Oax 4 with 8 specimens,
fromlocality Oax-4 Rio Salado; UMLP-Lote 1-Oax 7 with 11
specimens, fromlocality Oax-7 Rio Tejupam.

Remarks. The shells of these specimens are medium-sized,
disc-shaped or globose. The spire is almost flat. The
umbilicusis small. The apertureis rounded.

Order BASOMMATOPHORA Keferstein, 1864
Family PHY SIDAE Fitzinger, 1833
Physa Draparnaud, 1801

Referred material. UMLP-Lote 2-Oax 4 with 5 specimens,
fromlocality Oax-4 Rio Salado.

Remarks. These shellsare sinistral, small to medium-sized.
Theshellsareconical and their spiral body whorl isexpanded.

Family LY MNAEIDAE Rafinesque, 1815

Referred material. UMLP-Lote 6-Oax 3with 30 specimens,
fromlocality Oax-3 LaPedrera; UMLP-Lote 3-Oax 2 with 33
specimens, from locality Oax-2 El Pedernal.

Remarks. These shellsare small and elongated, higher than
wide. Thewall of the shell isthin. The spireis pointed. The
aperture is elongate and ovate.

Family PLANORBIDAE Rafinesque, 1815

Referred material. UMLP-Lote4-Oax 2 with 134 specimens,
fromlocality Oax-2 El Pedernal; UMLP-Lote 5-Oax 2 with 95
specimens, from locality Oax-2 El Pedernal; UMLP-Lote 4-
Oax 6 with 80 specimens, from locality Oax-6 LaCafiadadel
Misterio.

Remarks. Theshellsarediscoid, almost planispiral. The shell
surface has many growth rings. The umbilicus, when present,
islarge and wide. Some specimensare very small.

ClassBIVALVIA
SubclassHETERODONTA Neumayr, 1884
Order VENEROIDA Adams & Adams, 1856
Family PISIDIIDAE Gray, 1857
PisidiumPfeiffer, 1821

Referred material. UMLP- Lote 7-Oax 3 with 46 specimens,
fromlocality Oax-3 LaPedrera; UMLP-Lote 6-Oax 2 with 79
specimens from locality Oax-2 El Pedernal; UMLP-Lote 5-
Oax 6 with 34 specimensfrom locality Oax-6 La Cafiada del
Misterio; UMLP-Lote 2-Oax 5with 3 specimensfrom locality
Oax-5 Llano de Hueso.

Remarks. Theshellsaresmall and oval, with theanteroventral
margin rounded. The left valve has two cardinal teeth and
the right valve has only one cardinal tooth.

ClassREPTILIA
Order SQUAMATA Oppsel, 1811
Infraorder SCINCOMORPHA Camp, 1923

Referred material. UMPE-069, maxillary with teeth from
locality Oax-6 Cafladadel Misterio.

Remarks. The specimen issmall (Iength: 2 mm); their teeth
are short and cylindrical, with simple conical to subrounded
crown. These tooth morphology is common among the
Scincomorpha. In addition to UM PE-069, there are some other
lizard specimens that are now under study to establish their
taxonomic identity. Thisisthe first record of lizards for the
MixtecaAltaand thefirst of Pleistocene squamatesin Oaxaca.

Class MAMMALIA
Order XENARTHRA Cope, 1889
Suborder CINGULATA Illiger, 1811
Family GLY PTODONTIDAE Gray, 1869
Glyptotherium Osborn, 1903

Referred material. UMPE-0021, incomplete caudal tubefrom
locality Oax-4 Rio Salado.
Remarks. The caudal tube is articulated, it consists of six
caudal rings and each ring is composed of three rows of
pentagonal and hexagonal osteoderms. The morphology of
UMPE-0021 is typical of Glyptotherium, with two or three
osteodem rows per ring, but the dorsal osteoderms of the
distal rowsareflat, the conical osteodermsare limited to the
ventral side of each row.

This is the first record of Glyptotherium in the
Rancholabrean of the MixtecaAlta Oaxaquefia (Pérez-Cres-
po et al., 2008).

Order RODENTIA
Family MURIDAE Illiger, 1811
Subfamily SIGMODONTINAE Wagner, 1843

Referred material. UMPE-0070, m1; UMPE-0071, m2, both
specimensfrom locality Oax-6 Cafiadadel Misterio.
Remarks. The molars are brachydont, of small size and the
typical zigzag occlusal pattern of the group. Besides these
molars there are some additional rodent specimens that are
now under study to establish their taxonomic identity.

The Rancholabrean record of Rodentia indet. and the
sigmodontine rodents in the study area are the first in the
Mixteca Alta of Oaxaca; previous Pleistocene records were
from central and northeastern Oaxaca (Pérez-Crespo et al.,
2008).

Order ARTIODACTY LA Owen, 1848
Suborder TYLOPODA Illiger, 1811
Family CAMELIDAE Gray, 1821
CamelopsLeidy, 1854

Referred material. UMPE-0026, lower molar fromlocaity Oax-
2 El Pedernal; UMPE-0072, upper molar from locality Oax-4
Rio Salado.

Remarks. Both molars are large, hypsodont and have the
flat ectoloph typical of Camelops. This record of Camelops
is the first in the late Pleistocene of the Mixteca Alta
oaxaquefia (Pérez-Crespo et al., 2008), and linkstherecord of
the Tequixquiac fauna, in central Mexico, and Yeroconte L.
F.,inHonduras (Hibbard, 1955; Webb & Perrigo, 1984).
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Hemiauchenia Gervais & Ameghino, 1880

Referred material. UMPE-0016, tibiafrom locaity Oax-4 Rio
Salado.

Remarks. The specimenislong and slender, asthelimb bones
inthisLamini genus. Previously Hemiauchenia was reported
in the Late Pleistocene El Cedazo faunaand also in Hidalgo
State, central Mexico, as well asin the Loltun Cave (in the
Yucatan Peninsula), which is about at the same latitude asis
the Trans-Mexican Vol canic Belt (Mooser & Dalquest, 1975;
Arroyo & Alvarez, 2003; Cuevas-Ruiz, 2005). Thisnew record
in northwestern Oaxaca extends its North American
geographic distribution from central and eastern Mexico to
southern Mexico during the Rancholabrean.

Suborder RUMINANTIA Scopoli, 1777
Family CERVIDAE Gray, 1821
Odocoileus Rafinesque, 1832

Referred material. UMPE-0073, almost complete antler from
locality Oax-6 Cafadadel Misterio.

Remarks. The antler is bifurcated and with small longitudi-
nal protuberances on a pedicel’s half. This is the second
Odocoileus Pleistocene record from Oaxaca and the first for
the MixtecaAltaoaxaquefia (Pérez-Crespo et al ., 2008).

Family BOVIDAE Gray, 1821
Bison Hamilton-Smith, 1827

Referred material. UMPE-0013, P4, UM PE-0018, horncore
fragment, both from Oax-2 El Pedernal; UM PE-0074 almost
complete skull from locality Oax-3 LaPedrera; UMPE-0012,
lower molar fragment from locality Oax-4 Rio Salado.
Remarks. The molars are hypsodont and with the typical
bovid occlusal pattern. The horncores are medium-sized and
stout. The skull has procumbent orbits, it lacks the nasals
and its occipitals are nearly flat.

The presence of Bison in the localities, suggests a
Rancholabrean North American Land Mammal age for the
VikovijinL. F. (Bell et. al., 2004).

Order PERISSODACTY LA Owen, 1848
Family EQUIDAE Gray, 1821
Equus sp.

Referred material. UMPE-0008, maxillary fragment with DP4-
M3 fromlocality Oax-7 Rio Tejupam; UM PE-0009 to UM PE-
0011, molarsfromlocality Oax-4 Rio Salado; UM PE-0019, two
lower molarsfromlocality Oax-5 Llano de Hueso; UM PE-023,
phalanx I-111 fromlocality Oax-4 Rio Sdado; UMPE-0077, skull
fromlocality Oax-5 Llano de Hueso.

Remarks. Theskull isdightly depressed, it hasfull dentition,
their molars are hypsodont to very hypsodont, have plicated
fossetes and strong styles.

Asin other Late Pleistocenefaunasfrom Mexico, such as
Texquixquiac and El Cedazo, in the study areathere are two
different sizes of Equus based on teeth. One consists of large
teeth which are ~32 % larger that the other taxon based on
medium-sized-teeth.

Recent quantitative studies on Pleistocene equids from
Mexico indicate that these size differences reflect different
species (Méelgarejo-Damian & Montellano-Ballesteros, 2008).
In addition of differencesin size, the MixtecaAlta specimens
show several differences in morphological character states
that suggest the presence of two species. The material is
now under detailed study to establish their species identity.

Order PROBOSCIDEA Illiger, 1811
Family GOMPHOTHERIIDAE Hay, 1922
Cuvieronius Osborn, 1923

Referred material. UMPE-0001, complete pelvisfromlocdlity
Oax-2 El Pedernal.
Remarks. The specimenislarge and stout, therostral part of
theilium crest is almost the same size as the caudal portion.
The acetabulum is stout.

The genus has been reported south of the study area,
near thecity of Tlaxiaco (Ochoterena& Silva-Bércenas, 1970).

Family ELEPHANTIDAE Gray, 1821
Mammuthus Brooks, 1828

Referred material. UMPE-0025, UM PE-0027 and UM PE-0028,
threelumbar vertebraefrom|locality Oax-7 Rio Tejupam; UM PE-
0029, lower molar from locality Oax-4 Rio Salado; UM PE-0076,
amost completetusk fromlocality Oax-2 El Pederndl.
Remarks. The vertebrae have awide vertebral foramen and
short spinous process. The lower molar has the typical
loxodont occlusal pattern of the genus. The tusk hasacircu-
lar cross-section and is strongly curved.

Together with the Equus remains, those of Mammuthus
are the most abundant in the study area.

CONSIDERATIONS ABOUT THE FAUNAL
ASSEMBLAGE

The mammalian taxaidentified from the Viko vijin L. F,,
Oaxaca, are also present at other several well-known
Rancholabrean faunas of central and northern Mexico (Table
1). Thefaunal association from the MixtecaAlta shares nine
taxawith themorenorthern faunas of Terapa(Sonora), Chapala
(Jalisco), El Cedazo (Aguascalientes), and Tequixquiac
(Mexico) (Tablel).

TheHormiguero L. F. in El Salvador and the YeroconteL.
F. in Honduras, share four taxa with the the Viko vijin L. F.
(Table 1). The Late Pleistocene faunas of Nicaraguaand Cos-
taRicasharethreetaxawiththeVikovijinL. F. (Table1). The
faunas of Panama share three taxa and instead of
Glyptotherium, Glyptodon is recorded (Cisneros, 2005,
Pearson, 2005). Laurito & Aguilar (2007) reported Mammuthus
columbi in three Pleistocene localities from El Salvador, but
not inthe Hormiguero L. F.

Therecord of several mammalian taxain northern, central
and southern Mexico, aswell asin Central America, suggest
that they had a wide geographic distribution during the Late
Pleistocene.
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The invertebrate specimens collected from the Mixteca
Altaocaxagquefiaarethefirst records of continental Pleistocene
mollusksfrom Oaxaca. Fivegastropod taxaareterrestria, three
are freshwater taxa and the bivalve genus also indicates
freshwater. The mollusk families of the Viko vijin L. F. are of
Neartic affinities because their members have been recovered
from several Late Pleistocene and early Holocene localities
innorthern and central Mexico, aswell asdiverse Pleistocene
localities from Texas, Oklahoma, Kansas and South Dakota
(Table 2). The Viko vijin L. F. shares five mollusk families
withthe L ate Pleistocene Rancho LaAmapola, San Luis Potosi,
central Mexico. It also shares three families with the Lecho
Seco del Lago de Tlahuac in the Valley of Mexico and
Valsequillointhe Valley of Puebla(Table2).

The records of these mollusk families in the Late
Pleistocene of the Mixteca Alta oaxaquefia are at present
their southernmost geographic limit in North America. The
families Bulimulidae, Polygyridae and Urocoptidae are
recorded for the first time in the Late Pleistocene of Mexico
and their presence at the Viko vijin L. F. allowsto extend their

geographic range from southern USA localities to southern
Mexico.

HABITAT CONSIDERATIONS

Paleoecological studies have shown that dietary
preferences of fossil mammals provide insight about their
habitat, given that they areintimately related to the vegetation
available in a geographic area (e.g. Dompierre & Churcher,
1996; Merceron et al., 2007; Rivals et al., 2008; Pushkina et
al., 2010).

Therefore, in order to have a first approximation about
the habitat of the study area during the Late Pleistocene, the
probabledietary preferences of thetaxaidentified during this
study were determined using literature and the results are
shownin Table 3. Forty four percent of the mammalian genera
identified in the Viko vijin L. F., were mainly grazers, while
the rest were mixed feeders or browsers (MacFadden &
Cerling, 1996; Koch et al., 1998; Feranec, 2004; Prado et al .,
2005; Rivalset al., 2007; DeSantiset al., 2009). Thissuggests

Table 1. Shared taxa between the Rancholabrean Viko vijin Local Fauna from Oaxaca and the better-studied Late Pleistocene mammalian faunas from
México and Central America. Abbreviations: Ter, Terapa, Sonora State; Cha, Chapala, Jalisco State; SJos, San Josecito Cave, Nuevo Ledn
State; Ced, El Cedazo, Aguascalientes State; Tex,Tequixquiac, Estado de México; SCruz, Santa Cruz Nuevo, Puebla State; Lol, Lotin Cave,
Yucatan State; VW, Viko vijin, Oaxaca; Hor, Hormiguero, El Salvador; Yer, Yeroconte, Honduras; Nic, Nicaraguan faunas; CoR, Costa Rican
faunas; Pan, Panamian faunas. (Data from Hibbard, 1955; Mooser & Dalquest, 1975; Miller & Carranza-Castafeda, 1984; Webb & Perrigo, 1984;
Montellano-Ballesteros, 1992; Lucas et al., 1997; Cisneros, 2005; Pearson, 2005; Meade et al., 2006; Laurito & Aguilar, 2007; Lucas et al., 2008).

Taxa Ter Cha Shbs Ced Tex SCriz Ld VW Ho Y& Nic CoR Pan

Xenarthra

Myl odontidae . . . .

Glyptodontidae . .
Glyptotherium . . . . . . . .

Pampatheriidae . . . . .

Lagomorpha ¢ e ¢ . ¢ ¢

Rodentia

Geomyidae ¢ L4 . ¢ L4

Hy drocheeridae ¢ ¢ .

Muridae ¢ . ¢ . A . .
Carnivora .

Canidee . . . . . . R
Felidae * . . . . . * .

Procyonidae . . * . .
Perissodactyla

Equidae

Equus 9. A medium-szed ¢ ¢ L4 ¢ . . . . . R . .
Equus 9. B large-szed . . . . .

Tapiridae . . . .
Artiodactyla

Tayassui dae M ¢ e ¢

Camelidae

Can‘el(ps . . . . *

Hem auchenia ¢ ¢ ¢ ¢ ¢ . .

Cervidae

Odocoileus * . . . . .

Antilocapridae . . . . . . .
Bovidae

Bison * 3 * 3 * . . 3

Proboscidea

Gomphoteriidae

Cuvier onius . . . R . . . . .
El ephartidae

Mammuthus . . * * ¢ * * .




24 REVISTABRAS LEIRADE PALEONTOLOGIA, 14(1), 2011

that in addition to grasses and herbs there was a significant
component of trees and bushes available to these
herbivores.

Likewise, the geographic distribution of mollusksamong
the fossil localities also suggests an environment with trees
and bushes and some semi-permanent water ponds and water
streams (Table 4). The freshwater taxa were collected in the
surroundings of the town of Concepcion Buenavista
(northeastern part of the area) and the tree-dwellers were
collectedintheravines of SantiagoAcutla(inthecentral part
of the study area) (Figure 1).

As was stated in the stratigraphic descriptions, the
fossiliferous Pleistocene sediments bear caliche or calcrete
nodules, which are absent from the upper and lower beds;
remarkably, many of the mammalian specimenshave caliche
nodules adhered to them. It is known that caliche nodules
suggests arid to semiarid conditions where evaporative |0oss
exceeds the supply of water to the surface by rainfall or
flooding (Esteban & Klappa, 1983; Reading, 1996). Therefore,
the caliche nodules in association with the mammal fossils

Table 2. Shared mollusk taxa between the Late Pleistocene Viko
vijin Local Fauna of Oaxaca and the Late Pleistocene Mexican
localities with records of invertebrates; some USA faunas are also
shown. (Data from Taylor, 1954; Schultz & Cheatum, 1970; Jass et
al., 2002; Arroyo-Cabrales et al., 2008). Abbreviations: Vv, Viko
vijin L. F.,, Oaxaca; RA, Rancho La Ampola, San Luis Potosi; VA,
Villa Acufia, Coahuila (Pleistocene?); RC, Randal County, Texas;
Bf, Berends fauna, High Plains, Kansas and Oklahoma; BH, Black
Hills, South Dakota.

Taxa/Localiies VW RA VA Va RC Bf BH

Pupillidee . . . . . . .
Orthalicidae * *
Succineidae . .

Urocoptidae .
Succineidae . . . . .

Polygyridae .

Phys dae . . . * .
Lymnaei dae . . . . . .
Planorbidae . . . ¢ .
Carychiidae
Vallonidae . . .
Vertiginidae .

Spiraxi dae
Heli codiscidae . . .
Euconulidae
Vitrinidee
L imaci dae .
Zonitidae . ¢ o .

Pisdiidae . . . .

could indicateadry environment during the burial (or may be
the fossilization) of some of the mammalian remains in the
study area. Thisis aso supported by the interpretation that
the faunal assemblage is an attritional one and likely spans
some thousands of years.

Thisassociation of freshwater mollusks, mammal bones
and caliche nodules, suggest that periods of dry conditions,
alternating with others that were more humid, occurred
during the deposition of the Late Pleistocene fossiliferous
sediments.

The dietary preferences of mammals, the habitat
preferences of mollusks and depositional environment of
localities, together suggest that the probable habitat of the
Rancholabrean Viko vijin L. F. was some type of woodland
(Reed, 1998) with grass, asignificant component of treesand
bush coverage and some semi-permanent ponds and flowing
waters (at least during some periods of time) within a cool-
temperate environment given the altitude (1800-2400 m) of
the study area.

Future dating of fossil localitieswill establish the precise
age of deposition and stable isotope analyses will elucidate
precisely the climate and habitat, as well as the dietary
preferences of the mammalsfrom the MixtecaAltaoaxaquefia
during the Late Pleistocene.

Table 3. Feeding preferences of the mammalian taxa from the
Rancholabrean Viko vijin Local Fauna, northwestern Oaxaca,
southern Mexico. See text for bibliographic references of feeding
preferences of the genera.

Taxa Feeding preferences
Mammalia
Glyptodontidae
Glyptotherium Grazer/aguatic grazer
Rodentia
indet.
Sigmodontinae
Camelidae
Hemiauchenia Browser-like mixed feeder
Camel ops Mixed feeder
Cervidae
Odocoil eus Browser
Bovidae
Bison Mixed feeder/ grazer
Equidae
Equus 3. A medium-sized This genus traditionally has
Equus . B large-sized been considered grazer
Gomphoatheriidae
Cuvieronius Mixed feeder
El ephantidae
Manmmuthus Grazer
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Table 4. Mollusk taxa identified in the Rancholabrean Viko vijin Local Fauna, northwestern Oaxaca, and their habitat preferences.

Taxa Habitat
Pupilli dae Menbers of this family usually live in hidden places, like humus, mossor between grooves of tree
bark. They areimportant plant and organi c matter consumers (Naranjo-Garcia, 2003).
cf. Orthalicus The Orthali cus species are tree-dwell ers (Naranj o-Garcia, 2003).
cf. Anisospira Thisgenus inhabits cal careous il s floodplainsor lateriric soils. The hills where they live are
relatively dry and hot (Thompson, 1968).
Succineidae Some menbers of this family inhabit under rocks, | eaf litter in mixedforess or broadleaf shrubsand
trees (Forsyth, 2005); they live under humid conditions (Arroyo-Calral es et al., 2008).
Polygyra The genus has awide digribution in North America, from peninsular Floridato South Carolinaand
wes of Mexico. Inhabitsin maitimeto high montane habitatsand from arid regionsto humd
wood ands (Auffenberg & Stange, 1989).

Physa They are common freshwater gagropods inhabiting lakes, pondsand amall rivers (Taylor, 2003).
Lymaeidae Members of this family are freshwater gastropods tha feed algae and detritus (Dill on, 2000).
Planorbidee The members of this family arein almog every freshwater environment, from | akes tosmall pond.

Almog all of their members arelittoral animalsliving upto 4.5 meters depth (Baker, 1945).
Pisdium This genus inhabits the pond's shorg associ ated with L ucidella lirata and planorbids (Naranjo-

Garcia, 2003). Membersof this genus inhabit permanent water bodies (Schultz & Cheatum, 1970).

CONCLUSIONS

At present knowledge of the Mexican Pleistocene is
incomplete and biased because the record of the central and
northern faunas from Mexico is greater when compared to
those from the southern Mexico. Paleontological field work
carried out in the MixtecaAlta, Oaxaca, in southern Mexico
led to the discovery of several fossiliferous sites where
mollusk and vertebrate remains were recovered. The whole
areawas named Viko vijin Local Fauna.

Thefossil remainswere recovered from six new localities
(Oax-2 to Oax-7), whose sediments are constituted by silty
clay, silty sand, fine-grained and medium-grained sand. The
sedimentary systems represent bars or natural leeves and
floodplain deposits of stream channels.

The preservation of the fossil material and the
sedimentological information suggest that the faunal
association had very limited fluvial transport and represents
an indigenous within habitat assemblage.

The mammals identified include a glyptodont
(Glyptotherium), two llama genera (Hemiauchenia and
Camelops), a deer (Odocoileus), two proboscidean genera
(Cuvieronius and Mammuthus), two Equus species, rodents
and Bison, which indicates aRanchol abrean North American
Land Mammal Age for the association. In addition, several
scincomorph lizard specimenswere recovered. The mollusks
are represented by one species of freshwater bivalve and
eight gastropod taxa including five terrestrial and three of
freshwater affinities.

The mammals identified are also present at several
localitiesfrom central and northern Mexico. TheViko vijin L.
F. shares nine taxa with the Rancholabrean local faunas of

Terapa (Sonora), northwestern Mexico, Chapala (Jalisco) El
Cedazo (Aguascalientes) and Tequixquiac (Mexico), in cen-
tral Mexico. Likewise, five of the eight mollusk families
identified are also present in Rancho LaAmapola, San Luis
Potosi, central Mexico.

The presence of the llama Hemiauchenia in Oaxaca
represents the southernmost record of thisgenusduring Late
Pleistocene times. The presence of the scincomorph lizards
inthisareaisthefirst for Oaxaca. Similarly, therecords of the
mollusk families Bulimulidae, Polygyridae and Urocoptidae
in the Mixteca Alta oaxaquefia are the first for Mexico and
allow extending their geographic range from southern USA
to southern Mexico.

The probable habitat of the study area during the Late
Pleistocene was a mosaic of woodland with grass, trees and
bush, within a cool to temperate environment and with some
episodes of dry climate and other episodes of more humid
climate.
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